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Introduction

On November 26, 2018, the news broke that a Chinese scientist had
facilitated the creation of twin girls who supposedly had been ge-
netically modified to make them less susceptible to the HIV virus.!
If the claim ends up being true, it would be the first attempt to di-
rectly change the genes in a human in a way that would change
all of their progeny. It was also the first attempt to make such a
change not to fight a genetic disease but for what would broadly be
considered a human enhancement—an improvement in not only
those girls but ultimately also the human species. A firestorm of
controversy erupted. By the end of this book I hope you will see
why. This act was a long leap over a number of established barriers
on the slippery slope—the theoretical metaphor that grounds this
book—which landed genetic modification in a zone that scientists
in an earlier era said they would not go.

This book is broadly about the debate concerning human genetic
engineering (HGE), which I define as intentionally changing the
genes in a human from what they otherwise would be. There have
been many methods used and proposed for HGE over the decades,
which T will cover in the upcoming pages, but the most recent
method is the subject of a lot of conversation: human gene editing.
I am primarily focused on the US version of this debate.

To give more context about the ethical debate about HGE, we
must briefly go back to discussions about human genetic inher-
itance in the 19th century. I am sure it was obvious to people for
thousands of years that tall people who mate with each other tend
to produce tall children, and people with dark skin tend to produce
children with dark skin. By the 19th century an Austrian monk
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2 THE HUMAN GENE EDITING DEBATE

named Gregor Mendel, experimenting with cross-breeding pea
plants, figured out the fundamental laws of inheritance, such as the
fact that (what we now call) genes come in pairs and one is inherited
from each parent. But how exactly does that work, and, critically,
can it somehow be controlled? All sorts of social engineers have
long viewed genetics as a tool to improve society.

The first of these social engineers were the eugenicists.
“Eugenics” means the science of improving a human population
by controlled breeding,? and the leaders of the eugenics move-
ment of the late 19th century saw that the rich tended to have suc-
cessful children and the poor less successful children. In fact, not
only physical health but also intelligence, moral behavior, and per-
sonality traits were thought to be the result of proper breeding.
Whereas today we would probably conclude that a lack of success is
the result of the social and cultural transmission of inequality, back
then the conclusion was that the rich had better genes. If society
could stop those with “inferior” genes from reproducing and en-
courage the reproduction of those with “superior” genes, not only
would social problems be lessened but the human species could
also be improved.

As much as it is easy to ridicule the scientific and social igno-
rance of the early 20th-century eugenicists, they ended up being
right about a few of the basics. There are genes that are passed down
through reproduction that result in diseases that cause great suf-
fering, like sickle cell anemia. There are also genes that could, if
somehow inserted into an individual’s genome, make them “better”
than they otherwise would be, and if these modified persons
reproduced, they would slowly “improve” the human species. (The
genome is the complete set of genes in a cell or organism.)

The eugenicists advocated selective breeding for humans, as has
long been done with farm animals. To influence human reproduc-
tion, various policies were put in place in the United States and
Europe, such as forced sterilization of those perceived to be geneti-
cally inferior, restricting immigration from countries whose people
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had “undesirable” genetic qualities (and thus preventing potential
mating and offspring), and generally encouraging “better” humans
to have more babies through moral suasion and propaganda.’
There was very little understanding of what was actually a heritable
trait and what was just a reflection of the social biases of genetic
scientists. After all, this was an era when it was thought that some
people’s genes made them “moral imbeciles.”

In this era and into the 1940s, what came to be called the
“mainline” eugenics movement assumed that positive and negative
traits were structured by race and class. This logic reached its height
with the Nazis, who presumed that the “Aryan race” had superior
genetic traits and others had negative genetic traits. This thinking
provided the scientific justification for the Holocaust, when
millions of people from “genetically inferior” races were killed.

This book is about the debate over genetically changing humans
that started in the 1950s, after the discrediting of coercive race-
based eugenics that reached its apotheosis with the Nazis. Scientists
still had little idea of how genetic inheritance actually worked, but
this changed with the 1953 discovery by Francis Crick and James
Watson of the chemical structure of deoxyribonucleic acid—DNA.
It turned out that the elementary units of inheritance—by then
called genes—were just particular sequences of chemical bonds.
This reinvigorated the chastened eugenicists, who still nurtured the
dream of creating an improved species, albeit now through volun-
tary, racially neutral eugenics.

Yet, no longer would advocates have to develop various mating
schemes to get the “right people” to have more babies—if the ge-
nome is merely chemicals, “improved” genes could just be inserted.
Scientist Robert Sinsheimer wrote during this era that the new
technologies allowed for “a new eugenics. . . . The old eugenics
would have required a continual selection for breeding of the
fit, and a culling of the unfit. The new eugenics would permit in
principle the conversion of all of the unfit to the highest genetic
level . . . for we should have the potential to create new genes and



4 THE HUMAN GENE EDITING DEBATE

new qualities yet undreamed” in the human species.* As one would
expect, there was an ethical debate at the time about whether we as
asociety should engage in HGE.

I will fill in much detail in the following pages, but for now I will
jump forward to today. Knowledge of what particular genes do
for the human body has increased dramatically, but the ability to
correctly insert a gene into an individual’s genome has remained
elusive. For many years, scientists tried to heal people who had ge-
netic diseases by getting a proper version of the gene in question
delivered to the malfunctioning cells in their body. The delivery
vehicle was a virus, which itself sometimes caused problems, and,
more importantly, often delivered the gene to the wrong place on
the genome, causing another set of problems. To overgeneralize,
from the 1960s to the 2010s, HGE would not work. Unable to even
heal genetic diseases in people, Sinsheimer’s dream of improving
the human species remained fanciful.

The debate about the ethics of HGE lost energy as it appeared
that the most controversial applications of this technology would
be impossible. I contributed, in a very small way, to the decline in
the debate. My first book, published in 2002, was a sociological
explanation of the ethical debate about HGE up to 1995.° Shortly
after publishing that book, I concluded that the more controversial
applications of HGE would always be impossible, and I moved on
in my career to related topics I thought more relevant.

My decision was premature. In the early 2010s, scientists
invented a new gene delivery system called CRISPR-CAS9. It
removes the unwanted part of a gene and then places a new part
where it is supposed to go on the genome. How CRISPR works is
not important to this book. All you have to know is that it is already
being used in humans.® This precision is reflected in the desired
metaphor of the scientists: human gene “editing” Whereas the old
techniques were like randomly inserting a word on a manuscript
page, while hopefully not disrupting the flow of the text, the new
technique is like a word processor search and replace function.
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Editing the genes of people with single-gene recessive diseases like
sickle cell anemia seems immanent, and the eugenicists’ dream of
creating improvements in the species not impossible. The develop-
ment of the CRISPR system has started the scientific race to be the
first to efficiently “edit” human gametes, which has supposedly al-
ready happened in China.”

After decades as a bit of a backwater, the debate is back on, and
it has the feel of the HGE debate of the 1960s, complete with Nazis.
It is not usually a scientist who starts talking about Nazis in these
debates, but the gravity of the situation is reflected in the fact that a
scientist central to the development of the CRISPR system, Jennifer
Doudna, revealed to a reporter she was having nightmares where
Hitler would ask about her technology so he could use it for his
goals.® For the first time, scientists have the means and the desire to
conduct the most controversial types of HGE, thus the debates have
returned with a vengeance.

The Importance of Public Bioethical Debate

This book is not about any one individual’s ethical decisions, but
it is about the public ethics of HGE. That is, should we as a society
allow HGE? To start with the least controversial endpoint of the
debate: Should we allow scientists to use gene editing to replace
disease-causing variants of genes so that they are not passed on to
the person’s offspring? An example would be sickle cell anemia. At
present, the social consensus is yes, and in Western countries this is
allowed largely under regimes of medical experimentation.

Let us move to the other endpoint. How about allowing people
to genetically modify their children, and all of their subsequent
descendants, so they have better memories and attention spans? At
present that is not possible and would not be allowed in any country
in the West that actually has a policy about HGE.? But, this position
has many advocates in the public debate. This public debate exists
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among policymakers, among the general public, and, in what I will
focus upon, academic ethicists. This is called public bioethical de-
bate, with bioethical meaning concerning the human body.

From my last example you can see that many of the technolog-
ical possibilities I discuss are speculative. Some scientists will say
impossible. However, I think it is useful to discuss the ethics of the
seemingly impossible for two reasons. First, it is usually not wise to
bet against human ingenuity and the development of knowledge.
I had left the debate about germline modification thinking it would
always be impossible, and then within 10 years it was possible.
Similarly, identifying polygenic traits in embryos was impossible,
and then it was possible. Second, even if editing polygenic traits like
“intelligence” lies far in the future, or will always be beyond the ho-
rizon, it is important for societies to talk about what their collective
moral values are. That is, saying “we as a society will never go be-
yond point X, even if point X remains technologically impossible,
is important for a society’s self-definition. It also allows scientists to
be confident and plan their research knowing what the limits are.
Like others in this debate, I think that the benefits of speculating
outweigh the risks.!?

Others will object to this book on the grounds that there is no
stopping HGE, so it is pointless to discuss how various limits on
HGE are justified. Bioethicist Arthur Caplan writes that “genetic
engineering of human beings is inevitable,” and “once gene editing
becomes a reliable tool to help prevent disease and other undesir-
able traits, parents might actually be considered negligent if they
chose not to use these tools.” Moreover, he says, “this idea that we're
not going to do gene editing when it gets close to enhancement or
improvement, I find it silly and head-in-the-sand kind of stuff’!!
Perhaps, but even this sociologist is struck by the extremity of
Caplan’s social-structural determinism where resistance is futile. If
inevitable, this book can be seen as an explanation for how the in-
evitable creation of a subpopulation of enhanced humans will come
to be ethically justified.
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But again, why should we care about public bioethical debate—
about what a bunch of university professors think about ethics?
The reason is that public bioethical debate has a fairly strong in-
fluence on what actually happens. Most scientists do not want to
be branded as a “rogue scientist” ignoring the ethical concerns of
the society within which they operate. Scientists will often justify
their experiments by pointing to the public bioethical literature—
particularly seminal reports by government agencies or learned
bodies. For example, that Chinese scientist justified his actions
by referencing a recent public bioethical report from the National
Academy of Sciences, Engineering, and Medicine.!? (People in-
volved with that report would say that he misinterpreted the
report.)

Public bioethical debate also influences public policy, albeit in a
diffuse manner. These academics not only produce turgid academic
articles, but they also write op-eds for newspapers, are interviewed
on television, and testify before legislators. For example, a bioeth-
icist who helped lead recent ethical discussions about gene editing
later testified about the technology before the US Senate.!® The best
way to describe the role of this debate is that it has an agenda-setting
or framing effect on what actually happens with policy, creating the
ethical distinctions that end up circulating in public and among
policymakers.

This book does not advocate a particular ethical stance con-
cerning HGE or examine the legitimacy of those ethical positions.
I do not argue that a specific application of HGE is wrong or should
be illegal. I leave that to philosophers, bioethicists, and theologians,
and a quick internet search will get you all the texts you might pos-
sibly want to read on the topic.

As a sociologist I have a different perspective. This book is not
saying that a certain position is ethical; it instead explains what
positions have been and will be considered to be ethical in the de-
bate. I take no position on whether those ethical positions that rise
to prominence are “good” or even whether they make any sense.
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This basic sociology-of-knowledge perspective holds that the
quality of the argument is only a component of what results in the
argument being accepted—the social context of the argument plays
a much larger part. Analogously to Darwinian mutations, there is
an endless diversity of ethical arguments available to scholars, but
like biological evolution, the environment selects those that best fit
with the social context. That is, scholars make all sorts of ethical
claims, but only some are accepted; and that acceptance not only
has to do with the inherent quality of the argument but also the so-
cial status of the claimant and particularly the social power of the
ideas they use. To take an extreme example of how the power of
ideas changes with social context: No matter what your argument
about genetics, if it relies on Protestant theology, it would more
likely be accepted in 1918 than 2018, and in the United States rather
than in China.!

So, what leads an ethical argument to be accepted in a debate be-
yond its internal wisdom or coherence? For example, and to an-
ticipate what I write later in the chapter, a long-standing ethical
distinction is between HGE to change an existing person and HGE
to change someone’s offspring. Why is that a powerful distinction
in this debate? The answer is that, in general, ethical ideas need to
be consistent with the beliefs of those with influence in a society.

I have previously written a macro-analysis of how and why the
debate about HGE changed from roughly the 1950s to the end of
the 20th century, and I cover much of that history in the early part
of the present book.!> However, the present book is not about those
macro-forces that shape the debate but about the micro-structure
of the debate itself—the limited set of concepts that have long been
debated. And, this micro-structure has a very large influence on
what can happen in the debate. Let me provide an analogy.

Imagine that you have decided that the US Congress does not
represent the views of the citizens of the United States, and you have
a plan for remedying that by making voting power in the Senate
proportionate to the number of citizens in each state. To account
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for the different populations in states, a senator from Wyoming
would get 1 vote and a senator from California would get 80. You
start a social movement to enact these changes. Your movement
of citizens is analogous to my macro-force—such a movement is a
reaction to macro-forces like income inequality, urbanization, the
growing power of corporations, and so on. However, your move-
ment will not be able to do exactly what you want, but you are going
to do the best you can within the confines of that highly constraining
micro-structure called the US Constitution. Yes, it is possible to
have a revolution or amend the Constitution—and it is possible to
have an analogous revolution in public bioethics—but the odds of
that happening are low.

The US Constitution limits your actions to a subset of what you
want to do, and the point of this book is to show how the micro-
structure of the debate about HGE itself will limit the ethical
positions that could plausibly be taken in the future. For example,
you could say that HGE should only be allowed for diseases, but,
as I will argue in the next chapter, the micro-structure of the HGE
debate will make that an untenable position. Your time is best spent
on a different argument.

Slippery Slopes

The primary micro-structure of the public bioethical debate about
HGE is the slippery slope. The term comes from the slippery slope
argument, which starts with a metaphorical slope, with the most
meritorious action at the top, and at the bottom is the action that is
maximally objectionable from the view at the top.!¢ If we step onto
the top of the slope by selecting the desirable option of A, then it is
more likely in the future that we will select the currently undesirable
option of B, somewhat further down the slope. Arriving at B, we
are then more likely to select an even less desirable option of C. At
the top of the slope is the initially morally worthy decision, but that
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decision changes the context of the next decision, making the un-
desirable choice below more likely. Eventually we are at the bottom
of the slope where we did not want to be when we took the first step,
where maximally objectionable actions lie.

Probably the most well-known contemporary slippery slope
argument is that allowing physician-assisted suicide tends to lead
to voluntary euthanasia, which in turn will tend to lead to invol-
untary euthanasia—the act that most people consider morally ob-
jectionable. There is an ongoing debate over whether Belgium and
the Netherlands are currently in the midst of this slide down the
slope.!”

What scholars call “logical” or “conceptual” slippery slope
arguments have a deservedly bad reputation. These hold that once
we have allowed A we must or will allow B, negating the possi-
bility that in the future, near the decision point for B, people might
change their mind or social conditions may change. For example,
it is a bad argument to say that if we have approved euthanasia for
immanently terminal illnesses we have effectively also approved
euthanasia for those deemed to lack social usefulness.

On the other hand, what scholars call “empirical” slippery slope
arguments are largely considered legitimate, albeit difficult to
make, because they involve making probabilistic predictions of
the future.!® A legitimate empirical slippery slope argument needs
to identify the social mechanisms that will, in the future, result in
an increasing likelihood of selecting B.!° In law professor Eugene
Volokh’s terms, we need to think of “the entire range of possible
ways that A can change the conditions . . . under which others will
consider B?° These social mechanisms are, to continue my meta-
phor, the grease on the slope.

To further understand the slippery slope, we can imagine a
number of mechanisms that would cause a society to slip down the
HGE slope. For a legislative mechanism, imagine that in order to
engage in HGE to heal the disease of an existing person (the top of
the slope), Congress creates a legal framework that limits the ability



INTRODUCTION 11

of those being experimented upon to sue the experimenters. This
legal framework would make it easier to take the next step down
the slope, and thus is a slippery slope mechanism.

Similarly, a “technical knowledge” slippery slope mechanism is
clearly already operating. Near the top of the slope we learn how
to modify any genetic sequence in a cell. This increased knowledge
learned from step A makes it more probable we will have the know-
ledge to take step B. The knowledge from step B makes it more
likely to take step C and so on.

The most well-recognized societal-level mechanism is the
“attitude-altering slippery slope” In this mechanism, “as one act
becomes less and less the exception that has to be argued for as
acceptable in a particular case, a social climate of opinion sets in
which makes it easier for the next stage to arise as a real possibility.
As what is tolerated in a society changes, the possible comes the
plausible.”?!

The attitude-altering slippery slope has clearly already been
occurring with HGE. As I will discuss in the next chapter, in the
1990s the first genetically modified people were produced. They
were modified in a way so that the change would not be passed on
to their descendants, and the goal was to treat a severe genetic di-
sease within those existing persons. Essentially everyone in the de-
bate concluded that the risks of taking this first step on the slope
was worth any future risk of slippage. But, this first step normalized
the idea that a person could be genetically modified, increasing the
likelihood of taking the next step down the slope.

The Slope as the Micro-Structure of
the HGE Debate

The previous section was designed to get us thinking about slippery
slopes, but now I turn to the topic of this book, which is the micro-
slippery slope analysis of the public bioethical debate itself. Public
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bioethical debates are generally set up as slopes with the most ac-
ceptable at the top and the abhorrent at the bottom. (I will get to the
slippery part in a few pages.) For example, the ethical acceptability
of abortion is structured as a slope, with the terrain of the slope typ-
ically being defined by fetal age and the reasons the woman wants
an abortion. At the top of the slope is abortion to save the pregnant
woman from immanent death, and at the bottom is infanticide for
no stated reason. Most people want to be at the top but do not want
to get to the bottom. Similarly, the ethical acceptability of eutha-
nasia has at the top euthanasia for fully competent adults who are
going to imminently die a painful death due to disease, and near the
bottom is involuntary euthanasia for those people authorities con-
clude should no longer live.

There are a number of reasons why public bioethical debates
about science, medicine, and the human body tend to be struc-
tured as slopes. First, the origin of public bioethical debate itself
was in the overreach of scientists and physicians, and the public
calling for limits to avoid a dystopian future. Scandals of the 1960s
and 1970s revealed that scientists were experimenting on people
without their knowledge, and the first US governmental bio-
ethics commission was set up in order to recommend limitations
on scientists.?> Therefore, the very institution of public bioeth-
ical debate was invented to put limits on scientists’ actions, which
encourages arguments on a slope: “Above here is acceptable, below
here is unacceptable”

Second, since these debates are ultimately input for law and reg-
ulation, they conform to the nature of law in liberal democratic
societies, which is that the citizens are free to do anything they
want as long as there is not a law against it. And, there can only
be a law for various good reasons, such as that your action would
harm someone else. Therefore, all of these public bioethical debates
have to argue against the default mode of US society, which is total
freedom, which is located near the bottom of all of the slopes. It is
near the bottom because there will always be someone who wants
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to use their freedom to clone themselves, genetically engineer
their child to be taller, practice infanticide, or have a doctor help
end their life because they no longer feel like living. That is, the na-
ture of liberal democratic societies requires people to identify the
bottom of the slope and to argue against it by taking a position fur-
ther upslope.

So far with my metaphor I have established a slope with a top,
bottom, and continuum in-between, where the top is a meritorious
action and the bottom is the nightmare of the people standing at the
top. To continue to build this metaphor, the terrain on the slope is
the qualities of the act at that slope location on which the locations
can be compared. For the first decades of the HGE debate, the ter-
rain was both genetic trait and target. First, on traits. Some genes
lead to bodily traits that are neurological disorders like Tay-Sachs.
Some genes contribute to the trait of tallness or having blue eyes.
Genes have something to do with the trait we call “intelligence,” al-
though exactly how that works remains a mystery. These traits are
ordered along the slope following our values. For example, a long-
standing version of the debate is to order these by the extent they
are “diseases.” Second, the terrain was also target, and the target is
the entity that would be changed. This debate has been constructed
since its earliest days as HGE targeting individuals (somatic HGE)
in the upper part of the slope or the species (germline HGE) in the
lower part of the slope. The point is that the terrain of the slope
consisted of combinations of genetically derived traits and targets
of the modification, ordered from the most to least acceptable to
modity.

More later in the chapter, but for now I would say that in the
public bioethical debate about HGE there is very high consensus
that at the top of the slope is “somatic gene therapy,” which means
relieving the genetic diseases in individuals so that those changes
are not passed on to their offspring.

The bottom of the slope was created in reaction to the eugenicists,
and therefore it is no surprise that the bottom is a dystopian eugenic
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society. Scholars writing about the slippery slope in the HGE debate
who explicitly describe the bottom see it as “morally condemnable
eugenics such as the creation of a genetic ‘super class’ of privileged
individuals”; “eugenics, the attempt to create a super race of human
beings through the use of genetic technology”; or “eugenic abuse or
even the creation of Frankenstein monsters.”?

There are conservative and liberal versions of the bottom
of the slope. In Jonathan Haidt’s terms, religious and cultural
conservatives value avoiding harm, promoting fairness, loyalty,
authority/respect/obedience, and bodily and spiritual purity.*
They are, for example, in favor of retaining the human species as
it currently exists. Fifty years ago this view was more acceptable
in public debates about science, and many of the critics of HGE
had this basic orientation. Their dystopian bottom of the slope
was summarized by the 1931 novel A Brave New World by Aldous
Huxley, which depicted a society focused on science and efficiency,
where emotions and individualism were driven out of people. The
people in the Brave New World were bred in eugenic fashion to be
in particular social classes. But, the primary feature of the bottom
of the slope is that it violates bodily and spiritual purity as tech-
nology is ultimately dehumanizing, resulting in people being more
object-like—in Huxley’s dystopia, humans were bred in bottles. As
Leon Kass stated in the early 1970s, “we are witnessing the erosion,
perhaps the final erosion, of the idea of man as something splendid
or divine, and its replacement with a view that sees man, no less
than nature, as simply more raw material for manipulation and
homogenization”*

For reasons I will discuss in the next chapter, the people who
had these concerns largely left the debate, leaving only what Haidt
calls liberals, who have a more narrow conception of morality,
that is, focused on only avoiding harm and promoting fairness.
This has resulted in a different eugenic dystopia at the bottom of
the slope, represented by the 1997 movie Gattaca. In that dysto-
pian society, children’s genetic qualities are selected by their parents
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in line with a very rigid genetic hierarchy with no mobility be-
tween classes, resulting in durable social and economic inequality.
Dehumanization is not a theme in this dystopia, but the eugenic so-
ciety is wrong because it is not fair to those bred into the lower slots
in society. The dystopia lies in a particularly powerful mechanism
for class inequality that most academics would be opposed to.

Everyone in this debate of whom I am aware has decided to
get on the slope with somatic gene therapy, and participants vary
widely about where they would ideally stop. There are, of course,
modern-day eugenicists in these debates who do not see a down-
ward slope at all and actually hope for the day when the nightmare
of the critics comes to pass with children being designed to maxi-
mize their intelligence and so on.?¢ That said, those academics who
yearn for what others see as the bottom of the slope are a minority.
Finally, it is important to note that while there is a strong consensus
about the top and bottom, there is much less consensus on how the
middle of the slope is ordered.

Slippery Slopes in the HGE Debate

To build the next piece of my metaphor, why is the terrain on the
slope slippery? As two legal theorists write, small steps down slip-
pery slopes are more likely in the absence of a sharp line between
cases, with the cases aligned as a “gradient or continuum,” where
“arguments or policies are connected by a series of small (perhaps
infinitesimally small) steps.”?’

There are two features that encourage slipperiness along the ter-
rain of the slope. One is “continuity vagueness,” where the terrain
has a continuous measure.?® For example, if we said that a physician
was allowed to facilitate the death of a patient if they only had a 10%
chance of surviving the next year, this could easily become 11%
because the difference between 10% and 11% is arbitrary. (While
durable working compromises on positions subject to continuity
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vagueness do occur, the conditions for such a compromise do not
exist in the HGE debate.)?®

The second quality of the terrain that leads to slipperiness is “sim-
ilarity vagueness,” where “measurement is not possible, irrelevant,
or when it depends, at least in part, on imprecise components.”
Think of the example of “knife;” which in English refers to a huge
range of objects with different purposes.®® A better way to put the
similarity vagueness problem for an ethical debate is that the dis-
tinction that can be made between the steps on the slope does not
hold ethical weight, such as knives with wooden handles vs. knives
with plastic handles. What is the moral difference between wood
and plastic handles?

Until now, continuity vagueness has not been very relevant to the
HGE debate because genetic traits and targets have been the ter-
rain, and these are not continuous measures. Rather, the target is
categorical (somatic vs. germline) and traits result in different phe-
notypic experiences that resist commensuration into one scale. For
example, the value of height and eye color cannot be quantitatively
compared. While continuity vagueness has not yet been important,
I will argue that it will be.

On the other hand, similarity vagueness has been a major sup-
plier of grease on the slope of the HGE debate, as what has often
driven the small steps down the terrain of the slippery slope are the
vague concepts of “health” and “disease” For example, what is the
experiential difference between predisposition to heart disease vs.
predisposition to breast cancer? The difference of damage to the
organ due to cell death vs. runaway cell proliferation does not hold
moral weight. If the consensus had been that HGE to treat predis-
position to heart disease was acceptable, this position will likely slip
to the next spot down the slope when no defensible distinction can
be made between heart disease and cancer.

Psychologists see slippery slopes as the result of a basic cog-
nitive process.’! Public bioethical debates are particularly slip-
pery because of the professional backgrounds of the participants.
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A legal theorist writes that judges are particularly prone to slip-
ping down slopes because of their tendency “to place a premium
both on drawing non-arbitrary, rationally defensible lines and on
maintaining a coherent, consistent body of case law within a par-
ticular jurisdiction.”®? If judges have this quality, academics have
a double dose, particularly the non-arbitrary, rationally defensible
part of the description.

That is, similarity and continuity vagueness are the main drivers
of change in bioethical debate because the participants are almost
exclusively academics, and academics are rewarded for rational and
logical consistency. In this logic, if you approve of position X, and
position Y is just like X, then you must approve of Y. The claim that
X is the same as Y (i.e., similarity or continuity vagueness) can be
justified through casuistry,*® which is how American law is struc-
tured,* or through logical deduction from higher level principles,
which is how analytic philosophy is structured.>> The profession
of bioethics, the dominant group in public bioethical debate, has
a very strong emphasis on the deductive version of logical coher-
ence due to the influence of analytic philosophy. In general, in a
debate dominated by academics, and by bioethicists in particular,
the slope will be particularly slippery, especially in the case where
the debate is input to law and policy.*®

In a departure from the existing literature on slippery slopes,
I think we must consider that the “similarity” that provides the
grease begs the question, “Similar by what standard?” The foun-
tain pens of Thomas Jefferson and Barack Obama are undoubt-
edly quite similar if the standard is “effectiveness of putting ink
to paper” but quite dissimilar if the standard is “age.” In a debate
about ethics, the standard is moral values. Two points on the slope
can only be made “the same” through one of these two slippery
slope processes if they are justified using the same moral value.
Using HGE for sickle cell anemia and for adult-onset heart di-
sease can be made “the same” if both are justified by the value of
the relief of suffering.’”
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Whose values? The answer can only be the participants in these
debates, but where do those values come from? Undoubtedly
one source of values of the participants is the values of the so-
ciety, and many participants implicitly or explicitly claim they are
representing the public’s values.®® In general, and for example, if the
country increasingly believes in bodily autonomy, this would be re-
flected in the HGE debate.

A larger source of values for participants is probably the values
used in other public bioethical debates, and there will be profes-
sional pressures to adhere to such values. For example, the value
of individual freedom and autonomy is used in many bioeth-
ical debates, and the use in one undoubtedly increases the odds
of being used in another. Moreover, changes in who participates
in these debates over time has an effect. For example, the debate
was once heavily influenced by theologians who used secular
translations of their values. This group has largely left the de-
bate, along with the values they tended to hold. This change in
values will mean that particular instances of slipping will or will
not occur.

Barriers

The classic slippery slope argument is an argument for the status
quo—that we should go no further than where we currently are.
But, change is often good, as long as we avoid the bad. As philos-
opher John Harris wrote, “Slopes are only slippery if they catch us
unawares and we have strayed onto them inadequately equipped.”*
The main piece of equipment is limits, and as Granville Williams
wrote long ago, “all moral questions involve the drawing of a line”4?
Two legal theorists note that “slippery slopes . . . can sometimes
be resisted by standing on easily enforceable bright-line rules”
Buchanan and his colleagues, in their influential book on HGE, call
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these barriers “moral firebreaks.”*! T will conceptualize these limits
as barriers on the slope that arrest further slippage.*? It is the rise
and fall of barriers that shape the debate over time, and the rest of
this book will be about these barriers—why certain barriers fell,
and whether barriers further down the slope will hold.

There are participants in bioethical debate who accept the
idea of barriers on slopes and those who do not. To believe in a
barrier, you have to believe that there are acts that we should not
do, even if other circumstances change. In philosophy terms,
you need to be more of a deontologist. People with this view will
use the term “ban” in making recommendations about future
research.

A second type of participant does not believe in barriers but
rather in speed bumps, which are conditions that must be met for
moving further down the slope. In philosophy terms, these people
are more consequentialist, and this is the general orientation of
most scientists and bioethicists. They want to allow technology to
develop right up to the barrier, and then weigh the consequences of
action and inaction, and decide whether to move forward. People
with this view tend to use the term “moratorium.”

The pragmatic reality is, of course, that even if people intend to
produce an impenetrable barrier, future generations may knock
over that barrier when their values change. Barriers slow down
technology’s applications so that people can evaluate whether
going forward advances our values. Barriers also prevent techno-
logical ability driving the debate forward on its own.

Scholars typically argue that their barrier—their limit—is in
the most ethically defensible position. In a more pragmatic vein,
I will instead argue that scholars should advocate for a barrier that
is the most morally defensible position near their actual position.
For example, it has been noted that many Christian theologians,
were it not for fear of slippery slope processes, would not defend
the germline barrier that is roughly built on the value of following
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nature or God’s plan (of which more later). But, in the words of
one theologian, in modern society where it is not possible to
argue for a purpose for the human, “by default we fall back on the
‘natural’ 74

The final question is then: What makes a strong barrier?
A strong barrier separates two steps on the slope that cannot
be made similar through similarity or continuity vagueness.
In the example of the somatic/germline barrier, somatic HGE
means modifying an existing individual, and germline means
modifying the species, and this is a strong barrier because it is
difficult to make “individual” and “species” the same. There is
no continuum between the two concepts; or, at least in Western
ontologies, the two concepts are opposites. Therefore, a strong
barrier has the terrain above and below the barrier described as
dis-similarly as possible, which limits the possibility of any simi-
larity slippery slope mechanisms. A strong barrier does not have
apples above and oranges below, but apples above and ball point
pens below.

As an example, Figure 1.1 shows three hypothetical somatic/
germline barriers of different strengths. The first frame shows the
very strong barrier. Above the slope line I label values, and below
the line I label the terrain. The terrain on the different sides of this
barrier are not subject to either continuity or similarity vagueness
and thus cannot be made “the same.” For example, the target up-
slope of the somatic/germline barrier is “the existing human body”
(soma) and the downslope is “the species.” I will often write that
such a barrier has a good design.

One of the reasons the acts cannot be made the same is that the
values used in the debate provide a positive evaluation of the acts
on the upslope side of the barrier and a negative evaluation of the
acts on the downslope side. If one of the values is non-maleficence
(avoiding harm), the acts above the barrier are considered con-
sistent with that value (e.g., they are safe), and below the acts are
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inconsistent with that value (e.g., they are not safe). Metaphorically,
this holds the barrier at that place on the slope.

The value that overlays the act on the terrain defines what is rele-
vant about the act on the terrain. For example, if beneficence (doing
good) justifies part of the slope, the acts on the slope are ranked
by the amount of good they do. It if is non-maleficence, they are
ranked by how safe they are. Critically, barriers become vulnerable
to slippery slope processes when the acts downslope get redefined
by new values and are then subject to continuity or similarity
vagueness with the acts above the barrier.

The second frame in Figure 1.1 shows a weaker, yet still strong
barrier. Values 1 and 2 have positive evaluations above and nega-
tive evaluations below the slope. But, there is a group in the debate
claiming that value 3 not only justifies acts upslope but also justifies
acts far below the barrier. This is the more revolutionary approach
to moving down slope because it redefines the terrain of a large sec-
tion of the slope.

For example, starting in the 1980s, the value of “autonomy”
came to the fore, which meant that a couple should have the ability
to decide what traits their children would have. Some participants
in the debate wrote that this value should justify acts not only
above the barriers of the era but far below as well because, for ex-
ample, the value of autonomy could mean that people could decide
to have enhanced children.

Such amove is difficult to accomplish—indeed, while it threatens,
it has not been done in the history of the debate. The reason this is
difficult to achieve is that it is radical—it requires asserting that a
huge range of acts previously thought to be morally wrong are ac-
tually acceptable, and that those who support values 1 and 2 are
not slightly wrong but totally wrong for holding the barrier in its
current place. Such a radical claim would be: Up until now the cur-
rent barrier has meant that creating a child with enhanced intelli-
gence was far below the barrier near the bottom of the slope, but we
are arguing that the reproductive autonomy of the parents means it
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should be acceptable. The reason that public bioethical debate does
not like radical change is that it is at the interface between scientists
and society, with scientists being very concerned about how the
public reacts to their work. Bomb throwers are not appreciated.
I will show attempts like this in the history of the debate—all of
which failed.

Frame 3 shows a weaker barrier that is analogous to Frame 2 ex-
cept that value 3 reaches only slightly over the barrier to redefine
acts that are relatively close to the acceptable acts upslope of the
barrier. This subtly redefines the acts just below the barrier to be
the same as those above, resulting in continuity and/or similarity
vagueness. The acts on both sides of the barrier become “the same,”
and the barrier falls.

Compared to the situation depicted in Frame 2, Frame 3 is not
radical. In extending the positive evaluation of value 3 barely below
the barrier, we may find that the supporters of values 1 and 2 may
not disagree with the acts that are newly justified—they were just
supporting the barrier in its location to avoid the really offensive
acts far below. But, the effect is the same—if the acts on both sides
of the barrier are supported by the same value, and are then the
same, the barrier is felled. Without a barrier, eventually the justified
acts in the debate will slip down to the region of the slope that was
most concerning. Empirically, I consider a barrier to have fallen
when a majority of the participants in the debate agree that it has.

We now have all of our tools in hand for understanding the
history and future of this debate. I start my narrative in the next
chapter with an examination of the first two barriers erected on
the slope of this debate in the early 1970s, and how, beginning
in the 1980s these barriers were weakened. In Chapter 3, I ex-
amine the debate in the CRISPR era and focus on how an influ-
ential American pseudo-governmental commission advocated
removing the germline barrier, yet provided the intellectual jus-
tification for putting a new, strong barrier lower on the slope.
In Chapter 4, I turn to a more speculative direction, identifying
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barriers further downslope that have either been proposed in
the literature or which would have good design characteristics.
In Chapter 5, I conclude by recapping my argument, identifying
some general lessons about slippery slopes in public bioethical de-
bate, and describing a future debate where participants acknowl-
edge slippery slope processes.



2

The First Barriers in the Human

Genetic Engineering Debate

I now turn to the history of public bioethical debate about HGE
from the 1950s forward.! Through this history we can see the
processes that build and collapse barriers, and this knowledge
will allow us to better predict which future barriers will and will
not hold.

Obviously there are many ways the genes in a society are indi-
rectly affected. Migration patterns, fertility rates, social norms
about who should marry who, and much else influences the col-
lective human genome. The HGE debate began in the eugenics
debate, which concerned the intentional and directed human con-
trol of such processes. Starting in the late 19th century, the goal of
eugenics was to give “the more suitable races or strains of blood
a better chance of prevailing speedily over the less suitable”? The
stated motivation for eugenics was that, due to the conveniences
of modern society like medicine, genetically weak individuals were
not culled by evolutionary forces but were allowed to live to re-
productive age. What was worse, it was thought that the weakest
of these people—the poor in the minds of the British elites con-
cerned with eugenics—were reproducing even more than the ge-
netically superior people, degrading the human gene pool. Francis
Galton was the inventor of the term eugenics, and he wrote that
the “survival of the fittest” was no longer operative due to modern
conveniences such as “the minimum wage, the eight-hour day
[and] free medical advice” One of Galton’s disciples would con-
clude that natural selection had been replaced by “reproductive
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selection,” which gave the advantage “to the most fertile, not the
most fit”?

Most important for the later debate, the eugenicists had a rad-
ically expansive notion of which traits were genetically inherited.
They thought if you looked at the leaders of society such as
intellectuals, artists, and scientists, you could see the result of good
breeding. The bad genetic traits included criminality, alcoholism,
sexual immorality, and “feeblemindedness.”

Up until the early 20th century the eugenicists assumed that su-
perior and inferior traits were clustered in races, ethnicities, and,
particularly in Britain, classes. All sorts of schemes were developed
to encourage people with what were thought to be superior genes
to have more children and to encourage or force those with inferior
genes to have fewer. Eugenicists wanted to improve the humans
living in a nation or, depending on your outlook, stop genetic
quality from degrading further.

In the American context the eugenicists had their greatest success
in 1924 with the immigration control act that limited immigration
from nations thought to be the source of “bad” genes.* The bill was
signed by President Coolidge, who earlier had said that “America
must be kept American. Biological laws show . . . that Nordics de-
teriorate when mixed with other races” Another infamous indi-
cator of the eugenics mindset occurred when US Supreme Court
Justice Oliver Wendell Homes justified the forced sterilization of a
17-year-old “moral imbecile” by claiming that “three generations of
imbeciles are enough.

Eugenics was not necessarily a right-wing political move-
ment, but at least in the United States and the United Kingdom
it was taken up by social progressives trying to resolve social
problems. For example, American liberal and mainline Protestant
denominations, as well as liberal Jews, were strong supporters of
eugenics as a means to uplift the poor.” Of course these motivations
were not pure by our contemporary standards—there was strong
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race and class bias in progressive support for eugenics before World
War II.

By the 1930s the connection between good and bad genes
and class, race and ethnicity began to be questioned, with many
pointing out that these eugenic ideas were thinly disguised class
and race prejudice. One scientist at the time wrote that eugenics
had become “hopelessly perverted” into a pseudoscientific fa-
cade for “advocates of race and class prejudice, defenders of vested
interests of church and state, Fascists, Hitlerites, and reactionaries
generally”® It was the Nazis who took race-based eugenics to its
apotheosis with genocide against “inferior” races. In the words of
the foremost historian of the eugenics movement, after the eugenic
policies of the Nazis were fully exposed, people realized that “a river
of blood would eventually run from the [German] sterilization law
of 1933 to Auschwitz and Buchenwald” Thus, the mainstream eu-
genics movement was dead.’

However, the Holocaust was only the end of coercive race- or
ethnicity-based eugenics. Eugenicists continued to argue that
humans were extremely unequal in their genetic contribution to
the human gene pool; it is just that these inequalities are not struc-
tured by race, ethnicity, or class. They argued that eugenicists
should identify valuable genes found in any group and encourage
those with these genes to reproduce. What the eugenicists of the
1950s had in mind were voluntaristic, race-neutral schemes to get
individuals to breed with the right people and for the right people
to have more babies.

An embryonic form of a later barrier began to emerge with the
specific concern of eugenicists with the “genetic load” The ge-
netic load was the sum of the disease-causing genes thought to be
spreading rapidly in the population, which was the result of modern
medicine keeping people alive who should, from a Darwinian per-
spective, die before reproducing. According to one influential
scientist, given enough time, “the germ cells of what were once
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human beings would be a lot of hopeless, utterly diverse genetic
monstrosities”1°

But, like the pre-World War II eugenicists, these “reform”
eugenicists were not only concerned with stopping the spread of
“disease genes” in the population but also with encouraging the
spread of genes that represented the “ideal man” For example,
British scientist Sir Julian Huxley wrote that he wanted to use eu-
genics to increase “man’s desirable genetic capacities for intelligence
and imagination, empathy and co-operation, and a sense of disci-
pline and duty”!! That is, the distinction between eugenics to re-
duce genetic disease vs. eugenics to enhance the human population
began to form in this early debate, even though most eugenicists
were in favor of both. This distinction would later become a barrier.
It is important to remember that in this era the target for modifica-
tion was the species not the individual.

The eugenics debate birthed the modern HGE debate in 1953
when Crick and Watson published their paper describing DNA,
which further detailed the chemical basis of heredity. By the
1960s, people in the eugenics debate began to realize that if genes
are chemicals, then the genes of people could be changed chem-
ically, avoiding the need to influence people’s mating decisions.
Moreover, with mating, the baby’s qualities were limited to the
genes the parents had. But if genes could be modified, it was pos-
sible to imagine inventing new “super” traits. We would “have the
potential to create new genes and new qualities yet undreamed” of
in the human species.'?

However, by the mid-1960s the eugenicists became intimidated
by the task of setting the proper goal for human evolutionary prog-
ress. They had to, using their terminology, define the “ideal man,”
but they lost their confidence that they alone could make such a
definition. As a scientist at one of the reform eugenicist conferences
noted in the mid-1960s, how the new technology would be used
“will not be decided by scientists alone,” but rather by “enlightened

and broadly based public opinion.”3
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The public did start paying attention. Popular books began to be
written on the subject, and other academics began to take notice of the
debate. Most notable were the theologians, who saw the question of
what the “ideal man” should be as impinging on theological turf. For
example, theologian Paul Ramsey accused scientists of advocating
a “surrogate theology” of the “cult” of “messianic positivism” where
scientists decide what our values should be. Ramsey also accused one
of the influential scientists of the era as having goals that were simply
“an extrapolation of what we should do from what we can do.”* More
generally, a debate ensued about what the goals of HGE should be.
What would the “ideal man” be like, and who would decide?

At the same time, the public was beginning to question the
wisdom of scientists. According to sociologist Kelly Moore, “by the
middle of the 1960, scientists were being blamed for, among other
things, the war in Vietnam, alienation . . . and a multitude of envi-
ronmental problems.”!® In another scholar’s summary, “public con-
fidence in technological development as the key to social progress
gave way to disenchantment.”1¢

A statement summarizing a 1972 conference makes it clear that
restricting the debate to scientists was ending, and that a slope with
barriers to define limits on scientists’ actions was going to be built.
The back cover of the conference proceedings stated: “The scientist
often works in what amounts to a vacuum of public opinion, de-
spite the fact that he wields potentially more power over our destiny
than all the Presidents and Premiers combined. . . . Society runs a
grave risk by granting carte-blanche to the scientific community,
particularly in the area of genetics”!” What would those limits—
those barriers—ultimately be?

The First Barriers

A vparticularly powerful reminder that the target of the
eugenicists’ actions was the species (not the individual), even
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for health, is H. Bentley Glass’s presidential address to the
American Academy for the Advancement of Science in 1970,
later published in Science. He thought that “the nature and per-
sonality of man must change,” and thus “no parents will in that
future time have a right to burden society with a malformed or
a mentally incompetent child” Moreover, “if every couple were
permitted to have only two children, or to exceed that number
only upon special evidence that the first two are physically and
mentally sound, a mild eugenic practice would be introduced
that is probably all mankind is prepared to accept at this time”!8
Again, the eugenicists wanted to stop individuals from having
genetic diseases, but primarily because diseased individuals
would contaminate the human species’ gene pool, not to relieve
the suffering of any one individual.

This early HGE debate was only about the germline, and
participants focused on both diseases and enhancements. For ex-
ample, Glass wrote that he was looking to create the “good man,”
who would have “freedom from gross physical or mental defects,
sound health, high intelligence, general adaptability, integrity of
character, and nobility of spirit.’!

All this talk of creating the perfect human through genetic engi-
neering generated social controversy, and basic genetic science was
threatened by the bad publicity from the eugenicists who wanted
to perfect the species. This threat was described in 1970 by Bernard
Davis who wrote in Science that the “exaggeration of the dangers
from genetics will inevitably contribute to an already distorted
public view, which increasingly blames science for our problems
and ignores its contributions to our welfare. Indeed, irresponsible
hyperbole on the genetic issue has already influenced the funding
of research.” Citing some eugenicists of the era, who have “caused
wide public concern,” he also noted that discussions about HGE
“have tended toward exuberant, Promethean predications of un-
limited control and have led the public to expect the blueprinting
of human personalities”?’ Here we can see an early proposal for the
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ordering of the slope, with an enhancement like “blueprinting of
human personalities” at the bottom.

The scientists created barriers that placed all the socially
controversial applications scientists did not want to do down-
slope and the applications that they wanted to conduct upslope.
Scientists simultaneously created and then retreated behind two
barriers: the somatic/germline barrier, and the disease/enhance-
ment barrier. Again, somatic means that the genetic modifica-
tion would only impact the genes of an existing human and not
be passed on to offspring. Germline means the edited genes are
passed on to descendants and ultimately the species. “Disease”
was not considered problematic to define, for reasons I will get to
shortly, and roughly coincided with all the traits of the “genetic
load” that eugenicists thought was bearing down on humanity.
“Enhancements” came to mean all those traits of the eugenicists’
dreams like intelligence, artistic ability, and good character.

The creation of the first barrier came as scientists like Davis im-
plicitly redefined the value that would justify HGE as beneficence
(relieving suffering) and not “perfecting humanity,” which created a
barrier between HGE for “diseases” and those for “enhancements”
This barrier would not only calm the public, but the upslope
applications were seemingly going to be possible soon. By this
point, scientists had been able to synthesize genes and introduce
them to bacteria, and Davis was hopeful that scientists would soon
synthesize and modify human genes in a test tube.?!

This barrier was also possible because at the time the known ge-
netic diseases were monogenic, the result of an error in one gene,
and changing one gene seemed plausible. On the other hand,
enhancements like intelligence, assuming it could even be defined,
would be polygenic, based on multiple genes interacting in a way
that was not understood. Davis argued for the barrier when he
wrote that most geneticists had “more restrained second thoughts”
about the possibility of engineering polygenetic behavioral traits.
While Davis advocated for the disease/enhancement barrier, he did
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not advocate for a somatic/germline barrier and, indeed, thought
that germline modification of humans for these monogenic
diseases was more efficient than somatic changes. With somatic
you would have to modify all people born with the disease, but with
germline nobody would be born with the disease.?? Others would
argue for the somatic/germline barrier.

A few years after Davis’s article, scientists Theodore Friedmann
and Richard Roblin described the somatic editing they wanted to
do not as human genetic engineering but “human gene therapy”
The term “therapy” connected these actions to the value of
beneficence—the relief of suffering—that has traditionally been the
province of medical science and thus to fighting disease. Their ar-
ticle, titled “Gene Therapy for Human Genetic Disease?,” pointed to
the acts of editing in their acceptable part of the slope by beginning
with the statement “at least 1,500 distinguishable human diseases
are already known to be genetically determined.”?® Pointedly, they
did not talk about the genetic enhancements of the eugenicists’
dreams. Strategically, it makes sense to build this barrier as it allows
for the scientific community to engage in somatic HGE for mono-
genic disease that was potentially imminently possible and distin-
guish these applications from those that would be many decades
away. This would keep what they wanted to do on the good side of
public opinion.

Friedmann and Roblin cite one of the first articles to mention
“gene therapy;” and that article reveals the fear of controversy that
motivated the genetics community to build barriers. In that article,
after a scientific examination of the possibility of genetic mod-
ification using viruses as delivery vehicles for the new DNA into
the human body, the author writes that “the rapid development of
molecular biology and its potential applications to medicine have
been likened by some people to the rapid development of theo-
retical physics and its ensuing application to atomic technology”
The physicists’ work resulted in destructive weapons, and “rightly
or wrongly, scientists have been blamed for these technological
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creations,” and therefore “many already fear genetic research” He
concludes that “this fear of genetic research might be relieved to
some extent if the term ‘genetic engineering’ were abandoned in
favor of the term ‘gene therapy’ The term ‘genetic engineering’ has
the revolting connotation to many of impersonal scientific ma-
nipulation of the future of human life and offends the dignity of
many.’** This scientist, like others, wanted to distinguish between
therapy and enhancement, as well as “the future of human life’—
the germline—from the treatment of individuals. These statements
and others like them slowly built the somatic/germline and disease/
enhancement barriers.

It is not easy to say which of these barriers was upslope of the
other because different participants had different rankings of what
was acceptable and unacceptable. The best way to consider the use
of these barriers using my metaphor is that they were at the same
place on the slope. Not everyone used both barriers.

Figure 2.1 shows the general terminology used in the debate
for the combinations of the two barriers. Cell one of the figure

Somatic Germline
Treatment of Somatic Germline
Disease Therapy Therapy
(Cell 1) (Cell 2)
1
Somatic Germline
Enhancement
of Capacities Enhancement Enhancement Disease/
(Cell 3) (Cell 4) Enhancement
Barrier

Somatic/
Germline

Barrier

Figure 2.1 Combinations of barriers, early HGE debate
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represents the case where the participant argued for both the so-
matic/germline and the disease/enhancement barriers, and there-
fore only advocated what was above both: “somatic therapy”
Cell two represents those who believed in the disease/enhance-
ment barrier but not the somatic/germline barrier. They would
argue for “gene therapy;” be it of the soma or the germline. Cell
three represents those who believed in the somatic/germline bar-
rier but not the disease/enhancement barrier, which would mean
advocating somatic enhancement. This combination was rarely or
never advocated. Cell four represents those who did not believe in
either barrier, and therefore were in favor of therapy or enhance-
ment of the soma or the germline. Cell four was where participants
in the debate placed the now discredited eugenicists who desired
the physical and behavioral perfection of the species. By the 1980s
the debate reached consensus on these barriers, which remained
the only barriers on the slope for many years.?®

A debate at a 1971 conference, while the barriers were still
forming, is illustrative of how consensus was built that these would
be the barriers that would structure the debate. In the debate be-
tween theologian Paul Ramsey and scientist W. French Anderson,
Anderson tried to support the disease/enhancement barrier but
rejected the germline barrier, which would have collapsed the dis-
tinction between cells one and two in Figure 2.1. He defined all
the terrain on the slope above the disease/enhancement barrier
as “gene therapy”—the “treatment of hereditary diseases” —which
suggested that doctors should heal the species (the germline).?®
This would make the value that justified HGE as only beneficence
(relief of suffering), make the terrain only “trait,” and implicitly
bring back the arguments of the reform eugenicists who were con-
cerned with improving the genetic health of the human species.

Ramsey pushed back by saying the word “therapy” can only be
applied to an existing body, not a species, which implies the somatic/
germline barrier. He proposed a term to replace “gene therapy”—
“genetic surgery”’—which would have even more explicitly defined
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the target of the modification as the existing individual. That is, in
English you could stretch the meaning of words and say you are
going to provide “therapy” to people’s offspring by modifying them,
but it is nonsensical to say you can conduct surgery on the human
species or on a human embryo. More importantly, “surgery” also
connects these acts more clearly with medicine, further reinforcing
the disease/enhancement barrier.

Ramsey assigns all of the terrain above the two barriers to med-
icine, essentially saying that scientists should commence trying to
figure out how to use gene therapy to treat individuals who have
diseases.?” That is, the fiercest critic of HGE had defined a space up-
slope of the two barriers that was acceptable to him, and this barrier
came to be accepted in the debate, with any germline modifications
and any enhancements downslope. While his “genetic sur-
gery” term never caught on, Ramsey had stepped onto the slope,
accepting somatic gene therapy, presumably confident that the two
barriers would hold. Most others joined him. Proponents of so-
matic gene therapy came to realize that at minimum the somatic/
germline barrier was useful for limiting controversy, given that
scientists had no idea how germline HGE could be accomplished.

Why These Barriers Were Strong
Design Strength of the Disease/Enhancement Barrier

From the early 1970s through the 1980s the two barriers were ex-
tremely strong. Let us begin with the disease/enhancement bar-
rier, and with the terrain on both sides of the barrier, which was
the trait. Could the traits on the two sides of the barrier be made
similar, thus toppling it? The very limited knowledge of human ge-
netics in the 1970s and 1980s meant that, unlike later years, “di-
sease” (e.g., cystic fibrosis) and “enhancement” (e.g., intelligence)
on the two sides of the barrier were radically dis-similar. This was
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before the human genome project, before genetic tests, before any
thought of sequencing someone’s entire genome, before the dis-
covery of epigenetics—before most of the knowledge we take for
granted today. “Disease” traits were only those clearly observable in
the body of a human, and the trait had to be clearly different from
normal human variation. Genetic diseases had to be obvious and
severe and therefore typically observed in children. For example,
Friedmann and Roblin started their 1972 article by mentioning
phenylketonuria and cystic fibrosis—two extremely serious
Mendelian recessive diseases that become apparent shortly after
birth.?8

Lacking genetic tests, the only way that a disease was defined as
genetic was that it was so clearly distinct from normal variation that
your parents or their relatives were known by the family to have
displayed similar symptoms. Today we might think of genes that
increase the odds of getting cancer at age 50, but nobody back then
could look at a family tree and know that this trait was inherited
because there are all sorts of reasons people get cancer. In sum,
the bodily experience of what were then genetic diseases and the
enhancements of the eugenicists’ dreams were so vastly different
there was no risk of similarity vagueness between the traits on the
two sides of the barrier.

Moreover, the scientists who helped construct the barrier in
the 1970s made it even stronger by describing the upslope genetic
diseases as monogenic and the enhancements downslope as poly-
genetic, seemingly grounding the barrier in the nature of human
biology. By this time a large number of diseases were known to be
the result of one errant gene passed down following the pattern of
Mendelian inheritance. This could be usefully distinguished from
polygenic enhancements. As Davis would write in 1970, “the most
interesting human traits—relating to intelligence, temperament,
and physical structure—are highly polygenic” Yet, he continued,
“the study of polygenic inheritance is still primitive.”?® Similarly, in
1980, gene therapy researcher W. French Anderson and bioethicist
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John Fletcher wrote, when debating in the New England Journal of
Medicine when somatic gene therapy trials should begin, that “we
are currently attempting to influence in a known way only single-
gene defects. Intelligence, personality, fertility, organ structure, and
physical, mental and emotional characteristics are all presumably
controlled or influenced by vast arrays of genes about which we
know little or nothing.”*°

Conceptualizing “disease” not only by the characteristics of the
trait but also by the number of genes involved does define the ter-
rain as the “number of genes,” and thus in principle makes the bar-
rier vulnerable to a continuity vagueness slippery slope mechanism.
However, the fact that these numbers of genes were portrayed as
one vs. more than one gave this barrier a categorical instead of nu-
meric definition.

That is, if the barrier had been built at the space between traits
caused by 16 vs. 17 genes, it would have been very susceptible to
continuity vagueness. However, there is a strong cognitive differ-
ence between zero and one, as well as one and more than one. At
least Westerners make major linguistic distinctions between these
two, with additional terms covering differences on the number

» <«

line. Zero is also “none,” “without,” “nothing,” and so on. “One” is
also “a,” two or three becomes “few;” and more than three or four is
“many.” At least in English, there are words to distinguish between
one and more than one, but there is no word that can be used to dis-
tinguish between five and six, six and seven, and so on. So, at least
Westerners are primed to recognize a distinction between one and
more than one.

Finally, the barrier was further reinforced in the early 1980s be-
cause discussion focused not only on monogenic diseases but also
on the most extreme monogenic diseases. The reason is that in the
1980s much of the debate concerned when to start clinical trials for
somatic gene therapy (Figure 2.1, cell one), and the only “first in a
human” clinical trials that could be approved would be one with
an extreme risk-benefit ratio.’! That is, given the extremely high
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risk in these first human trials, the only justifiable trial would be
one where the quality of life was so severely impaired that any ben-
efit was worth the high risk.*? Indeed, the first approved clinical
trial for an inherited disease was for adenosine deaminase (ADA)
deficiency, which leaves people without a functioning immune
system.?? Thus, the traits being discussed on both sides of the bar-
rier became even more distinct. In later years knowledge would fill
in between these extremes, weakening this barrier, but in the early
years the barrier was strong.

Values Supporting the Disease/Enhancement Barrier

Again, a barrier is strong if all the values that support it have a pos-
itive evaluation of the actions upslope and a negative evaluation of
the actions downslope. For the disease/enhancement barrier, the
radically different traits on the two sides made the values clear.
For the value of beneficence, promoted by all in the debate, above
the barrier the acts on the terrain were interpreted as the benefi-
cent relief of suffering, below the barrier interpreted as not benefi-
cence, as something more like egotism by wanting to be better than
everyone else.

In this era, the connection of the value of beneficence and the di-
sease traits upslope was reinforced because this connection between
beneficence and human disease—defined as bodily dysfunction—
was synonymous with the well-respected medical profession. Put
simply, this is what medicine “was” in this era, so relieving the
suffering caused by a trait like sickle cell anemia made perfect
sense. To foreshadow later pages in this book, in future years the
profession of medicine would not only be associated with healing
suffering from bodily dysfunction but also with treating people’s
desires about their bodies with practices like plastic surgery in what
scholars call “wish-fulfilling medicine”3* This would later weaken
the connection between beneficence and genetic traits.
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Also supporting the disease/enhancement barrier was the value
of following God’s will—a value with some constituency at this
point, whether explicitly or implicitly stated. Above the barrier was,
in Christian terms, repairing diseases that were the result of the Fall
of man. Below the barrier was not following God’s will but rather
trying to improve on God’s design for the species.

Upslope were monogenic traits that could conceivably be un-
derstood and thus safely manipulated. Downslope were polygenic
traits that were utterly mysterious at the time so modifying them
was quite dangerous. Therefore, another consensually held value—
non-maleficence (avoiding harm)—supported the barrier.

Relatedly and finally, also supporting the barrier was the value of
humility and its antonym hubris. Above the barrier with diseases
was humility in that all agreed that these diseases were bad and
needed amelioration. Below the barrier, in the hubris territory, was
thinking that we could define what the perfect human was for all
people across all times, as well as the undemocratic arrogance of
scientists assuming they knew what positive traits to engineer into
the species. While in an earlier time the reform eugenicists would
have promoted a value called something like “species progress,”
which would justify acts of enhancement below the barrier, there
were few if any willing to support that value.

Design Strength of the Somatic/Germline Barrier

Turning to the somatic/germline barrier, it appeared even stronger
than the disease/enhancement barrier because the terrain was the
target of the genetic modification. The target on the upslope side
was the individual who you could meet and see in the clinic—they
could be a relative of yours or written about in the newspaper. Of
ethical relevance is that researchers could ask the individual if they
wanted to be modified. They existed in the present. On the down-
slope side the target was the human species, who could not be met
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but was an abstraction. You also could not receive consent from the
species, and any change in the species was in the future.

These differences in how the targets of HGE were portrayed
make this barrier seemingly immune to slippery slope processes,
as the two sides cannot be made similar through continuity or sim-
ilarity vagueness. We can see why critics like Ramsey thought it was
safe to walk onto the slope and advocate for somatic HGE.

Values Supporting the Somatic/Germline Barrier

The barrier was strong because the dominant values in the debate
provided a positive evaluation of the acts upslope and a negative
evaluation of the acts downslope. As with the disease/enhance-
ment barrier, the value of non-maleficence supported the up-
slope somatic applications, which had the least odds of harm. If
the limitation in our ability or knowledge produced a mistake
in somatic HGE, the effects of that mistake would end with the
death of the modified person. Below the barrier, with germline,
any mistake could spread to descendants and ultimately the
population.

Humility and its corresponding antonym hubris also supported
the barrier, as the acts above the barrier were cautious and lim-
ited, whereas below the barrier it was hubristic to think that mere
humans could redesign the species. The value of social equality also
supported the barrier, with above the barrier considering people
as individuals and below the barrier deciding which traits held by
which groups should be the future of the species.

More importantly, above the barrier was the value of respecting
“nature” or “God’s will,” with both concepts representing what
humans had not fundamentally intervened in. If modifications
were restricted to somatic, above the barrier, nature or God’s crea-
tion was not being redesigned, humans were simply modifying ex-
isting nature as they have always done via medicine and technology.
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This value is best seen in contrast with the values used by the reform
eugenicists who did not want any barriers. In 1957 reform eugeni-
cist Sir Julian Huxley argued that humans had to control the genetic
qualities of the species:

It is as if man had become suddenly appointed managing di-
rector of the biggest business of all, the business of evolution—
appointed without being asked if he wanted it, and without
proper warning and preparation. What is more, he can’t refuse
the job. Whether he wants to or not, whether he is conscious of
what he is doing or not, he is in point of fact determining the fu-
ture direction of evolution on this earth. That is his inescapable
destiny, and the sooner he realizes it and starts believing in it, the
better for all concerned.®

Similarly, geneticist Theodosius Dobzhansky wrote in 1962 that
“man and man alone knows that the world evolves and that he
evolves with it,” and “the hope lies in the possibility that changes
resulting from knowledge may also be directed by knowledge.
Evolution need no longer be a destiny imposed from without;
it may conceivably be controlled by man, in accordance with his
wisdom and values.”*® Using this value would justify acts far below
the germline barrier.

In contrast, responding to another eugenicist of the time, theo-
logian Paul Ramsey would say that the germline HGE proposals of
the eugenicists were an improper attempt to elevate human desire
over God’s will through control of the species:

[T]aken as a whole, the proposals of the revolutionary biologists,
the anatomy of their basic thought-forms, the ultimate context for
acting on these proposals provides a propitious place for learning
the meaning of “playing God”—in contrast to being men on
earth. . . . [The scientists have] “a distinctive attitude toward the
world,” “a program for utterly transforming it,” an “unshakable,”
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nay even a “fanatical,” confidence in a “worldview;” a “faith” no
less than a “program” for the reconstruction of mankind.*”

This value of following God’s will was one of the reasons
why the theologians of this period, who were mostly Christians
of various types, generally supported this barrier. Modern
Christianity has generally held that while we humans are sup-
posed to intervene in the natural world in order to fix its
problems, we were to do so by following God’s will for nature.*
Deciding between what was human responsibility and what was
God’s responsibility has never been easy, but the “reconstruc-
tion of mankind” would be in God’s domain. The germline
barrier was a convenient compromise or generalization for the
Christian participants in these debates.? Despite the value of
human control over the nature of humanity being considered
a good in the eugenic era, by the time that the barriers were
solidified there were few if any participants willing to defend
the values of eugenicists, and the values of the theologians were
much stronger.

The Two Barriers in Use

These two barriers functioned as designed, and HGE on targets
and traits above the combination of the two barriers—somatic
gene therapy—rapidly became uncontroversial. One prominent
researcher would write in 1984 that “essentially all observers have
stated that they believe that it would be ethical to insert genetic
material into a human being for the sole purpose of medically
correcting a severe genetic defect in that patient—that is, somatic
cell gene therapy. Attempts to correct germ cells . . . or to enhance
or improve a ‘normal’ person by gene manipulation do not have
societal acceptance at this time.”*? Similarly, Theodore Friedmann
would write in the late 1980s that “few discussions of gene therapy
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at scientific meetings and in publications still argue its need or po-
tential place in medicine or is ethical acceptability, but rather they
emphasize technical questions of efficiency of gene delivery and
targeting and selection of suitable disease models”*! Bioethicist
LeRoy Walters examined all available policy statements on
HGE across the globe written between 1980 and 1990, prima-
rily written by governments and religious groups, and concluded
that “without exception, all 20 of these policy statements accept
the moral legitimacy of somatic cell gene therapy for the cure of
disease”*?

The debate then focused on the technical question of whether
somatic gene therapy could be done safely. Prominent review ar-
ticles in this era had titles such as “prospects for gene therapy,
“progress toward gene therapy,” “the slow road to gene therapy.*?
In 1985, the US government entity that regulated HGE concluded
that somatic gene therapy trials could begin once safety and other
considerations had been met. Only “diseases” could meet the risk-
benefit standard, given that the benefit to healing disease was clear
compared to the benefit from enhancing someone. Moreover, the
regulator wrote that it would “not at present entertain proposals for
germline alterations4*

In 1990 the first approved somatic gene therapy attempt for a
genetic disease was made on a patient with adenosine deaminase
deficiency (as mentioned, a genetic disorder that leaves its victims
without a defense against infections). The white blood cells were
removed, the healthy version of the gene was inserted into the cells,
and the corrected cells put back.*> Again, this did not impact the
reproductive cells of the patient, so it was a case of somatic, not
germline modification.

The acts below the two barriers on the slope remained unethical.
That would change. At about the same time that government policy
made somatic gene therapy totally acceptable, some scholars were
advocating removing the barriers that had recently been built on
the slope.
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A Change in the Participants and
Their Values

In the 1980s the barriers were weakened due to a major shift in the
participants in public bioethical debate, which brought a change in
values. As I have written extensively elsewhere, the “consumer,” so
to speak;, of this debate before the late 1970s was academics and the
public.*® The scholars would present at scholarly meetings, write
for scholarly journals, but also try to appeal to the public. This de-
bate was largely about the values, goals, or ends that we as a society
should pursue through human genetics. Is our goal to make hu-
manity more intelligent? Is our goal to make humanity healthier?
More caring? More artistic? Is it hubristic to think we can design
humanity?

In 1970 scientists still had control over what is now called public
bioethical debate. The scientists had become very concerned about
their newfound powers over nature and concluded that the is-
sues were too monumental to have a small group of scientists de-
cide what to do. For example, Salvador Luria—who won the Nobel
Prize in 1969 for discoveries in genetics—said at a conference in
1965 that to “claim the right to decide alone” would be “to advo-
cate technocracy;” and that the United Nations and the US National
Academy of Sciences should “establish committees on the genetic
direction of human heredity”*” As discussed, some non-scientists
like theologians and philosophers were invited to the debate during
those early years.

The public was actually paying attention to this emerging tech-
nology (and many others at the time) and took these concerns to
their elected officials. The elected officials responded in 1973 by
creating the first US federal public bioethics commission that would
act as an ethical eye on scientists. By and large these commissions
did not see their role as participating in public debates, but rather
as clarifying the ethical issues for policymakers, particularly in
government agencies that had to regulate science. This established
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that the consumer of ethical discourse about bioethical issues was
the administrative state—such as the bureaucracy at the National
Institutes of Health. These were the entities that were going to set
the policies that would protect the citizens from any dangers from
new biomedical technologies.

What values would one of these government commissions use?
Since a government commission was in principle representing the
public, it could not use the values of the individuals who happened
to be commissioners but needed to use the values of the public.
Moreover, a commission did not want to have a continuous de-
bate about what those values of the public were for each separate
issue that came their way. The first commission established the idea
there were three values that were consensually held by Americans
that should be applied to all biomedical issues, with this list quickly
being modified to four in the debate: autonomy, beneficence, non-
maleficence, and justice.*® In plain English: autonomy means
people deciding for themselves, beneficence means doing good,
non-maleficence means avoiding harm, and justice means treating
people fairly.

With this new approach to ethics came the birth of the new pro-
fession called “bioethics” that would specialize in ethics based on
these purportedly consensual values. This profession’s version of
ethics was in contrast to professions like theology that used a dif-
ferent set of values that could not be portrayed as consensually held
by the public.

The new bioethics profession had an advantage over others in
these debates because it was using a set of values preferred by the
administrative state. These values were the sort of base minimum
that few if any citizens would disagree with and were purported by
bioethicists to be universally held. A universally held value would
be more comfortable for an employee of the administrative agency
because it would be easier to tell the public your ethical decision
about HGE was based on the universal values of the citizens and
not based upon your own values. This would certainly be easier
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than basing a decision on values promoted by a theologian whose
values cannot be portrayed as consensual.

As the 1970s turned to the 1980s, these four values came to in-
creasingly dominate public bioethical debates on all issues, and
values like following nature or God’s will declined. Over time,
members of professions like theology who would not keep them-
selves limited to these four values left or did not join the debate
while the number of bioethicists grew. But, could these values of
the bioethicists still hold up the barriers that had been built on the
HGE slippery slope?

Weakening the Somatic/Germline Barrier

One way to dismantle a barrier is by arguing that a positive value
actually applies to acts not only above but far below the barrier as
well. This is portrayed in frame 2 of Figure 1.1. In the HGE case,
the increasingly influential values of the bioethics profession origi-
nally made a positive evaluation of the acts upslope of the somatic/
germline and disease/enhancement barriers. But, in the 1980s,
many influential debaters claimed that the positive evaluation of
the terrain using those values upslope of the barrier also applied to
the terrain far downslope of the germline barrier. This made HGE
applications to the individual and the species subject to similarity
vagueness, weakening the barrier.

The Emphasis on Beneficence Undermines
the Germline Barrier

The applications upslope of the somatic/germline and disease/en-
hancement barriers had become totally normalized medical re-
search supported by the values used by bioethicists: autonomy,
beneficence, non-maleficence, and justice. In particular, these gene
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therapy pioneers justifiably focused on the extreme suffering of
people who had these extreme genetic diseases. Indeed, it was re-
lieving this suffering that most likely motivated their entire careers,
so they were particularly focused on this value. In sum, the first step
on the slope, taken years previously, had led to a laser-like focus
on the value of beneficence. Influential participants in the debate
began to treat beneficence like it was the predominant value, and
this resulted in other values that held up the barrier being ignored.

The first somatic therapy trial had not even begun, and
bioethicists and scientists were arguing that the germline barrier
should be taken down because the only relevant value was be-
neficence and acts of HGE supported by this value were on both
sides of the barrier. In general, those who advocated taking down
the germline barrier argued strongly for keeping the remaining
disease/enhancement barrier as the bulwark against the slippery
slope. As Fletcher and Anderson wrote:

[Slearches for cure and prevention of genetic disorders by
germ-line therapy arise from principles of beneficence and non-
maleficence, which create imperatives to relieve and prevent
basic causes of human suffering. It follows from this ethical im-
perative that society ought not to draw a moral line between in-
tentional germ-line therapy and somatic cell therapy. . . . In our
view, a moral line should be drawn between both of these modes
of gene therapy—directed towards disorders with the greatest
magnitude of suffering, pain, and early death—and efforts at “en-
hancement” by either mode of therapy.*’

Some statements, like that above, presumed that beneficence
would apply to the species by reducing the odds that a human
would be born with a genetic disease. The more serious threat to the
barrier was that authors changed the target by identifying an indi-
vidual human in need of beneficence on the terrain downslope of
the barrier where previously only the species had been.



48 THE HUMAN GENE EDITING DEBATE

The terrain at the time of the construction of the somatic/
germline barrier had on one side the adult existing human, and
on the other, the species. The fact that the species could only be
influenced by first creating an embryo that becomes a baby was not
focused on—after all, eugenicists were not very concerned with
individuals. Individual vs. species was a huge difference, and per-
haps impossible to make similar.

The first individual identified on the slope below the barrier was
the unmodified zygote that would, when a born human, need to
be somatically modified to treat their disease. And, it was much
more efficient to treat that individual when they were a zygote than
when they were a full-fledged human. The fact that this modified
zygote would eventually change the species in a small way was not
focused upon. For example, LeRoy Walters, the bioethicist who was
the chair of the committee at the National Institutes of Health that
regulated trials of HGE, extrapolated from relieving the suffering
of disease for the individual on the somatic side of the barrier to an
individual on the germline side:

[TThe principal rationale for germline human gene therapy, when
it becomes a technical possibility, will be a simple argument from
efficiency. . . . Affected offspring could presumably be treated by
means of somatic-cell gene therapy in each succeeding genera-
tion, but some phenotypically cured patients would probably
consider it more efficient to prevent the transmission of spe-
cific malfunctioning genes to their offspring, if the option were
available.>

Reminding us that somatic therapy only works if the scientist
can access the malfunctioning cells in the body, Walters continued,
“a second rationale for the germline approach is that some genetic
diseases may be treatable only by this method. For example. . . . the
brain cells involved in hereditary central nervous system disorders
may be inaccessible to somatic-cell gene therapy”! Somatic gene
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therapy pioneer Theodore Friedmann concurred, also emphasizing
that some genetic diseases cause permanent damage in newborns
before they could be treated. He wrote in 1989, “it seems unwise
and premature to take such a severe position,” against germline
HGE, “and it has been suggested that the need for efficient disease
control or the need to prevent damage early in development or in
inaccessible cells may eventually justify germ line therapy.”>?

While these new arguments might have briefly acknowledged
that germline HGE would change the species, their overwhelming
focus was that a germline change was an unintended side effect of
the primary goal, which was the reduction of suffering of the indi-
vidual later in their life. The intent was only to produce a baby that
would become a healthy adult.”® There were now two individuals
with the same disease on the two sides of the barrier—which results
in severe similarity vagueness.

The threat to the barrier is clearer if we imagine the barrier that
would need to be built lower on the slope to accommodate these
applications if the somatic/germline barrier were to fall. The bar-
rier would have to be between the individual who would eventually
develop a disease, be they an adult or an embryo, and the species.
However, biological reality makes a new barrier at that location
impossible—the adults who eventually result from the modified
embryos are going to reproduce, spreading the modifications to
the species, unless all the resulting modified adults are forcibly
sterilized, which would run afoul of other important values. If the
somatic/germline barrier were to fall due to these arguments, it
could not be replaced.

While proposed, these efforts to expand the acceptable acts of
HGE below the germline barrier were not successful—a majority
of the debate still assumed the barrier was in place. This was for a
few reasons. First, there was no reason to risk any public or legisla-
tive controversy when the technology remained unavailable. At the
time, scientists could not even get somatic HGE to work, so nobody
would risk trying such an intervention to create a baby. Second,
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removing the barrier would open a huge range of acts below on
the slope, which would have been seen as radical or revolutionary.
More importantly, the barrier was still held in place by the values
that these revolutionaries were ignoring. For the barrier to fall by
making beneficence the only value, the defenders of the previous
barrier would have to have become powerless, which was in process
with the decline of the theologians but not yet complete. Therefore,
despite developing the intellectual justification to take down the
germline barrier, it remained standing, albeit with a road map for
its destruction established in the debate.

The Emphasis on Autonomy Undermines
the Germline Barrier

The most revolutionary challenge to the somatic/germline barrier
in the debate begins in this era with the claim that the acts on the
terrain on the downslope side of the germline barrier are not about
the species but about human reproduction, because the only way
to change the species is to gestate a baby. As a consequence, any
limits on germline human reproduction violated the value of per-
sonal reproductive autonomy, which was an increasingly powerful
value in this era. If broadly accepted, acts on essentially the entire
slope would be allowed.

This was a more radical claim because autonomy would support
acts across the entire slope of the debate from the germline barrier
down, ignoring any distinction between disease and enhancement
that the advocates of beneficence wanted to maintain. The terrain,
which is defined by the target of the intervention, would change
from species to baby—all the way down the slope.

The value of bodily autonomy was not really present in the de-
bate during the original design of the barrier, and thus the bar-
rier was not designed to resist it. For example, when the original
barriers were created, doctors did not have to ask your consent
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for procedures and might not even tell you if you had a disease.>*
Abortion was illegal throughout most of the United States, with
the 1973 Roe v. Wade decision still a few years away. Roe later
established the idea that women should be able to decide au-
tonomously whether to have an abortion early in pregnancy.
In later years, pregnancy came to be thought of as reproduc-
tion, and all aspects of reproduction came under the logic of au-
tonomy, at least for those in the public bioethical debate. As new
technologies were developed that facilitated pregnancy, such as
in vitro fertilization (IVF), as well as those that allowed women to
avoid having children who would have certain genetic qualities,
those too were justified by the value of autonomy. For example,
women had the right to use chorionic villi sampling followed by
abortion to avoid having a child with the genetic trait called Tay-
Sachs disease.

Prominent voices in the debate began to consider the entire
slope to concern reproduction and be governed by the value of au-
tonomy. For example, in one of the most influential articles of the
era,> John Robertson claimed that people have an fundamental au-
tonomy right to germline HGE because “gene therapy on the em-
bryo is closely tied to procreative choice .. .. The U.S. Constitution,
it may cogently be argued, gives the parent the right to provide his
or her children and their descendants with a healthy genome. . . .
Properly understood . . . the right to procreate includes a right to
practice negative eugenics—to deselect harmful characteristics
from future generations.”>®

Another group of prominent authors wrote that “in pursuing
their goal of helping individuals realize their own reproduc-
tive goals, medical genetics places more emphasis on respecting
their patient’s autonomy than almost any other medical spe-
cialty” Therefore, “it suggests that the primary question that clin-
ical geneticists should ask . . . is simply whether techniques for
germ-line intervention will effectively improve their ability to re-
spond to the reproductive health concerns and complaints of their
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patients”’ This interpretation of autonomy would make the deci-
sion to use germline HGE as autonomous as any other reproductive
decision.

Technology Changes the Terrain

The individual below the germline barrier identified by the
advocates of the value of beneficence was purely hypothetical as
the technology to modify a reproductive call or an embryo did
not yet exist. In contrast, developments in reproductive genetic
technologies resulted in actual germline babies of a sort, redefining
the terrain of the slope and implicitly removing the germline
barrier.

When the germline barrier was constructed, you could not in-
fluence the genes of your baby beyond the decision of who to
mate with. But, technological improvements, combined with
autonomy-based reproductive medicine, led to couples influencing
the genetic qualities of their offspring through genetic selection
technologies. Selecting the genetic qualities of a baby from among
the possibilities also had the largely unacknowledged consequence
of shaping, in however small a way, the species. For example, if you
can select your child so that it is not a carrier of sickle cell anemia,
when that child later reproduces the incidence of sickle cell in the
population will be reduced.

These technologies were slow to develop. In the 1960s amniocen-
tesis allowed a pregnant woman to determine whether the fetus she
was carrying had Down syndrome. If so, she could select against
the trait and elect to have an abortion. This was the first “genetic”
test in reproduction, although it was restricted to gross chromo-
somal abnormalities.

In 1978 the first “test tube baby” was born by creating embryos in
a dish for later implantation in the woman. This did not influence
the genetic qualities of the offspring because the sperm and egg of
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the couple were joined, just like in standard procreation. There was
no selection.

However, with those embryos in a dish, it was not long before it
was figured out that the genetic qualities of those embryos could be
accessed. Pre-implantation genetic diagnosis (PGD) was invented
in 1989. It consisted of removing one cell from a number of eight-
celled embryos in a dish. (This technique now diagnoses embryos
at a later stage when there are more cells.) With this cell the genetic
makeup of a baby that would eventually be born from that embryo
can be determined. Embryos with desirable traits are implanted in
the woman, and those with undesirable traits are discarded.

All those genetic diseases being focused on in the somatic gene
therapy part of the slope (like sickle cell, beta thalassemia, ADA-
deficiency) were also the diseases that couples were trying to
avoid in their offspring using PGD. Therefore, people who knew
they were carriers of a disease like sickle cell could use PGD to
select a child that was virtually guaranteed not to manifest the
disease.

As time moved on, more and more genetic traits could be
identified and avoided in one’s oftspring using PGD. To the extent
this technology was controversial, it was only so with those who
were opposed to destroying embryos as well as the much smaller
group of persons adhering to traditional Catholic natural law
theory who would be opposed to destroying embryos and all of the
precursor steps of removing gametes from male and female bodies.

Participants in public bioethical debate quickly realized that
PGD produced a baby on the slope below the germline barrier.
By intervening in what would have “naturally” occurred, a couple
selected the genes of a baby that would be passed down to that
baby’s descendants and ultimately to the human species. PGD is
then a type of germline HGE, albeit with the repertoire of genetic
outcomes limited to single-gene traits understood by scientists
and by the traits that those two parents could possibly produce on
their own.
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In 1991, bioethicist LeRoy Walters presciently predicted a sce-
nario where a couple would like to use PGD but could not be-
cause they were opposed to destroying embryos or were incapable
of producing embryos that did not have disease. If germline HGE
were performed for this couple, the goal would be to produce an
individual—a healthy baby—not influence the species: “in both of
these scenarios, germ-line transmission would be a foreseeable but
unintended side effect of a therapeutic procedure intended prima-
rily to cure disease in an (embryonic) individual”>® If the “primary”
intent is to cure disease, then there is extreme similarity vagueness
with curing disease above the barrier. Walters also exposed the de-
sign flaw in the germline barrier we have been discussing—PGD
has the goal of influencing the genes of a baby (an individual), while
inadvertently influencing the genes of all the descendants of that
baby (the species).

Similarly, in the same year Zimmerman wrote that PGD was a
strategy for germline intervention, saying “it is a matter of defi-
nition whether or not embryo screening and selection should be
considered as ‘germ-line therapy.” He continued by saying it would
be “the simplest, safest, and more reliable means to prevent a large
faction of genetic disorders,” and “the method of choice when a sig-
nificant fraction of genetically normal embryos can be obtained
following IVE™?

A Hypothetical New Barrier Downslope

Now that PGD was being widely practiced and was placing babies
below the old germline barrier, a new barrier should have been built
downslope if people wanted to avoid further slippage. Upslope of
this new hypothetical strong barrier, in the approved zone of what
was already happening in society, would have been what I would
call “germline selection,” and downslope below the barrier would
be “germline modification” Above the barrier is “selection” because
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the influence on future generations comes from using PGD to se-
lect among embryos that the couple produces, which obviously
limits the genetic effects to the gene variants that the parents could
themselves produce. “Modification” means taking the reproductive
cell of an adult and making a change regardless of what the parents
themselves could have produced in a child. I would argue that the
distinction between modification and selection is not subject to
similarity (or continuity) vagueness, so this would be a structurally
strong barrier.

However, a new barrier was not built—the fact that PGD
jumped over the germline barrier was barely noticed. One
reason is that PGD was a part of the abortion debate, not the
HGE debate. Another was that germline selection was positively
evaluated by most of the values that held up the old barrier, so it
was not controversial. For example, germline selection through
PGD did not really create social inequality because the parents
could have possibly produced such a child without PGD. With
IVF already demonstrated as safe, and the initial PGD uses
having been conducted before the debate noticed, selection PGD
also did not violate the value of non-maleficence. Additionally,
selection was pretty consistent with the value of humility/hubris.
One could not redesign the species with PGD of single-gene ge-
netic diseases, and again the couple could have produced such a
child by just having sex.

Perhaps counterintuitively, selection germline via PGD was
also at best a mild affront to the values of following nature or God’s
will—as long as people consider IVF and selection “natural,” which
I recognize will not be agreed to by all. But, PGD would be “nat-
ural” or God’s will because the couple could have produced such
a child on their own through sex—the selection just changed the
odds. Moreover, the degree of control over nature or God’s will was
limited in that you could only select from gene variants the couple
themselves could produce. This is in contrast to modification,
where any trait could be engineered into offspring.
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Let us consider selection in light of some of the classic arguments
holding up the germline barrier that value nature and/or God’s
will. Selection would be more consistent with philosopher Michael
Sandel’s concerns about not trying to overly control nature than
would modification. I suspect Sandel would consider selection to
be a mild form of control, but modification is a categorically dif-
ferent and more extreme type of control. Sandel sees the deepest
danger of human-enhancement technologies “is that they rep-
resent . . . a Promethean aspiration to remake nature, including
human nature, to serve our purposes and satisfy our desires. The
problem is not the drift to mechanism but the drive to mastery. And
what the drive to mastery misses and may even destroy is an appre-
ciation of the gifted character of human powers and achievements.”
With children, he says, we must appreciate them as gifts and “accept
them as they come, not as objects of our design or products of our
will or instruments of our ambition. Parental love is not contingent
on the talents and attributes a child happens to have” We must have
an “openness to the unbidden”®® I would argue that “design” is a
better description of modification than selection.

A Christian, theological analog to Sandel’s claim is that of Gilbert
Meilaender, building on the work of Oliver O’Donovan, who makes
a distinction between “making” and “begetting” children. In the
Nicene Creed, the Son of the Father is “begotten, not made,” which
is meant to describe equality of being. He extends this to people
being designed. “What we beget is like ourselves,” he writes, “what
we make is not; it is the product of our free decision, and its destiny
is ours to determine” When a baby is made, “no longer then is the
bearing and rearing of children thought of as a task we should take
up or as a return we make for the gift of life; instead, it is a project we
undertake if it promises to meet our needs and desires” “Making”
results in children being considered more like objects.®! “Making”
is a better description of modification than it is of selection. Again,
both Sandel and Meilaender would probably also see PGD as not
being open to the unbidden or making instead of begetting.
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But, one of the reasons that selection via PGD did not result in
a new barrier is that it was not obviously or radically inconsistent
with the values supporting the somatic/germline barrier.%? Instead,
the old germline barrier remained. There was little need to think
in detail about these distinctions in the 1990s because any drive
to conduct modification, and not just selection, abated. I see two
reasons. One reason was, after many years of trying, scientists
could still not get somatic modification HGE to work, suggesting
that germline modification would always be impossible. Second,
PGD selection allowed most couples who were carriers of genetic
diseases to have genetically related children, obviating the motiva-
tion to conduct modification HGE. As a few bioethicists recognized
at the time, “the prospect of pre-implantation screening—far less
risky and more feasible than either of the gene therapy strategies
already discussed—weakens the case for developing germ-line
therapy by simply making it unwarranted for the majority of severe
genetic disease to which it would first become applicable”®3

So, while the foundations of the traditional somatic/germline
barrier had been weakened, because we were allowing cases of se-
lection below it, there was much less pressure to take it down given
that the primary applications below the barrier that scientists ac-
tually wanted to do were much more easily done through selecting
embryos. The best way to describe the situation using my metaphors
is that the somatic/germline barrier slid down the slope to the ter-
rain between selection and modification, and the acts of selection
were acceptable, but nobody provided the value basis for the new
location of the barrier. The final push on the somatic/germline bar-
rier would wait for a few decades.

Weakening the Disease/Enhancement Barrier

The disease/enhancement barrier is primarily based on the defini-
tion of a disease, and whatever is not a disease is an enhancement.
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But, what is a disease? This barrier worked well when everyone fo-
cused on the consensual cases of monogenic genetic disease far up-
slope from the barrier. That is, everyone agreed in the 1950s and
everyone agrees today that Tay-Sachs is a genetic disease. Everyone
agreed in the 1950s—and everyone agrees today—that changing a
baby to make them more intelligent is an enhancement.

However, our increasing knowledge of genetics over time re-
vealed the design flaw in this barrier—it lacked a precise defini-
tion of disease—resulting in severe susceptibility to a similarity
vagueness slippery slope process for applications closer to each
side. As Eric Juengst wrote in 1997, “while the somatic/germ-line
distinction is accused of lacking adequate ethical force . . . the
conceptual line between these two classes of intervention is at
least clear. The treatment/enhancement distinction, however,
often seems in danger of evaporating entirely under its concep-
tual critiques.”®* This was a design flaw from which the barrier
would not recover.

Even those who proposed taking down the germline barrier and
relying upon the disease/enhancement barrier recognized that
the latter was susceptible to slippery slope processes and probably
would not hold. W. French Anderson, one of those who advocated
ignoring the somatic/germline barrier to further beneficence, wrote
that “even those of us who are the most enthusiastic proponents of
gene therapy” have “a hesitancy about taking the first step” because
of “the slippery slope” He continued: “Successful somatic cell gene
therapy also opens the door for enhancement genetic engineering,
i.e., the supplying of a specific characteristic that individuals might
want for themselves (somatic cell engineering) or their children
(germline engineering) which would not involve the treatment of
a disease”” His solution is to ground the barrier at “serious disease,”
but he quickly recognizes that this would fall prey to what I would
call extreme similarity vagueness. Without defining “serious” or
“disease” he pondered:
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[W]hat distinguishes a serious disease from a “minor” disease
from cultural “discomfort”? What is suffering? What is signifi-
cant suffering? Does the absence of growth hormone that results
in a growth limitation to two feet in height represent a genetic
disease? What about a limitation to a height of four feet, to five
feet? Where does one draw the line? Each observer might draw
the lines between serious disease, minor disease, and genetic var-
iation differently.®

He identifies many similarity vagueness mechanisms (e.g., se-
rious vs. minor) and a continuity vagueness mechanism (e.g., four
feet to five feet in height). In the end he defends the placement of
his barrier by writing that “all can agree” on a condition that leads
to “significant suffering and premature death” The later debate will
demonstrate that his empirical claim about social consensus in de-
fining disease is false.

Another set of authors who strongly endorse removing the
germline barrier, and who argue that HGE should be ruled by the
value of autonomy used in reproductive medicine, are also clear
that the disease/enhancement barrier will be difficult to defend.
They write that “if the client-centered ethos is strong enough to
make medical geneticists take seriously parental assessments of the
value or disvalue of their children’s traits, the autonomy of clients
to evaluate and change their own traits in preparation for child-
bearing—in short, to practice eugenics on a personal level—will be
very hard to restrict.”®

They gesture to the disease/enhancement barrier by stating
that “medical geneticists’ response has been that they, as health
professionals, are only committed to facilitating reproductive
choices prompted by the risk or presence of ‘genetic disease’” But,
the authors acknowledge the “blurry edges of that concept”®” The
later debate will also show that health professionals lack agreement
on the definition of disease.
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The authors continue by pointing to how the increasing
knowledge of genetics in their era was, in and of itself, making
definitions difficult. The earliest diseases that geneticists talked
about in the 1960s had a shared feature—you had or did not have
the disease, and if you had the disease, you manifested symptoms
almost immediately as a baby. But, the authors point out that
genetic research has begun to identify “the genetic roots of an
increasing range of predispositions and susceptibilities to di-
sease” and diseases “that do not manifest themselves clinically
until late in life.”8

In 1986, Walters wrote that “within the past year, new markers
for several major genetic diseases have been described, among
them cystic fibrosis, polycystic kidney disease and Duchenne mus-
cular dystrophy. . . . Applied to children or adults, the new tests will
provide early notice of a tendency to develop a particular disease
(such as atherosclerosis) or of the presence of a gene that will cause
a late-onset disorder (such as Huntington’s disease)”® It also be-
came increasingly clear that these propensities toward disease were
largely polygenic, eliminating the clarity of the early distinction
between “diseases” as monogenic and enhancements as polygenic.
This further reduced the differences between the two sides of the
barrier.

Disease as Deviation from Normalcy

Once genetic discoveries made what constituted a disease non-
consensual, various participants in the debate attempted to
define the disease/enhancement barrier so that it would not
be susceptible to slippery slope processes. Following other
developments in the philosophy of medicine, the most developed
attempt to create a solid barrier was at “normalcy.” The normalcy
standard was well stated years later by the President’s Council on
Bioethics:
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“Therapy; on this view as in common understanding, is the use
of biotechnical power to treat individuals with known diseases,
disabilities, or impairments, in an attempt to restore them to a
normal state of health and fitness. “Enhancement,” by contrast,
is the directed use of biotechnical power to alter, by direct in-
tervention, not disease processes but the “normal” workings of
the human body and psyche, to augment or improve their native

capacities and performances 7°

Similarly, the recent National Academies of Sciences,
Engineering, and Medicine report on human gene editing defines
enhancement as “changes that alter what is ‘normal; whether
‘normal’ for humans as a whole or ‘normal’ for that particular in-
dividual prior to being enhanced.””! Philosopher Norman Daniels
wrote that enhancements were “interventions that improve a con-
dition that we view as a normal function or feature of members of
our species.”’?

In the most basic version of this argument, normalcy is like a
bell-shaped statistical distribution with “normal” being the bulk of
the cases in the middle and “not normal” being the cases in the tails.
It is then non-normal for an adult to be four or seven feet tall. It is
normal for an adult to be five foot, six inches tall. To place this on
the HGE slope, it is non-normal to have Tay-Sachs disease, and it is
non-normal to have an intelligence like Einstein. If the disease/en-
hancement barrier were placed at normalcy, you could modify your
child to make them normal on the Tay-Sachs trait (i.e., not have the
disease) and could modify your child to give them normal intelli-
gence if they were destined to be Einstein (not that anyone wants to
reduce the intelligence of their offspring). You could not make your
child like one of the cases in the tails of the distribution because that
would make them “non-normal”

Early attempts by philosophers and bioethicists to define disease
and enhancement as normalcy were implicitly based on solid de-
sign principles for avoiding slippery slopes—they tried to move
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away from subjective to objective definitions of disease. For those
who defined the barrier this way, the terrain on the upslope side of
the barrier was then acts which would return the body to “normal
functioning,” and on the downslope side, enhancement was going
“beyond normal” This was objective because in principle normalcy
was a statement about the entire population, independent of how
an individual evaluated this information.

The Susceptibility of the Barrier Anchored
at Normalcy

Attempts to shore up the barrier by defining disease as normalcy
did not produce a barrier that was any less susceptible to slippery
slope processes. The first problem was that an objective definition
of normalcy is in tension with our individualist era where people
have the right to define their own experiences. That is, “normalcy”
assumes that one has to be within “species-typical range” in order
to flourish. But, to put it bluntly, there are people who are not in the
normal part of the bell curve—such as those with dwarfism—who
do not want to be changed, do not think that they have a disease,
and consider themselves to be flourishing quite well.”® This raises
the general problem that an objective measure does not necessarily
match one’s subjective sense of disease.

The second major problem for normalcy is that it is based upon
the normative power of what currently is—on nature or God’s de-
sign. Erik Parens notes that critics of enhancement tend to rely
upon definitions that appeal to nature—to some variation on the
idea that “whereas treatment restores normal or species-typical
human functioning, enhancement does more than that” The
values behind this type of reasoning are not promoted by the bio-
ethics profession but are rather more likely to be found among the
theologians who had been leaving this debate. These values had a
short revival in the 2000s during the George W. Bush presidency
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when his bioethics commission championed the type of reasoning
that held in bioethics before the bioethics profession took over. But,
this was short-lived.”* Without a large group promoting the value
of following nature or God’s will holding up the barrier, it is un-
likely to stand.

A third major problem is that normalcy has become extremely
susceptible to the continuity vagueness slippery slope process.
Normalcy works better with categorical disease—a disease that
you either have or do not have and which manifests itself similarly
across all who have it. Tay-Sachs may be the prototypical example.
But, many genetic traits exist along a continuous distribution.
The most obvious is height, which forms a bell-shaped curve. Is
an adult male who is five foot five normal? How about four foot
ten? The same problem exists with a genetic propensity to heart
disease. Is a 50% increased prediction of heart disease normal?
51%? How about a 3% increase? The same can be said about late-
onset diseases with genetic influences. Alzheimer’s at age 90?
80? Many “genetic diseases” now are described on a continuum,
making them extremely susceptible to continuity vagueness slip-
pery slope processes. Nobody would even try to put a propensity to
Alzheimer’s at age 50 above the disease/enhancement barrier and
Alzheimer’s at age 51 below the barrier.

A fourth problem was that the very first somatic therapy HGE
clinical trials in the late 1980s hopelessly muddled the distinction
between normality, disease, and enhancement in the debate. Given
the debate in the 1970s, one would think that the first somatic gene
therapy trial would have been to heal an inherited genetic disease
like sickle cell.”> However, it turns out that the first “human gene
therapy” trial approved by the US federal government in 1989
was not for an inherited disease at all but for the genetic modifi-
cation of normal immune cells in the body so that they could
more effectively fight cancer.”® To be overly dramatic, this created
an enhanced, non-normal superhuman in the service of fighting
a disease. (It is not normal to have these modified cancer fighting
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genes.) Participants in the debate in this era recognized this tension
and identified applications on both sides of the barrier that would
be made similar because they were both justified by “the proper
goal of medicine” Juengst, pointing to these first somatic trials,
wrote that the distinction between disease and enhancement

dissolves in the case of using human gene transfer techniques to
prevent disease when such interventions involve the enhance-
ment of the body’s health maintenance capacities. The argument
is that to the extent that disease prevention is a proper goal of
medicine, and the use of gene transfer techniques to strengthen
or enhance human health maintenance capacities will help
achieve that goal, then the treatment/enhancement distinction
cannot confine or define the limits of the properly medical use of

gene transfer techniques.””

Indeed, over the years, most of the somatic gene therapy research
was not about genetic disease but about other medical goals, like
fighting cancer.”® Indeed, a 1997 editorial in the scientific journal
Gene Therapy stated that “in spite of its independent origin and
heritage, and whether anyone would wish to rename gene therapy,
it is part of pharmacology.””®

The original disease/enhancement barrier was not susceptible to
slippery slope processes because there was no similarity vagueness
between a single-gene rare disorder like Tay-Sachs and the poly-
genic trait called “intelligence” What was later found to lie closer
to the barrier, like traits that are propensities to future diseases
and traits that are not universally considered to be diseases (like
deafness), destabilized the barrier. Is removing a 50% propensity
to cancer fighting a disease or an enhancement? How about a 1%
propensity? Or, making someone less susceptible to cancer than the
rest of the population? Indeed, it was the first actual applications of
HGE that began destabilizing the barrier, as these applications could
be interpreted as creating non-normal enhanced humans.. . . in the
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name of fighting disease. The intellectual grounds for knocking
over this barrier were in place.

The Somatic/Germline and
Disease/Enhancement Barriers at
the End of the 20th Century

Barriers had been built in the early 1970s that allowed all
participants to venture onto the slippery slope and agree to somatic
gene therapy. For a while this was all quite clear and not subject
to slippery slope forces. But, both barriers soon weakened. The so-
matic/germline barrier fell prey to the increasing dominance of the
values of beneficence and autonomy as well as the design flaw that
an individual baby exists on both sides of the barrier, resulting in a
similarity vagueness slippery slope mechanism. What was needed
was a justification for a selection/modification germline barrier,
but such a justification was not developed.

The disease/enhancement barrier was largely undermined by
increasing genetic knowledge that identified all sorts of “gray area”
cases of disease—a gray area that allowed for claims that an applica-
tion upslope of the barrier was “just like” an application downslope
of the barrier. Scholars have spent a good amount of time trying
to make such a distinction hold, such as accounting for both bi-
ological normalcy and cultural definitions of disease at the same
time, but these end up producing barriers no stronger than that
which we have already considered.® Other scientific innovations
led to the first somatic gene therapy trials not being for inherited
genetic disease at all, but for enhancing the cells in people’s bodies
to fight diseases like cancer, further muddling the justification for
the barrier.

The barriers still stood in the debate as hollowed-out remnants
of their previous selves but without replacements. Both barriers
were largely kept standing due to the support of the value of
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non-maleficence. That is, scientists would not go beyond these
barriers because to do so was not yet demonstrated to be safe, as
nobody knew how to make germline changes or how to create the
sort of enhancements that people were interested in. Soon, a major
technological innovation would suggest that these technologies
would be safe, providing the impetus to knock over both weakened
barriers.



3
The CRISPR Era, the National
Academies Report, and the Median

Trait Barrier

The historical narrative in the previous chapter stops at the end of
the 20th century, and the debate did not significantly advance in the
first decade of the 21st century, as there was very little motivation
to push against the existing barriers. One reason was the inability to
get the long-approved-of somatic gene therapy to work for genetic
diseases in people’s bodies. In 1999 a volunteer in a trial died from
a reaction to the viral delivery device, not to gene modification it-
self. In 2000 three patients were cured of an immunodeficiency dis-
order, but the therapy caused a leukemia-like disease in two of the
11 patients. A 2003 review of progress toward somatic gene therapy
noted that early enthusiasm for the technology “rapidly waned as
clinical trial after clinical trial failed to show efficacy” because the
early viral delivery vehicles for the genes failed to deliver the genes
properly. The authors stated that “substantial challenges . .. remain
before gene therapy can truly fulfil all of its promises.”!

Over 10 years later, the story remained the same. In 2015, an-
other scientist, writing in Nature, while now hopeful about somatic
gene therapy, bemoaned the lack of progress to date. He stated
that “gene therapy has long fascinated scientists, clinicians and
the general public because of its potential to treat a disease . . . by
replacing a malfunctioning gene within the cells. . . . As simple as
the concept sounds, the hurdles to put it into practice are daunting”
He continued, “several gene-therapy trials have been performed
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in the past two decades for inherited diseases, cancer and chronic
infections, but only a few reported clear clinical benefits and in
some, individuals experienced severe adverse events related to the
vectors” that deliver the genes.?

The inability to get somatic gene therapy to work for extreme
diseases (which allowed for an acceptable risk-benefit ratio) meant
that there was no one pushing toward the more ambiguous diseases
near the disease/enhancement barrier. One reason why “first-in-
human” experiments are limited to those with serious diseases is
that the benefit a patient would receive is strong, which outweighs
the high risk of early trials. Extreme diseases, like severe combined
immunodeficiency (SCID) and beta thalassemia, remained the
targets of scientists’ genetic disease efforts.?

There was also no pressure from the scientific community to
make a genetic change that would express in children and spread to
all of that child’s progeny (i.e., germline modification HGE) when
they could not get somatic gene modification to work. If it could
not be made to work on an existing adult, nobody was going to try
creating a not-yet-existing human in order to satisfy the desire of
parents to have a genetically related child.

The motivation to test the strength of the barriers was also
lacking due to the further development of PGD. If germline modi-
fication were ever to be attempted, it would first start with extreme
diseases that could justify the risk of an early trial, and with a rela-
tively simpler single-gene disorder. For example, there are couples
who are carriers for diseases like sickle-cell anemia who want ge-
netically related children, but who are at risk of having a child who
expresses the disease. But, there was no reason to engage in modi-
fication when they can achieve the same goal by using PGD (selec-
tion). Moreover, PGD had already pushed into the terrain near the
disease/enhancement barrier with the ability to identify embryos
susceptible to adult-onset disorders and traits like deafness.*
The further development of traits for which PGD could be used
strongly limited the potential patient base for therapeutic germline
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modification HGE. Finally, the germline barrier was still the legal
standard throughout Europe where most countries had banned
germline modification via laws or treaties.

The Barriers at the Beginning of
the CRISPR Era

In June 2012 the journal Science published an article showing that
genes could be “edited” using the CRISPR-Cas9 protein.® Exactly
how this technology works does not matter to this book, but many
excellent summaries are available.” What is important, is that what
had always stopped genetic modification from working was the in-
ability to perform site-specific modifications. For example, the viral
vectors that delivered the new genes inaccurately placed the new
genes on the genome, causing a host of problems, such as cancer.
With the CRISPR technology, a gene could be cut out of the ge-
nome at an exact desired location and replaced. Metaphorically,
the previous methods were like dropping a piece of paper with a
word on it on a manuscript page and seeing where it would land.
The new method was called “gene editing” because if a word was
misspelled, you could search and replace as you would with a word
processing program. For the first time, scientists had the ability to
accurately engage in genetic modification (now commonly called
gene editing).

Two scientists influential in the development of CRISPR,
Jennifer Doudna and Emmanuelle Charpentier, stated that
“CRISPR-Cas9 has triggered a revolution in which laboratories
around the world are using the technology for innovative
applications in biology” The last line in their editorial stated that
the technology “will also be critical for applications of the tech-
nology in human gene therapy.”® After years where it appeared
that HGE would always be impossible, it was now seemingly
immanent.
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Regathering at the Germline Barrier

Surprisingly, the first attempts to use CRISPR for humans was for
germline not somatic modification. The news broke in April 2015
that Chinese scientists had edited the genomes of human embryos,
which would be the first step in germline HGE, but had not
attempted to have a woman bring them to term. (The lead author
claimed that the article reporting the research had been rejected by
both Nature and Science on ethical grounds.) It was reported that at
least four research groups in China were working on gene editing
human embryos.’

Earlier rumors of the Chinese efforts had restarted the HGE
debate, and participants returned to their previous positions at
the barriers on the slope.!? There was a flurry of activity in public
bioethical debate, most of which centered on the germline bar-
rier, still in place after all of those years. Since most of what was
holding up the germline barrier was that it was considered inac-
curate and unsafe downslope (non-maleficence), making gene
editing accurate and safe threatened to knock over the barrier.
After all this time, would anyone remember the other values that
held up the barrier?

Many scientific associations and groups of scientists released
position papers on HGE, mostly defending the germline barrier
using the value of non-maleficence. These were largely groups
focused on somatic therapy, so they had no interest in germline.
An example was the director of the National Institutes of Health
(NTIH) who released a statement stating that the “NIH will not
fund any use of gene-editing technologies in human embryos.
The concept of altering the human germline in embryos for clin-
ical purposes has been debated over many years from many dif-
ferent perspectives, and has been viewed almost universally as a
line that should not be crossed.” The NIH also said that crossing
the germline would result in “serious and unquantifiable safety
issues, ethical issues presented by altering the germline in a way
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that affects the next generation without their consent, and a cur-
rent lack of compelling medical applications.”!!

The National Academies of Science, Engineering, and Medicine
released a report during this time on a somewhat different topic—
mitochondrial transfer in embryos, which could result in genet-
ically modified embryos. The report quite conspicuously kept
upslope of the germline barrier by allowing mitochondrial transfer
for only male embryos to avoid transmission of the genetic change
to subsequent generations.!2

In August 2015 the American Society for Gene and Cell Therapy
and the Japan Society of Gene Therapy released a statement saying
that the new technology would contribute to somatic gene therapy,
then defended the germline barrier, justified by the then-dominant
value of non-maleficence. They consider the “safety and ethical

concerns” about germline HGE

to be sufficiently serious to support a strong stance against gene
editing in, or gene modification of, human cells to generate viable
human zygotes with heritable germ-line modifications. Even with
technical advance that may eventually solve the safety and mosa-
icism problems, our Societies conclude that there are not ethi-
cally acceptable ways to conduct embryonic gene editing or other
germ-line modifications because the results of such experiments
are not susceptible to long-term evaluation in a scientifically
reasonable time scale. For these reasons, our societies support a
strong ban on human germ-line gene editing or other germ-line
genetic modifications unless and until these technical and ethical
problems can be solved, broadly and deeply discussed, and soci-
etal consensus reached.'

Similarly, a group of somatic gene therapy researchers associ-
ated with the Alliance for Regenerative Medicine, which represents
life sciences companies, assumed that “studies involving the use
of genome-editing tools to modify the DNA of human embryos
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will be published shortly” They were fearful of “a public outcry”
that “could hinder a promising area of therapeutic development,
namely making genetic changes that cannot be inherited” They
pointed to the slippery slope, writing that “many oppose germline
modification on the grounds that permitting even unambigu-
ously therapeutic interventions could start us down a path towards
non-therapeutic genetic enhancement. We share these concerns.”
They wrote that “patient safety is paramount among the arguments
against modifying the human germline” because it “could have un-
predictable effects on future generations,” and call for a “voluntary
moratorium” on germline applications.!*

Non-scientists used a few more values to defend the barrier. The
politically left Center for Genetics and Society released an open
letter calling for “a prohibition on reproductive human germline
modification”!®> They stated that “experiments with human
germline intervention could lead to miscarriage, maternal in-
jury, and stillbirth. . . . Other harmful consequences of germline
modification might only present themselves in subsequent gener-
ations” However, unlike the scientific groups, in addition to non-
maleficence they also invoked the value of equality or fairness,
with the acts above the germline barrier supporting and the acts
below working in opposition to that value. They point to the polit-
ical liberal’s Gattaca dystopia at the bottom of the slope when they
wrote that “permitting germline intervention for any intended pur-
pose would open the door to an era of high-tech consumer eugenics
in which affluent parents seek to choose socially preferred qualities
for their children. At a time when economic inequality is surging
worldwide, heritable genetic modification could inscribe new
forms of inequality and discrimination onto the human genome.”1¢

In contrast to the United States, continental Europe has long had
additional values that justify the barrier, largely due to the eugenics
movements of the Nazi era which exposed the dangers of viewing
people’s value as derived from their genetic qualities. So, for ex-
ample, germline modification is banned through much of Europe
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on the grounds that it would violate human dignity. Therefore,
when CRISPR emerged, the germline barrier in Europe was still
supported by values other than non-maleficence.

For example, the International Bioethics Committee of UNESCO
published a report in 2015 which argues that germline modifica-
tion would “jeopardize the inherent and therefore equal dignity
of all human beings and renew eugenics.” This is the group where
the member states adopted the Universal Declaration on Bioethics
and Human Rights in 2005, which states that “the human genome
is part of the heritage of humanity;” and therefore outlines “rules
that need to be observed to respect human dignity, human rights
and fundamental freedoms.”!” Concerns about dignity harken back
to the Brave New World version of the bottom of the slope where
humans are considered to be more object-like.

Organizations representing the German scientific establish-
ment also released a statement. While they did not state a substan-
tive, non-safety reason to defend the germline, they did gesture to
the idea that even if it were proven safe, it might not be right to
do it: “Even if the efficiency, specificity and safety of genome ed-
iting do one day meet the requirements for the responsible appli-
cation of the techniques and can be used to stop severe hereditary
diseases being passed on to subsequent generations, it must be
clear whether and under what circumstances intervention in the
germline is acceptable. A moratorium should ensure that—in the
future, too—these methods are dealt with safely, transparently and
in accordance with ethical principles.”!®

US Scientific Establishment Questions the Need
for the Germline Barrier

It is striking how weak the somatic/germline barrier had become
in the United States. When created it was supported by the value
of following nature or God’s will, which positively evaluated the
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acts above the barrier and negatively evaluated the acts below the
barrier. The value of social equality had also supported the barrier,
with equality above and inequality below.

Now, at least for the scientists, pretty much the only value left
holding up the barrier was non-maleficence.!” This value cannot
support a strong barrier on its own because our developing scien-
tific knowledge continuously redefines the acts just below the bar-
rier from “not safe” to “safe,” allowing “safe” to be on both sides of
the barrier. That is, “safe” is subject to extreme similarity and conti-
nuity vagueness, requiring continuously moving the barrier down
the slope to the location where our knowledge ends.

While the somatic gene therapy scientists in the United States
were calling for the maintenance of the germline barrier—albeit
justified only by non-maleficence—a number of elites in the US sci-
entific establishment, working with bioethicists, were suggesting
a re-examination of whether the germline barrier was needed.
Around the time of the Chinese embryo experiments, a group
of some of the most influential American genetic scientists and
bioethicists met in Napa Valley, California, to discuss germline
modification. The group included, among others, David Baltimore
and Paul Berg (who had been central in the Asilomar debates
of the 1970s),%° Jennifer Doudna (one of the developers of the
CRISPR process), George Church (a well-known scientist in ge-
netic research), and Henry Greely and R. Alta Charo (promi-
nent bioethicists). Their statement was published in April 2015 in
Science magazine.

If they had strongly believed in the germline barrier, they would
have simply reasserted the traditional arguments for maintaining
it. Instead, they proposed a “prudent path forward for genomic en-
gineering and germline gene modification.”?! They too focused on
non-maleficence but simply concluded, unlike the other groups,
that acts downslope of the somatic/germline barrier would soon
be safe, making what they saw as the primary justification for the
germline barrier moot.
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This group had the attention of international institutional sci-
ence and contributed to organizing a three-day international
summit under the auspices of the National Academies of Science,
Engineering, and Medicine; the Chinese Academy of Science; and
the UK’s Royal Society. The summit consisted of presentations, not
deliberations. At the end of the summit, the organizing committee,
made up of 10 scientists and two bioethicists, released a statement
calling for the continuation of “basic and preclinical” research on
editing human sperm, eggs, and embryos, as long as those entities
were destroyed and not implanted in a woman. They reiterated the
social consensus that somatic gene editing for disease is morally ac-
ceptable and should be treated like any other experimental medical
treatment.

They also identified six issues of concern with germline
modifications of humans. The first four were variations on risk
or harms that our present lack of knowledge could cause, but,
the authors of the statement implied, with advancing know-
ledge these concerns could soon be overcome. The fifth concern
was that enhancements to subsets of the population could “exac-
erbate social inequalities or be used coercively,” which is the one
value supporting the barrier beyond non-maleficence traditionally
used by contemporary liberals in the debate. The sixth was a vague
catch-all phrase summarizing all ethical questions at hand—“the
moral and ethical considerations in purposefully altering human
evolution.”??

The authors go on to say that the clinical use of germline gene ed-
iting should not be done “unless and until” the “safety and efficacy
issues have been resolved,” and there is “broad societal consensus
about the appropriateness of the proposed application” Again, in
contrast to the previous consensus against any germline modifica-
tion, this presumes that some proposed applications will be accept-
able and others not, and that therefore the germline barrier itself
is not morally significant. Moreover, they say that “as scientific
knowledge advances and societal views evolve, the clinical use of
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germline editing should be revisited on a regular basis.” That is, if
there is to be a barrier at all, it will be justified by the value of non-
maleficence and will therefore be a sliding barrier as our know-
ledge increases and as slippery slope processes lead societal views
to “evolve”

They continued by saying that the “international community
should strive to establish norms concerning acceptable uses of
human germline editing . . . in order to discourage unacceptable
activities while advancing human health and welfare” In other
words, human germline gene editing should go forward, but should
distinguish between the acceptable forms, which promote health,
and the unacceptable forms, which, we are invited to infer, promote
enhancement. This is a vague gesture to the disease/enhancement
barrier, still standing in its weakened form.

It might be surprising that this group publicly advocated
pulling down the germline barrier with no in-depth examination
or deliberation. However, if the only value supporting the bar-
rier is non-maleficence, and scientists are saying that germline is
about to become safe, it made no sense to defend the barrier. Safe
applications of HGE would be on both sides of the barrier, resulting
in similarity and continuity vagueness, making the defense of the
barrier impossible. Implicitly, the only question was whether there
were any barriers further down the slope.

Earlier ithad been announced that the groups that had sponsored
the summit would engage in an in-depth study of the ethics of HGE
in the CRISPR era, despite what could be interpreted as a premature
conclusion by the summit organizers. A committee was formed,
which met five times between December 2015 and September 2016
and then released a report. It is important for transparency to re-
port that [ was a member of the committee.??

I will closely examine their report for what it says about the
past and future barriers on the slippery slope. This close exami-
nation is warranted for a few reasons. First, in the American sci-
entific and bioethical context, reports from governmental and
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pseudo-governmental commissions—especially those seemingly
endorsed by institutional science—have a strong impact on policy.
For example, the first U.S. government commission report on
HGE, the 1983 report Splicing Life, had a direct impact on policy
at NIH and on which HGE studies were allowed.?* The National
Academies of Science, Engineering, and Medicine (NASEM) is
one of these pseudo-governmental entities,> and the reports are
expected to have impact on policy—particularly on the executive
branch agencies controlled by scientists.

Second, reports like these are also considered to be summary
statements that consolidate the public bioethical debate to that
point. In the earlier HGE debate, Splicing Life had a powerful im-
pact on the debate from that point forward.?® The 2017 NASEM re-
port also appears headed toward being a touchstone for the HGE
debate going forward.

Thirdly, the conclusions of the NASEM report and others like
it are given great intellectual authority. For example, as previ-
ously mentioned, the Chinese scientist who recently facilitated
the creation of the germline enhanced twins justified his actions
to his hospital’s ethics committee by citing the NASEM report and
claiming that the NASEM had approved editing human embryos
for serious disease.?” (A close reading of the NASEM report would
not support what he had done.) In turn, the organizers of the
Second International Summit on Human Genome Editing where
he announced the experiment cited the NASEM report to con-

demn his actions.?®

The NASEM Report Advocates Replacing
the Somatic/Germline Barrier

The NASEM report repeats the long-standing consensus that
somatic gene therapy is ethically meritorious, and it primarily
discusses how we would know whether it is safe to proceed. More
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importantly, reflecting the dominant views of bioethicists in the
HGE debate, the NASEM advocated pulling down the somatic/
germline barrier and allowing couples to modify the genes of
their child if 10 conditions are in place. Two of the conditions are
that a public debate must occur and that oversight mechanisms
must be in place to limit applications to those the NASEM
endorses.?? Three concern safety (non-maleficence).’® Another
is “absence of reasonable alternatives” for the couple wanting to
avoid disease, which is not really a condition without a definition
of “reasonable,” which is not provided. The final three conditions
are relevant for the barriers I have been discussing. Germline
would be restricted to “preventing a serious disease or condi-
tion”; “editing genes that have been convincingly demonstrated
to cause or to strongly predispose to the disease or condition”;
and “converting such genes to versions that are prevalent in the
population and are known to be associated with ordinary health
with little or no evidence of adverse effects.”®! I will call this the
NASEM barrier, which is a version of a disease/enhancement
barrier, of which more below. But for now the interesting ques-
tion is how the report advocated removing the somatic/germline
barrier.

The Slippery Slope Across the Barrier

The germline barrier was taken down through a similarity vague-
ness slippery slope mechanism. As in all arguments against
barriers by influential authors I described in the last chapter, the
slippery slope across the barrier begins with extending the value
that justifies upslope applications to the territory downslope of the
barrier. In this case, it is quite striking, given the history of the de-
bate, that the value of beneficence is not used at all in the argument
for taking down the germline barrier. But wait, you are probably
thinking, the word “disease” appears in two of the conditions and
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“ordinary health” in the third: How can I say this is not about benef-
icence? I will go slowly.

First, the report makes clear that you cannot produce benefi-
cence by substantially reducing the number of “bad genes” in the
total human gene pool through gene editing, unless technologi-
cally mediated reproduction becomes widespread, and the old-
fashioned and more fun way to make babies becomes much less
common. In the more professional cadence of the group, the report
states that “germline genome editing is unlikely to be used often
enough in the foreseeable future to have a significant effect on the
prevalence of these diseases””*? That is, until we get to Gattaca at
the bottom of the slope, where most reproduction is guided with
knowledge of the parents’ genetics, germline modification is only
going to have a direct impact on the descendants of the modified,
which would remain a tiny portion of the population of the world.

More central to the report is that germline modification is not
justified by beneficence toward the children that are born. Indeed,
the “heritable genome editing” chapter begins with the following
sentence, which is not about beneficence per se: “For prospective
parents known to be at risk of passing on a serious genetic disease
to their children, heritable genome editing may offer a potential
means of having genetically related children who are not affected
by that disease—a desire shared by many such parents”

This statement accurately reflects increasing acknowledgment in
the debate that a germline modification to stop an embryo from
having a “disease” is not actually about disease, health, or the reduc-
tion of suffering, but about parental desire for genetically related
children. The arguments of the 1990s implied that the only way to
avoid children getting genetic diseases was to genetically modify
them or their parents, but two people who are carriers for a genetic
disease can have a child in many other ways that would avoid di-
sease. The report repeatedly describes these alternatives.>*

If a couple knew they were carriers of a genetic disease like
sickle-cell (knowledge that is a prerequisite to using germline
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modification or selection through PGD), they could remain child-
less or adopt a baby or child. Those were the options available in
the 1960s and remain available today. But, today they could also
use a sperm donor or use someone else’s surplus embryo left over
from an IVF attempt and have a child without disease. If they were
going to go through the physical risk and difficulty of extracting
eggs for IVF in order to have the genes of their embryos edited, to
say nothing of the great unknowns with embryo modification, it
would be so much easier to start a family by not extracting eggs
and instead using a donated embryo left over from someone else’s
IVF procedure. This would provide a healthy baby and also allow
women to have the experience of pregnancy, compared to adopting
an existing baby. Therefore, it is important to be clear that germline
gene editing as endorsed by the NASEM is not about relieving di-
sease per se, but it is about satisfying the desire of couples who are
carriers of genetic diseases to have a genetically related child.*

So, beneficence was not the value that moved over the bar-
rier. Instead, the new dominant value of autonomy alone justified
removing the germline barrier. They wrote that “the desire to have
genetically related children may arise from a variety of factors,” and
“precluding access to this technology could be regarded as limiting
parental autonomy.” “Indeed, some people feel they have a religious
or historical mandate to have genetically related children” That
is, if people want to have children with a particular trait—genetic
relatedness—then this is their right to do so, absent a case for how
their actions would harm others.*® In actuality, the committee
did come up with limits on germline reproductive autonomy for
enhancements, as I will discuss below.

The First Similarity Vagueness Mechanism

It is informative for the future of the debate to see precisely how
the germline barrier was felled, which was by particularly strong
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similarity vagueness mechanisms. The argument was that the
applications on either side of the somatic/germline barrier were
indistinguishable, and since we approve of the upslope applica-
tion, we must approve of the downslope application. Recall that the
barrier was located on the slope between selection (PGD), which
was widely practiced, and modification (editing), which was not
acceptable. This position on the slope was never justified by con-
necting it to values.

The upslope application—currently above the barrier and thus
ethically meritorious—is for a couple who are carriers for a di-
sease such as sickle-cell, who want a genetically related child who
is healthy, so they engage in PGD and select an embryo that will not
manifest the disease. Below the barrier are a couple with the same
goal but who cannot use PGD, so they would need germline modi-
fication with gene editing.

The report extensively discusses the couples on either side of the
barrier—those who can and cannot use PGD for the exact same re-
productive goal—and it is argued that these two groups are so sim-
ilar that no distinction (no barrier) can be made between them.
Specifically, there are couples with particular genetic diseases for
whom, if they tried PGD, “all or a majority of embryos will be af-
fected, rendering PGD difficult or impossible” An example would
be dominant late-onset genetic diseases, such as Huntington’s di-
sease, where one parent will be homozygous for the mutation. In
that scenario, “all embryos would carry the dominant disease-
causing allele that would cause the disease in the children, so PGD
is not useful” This is one group, and another is those where “only
one in four embryos would be free of a disease-causing mutation.
Those unaffected embryos could be identified by PGD, but the
number of embryos potentially available for implantation would be
significantly reduced.”¥’

The report also extensively discusses the possibility that while
people who are carriers of a disease can use PGD, those who are ho-
mozygous (typically meaning they “have” the disease) cannot use
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PGD, because all the embryos they produce would “have” the di-
sease.’® Finally, the report identifies additional women, also trying
to have genetically related children free of disease, who cannot use
PGD and are thus unjustifiably below the germline barrier. These
include those who have mutations that compromise fertility, those
with external factors like cancer treatments that reduce ovarian
reserves and thus limit the odds of finding a healthy embryo via
PGD. This section concludes: “In all of these situations, if it were
safe and efficient to use heritable genome editing (e.g., in gamete
progenitors) to correct the mutation, this alternative might be pre-
ferred by prospective parents who otherwise would be considering
PGD.¥ This sentence perfectly describes the slide down the slope.

For the germline barrier at selection vs. modification to survive,
someone would have had to come up with values that support it
those many years previously when PGD was invented. Now it had
to simultaneously distinguish between the two types of women who
want germline modification—between the women who can use se-
lection PGD and those who cannot use PGD so they want modifi-
cation. How to distinguish these women? Those with the disease
vs. carrier of the disease? With a body that produces a lot of eggs vs.
with a body that does not produce a lot of eggs? Someone who fell
in love with someone heterozygous for the disease vs. someone who
fell in love with someone homozygous for the disease? In contem-
porary culture, and certainly in public bioethical debate, there are
no values in use that can make these distinctions. A barrier at this
location, between selection and modification, cannot be supported.
In Chapter 1 I noted that a barrier was less likely to fall when the
argument against it is radical, claiming a large amount of terrain
below. In contrast, a barrier is more likely to be taken down if the
value just barely slips over the top, covering a very limited number
of applications just below the barrier. That was the case here. The
report ends the section discussing those who cannot use PGD
by stating “the number of people in situations like those outlined
above might be small, but the concerns of people facing these
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difficult choices are real”” The report never states how many of
these couples there are, but a presentation at the NASEM summit
meeting suggests that the number of couples in the United States
who could not possibly use PGD at all is in the hundreds.*!

It was therefore argued that the practice of germline modifi-
cation would not become widespread—the values that opposed
it were not openly rejected—but instead an exception was to be
carved out for only the few hundred couples who cannot use PGD.
This small move across the barrier would not be controversial to
anyone who supported PGD.

The Second Similarity Vagueness Mechanism

The report contained another similarity vagueness argument that
puts equivalent acts on both sides of the germline barrier. This
mechanism receives much less emphasis but is important to ex-
amine. At various points in the report, taking down the germline
barrier is supported because PGD requires “discarding affected
embryos, which some find unacceptable.”*?

Therefore, on the upslope of the germline barrier, now located
between germline selection and modification, is the couple who are
carriers for a genetic disease like sickle-cell who use PGD because
they are not opposed to destroying embryos. On the downslope
of the barrier is the couple who are carriers for the same genetic
disease but who cannot use PGD because they are opposed to de-
stroying embryos, so they need to use modification. These two
applications on the two sides of the barrier can only be separated
by the couple’s views of embryonic life, which, like the distinction
between women who can and cannot produce enough embryos for
PGD, is not a barrier that can be justified by any values in this de-
bate. That is, on what grounds would we treat these two couples
differently? What is interesting or ironic about this argument is that
breaching the germline barrier to accommodate pro-life parents
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may well appeal to the same “bioconservative” constituency that
has supported the germline barrier in the past.

Indeed, removing the germline barrier would result in the only
form of reproductive intervention that would be consistent with
traditional Roman Catholic teaching (called the magisterium).
The official Catholic position is that anything that “divorces pro-
creation from the conjugal act” is against natural law.** Therefore,
contraception, abortion, removing embryos from the body for IVE,
removing sperm from the body, destroying embryos—they are
all illicit. (Of this list, only concern with abortion and destroying
embryos is found in conservative Protestant theology.) So, while
conservative Protestants may find repairing an embryo to be ac-
ceptable or even desirable, for traditionalist Catholics, getting that
embryo out of the body in the first place would still be a violation of
the magisterium. However, one approach to germline editing is to
alter the spermatogonial stem cells that make sperm, and then put
the stem cells back in the man. The stem cells would then generate
mature sperm, and a couple could engage in the conjugal act and
produce a genetically modified baby. According to one Catholic
theologian, this would “bring the process more in line with magis-
terial teaching on sexuality.*

The committee clearly does not share this concern with embry-
onic life, given that there is an entire chapter justifying research
on and the destruction of embryos solely for the purpose of devel-
oping our scientific knowledge and the efficiency of reproductive
technologies. Rather, the concern with embryonic life is justified by
the value of autonomy—there are couples for whom this is impor-
tant, and their views should be respected.

In sum, the bioethics community had been pushing on the
germline barrier since the 1980s, and finally an established, influ-
ential commission has advocated knocking it over. To recap our
history, “influencing the genes of future generations” was the orig-
inal location of the barrier. PGD later changed the location of the
barrier to “influencing the genes of future generations through
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selecting the genetic qualities of children” on the upslope, and
“influencing the genes of future generations through modifying
genes” on the downslope. However, this shift in the location of the
barrier was barely noticed and was certainly not publicly justified
by connecting it to new values.

The germline barrier, in its new location, was knocked over
primarily because autonomy became the primary—or even
only—value considered. If the value is autonomy, there is extreme
similarity vagueness between essentially identical sets of prospec-
tive parents on both sides: those who were carriers of genetic di-
sease who could use PGD and those who could not, and those
who thought PGD is morally acceptable and those who did not.
However, the NASEM did not want to open the slope all the way
down to Gattaca or the Brave New World, but rather advocated for
another barrier lower on the slope.

The NASEM’s Proposed Barrier

The NASEM barrier is located on the slope at “serious disease.” To
repeat the first two conditions on germline modification, germline
applications will be restricted to “preventing a serious disease or
condition” and to “editing genes that have been convincingly
demonstrated to cause or to strongly predispose to the disease or
condition” These refer to the previous disease/enhancement bar-
rier, which the committee has been criticized for depending upon.*®
My interpretation is that they thought the traits that will be targeted
for many years would be consensual diseases like sickle-cell, so they
relied upon the disease terminology for short-term clarity, even if it
cannot hold in the long run.

Indeed, the report focused on the instability of the term “di-
sease, making it clear that the old disease/enhancement bar-
rier cannot hold. They write that “many discussions of the ethics
of enhancement have been based on contrasting the concepts of
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‘therapy’ and ‘enhancement’ However, given the evolution of the
role of the physician over the past several decades from a healer
of the sick to a promoter of health through preventive measures,
the therapy-enhancement duality needs to be modified to accom-
modate a wide range of preventive interventions, such as vaccines,
that are neither therapy nor enhancement but blend into each at
the edges” They also acknowledge that the definition of disease is
a social construct that shifts with society and with time. For ex-
ample, “everyone would agree that the manifestation of Tay-Sachs
disease is not normal and constitutes a disease, but opinions differ
as to whether genetically caused deafness should be considered a
disease” Moreover, homosexuality was, until recently, considered
to be a disease.

Repeating the conclusion in the debate up to that point, they
also noted that “the discovery of variants that simply increase
the odds of developing a disease and others that are associated
with diseases whose onset is in later life also has blurred the
previously bright line demarcating ‘disease’” To round out
their review of why the disease/enhancement barrier was not
stable, they write that “the greatest challenge for the normality
standard came from some researchers considering what might
best be called enhancements for the purpose of relieving di-
sease. This enhancement would not correct errors, but rather
instill traits that some lucky minority of humans already have,
such as by enhancing immune function or adding cellular
receptors to capture cholesterol. . . . Such alterations . . . com-
plicate the distinction between therapy and enhancement.”*¢
Indeed, an enhancement to combat disease was exactly what
was supposedly done with the twins born in the 2018 Chinese
experiment.

So the NASEM barrier will not hold beyond the first clinical
trials of the most agreed upon diseases like sickle-cell. We are then
left without a functioning barrier on the slope. For those who want
to avoid the slide to the bottom, a long-term replacement needs to
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be found, and the NASEM report provides the materials with which
to build that barrier.

The Prevalent Variant Barrier

The “prevalent variant” barrier can be justified further downslope
using what is implicit within what the NASEM committee writes.
A new barrier needs values to support it. As one would expect
from the contemporary debate dominated by the arguments of
the bioethics profession, while the committee wrote about many
values, they only used the values of autonomy, beneficence, non-
maleficence, and justice in their conclusions. More so than most
bioethics commission reports, the NASEM report emphasized the
value of justice or fairness, sharing the social liberal’s conception of
the slope where Gattaca is at the bottom—a world where people are
socially defined by their genetic traits and all social interactions are
structured by the genetic category the person is born into, resulting
in a society of “genetic haves” and “genetic have nots”

This conception of justice was articulated in the report’s discus-
sion of enhancement, which followed the group’s inability to define
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disease.*” “Enhancement” is therefore discussed separately from

disease and is defined in one place as “a change from—indeed an
improvement upon—an existing condition.”*8

Despite using a version of the disease/enhancement barrier for
their explicit barrier, they clearly suggest that they are laying the
groundwork for a barrier below it for alater stage of the debate. They
write that “while both the somatic/germline and disease/enhance-
ment distinctions have been useful, they (like most categories) are
imperfect. Some commentators have focused instead on the effect
of an intervention and whether that effect is ‘fair ”*? Fairness (jus-
tice) is the value that the prevalent variant barrier can be built upon.

Fairness has two requirements. One is that “germline modifica-
tion could be used to create a level playing field for those whose
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traits now put their children and descendants at a disadvantage.”>

Thatis, those whose children would be disadvantaged due to disease
or even some non-disease trait like intelligence, could be given an
“equal opportunity” by bringing them up to what others have called
a “genetic decent minimum.”®! The second requirement of fairness
is to not allow people to use genetics to obtain social advantage.
They write that “a problematic enhancement is one that confers
a social advantage beyond that which an individual possesses by
fate or through personal effort, and that does not benefit the rest of
society in any way or undermines the implicit goals of a competi-
tion. Using equality of opportunity and societally useful inequality
as guides may help distinguish those forms of enhancement that
might generally be tolerated (assuming the risks are proportional
to the benefits) from those that would be more controversial’>2

In their report, the value of fairness is not defined in a way
that could be used to build a barrier resistant to slippery slope
processes. However, a strong barrier can be built—supported by
the value of justice or fairness—by using the final, formal condi-
tion that the NASEM puts on HGE, which is that HGE should be
restricted to “converting such genes to versions that are prevalent
in the population and are known to be associated with ordinary
health”>* “Ordinary” signals the intent to allow for upgrades to a
level playing field but not give advantage. That is, it is normal to
not have a disease, and you cannot gain advantage by becoming
ordinary. Critically, “prevalent” is the operationalization of this
idea in a way that can be used to define a barrier—a prevalent var-
iant will produce an “ordinary” human body at exactly that trait.
“Trait” means a feature of the organism—in this case the human
body.>*

The concepts of prevalent variant, ordinary trait, and disease
are all linked. First, at least for the monogenic diseases the com-
mittee focuses upon, a prevalent variant is by definition going to
produce an ordinary trait in the body, not disease. Indeed, if a prev-
alent variant were bad for the body, it would have been weeded
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from the human gene pool via evolution, and scientists assume that
being prevalent in the population indicates a variant is not asso-
ciated with a disease. For example, genetic counselors consider a
frequency of over 5% in the population “stand alone support” for
a variant being benign for a rare Mendelian disorder.>> Moreover,
basic cultural sociology would conclude that for something to be
considered a “disease” not everyone can have it—it cannot be prev-
alent. If everyone had a trait, even if it resulted in bodily decline
(like aging), we would consider it part of normal human function.

A prevalent variant produces an ordinary trait, so using a preva-
lent variant simultaneously allows raising people to ordinary (e.g.,
to not have a disease), as well as not allowing a trait in the resulting
human that would give them advantage. Therefore, putting a bar-
rier at “prevalent variant” is supported by the value of fairness or
justice because it allows, upslope, the upgrading of the traits of dis-
advantaged individuals to ordinary. This cannot be used to give
traits that provide social advantage because you cannot gain advan-
tage by becoming ordinary. Downslope, in the not allowed terrain,
would be providing a non-prevalent variant that could generate a
trait that would give social advantage.

Locating the Barrier on the Slope

To see what this barrier would and would not allow, let us pretend
that there is one gene for the trait called height, and that different
variants lead to people having different heights (in actuality, height
is the result of many genes, interacting with each other and with the
environment). A male embryo with the rare variant that leads to a
four-foot, eight-inch adult could be modified by installing a prev-
alent variant, which would result in ordinary height. This would
remove this person’s disadvantage but not give that child social ad-
vantage over others. However, a male embryo with the prevalent
variant that leads to a five-foot, ten-inch adult could not be changed



90 THE HUMAN GENE EDITING DEBATE

to have the rare and social advantage producing a six-foot, six-inch
variant because it would not be prevalent.

Similarly, let us pretend that there is one gene for “intelligence,”
and the embryo you have produced has a rare variant that is asso-
ciated with being much less intelligent. With this barrier in place,
you could modify this gene using a prevalent variant, which would
presumably be associated with the trait of average intelligence. You
could not install the social advantage producing the Einstein var-
iant, which would presumably be rare and not prevalent.

Obviously this barrier is below the fallen germline barrier be-
cause it separates germline modifications into acceptable and un-
acceptable. It is also below the explicit NASEM barrier of “serious
disease” because any trait can be modified, and not only those
thought to be “serious diseases.” This is below where many people
want to be on the slope. For example, the critique of HGE from the
disabilities studies perspective points out that people who have
the rare variant that leads to traits like achondroplasia (a type of
dwarfism) do not necessarily think they have a disease and do not
necessarily think their children should be “upgraded” to a preva-
lent variant.® With the prevalent variant barrier in place, people
could modify their children to give them the most prevalent var-
iant for that gene that leads to achondroplasia. Therefore, satis-
fying the concerns of the disabilities studies community requires
either the old germline barrier or a version of a disease barrier
that will not hold. This is the ground on the slope that must be
sacrificed for the dominance of autonomy felling the germline
barrier and for not being able to create a defensible disease/en-
hancement barrier.

Design Strength of the Barrier

Again, this book is ultimately based in sociology, not ethics, so Tam
not writing about whether this barrier is the correct ethical position
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in the HGE debate. I will leave that to others. I am interested in
whether the barrier would continue to stand, and a strong barrier
resists slippery slope mechanisms. The main design strength of this
barrier is that the terrain on both sides (“prevalence” of the variant
in the population) is defined by variant frequency not the cultural
definitions of “normal” or “disease” that have made the disease/en-
hancement barrier so unstable. Prevalence becomes a number and
is therefore not subject to the similarity vagueness that knocked
over both the disease/enhancement and the somatic/germline
barriers. The NASEM does not define “prevalent,” or associate a
percentage with the term, but says that it means common and not
rare.”’ Prevalent is defined in the dictionary as “widespread in a
particular area at a particular time.”®

The reader will immediately recognize that this prevalent variant
barrier trades the advantage of no similarity vagueness for severe
susceptibility to continuity vagueness with the word “prevalent”
(e.g., the difference between 23 and 24). One endpoint of the pos-
sible meanings that would stretch our common understanding of
“prevalent” is “one or more” humans in the population. If “preva-
lent” is interpreted as “at least one human,” parents could use any
human gene variant on the planet, treating the collective human
genome like a catalog to select from. For example, if there were
one unusual human who is genetically immune to HIV, a wealthy
person could add this gene to their sperm and give their child so-
cial advantage. Moreover, if Einstein had his genome sequenced,
and there was one gene for “top intelligence,” then this variant
held by this one human at one point in time could be installed in
people’s children. This would then allow for the social advantage
applications that would violate the value of fairness (advantageous
variants will be rare).

Of course, “prevalent” is not totally vague, and it does not mean
one or more. To perhaps stretch my metaphor beyond all useful-
ness, this barrier would fit better with the value of justice or fair-
ness as people interpret “prevalent” to mean larger and larger
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frequencies. This would make the variants you can select more
common and thus presumably less capable of providing advantage.

How else could people interpret prevalent? The synonyms in-
clude common, commonplace, everyday, extensive, frequent, new,
normal, popular, prevailing, rampant, rife, ubiquitous, universal.>
I would say that all of these words mean “half;” which would only
allow the installation of variants so common that they would not
give advantage. But, the fact that you (the reader) are debating
my interpretation of these words suggests that this barrier will be
very susceptible to continuity vagueness.®® It seems inevitable that
someone will say that a variant held by 49% of the population is
prevalent and should be upslope of the barrier, which would begin
the slide to 48%, 47%, and down. There are a number of institution-
alized meanings of “prevalent” from elsewhere in genetic science,
but all reflect a large enough percentage that this could poten-
tially allow for selecting a variant that would give advantage and
thus could not define a barrier supported by the value of justice or

fairness.%!

An Amendment to the Design of the Prevalent
Variant Barrier

The prevalent variant barrier that can be built from the NASEM
report is susceptible to continuity vagueness. This problem can be
fixed with one tweak—changing the variant that can be installed
from “versions that are prevalent in the population” to “the ver-
sion that is most prevalent in the population” This removes the
continuity vagueness because there can be only one variant that is
“the most”

Therefore, people could modify their children to give them the
most prevalent variant of the gene. Again, this allows for the treat-
ment of rare monogenic diseases where rare variants lead to disease
and the most prevalent variant leads to health. Again, and critically,
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being normal or average does not generate social advantage. This
barrier is therefore perfectly supported by the value of fairness as
defined above.

Of course, “most prevalent” is in reference to a population, and
population could mean the population of the entire world, of the
region (e.g. Africa), the nation-state, or another socially defined
group. Different populations may have different variants that are
the most prevalent. Genes interact with the environment to pro-
duce an outcome, so there are some environments where a variant
could be good for you and others where it could be bad for you.
The classic case is that being heterozygous for sickle-cell makes
someone resistant to malaria, which is useful in Africa where ma-
laria is endemic, but not in the United States, where malaria is
rare.5?

Absent the emergence of a functional world government, there
are reasons to think that the overarching value of justice or fairness
that justifies this barrier will also set the population at the nation
(or supra-nation in the case of the European Union). With perhaps
a few noble exceptions, nations do not think of themselves as pri-
marily responsible to the world. They are not going to be concerned
that they have social advantage over the people of other nations.
Rather, they are concerned at best that people within the nation’s
boundaries do not have social advantage over each other.

That said, it is conceivable that someone could gain social ad-
vantage in one country by using the most common variant from
the population of another country. It would be difficult to come up
with a moral distinction between populations so this barrier would
in principle be subject to similarity vagueness. However, people
would have a hard time “population shopping” to identify a most
prevalent variant in a national population that gives social advan-
tage in their own nation because, while rare variants are concen-
trated in region of origin, the most common ones are not—as we
would expect from evolutionary theory.® If it is the rare variants
that can produce traits that give advantage, a rare variant in one
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national context is not going to be the most prevalent variant in
another.

In sum, the most prevalent variant barrier is not susceptible to
slippery slope processes, and the acceptable upslope region would
be any modification that uses the most prevalent variant of a
gene—a change that would level the playing field for the disadvan-
taged while not generating a trait that gives social advantage for the
already ordinary. The downslope, unacceptable side of the barrier
would be using a variant that is not the most prevalent, which could
generate social advantage.

Future Polygenic Selection and Modification

The NASEM report advocated knocking over the germline bar-
rier due to the slipperiness between germline selection (PGD) and
modification (editing). PGD has only been available for single-gene
traits until very recently, and since the committee thought it would
be many years before CRISPR could be used to safely modify even a
single gene in a gamete or embryo, there was no point in creating a
more generalizable scheme for future decades.

However, the most prevalent variant barrier will be structur-
ally sound if HGE only remains possible for monogenic traits, and
I want to try to anticipate the day when multiple genes for poly-
genic traits can be selected or modified. The ability to select or
modify polygenic traits would topple the most prevalent variant
barrier because in a polygenic context, there is no most prevalent
variant. Without another barrier in place before the advent of poly-
genic selection or modification, all acts below would be acceptable.

Before continuing, I should note that readers who are very fa-
miliar with the scientific literature on CRISPR may conclude that
at this point we can rely upon our old friend in these debates—the
scientific reality barrier. In the present case, the scientific reality
barrier would say that the debate will never fall below the barrier
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because it will always be impossible to select an embryo with, or to
modify, for example, the 100 or more genes that combine to pro-
duce a polygenic trait.

We have long looked to the scientific reality barrier to save
us from ourselves. Reflecting on the eugenics movement, R. S.
Morison long ago wrote that “the thing that has saved man from his
limited visions in the past has been the difficulty of devising suit-
able means for reaching them.”®* However, it is not wise to bet that
our knowledge will remain limited, as it was only a few years ago
when safe germline modification appeared to be impossible. It is
important to identify barriers that are not going to be approached
any time soon, so that they can become institutionalized, in the
same way that the germline barrier became institutionalized at a
time when nobody had any idea how germline HGE might actually
be attempted.

To refresh our memories about human genetics, there are a number
of monogenic traits—traits caused by a variant of one gene—that are
largely considered to be diseases, and that one gene is critical for some
cellular function, the absence of which leads to dysfunction. For ex-
ample, sickle-cell anemia, where the red blood cell is misshapen and
then does not work properly, is the result of one nucleotide substitu-
tion (i.e., A to a T) in one gene. These are the classic “genetic diseases”
that the HGE debate has long focused on. These single-gene traits are
what the most prevalent variant barrier can address.

But, much contemporary research is not about these classic ge-
netic diseases but about variants or combinations of variants that
result in increased propensity to diseases not usually thought
of as genetic, like heart disease. These propensities are largely
polygenic—the product of many genes acting together. Most im-
portantly, the traits that would give the most social advantage are
most certainly polygenic. For example, a recent study concluded
that the “genetic architecture for human height” is “characterized
by a very large but finite number (thousands) of causal variants.”®
Unlike a single-gene disease that you typically have or do not have,
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polygenic traits are more likely continuous. For example, the trait
of height is measured on a continuum.

How do we make the connection between multiple genes (the
genotype) and the resulting human (the phenotype)? It used to be
hugely expensive to determine where causal gene variants were on
the human genome, taking years of study to find one variant associ-
ated with disease. Now, gene mapping is in orders of magnitude less
expensive, and recent years have seen the emergence of genome-
wide association studies (GWAS). This is a “big data” approach to
genetics, where a huge amount of genetic data about millions of
people is examined, and correlations are identified between partic-
ular gene variants and traits. These associations will get more and
more precise as more people have themselves sequenced, through
companies like 23andMe, and those data are used in these studies.®

GWAS have made it clear that there are not only a huge number
of variants that seem to make no difference to how a body functions
but that also the vast majority of observable traits are due to dozens
or hundreds of genes combining or interacting in some unknown
way, with each variant contributing a tiny bit of predictive value
to the outcome.®” But, you can combine the data about all of these
genes from a million different people into a score, called a polygenic
risk score. Although you do not know how the genes lead to bodily
effects, mining through the collected genomic data may show, for
example, that there is a particular combination of 100 alleles that
results in a 10% increased risk of that person having schizophrenia.

If you can do this for disease, you can do it for any trait for which
you have a measure in the people whose genes are being tested. For
example, an article published in Science magazine was able to pre-
dict a person’s educational outcome by examining a polygenic score
without any notion of how the connection between genotype and
educational outcomes operated. It is predicted that better measures
are just a matter of obtaining more data and that more and more
traits will have scores. Dalton Conley, who is both a sociologist and
a geneticist, predicts that “it will not be long before you can hire
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companies to take your genetic data and create polygenic scores for
anything—from educational attainment to BMI to entrepreneur-
ship proclivity to risk of depression.’6®

People could use these polygenic scores for HGE in two ways: se-
lection (through PGD), and modification through gene editing. Up
until now, PGD has allowed people to select for single-gene traits
in embryos, and single-gene variants are by and large associated
with what are consensually thought to be diseases. It looks like soon
whole genome sequencing of embryos will be inexpensive and fast
enough to be used to select an embryo to implant based on the
hundreds of genes in a polygenic risk score. Conley and Fletcher
predict a future where a whole genome sequence of an embryo can
estimate “eye color, predicted height, predicted BMI, predicted IQ,
and even predicted income of the embryo.’®’

While this would first come to pass for selection via PGD, it could
eventually be used for germline modification with gene editing. If
one knows how to identify the variants to select embryos, one can
identify the variants to modify in embryos or gametes. However, the
modification version of HGE based on polygenic scores is truly far
off in the future. GWAS only identify the genomic regions that hold
genetic determinants of complex traits, and it is these markers that
are associated with outcomes. For selection via PGD you just need
this broader measure. What is needed for actual modification is to
identify the actual causal variant that leads to the trait through what
is called “fine-mapping.”” It will be quite a while before the causal
variants in a polygenic risk score for educational attainment are
identified so that they could by modified. Therefore, selection with
PGD will be possible first and will drive developments in the debate.

Designing the Median Trait Barrier

To account for the advent of polygenic scores in HGE, the most
prevalent variant barrier could be redesigned to be the median trait
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barrier. “Median” means the middle person in a population or-
dered along some scale. Therefore, with this barrier a child could be
selected through PGD or modified with gene editing to give them
the median value of a trait in a population. Above the barrier would
be selecting or modifying any of the variants in the polygenic
scale to produce a child that is at the median or below of the trait
measured by the scale. Below the barrier, and thus not allowed, is
producing a child that is above the median of the trait in question.”!
I will explain below how this barrier is supported by the value of
justice or fairness, but for now I will simply note that the median is
more consistent with the value of fairness than other measures of
central tendency in a distribution such as mean or mode.”

For example, for the trait of polygenic educational attainment,
parents could give their children the combination of variants that
match the human in the database who is closest to the median of
that score or select the embryo that was closest to the median. That
would “level the playing field,” but not allow parents to produce so-
cial advantage by selecting a combination above the median.

Contemporary reform eugenicists and transhumanists will
be happy that the use of this barrier would slowly produce the
improvement of the human species—just without geneti-
cally generated social inequality along the way. That is, if these
practices became widespread, the people who would otherwise
produce a baby at the bottom of a polygenic IQ scale would “up-
grade” their children to the median. This would make the overall
population have slightly higher IQs, moving the median up a
notch, and the next generation of children would be upgrading
to a median that is a bit higher, resulting in the slow ratcheting
up of median IQ in the population. For those who are only using
the values of autonomy, beneficence, and justice (fairness), this is
a great outcome. But, this is one of the many reasons why many
participants in the HGE debate using other values would want to
defend the germline barrier.
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Challenges to the Median Trait Barrier

This barrier, located at the human in the data closest to the median
of the scale, does not suffer from continuity vagueness. There may
be more than one such human, thus many combinations that pro-
duce the scale value, but there will only be one scale value that is
“closest to the median.”

This barrier is only fairly resistant to similarity vagueness.
Previous barriers based purely on social convention, like the di-
sease/enhancement barrier, have been susceptible to similarity
vagueness compared to those with an anchor in how human bi-
ology works, like the somatic/germline barrier (e.g., cells modified
in the spinal cord are not passed on to one’s children). Once we get
into the polygenic context, this becomes undeniably social as the
traits that define these scales are socially defined. For example, what
is education, why do we care about it, and how do we measure it?
While it is possible to define this barrier objectively, I do not con-
sider that definition further because whether it would be consistent
with the value of fairness is unclear from our present knowledge of
genetics.”?

This problem of non-objective definitions is mitigated when
we realize that the only value in use at this point is fairness, and
therefore the only scales that matter are those designed to measure
socially agreed upon traits that confer advantage or disadvantage.
If someone comes up with a scale irrelevant to advantage, like the
“number of eyelashes scale,” such a selection or modification is ir-
relevant to the values in the debate. Moreover, anyone who spends
the money to create a scale is going to have “bad” at one end and
“good” at the other. However, to actually enact any of the barriers
in this book would require a regulator of some sort (as we have
with the NIH deciding what experiments are allowed with NIH
funding). The regulator would have to keep a list of all established
polygenic risk scores, and people could make their children like the



100 THE HUMAN GENE EDITING DEBATE

median of any of them—be it height, educational attainment, or toe
length.

There is also the problem that desirable traits are not unitary.
There is not some objective measure of “intelligence,” but people
would say there is emotional intelligence, interpersonal intelli-
gence, analytic intelligence, and so on. However, this is merely a
problem of labeling the polygenic scores. Imagine, and it is not hard
to imagine, someone coming up with a polygenic risk score that
predicts the results of an IQ test. Who knows how to actually de-
scribe whatever it is that IQ is measuring? But that does not matter,
and whether a high IQ actually would give advantage does not ul-
timately matter. What matters is that everyone thinks that it does.

Values That Support the Median Trait Barrier

All T say about values and the median trait barrier in this section
also holds for the simpler most prevalent trait barrier. The primary
value that justifies these barriers is a particular version of justice or
fairness. Justice or fairness is a deeply entrenched value in at least
the West, and as one of the core American myths, all public figures
have to claim to be forwarding this value. For example, as of this
writing, the Republican Party headed by President Trump claims
that its primary constituency is not being treated fairly by the elites,
and the United States is not being treated fairly by other countries.
Democrats claim that Republican tax cuts for the rich are unfair to
the middle class. Regardless of the truth of these political claims,
I think it is clear that fairness is part of the deep discursive structure
of American society, even when it is being breached.

Of course, this is a particular version of fairness. Traditionally,
for ordinary citizens, fairness does not require creating equal
outcomes for people but rather creating equal opportunity to suc-
ceed “by your own bootstraps.” Reflecting the power of this value,
in one study, 98% of the public agrees that “everyone in America
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should have equal opportunities to get ahead” and that 98% of
the public agrees that “children should have equal educational
opportunities”’* Few would support the government buying eve-
ryone a house, but there would be much more support for gov-
ernment paying for education that allows people to use their own
initiative to compete for jobs that would allow them to buy a house.

Raising the genetically disadvantaged to the median—neither
advantaged nor disadvantaged—would be seen by many as creating
a fair playing field for people to work hard within. However,
allowing the rich to solidify social advantage for their children
through genetics would be unfair, like allowing someone who
inherited wealth from their parents to buy the beach so that only
they can use it.

Whether the public has this exact politically liberal view of
fairness is not as important for what happens with HGE policy
as whether the academics who participate in the HGE debate
have this view. My assessment is that they do. Nearly everyone in
this debate has a doctoral degree and is a professor, and this tiny
subpopulation of the United States is disproportionately liberal,
particularly at the elite institutions from which the HGE debate
draws its participants.”> Moreover, the most influential participants
in these debates are from the profession of bioethics, which strongly
advocates the value of justice or fairness, which further strengthens
this barrier. For example, justice was the only explicitly identified
value by the NASEM summit organizing committee beyond benef-
icence and non-maleficence.”®

The notion of justice as used by bioethicists is greatly indebted to
the views of political theorist John Rawls. For example, the NASEM
committee relied upon what is probably the most influential text by
bioethicists in the 21st-century HGE debate, written by Buchanan,
Brock, Daniels, and Wikler, which is heavily indebted to Rawls.””
These authors conclude that justice requires leveling the playing
field in society, which gives everyone an opportunity to compete
fairly. They extend this notion of justice to genetic inheritance,
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and they therefore advocate the creation of a level playing field in
natural biological differences between people because the genetic
traits you were born with are not chosen by you and out of your
control. They want a “genetic decent minimum” for all people.”®

They are agnostic about whether HGE should be limited to
diseases, writing that to decide we “would have to know whether
there are genetic conditions that significantly limit opportunities
but that do not constitute diseases and that we will be able to pre-
vent or ameliorate though the application of genetic science.””®
Their advocacy of the value of justice fits well with the median trait
barrier in that potential parents could identify traits for which their
potential children lack a genetically decent minimum and bring
them up to the median.

It is not only those who want to proceed with germline modifi-
cation who support the value of justice but skeptics as well. Indeed,
I would argue that many liberals who defend the germline bar-
rier do so because they do not see any viable barriers between the
germline and the dystopian bottom of the slope of genetically de-
rived social stratification. For example, the left-oriented critics at
the Center for Genetics and Society would think—probably quite
rightly—that the somatic/germline barrier is less susceptible to
slippery slope processes, and they would think that the median trait
barrier is further downslope toward their dystopia. But, the value
of “unfairness” below the median trait barrier accurately depicts
much of what concerns this group about the bottom of the slope.
As T quoted earlier, they declared in a statement that “permitting
germline intervention for any intended purpose would open the
door to an era of high-tech consumer eugenics in which affluent
parents seek to choose socially preferred qualities for their chil-
dren. At a time when economic inequality is surging worldwide,
heritable genetic modification could inscribe new forms of ine-
quality and discrimination onto the human genome.”®° This dys-
topia could not happen with the median trait barrier—if people are



THE CRISPR ERA 103

only allowed to modify their children to make them ordinary (i.e.,
at the median). That is, if the barrier holds.

Values That Imperil the Median Trait Barrier
A Different Interpretation of the Value of Justice

At this point in the book I begin engaging some arguments that
have not yet appeared but that I anticipate. The strong design of
the barrier—its limited susceptibility to slippery slope processes—
means that toppling the barrier requires the more difficult task of
redefining the terrain by changing the values. The most immediate
threat to this barrier will come from a different interpretation of
what the value of liberal justice requires, which would redefine
downslope acts as fair. I repeat the words from the NASEM report,
with my emphasis:

[A] problematic enhancement is one that confers a social advan-
tage beyond that which an individual possesses by fate or through
personal effort, and that does not benefit the rest of society in any
way or undermines the implicit goals of a competition. Using
equality of opportunity and societally useful inequality as guides
may help distinguish those forms of enhancement that might
generally be tolerated (assuming the risks are proportional to the
benefits) from those that would be more controversial.8!

That is, by some interpretations, some individual inequality is good
for the entire society. For example, doctors get paid more than
street sweepers, which encourages the most talented people to be-
come doctors, which benefits everyone. Some will undoubtedly
argue that using HGE to make some children be above the median
on a scale will ultimately benefit everyone.
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Let us imagine a modification that would be below the median
trait barrier and not allowed. Eric Lander of the Broad Institute
at Harvard identifies some applications that many scientists will
want to do:

Another potential application is reducing the risk of common
diseases, such as heart disease, cancer, diabetes, and multiple
sclerosis. The heritable influence on disease risk is polygenic,
shaped by variants in dozens to hundreds of genes. Common
variants tend to make only modest contributions (for example,
reducing risk from 10% to 9.5%); rare variants sometimes have
larger effects, including a few for which heterozygosity provides
significant protection against disease. Some observers might pro-
pose reshaping the human gene pool by endowing all children
with many naturally occurring “protective” variants.3?

Using the median trait barrier, such gene variants could not be
installed in children because they would produce a child that is
above the median on the trait of protection against disease. (This
would also not be allowed with the germline, prevalent variant or
most prevalent variant barriers.)

Whether making your child have a reduced risk for heart disease
benefits the rest of society depends on how you think society works,
and I will preview the arguments that will be made so the reader can
decide how likely it is that a different definition of fairness will rede-
fine the acts just below the median trait barrier. The first argument
for this alternative version of fairness, and thus moving beyond the
barrier, is that the technology would benefit everyone because eve-
ryone would have access to it. This would probably be the position
of some European welfare states with national healthcare systems.
However, there are only six countries in Europe that offer com-
plete coverage of costs for assisted reproductive technologies,® so it
seems unlikely that even all of Europe would make genetic modifi-
cation available to all. Perhaps in Denmark.
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In countries without universal access to healthcare, like the
United States, this technology would only be available to the
wealthy. But, I have heard many scientists say that they presume
that the medical technology developed for the benefit of rich
people eventually trickles down to poor people. By extension, the
argument would be that experimenting on rich people who want to
give their child advantages generates knowledge that can be spread
to everyone.

The counter-argument is that, at least in the United States, the
most generous interpretation is that technology trickles down ex-
ceedingly slowly. For example, at the time of a 2009 study, 46 mil-
lion Americans lacked health coverage, which is associated with an
extra 44,789 deaths per year.®* This is a case of technologies devel-
oped long ago not trickling down to the poor—for however long we
have had penicillin, X-ray machines, and other basic technologies.

Moreover, critics will continue, the wealthy will hoard this
technology to give their children and future descendants social
advantage. Something you have only allows for advantage if not
everyone has it (what economists consider a type of positional
g00d).®* A college degree has relative value because only a third of
those in the United States have one. Moreover, few Harvard alumni
are clamoring to remove the advantage their children have in the
Harvard admissions process. Therefore, it will be in the interest of
the wealthy to not make HGE broadly available.

However, the main argument against the trickle-down theory
is that being modified will become part of one’s identity. This is
unique to this technology because germline HGE is different from
an X-ray machine, a medicine, or even somatic HGE. No one
thinks their identity is based on their usage of X-ray machines, a
particular medicine, or even that they had the cells in their eyes ge-
netically modified to fight eye disease. In contrast, germline HGE
is about reproductive genetics, and genes produce a connection—
at least in people’s minds—between parents, their children, their
grandchildren, and all of their progeny. Evidence for this is in the
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extreme concern among the proponents of HGE for genetic relat-
edness between parents and their children. Given how Americans
think about genetic relatedness, it seems possible that being genet-
ically enhanced will become part of the upper-class identity. Even
if genes do not have the strong effect on outcomes that people pre-
sume, it will not matter. All that matters for “parallel populations”
to develop is for people to think there is a strong effect.3¢

In this scenario, the genetically modified or selected will be
encouraged to only mate with others with the same improved trait.
More inequality would be produced as the upper classes can pre-
vent diseases genetically and the upper classes will then conclude
that the problem of diseases is solved and that funding should be
cut for treatment of disease for ordinary people through conven-
tional medicine.

So, expect that those who want to cross the median trait barrier
to argue that the benefits will eventually accrue to the entire society,
and that is the better interpretation of the value of justice or fair-
ness. Those who want to defend the median trait barrier will have to
claim that this is based on a faulty notion of how the society works
and argue that concerns about fairness trump the health of the rich
children who could have been modified.

The Value of Beneficence Threatens. .. Again

To be clear, if scientists find a way to take a rare variant that would
fight disease and put it in the genome of an embryo, this would in-
stall an above-the-median trait in an average person. If the median
trait barrier were to hold, then the barrier would cause people to
die from disease when we have the ability to save them. Would we
really deny saving the lives of rich people’s children just because
doing so would create more inequality, especially in a world where
access to medical care and all other life opportunities are already
structured by inequality?
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This raises again the value of beneficence, and we can anticipate
that if such disease-resistant genes are found, people in the debate
will advocate having beneficence justify acts below the median trait
barrier. The argument will be that everything said by advocates of
justice or fairness is true about “non-disease” traits like intelligence,
but that fighting “diseases” should be allowed due to the value of
beneficence. Therefore, the argument continues, the median trait
barrier should be removed, and we should rely upon a new di-
sease/enhancement barrier which would be rebuilt further down
the slope.

This new location on the slope would mean that people could
be made above the median in health-related traits, but not for
non-health-related traits like educational attainment. But, as I will
show in the next chapter, a new disease barrier cannot hold. To de-
fend the median trait barrier, participants in the debate will have
to argue that justice or fairness is the more important value, and
that not allowing the already advantaged to further their advantage
with disease-resistant children is more important than the health
of those wealthy children. In my view, this argument is unlikely to
succeed.

The Value of Autonomy Threatens. .. Again

Another threat to the median trait barrier will be the value of au-
tonomy, based on the argument that anything concerning creating
a baby should be the autonomous choice of parents. The develop-
ment of reproductive medicine more generally, with its ethos of
patient autonomy within broad limits, as well as the pro-choice
movement in the abortion debate, have created a situation where
HGE is increasingly coming to be thought of as a free, autonomous
choice, much like the decision to have an abortion.

For example, Julian Savulescu, in an influential paper much
commented upon by others, argues for near total autonomy.
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Indeed, parents are morally obligated to select embryos or fetuses
that are “most likely to have the best life” be it because they are free
of genes that cause disease or because they are enhanced. Parents
can choose because in liberal democracies “we should allow
couples to make their own decisions about which child to have,”
which includes being “allowed to select a child with disability, if
they have a good reason.”®’

Similarly, John Robertson—arguably the father of the concept
of reproductive liberty in bioethics—identifies a perspective he
did not necessarily agree with, called the “radical liberty” perspec-
tive, where “no limits can appropriately be placed on what they
do before the birth of a child,” allowing people to “select, screen,
alter, engineer, or clone offspring as they choose” He writes that
this position “hovers in the background and casts a shadow over
many official, scholarly, and popular accounts of reproductive is-
sues,” even though most advocates of autonomy endorse some
limits on freedom, such as not being able to intentionally hurt your
offspring.®® Those Robertson saw as “hovering in the background”
should be expected to strongly emerge if the median trait barrier
is built.

The Barriers Examined in This Chapter

This chapter began in 2015 when it became known that a team of
Chinese scientists were experimenting with the germline modifi-
cation of human embryos using the new technique called CRISPR.
While most groups who were writing at the time reiterated the so-
matic/germline barrier as the moral limit, this was primarily jus-
tified by non-maleficence (safety), and the increased safety of
CRISPR would remove the justification for this barrier. A group
of American scientists and bioethicists argued for cautiously
taking down the germline barrier, which eventually resulted in a
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committee of the NASEM that produced a report advocating re-
moval of the germline barrier, the placement of a number of
conditions that had to be met before we do so, and ultimately
relying upon a barrier downslope located at “serious disease.”

This conclusion logically flowed from the bioethical discourse in
the debate up to this point. What would have been needed for the
barrier to remain standing was for someone to have earlier justi-
fied and popularized a barrier between germline selection (PGD)
and germline modification (gene editing). Lacking such a barrier,
the locations on both sides of the traditional somatic/germline bar-
rier suffered from extreme similarity vagueness, and the barrier no
longer made any sense.

I examined the “explicit” barrier proposed by the NASEM com-
mittee at serious disease, created for use only in the immediate fu-
ture, and concluded that it will not hold if the technology develops
further, as it is susceptible to an extreme similarity vagueness slip-
pery slope process even if no values change in the debate. Again,
how would you define a disease? A more long-term barrier can be
created from the value of justice or fairness articulated in the re-
port and can be set at “the most prevalent variant.” This will hold
as long as scientists’ abilities are limited to monogenic selection or
modification.

To create a barrier useful in a future era of polygenic HGE,
Iidentified a barrier located at the “median trait” While supported
by an interpretation of the value of justice or fairness, and resistant
to slippery slope processes, this barrier could still be felled by other
values becoming dominant. As has been the case in this debate for
decades, the value of autonomy would make this and other barriers
moot as people used their autonomous decision-making to decide
the genetic qualities of their children. A conception of justice or
fairness where inequality is allowed if it benefits the society in ge-
neral would be argued to remove the barrier or push it far down-
slope. Finally, given that the median trait barrier would not allow
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creating children unusually resistant to disease, the barrier would
remain vulnerable to the value of beneficence. As we can see, it is
difficult to justify barriers on the slope below the traditional di-
sease/enhancement and somatic/germline barriers using the domi-
nant values in the contemporary debate.
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Possible Barriers Further Down

the Slope

In the previous chapter, I identified the median trait barrier, which
is the strongest barrier I could identify immediately below the
germline barrier. Unlike the old disease/enhancement barrier,
which suffered from extreme similarity vagueness, the new barrier
is fairly structurally sound. The primary threat to this barrier is by
a change in the dominant values in the debate, which is a more dif-
ficult way to topple a barrier than showing continuity or similarity
vagueness.

But, I can already see that many people in the debate are not
going to accept the median trait barrier when it becomes possible
to install unusual variants that protect against disease. Indeed, that
is what the Chinese scientist was trying to do in 2018 by attempting
to create the twin girls who are resistant to HIV.! People will cor-
rectly identify that the median trait barrier limits the application of
the value of beneficence.

In this chapter I identify possible barriers further downslope
from the median trait barrier, roughly presented in the order of
higher to lower on the slope. I evaluate two types of barriers: Those
that currently have prominent support in the debate (although
never described using the concepts of slippery slopes and barriers),
and those that are not discussed but would be structurally sound
according to slippery slope theory. The general conclusion is that
the barriers get weaker as the debate moves downslope from the old
germline barrier, but there are strong barriers defending territory
near the dystopian bottom of the slope.

The Human Gene Editing Debate. John H. Evans, Oxford University Press (2020). © Oxford University Press.
DOI: 10.1093/0s0/9780197519561.001.0001
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It is important to recognize that for the median trait barrier, the
values of those who Jonathan Haidt calls religious and cultural
conservatives are no longer influential. In the earlier debate, be-
fore the turn of the century, they were the ones with values such as
avoiding hubris, “not violating nature,” or “not violating God’s will”
They were concerned with what humans “truly are,” and thus they
were (and some still are) concerned with issues such as whether in a
genetically focused society people would be considered somewhat
more like objects and therefore dehumanized.

The barriers downslope of the germline barrier, including the
median trait barrier, are largely built on what Haidt would call lib-
eral values—autonomy, beneficence, non-maleficence, and justice
(fairness). This is not surprising given that the people with religious
perspectives largely left this debate decades ago.? That said, I will
identify a few barriers, albeit near the bottom of the slope, where
these old values may be used.

This chapter, by necessity, is even more speculative than the
previous one. At least in the previous chapter, I largely referred to
technology that is plausibly envisioned in the near future and eth-
ical proposals already made. Here I speculate about technological
developments and describe various imagined futures based on how
societies operate. As I discussed in the Introduction, I think that
the benefits of speculating outweigh the risks.

So, I start with a general scenario. Imagine a future where tech-
nology improves, embryos are selected on polygenic traits, and
more than one gene in a gamete or embryo can be edited. The US
government tries to promulgate regulations based on the NASEM
report. When writing these regulations, the government gives up
on the explicit NASEM barrier because they find the terrain around
“severe disease” hopelessly susceptible to similarity vagueness. Still
not wanting a situation where people can modify their children
in any way they want, they adopt the median trait barrier as the
only available solution less susceptible to slippery slope processes
and for which they have justification using the values prominent
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in the debate. Policy is promulgated, and couples who would pro-
duce embryos likely to be below the median in some trait start
using HGE to provide their children a combination of variants that
leads to the median of that trait—making their offspring that other-
wise would have been at a disadvantage ordinary. If this future were
to come to pass, a number of forces could threaten this barrier, as
described in the previous chapter. If the median trait barrier falls,
what could be built further below it?

The Goals of Medicine Barrier

Let me start with a barrier that has previously been proposed,
and will be again if it becomes possible to not only correct genetic
diseases but to also give health advantages via HGE. This barrier
originally emerged when the old disease/enhancement barrier
could not address enhancements that fight disease. For example, in
1998 Erik Parens identified one of the (many) problems with the
disease/enhancement barrier, which was that “both interventions
aimed at treating disease and ones aimed at enhancing human per-
formance are improvements.”® Similarly, Eric Juengst observed
in 1997 that maintaining the disease/enhancement barrier at
the “normal functioning” standard would preclude “preven-
tive interventions that act by strengthening an organism’s normal
defenses against disease” This critique of the traditional disease/
enhancement barrier is best understood by trying to square the
current use of vaccinations with the barrier. Vaccinations create
enhanced humans. How can we accept vaccine-enhanced humans
but not genetic-enhanced humans?

Given the inability to define the disease/enhancement barrier,
another school of thought in the HGE debate simply outsourced the
definition to the medical profession. This is the “professional do-
main account” of disease, which “appeals to the health professions’
conventional vision of their proper domain. Accordingly,
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‘treatments’ are any interventions that the professional standards
of care endorse, while ‘enhancements’ are any interventions that the
professions declare to be beyond their purview.”® This creates the
goals of medicine barrier, where above the barrier is what the pro-
fession of medicine considers to be a disease and below the barrier
is what the profession does not consider to be a disease.

Weaknesses of the Goals of Medicine Barrier

The goals of medicine barrier would be supported by the same
values that support the original disease/enhancement barrier. The
basic question is: How does the medical profession define its goals?
The problem with this barrier becomes immediately apparent. As
Juengst and Moseley write, “given the health professions’ philo-
sophical pluralism and political autonomy, their own conventions
seem to provide no principled way to exclude new interventions
from their domain”® For example, engaging in surgery to allow
someone to achieve their aesthetic goals is just as much a goal of
medicine as engaging in surgery to repair broken bones. If cosmetic
surgery is one of the goals of medicine, then, analogously, using
HGE to install a rare gene variant that makes your child more at-
tractive will be a goal of medicine.

Indeed, the goals of medicine can be widely interpreted. The lim-
itless expansion of the medical domain is classically indicated by
the 1947 statement of the World Health Organization that defined
health as “a state of complete physical, mental and social wellbeing
and not merely the absence of disease” An example of how this bar-
rier would be located near the bottom of the slope, improving “so-
cial wellbeing” would allow making children above the median in
terms of intelligence.

Even if we could initially place this barrier at a particular lo-
cation on the slope, it would slip downhill due to medicine’s in-
famous jurisdictional expansion, termed “medicalization” by
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sociologists. Medicalization is the process by which normal body
functions and/or social problems come to be defined as “medical
problems” Most famously, childbirth is a normal, natural process
that used to be under the jurisdiction of midwives but is now in
the medical domain. Similarly, pharmaceutical companies seem
to invent diseases in order to sell the drugs they have developed
to treat them. Alcoholism, drug addition, sexuality, and many
more phenomena have come under the jurisdiction of the med-
ical profession.” Indeed, the primary motivation for the NASEM
taking down the somatic/germline barrier stemmed from defining
the parental desire to have genetically related children as a med-
ical problem to be addressed by doctors. In Juengst and Moseley’s
somewhat more generous description of creating a barrier defined
at the goals of medicine, they state that this barrier is challenged by
“biomedicine’s infamous nosological elasticity. It is not hard to coin
new maladies for the purpose of justifying the use of enhancement
interventions”

Therefore, while it would slow slipping down the slope, as the cul-
ture of the medical profession does not change overnight, the goals
of medicine barrier would not function as a barrier in any sense
of stopping further sliding. To perhaps overuse the metaphor, this
barrier would just slowly slip down the slope as the goals of med-
icine changed. Moreover, the trajectory of medicine is away from
limiting its domain to disease and suffering and toward satisfying
the bodily desires of patients—such as by offering enhancements.

The Family Genes Barrier

The family genes barrier is located at modifying the genome of a
child to a set of genes that the couple could have possibly produced
with sexual reproduction. This barrier is a response to a possible
technological development, and has at present no proponents of
which I am aware. In the last chapter I described the possibility of
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whole genome sequencing (WGS) of embryos in a dish and giving
each embryo a polygenic score. For example, each embryo could
be ranked by future predicted susceptibility to heart disease or ed-
ucational attainment. This selection through WGS-PGD could be
constrained by the median trait barrier.

If this version of PGD is all that is available, there will be only
mild pressure to take down the median trait barrier. Whereas we
can imagine couples using this technology to avoid having chil-
dren with traits that are widely accepted as diseases, especially if the
parents were using IVF anyway, few would try to use WGS-PGD to
give their children a trait that would offer an advantage. The reason
is that they could only select from at best a dozen embryos that they
had produced, and the odds of one of them having a rare advan-
tageous genetic trait are low. Moreover, people will not use PGD
lightly. Extracting eggs from a woman is a very unpleasant and
somewhat risky procedure, and the odds of that one selected em-
bryo actually becoming a baby in the end are not that high.

As an example, let us say that polygenic risk scores are distrib-
uted in a bell shape, with most of the scores clustering around the
median and a few outliers far from the median. Height would have
such a distribution, with most people in the middle and with long
tails—with the four-foot, six-inch tall men on the left end and the
seven-feet tall men on the right. If you have 12 embryos to select
from, odds are that most or all of them will be clustered in the
middle. Would you do any better if you relied on chance and made
a baby the old-fashioned way? Or, let us say that a couple would
produce one Einstein in 500 babies. For people to want to use
WGS-PGD for intelligence, they need to be able to produce that
one Einstein baby, and that is unlikely to happen with only a dozen
embryos to choose from.

The technological improvement that would generate pressure
against the median trait barrier would be if people could create arti-
ficial embryos through induced pluripotent stem cells derived from
their skin, avoiding egg harvesting, which is the most dangerous
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and unpleasant part of IVE This is apparently so close to becoming
reality that some scientists are already calling for a ban on the use of
this technology for reproductive purposes.” More importantly, pre-
suming further drops in the price of sequencing the genes of a cell
from an embryo, since sperm are plentiful, with artificial embryos
a couple could have hundreds of embryos to select from.'? In this
scenario, the odds of creating that Einstein outlier are dramatically
greater, increasing the motivation to use this technology.

If this technology were to come to pass there would be pressure to
create a meta-level “better baby” score due to extreme information
overload. One analyst writes that “several embryos might have nu-
merous traits that are both desirable and undesirable to the parents.
Imagine, for example, the genomic analysis of one embryo: female,
who would experience early graying and be moderately tall with a
heavy build; 65% chance of scoring in the top half of the SAT tests;
good chance of above average athletic ability; and likely to be intro-
verted. Now imagine the genomic profile of another embryo: male,
who would have male-pattern baldness, medium height, and me-
dium build; 40% chance of scoring in the top half of the SAT tests;
likely to have above-average musical ability; and likely to be anx-
ious” How would one decide? Potential parents would probably be
presented with an algorithm that sorted through the hundreds of
thousands of combinations of traits and created algorithms focused
on illness, propensity for athleticism, “life success,” and so on.!!
Knowing they could do it, couples would want to have children
that maximized a “better baby” score, which by definition means
picking a score above the median of the scale.

Depending on some still unknown scientific facts, we would at
that point be very close to the liberal version of the bottom of the
slope—this is literally the plot line of the movie Gattaca, where
people select “the best” child possible. How far this is from the
bottom depends upon how heritable the traits are that give social
advantage. “Intelligence” is partly heritable, but what would make
this technology used more would be if there were very high odds
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of producing an embryo that results in a far more intelligent child
than what the parents would typically produce. That is, does a
couple, each of whom is 30% below the median of the population
in intelligence, only produce embryos with an intelligence centered
on the parents’ average, but with a distribution reaching down to
60% below the median and up to the median—with a few outliers
20 points higher and lower? Or, is it a flatter distribution with really
long tails—and any set of parents will have an Einstein to select?
If a couple can really boost the social advantage of their children
through this PGD, then there will be great motivation for people in
the public bioethical debate to find reasons to take down the me-
dian trait barrier. In the last chapter I identified how it could be
taken down.

Design of the Family Genes Barrier

If this technology comes to pass, and the median trait barrier does
not hold, then people would be able to use selection WGS-PGD
to produce a child with any traits that the genomes of the couple
can produce. That would then become the de facto location of the
barrier, and it would be important to define the barrier in such a
way that it could also be used as the barrier for gene modification
through gene editing. If there was no barrier, then people could
search through the collective genes of humanity looking for variants
to use to gain advantage. I repeat the caveat that selecting polygenic
traits will be possible long, long before modifying a polygenic trait.

How would we define a barrier that allows the same acts for both
selection (WGS-PGD) and modification (gene editing)? Above the
family genes barrier would be the traits that the couple could pro-
duce in a baby via WGS-PGD, and below would be the traits that
the couple could not produce through WGS-PGD.!? Users of WGS-
PGD and modification HGE would then be treated similarly but
not exactly the same.'? If the couple could produce one Einstein out
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of unlimited embryos, then they could also modify one embryo to
give it the traits they could produce. If they could not, they could
not modify a germline cell to give it the Einstein trait.

The design of this barrier limits slippery slope processes. There
is no risk of continuity vagueness creating a slippery slope process
with this barrier. That is, the terrain immediately on either side of
the barrier is not associated with a number, so there is no risk that
a 22 can justify a 23. There is lower risk of similarity vagueness in
that the variants that could possibly be produced in a child by the
reproducing couple is not vague.

However, there would still be the couples who could produce an
Einstein because they have the variants that would possibly create
the baby genius, but they are also both homozygous for a disease
like sickle cell. Every embryo they produce would also have sickle
cell, and the family genes barrier would require modification to a
genome you could actually produce, resulting in a baby with the
disease.

This is the issue that felled the germline barrier in the NASEM re-
port, and it is hard to imagine a barrier being built downslope that
takes away applications that have already been allowed. However,
with the family genes barrier, you cannot go outside of the family
looking for healthy genes if you are both going to pass on sickle cell.

To accommodate the few hundred homozygous couples, as all
barriers below the germline barrier have done, the pool of genes to
select from needs to be expanded beyond the couple, for all those
who want to use the technology. It cannot be restricted to just those
with “disease” because by this point in the slope there is no longer a
disease/enhancement distinction. The key is to accommodate in a
way that does not open the barrier to slippery slope processes and
which does not allow the violation of any of the values that support
the barrier, such as by allowing people to find genes that are even
more socially advantageous.

To accommodate the homozygous couples, the couple could
trade any gene variant in their modification plan with a variant
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from one of the couple’s biological parents. Presumably a couple
who are both homozygous for sickle cell would have parents where
not all four are homozygous. While it is possible that the two ho-
mozygous prospective parents themselves have all four parents
who are homozygous for the disease, this is approaching the range
of statistically impossible.!*

The purpose of this barrier is to limit the ability to search the
globe for advantageous variants—to find the Einstein genes you
were incapable of producing on your own. Since the parents of the
couple are included in the pool, the couple can do more searching
than they could with just themselves, but they could not find unre-
lated humans on the other side of the planet to mine for advanta-
geous variants.

Adding other family members to the available pool adds a degree
of similarity vagueness because it could be asked: Why a parent
of the reproducing couple? Why not a sibling? Why not a cousin?
Without a principled reason for distinguishing between parent, sib-
ling, and cousin, this barrier on the slippery slope would erode as
the list of family members expanded enough to allow people to have
a wide search for advantageous gene variants. This barrier probably
sounds utterly implausible to anyone who has participated in these
debates, but that just shows the difficulty of constructing barriers
below the somatic/germline.

Values That Support the Family Genes Barrier

The median trait barrier was supported by the liberal value of jus-
tice or fairness. The family genes barrier would be supported by
a more conservative version of fairness. The difference is akin to
the difference between progressive taxation and a flat tax. In pro-
gressive taxation, those who are already advantaged are assessed a
higher tax rate, which limits their ability to further solidify their ad-
vantage. Those who are economically disadvantaged have a much
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lower tax rate and can presumably use more of their money to catch
up to the median.

Analogously, with the median trait barrier, if a couple who was
already “very intelligent” wanted to further improve the “intel-
ligence genes” of their offspring, they could not do so but would
have to accept the most prevalent version of the “intelligence
genes,” which would be “normal” Analogously, a progressive tax of
60% on income over $5 million would not allow these lucky few
to further solidify their advantage but rather regress them to the
mean. Similarly, the median trait barrier would be “fair” because it
too would not allow the already privileged to further solidify their
family’s genetic advantages. To use another tax policy analogy, the
median trait barrier would result in the redistribution of relative
(genetic) wealth in society, bringing the top and bottom closer to-
gether. That is one version of “fair” and is probably the one endorsed
by most people in bioethical debates.

With the conservative version of the value of fairness embodied
in a flat tax, the high- and low-income earners pay the same rate,
and the family genes barrier is supported by the same version of
fairness. A couple who is already genetically advantaged can use
what they have to further their advantage by identifying the “best”
genetic offspring they could produce. For example, if both parents
scored a 50 on the polygenic educational attainment score, they
could through some random combination produce a child who was
not a 50 but an 80. A couple who is genetically disadvantaged (both
scoring a 30) could end up with a child 30 points higher—at 60.
There is no redistribution—you work with what you have.

In addition to a conservative version of justice or fairness, this
barrier would also actually be supported by a loose interpretation
of the values of following nature or God’s will. Upslope is creating
a child that the couple could have produced through old-fashioned
sexual reproduction “the natural way,” and PGD just ensures that
a particular possible outcome occurs. This interpretation obvi-
ously only holds if we ignore all the incredible amount of human



122 THE HUMAN GENE EDITING DEBATE

intervention along the way. Below the barrier is that which would
be impossible in nature—taking a variant from another human and
putting it into your child.

This barrier would be supported by another powerful conserva-
tive value, which is that children should be genetically related to
their parents. The power of this value was articulated in the NASEM
report as it served as one justification for taking down the germline
barrier. With the family genes barrier, above the barrier would be
the variants that the parents could produce, and below that which
they could not produce. Below would be the equivalent of gestating
an unrelated embryo that was portrayed by the NASEM as unac-
ceptable to many prospective parents.

Values That Would Imperil the Family Genes Barrier

The family genes barrier, like the median trait barrier, is threatened
by values that justify acts upslope. First, the value of beneficence
would justify acts on both sides of the barrier if a disease-fighting
enhancement that the couple could not produce could none-
theless be edited into a child. For example, imagine that a rare
variant only found in Africans could make Caucasian children
resistant to disease. Second, the value of autonomy would justify
applications below the barrier on the grounds that parents should
have the freedom to install genetic traits from outside their family
if they wish.

The Boundary of Humanity Barrier

The boundary of humanity barrier would allow the insertion of
a gene variant that any human in history has had, and not allow
any gene variant that a human has not had. This barrier, despite
being near the bottom of the slope, has a strong design. Imagine



POSSIBLE BARRIERS FURTHER DOWN THE SLOPE 123

that the one human genetically immune to cancer had been dis-
covered. Plans were being made to identify the exact combination
of variants held by this person and using HGE to install them into
couples who, of course, could not produce this combination of
variants on their own. Harvard geneticist Eric Lander’s prediction
had also come to pass, where “sports-minded parents” wanted “to
introduce the overactive erythropoietin gene that conferred high
oxygen-carrying ability on a seven-time Olympic medalist in cross
country skiing’'> This would mean all the previous barriers had
fallen.

Ifthese practices come to pass, you would think this is the bottom
because parents could insert any variant they wanted. However,
there are at least a few barriers left. Imagine at this point that there
is another animal species where the brain does not build up the
plaques that lead to human dementia, and that this trait is due to
some genetic sequence unique to that animal. While scientists were
still studiously ignoring the biohackers who wanted to install genes
in their children from jellyfish that produce a fluorescent green
glow, there was a growing constituency for using animal genes to
resist human dementia.

Relatedly, moving beyond the human, some scientists are al-
ready pondering artificial variants. Lander, in an editorial in the
New England Journal of Medicine, states that “some scientists might
ask: Why limit ourselves to naturally occurring genetic variants?
Why not use synthetic biology to write new cellular circuits that,
for example, cause cells to commit suicide if they start down the
road toward cancer?” He seems to only oppose this because it is
not yet safe, writing that “such efforts would be reckless, at least for
now.’16

Therefore, to stop the slide to the absolute bottom, the barrier
would be placed at the limit of “human genes,” and above the barrier
would be any variant that any human has had and below the barrier
would be a variant that no human has ever had. I only identify this
barrier because it would have a very strong design and is useful for
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contemplation, but this would be so close to the bottom that I do
not think anyone would take the effort to build or defend it.

Design of the Boundary of Humanity Barrier

The boundary of humanity barrier actually exists in the philo-
sophical literature about human enhancement as a specifica-
tion of the distinction between what philosopher Nicholas Agar
called “moderate enhancement” and “radical enhancement”
For Agar, moderate enhancements are those that “do not exceed
the maximum attainable by any current or past human being”
Radical enhancements improve “significant human attributes
and abilities to levels that greatly exceed what is currently pos-
sible for human beings.”!” The barrier would have no continuity
or similarity vagueness, as there is consensus on what life forms
are human.

Indeed, the barrier would be strengthened by the distinc-
tion between humans and other life forms being so assumed.
Anthropologists have concluded that these distinctions
are nearly universal across cultures, with societies making
distinctions between person, artifact, plant, and animal.!® In
fact, these distinctions are so ubiquitous that many evolutionary
psychologists have concluded that making these basic distinctions
gave our ancestors competitive advantage in the era of evolu-
tionary adaptation, and therefore the basic biological structure
of the human brain has evolved to make these distinctions. Even
studies of people with brain damage have shown that people
with certain parts of the brain disabled cannot conceive of these
differences. For example, one woman cannot recognize anything
having to do with animals, but her understanding of plants and
artifacts remains unimpaired. This suggests that information
about different life forms are processed in different locations
in the brain.!” If humans have an innate desire to distinguish
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between humans and other life forms, a barrier based on this
principle will be difficult to slip across.

Values That Would Support the Boundary
of Humanity Barrier

The primary value that could support the boundary of hu-
manity barrier is following nature and/or God, for which there
are few proponents in the contemporary debates. The source of
the values for this barrier would be, at least for Christians (who
are the largest religious groups in the United States), that what it
means to be human is central to all of their concerns with biotech-
nology. To massively overgeneralize, humans are those who are
made in the image of God, and animals and other life forms are
not. Rearranging genes within the human family does not provide
a particular threat to the idea that humans are made in the image of
God, and depending on the goal, such rearranging could be seen
as a commandment from God to relieve suffering from disease.?
However, mixing humans with other life forms would not be con-
sistent with the image concept.

Similarly, someone in this debate who places high value on na-
ture would probably argue that humans, as constituted by natural
evolution, cannot genetically mix with other life forms: to do so is
to violate nature. At that point I would expect the faithful remnant
supporting these values in the debate, if such a remnant still exists,
to argue against “chimeric humans,” “hybrid humans,” “synthetic
humans,” or “GMO humans.” Further supporting the barrier would
be that moving beyond it would require a debate about what is a
human in the newfound chimeric age, and reluctance to have this
debate would bolster the barrier. Relatedly, this barrier would be
supported by anthropocentrism, the belief that humans are supe-
rior to and/or more important than other life forms, which is a cor-
nerstone of both Western religion and philosophy.
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Values That Would Imperil the Boundary
of Humanity Barrier

While not vulnerable to slippery slope processes, beneficence
would justify acts on both sides of the boundary of humanity bar-
rier if a trait no human has ever had would advance human health
and reduce suffering. Moreover, as with previous barriers, the value
of autonomy would also straddle the barrier, and people would
argue that parents had the right to autonomously decide whether
to radically enhance their children by using non-human variants.

I can also imagine a value entering the debate that has not yet
been a factor. People could argue that the emphasis on making
a strong distinction between humans and other life forms is
reinforcing anthropocentrism, the belief that humans are ex-
ceptional or supreme compared to other life forms. This an-
thropocentrism is argued to be the cause of human indifference
to the ecology of the planet.?! Even if humans are “hard wired”
to see humans as distinct from other life forms, as described
earlier, people arguing against anthropocentrism would argue
that this is one of the innate human urges, like violence, that
we should try to overcome. The barrier would reinforce this er-
rant value and should be taken down. Of course, the primary
threat to this barrier is that nobody would bother to build it in
the first place, given that it is at or near the dystopian bottom of
the slope.

The Liberal Eugenics Barrier

For the past two chapters I repeatedly pointed to the values of
autonomy and beneficence as the reasons barriers could fall.
Additionally, the debate has always included the value of non-
maleficence (avoiding harm)—no one advocates conducting an act
of HGE unless it is safe.
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The last barrier I will consider is the one that would be
constructed at the limit of autonomy and non-maleficence, after all
the upslope barriers have fallen. This is the perspective of main-
stream bioethics, and bioethicists might not seem like they believe
in barriers, but they do. Their perspectives often put conditions on
HGE, such as that it must first be safe, but their barriers often re-
main obscure because they are so far downslope of where the de-
bate is at present.

What I will call the liberal eugenics barrier holds that prospec-
tive parents have the autonomy to engage in any HGE they desire,
short of harming others. The barrier is therefore supported by only
two values: autonomy and non-maleficence. In contrast to tradi-
tional eugenics, which was coercive, this is voluntary eugenics,
where parents autonomously decide what traits are diseases and
what traits would be an “improvement” if changed. Beneficence is
not really a supporting value since it is defined through the autono-
mous viewpoint of the parents.

Therefore, upslope of the barrier would be any autonomously
chosen selection or modification that does not harm anyone else.
Downslope would be coercion or a selection/modification that
harms someone else. So, for example, were it possible to use HGE to
modify your child’s intelligence, this would be permissible, as long
as the parents freely made the choice and in doing so did not harm
others.

This barrier represents what is roughly taken to be the norms for
a liberal democratic society: People have the autonomy to do what-
ever they wish as long as they do not harm others in the process.
This concept is built into American law and is the basis of reproduc-
tive rights discourse in the United States. I have argued elsewhere
that it is the basis of principlism, which is the underlying logic of
the bioethics profession that now dominates these debates.??

Many participants in the debate have long advocated for this
barrier. A typical advocate is philosopher John Harris—an invited
speaker at the NASEM summit—who writes that “the burden of
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proof is not on those who would exercise this liberty or right to en-
hancement to show what good it does, rather, it is on those who
would limit it to show how and to what extent its denial is neces-
sary to protect either the exercise of a like liberty for all or is re-
quired to protect others or society from real and present harms or
dangers”? (“Liberty” is roughly equivalent to “autonomy;” at least
for the purposes of this book.)

Similarly, lawyer John Robertson quotes John Stuart Mill as
writing “the only purpose for which power can be rightfully
exercised over any member of a civilized community, against his
will, is to prevent harm to others” As Robertson summarizes it,
procreative liberty is not absolute, but rather “there is a strong pre-
sumption in its favor, with the burden on opponents to show that
there is a good case for limiting it,” primarily that it harms others.?*

So, in sum, above this barrier are almost all instances of somatic
and germline genetic modification. Some participants in this de-
bate might say that they thought this position was the bottom of the
slope. But, there actually is terrain further down, which is where
people can do whatever they want if they have power and wealth,
regardless of the impact on those without power. This is a real threat
to this barrier because it is analogous to how wealthy people often
act in contemporary society on non-genetic issues.

Weaknesses of the Liberal Eugenics Barrier

The liberal eugenics barrier would have no continuity vagueness,
but how the values of autonomy and non-maleficence would de-
fine the acts on both sides of the barrier would suffer from extreme
similarity vagueness, potentially bringing down the barrier. Let us
start with the vagueness of autonomy. If coercion is the opposite
of autonomy, we can agree that having the state conduct a med-
ical procedure on you without your knowledge or against your
will, as happened in the pre-World War II eugenics movement, is
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coercion.?® At the other endpoint, such a decision would be fully
autonomous if the norms of society did not have a preference for
what you did, the procedure was free to you, and your decision
would have no negative impact on you or your child. The enormous
area in-between these endpoints is vague. Certainly a decision that
produces a financial burden is not truly autonomous, and social
norms can be quite coercive. Would a society where the enhanced
get special opportunities result in subtle coercion of the parents?

Consider the act of enhancing the intelligence of your child
through selection or modification. Which side of the barrier is that
on? On the one hand, people may be technically free to have chil-
dren “the old-fashioned way” On the other hand, doing so may
mean that their child’s life chances are seriously reduced, imperiling
their economic future. Was that a free decision? The ambiguity of
which acts of HGE are really autonomously decided upon makes
this barrier very susceptible to similarity vagueness.

The application of non-maleficence (harm to others) to acts
surrounding the barrier is even more vague. There are two types
of “harm™: individual and social. Individual harms can be some-
what less vague, and there is high consensus that a physical harm
to a person’s body (like a broken leg) is an actual harm. Yet, even
here, debate continues on whether parents can harm their offspring
genetically by, for example, creating a child with a condition that
everyone else thinks is a disability.2® If this is what “harm” means, a
barrier that is built far, far downslope, and which only excludes acts
of HGE that result in the physical harm to others, could possibly
hold. This is roughly what is easiest to demonstrate in contempo-
rary US society outside the genetics debate—that your autonomous
actions harmed my body.

Psychological harms are much more difficult to demonstrate
because of subjectivity. For example, some argue that genetically
designing children is harmful because it stops them from having
an open future where they would fashion themselves to be the
sort of person they want to be.?” A child engineered to be a master
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musician would not really have an open future to pursue other
things. If “harm” includes these notions, harm would be extremely
susceptible to similarity vagueness.

What is worse for this barrier is that, as the NASEM report
points out, the most important harms are of the second type—they
are social and cultural and are thus “necessarily more diffuse”?®
The NASEM report discusses a number of these, such as a loss of a
natural genome, a loss of human dignity, the rise of negative views
of the genetically different, that humans will come to be thought
of as more object-like or that we will come to live in a eugenic so-
ciety.?* Not only are these notoriously difficult to demonstrate
ahead of time, there is no one individual to point to who has been
harmed. In sum, this barrier probably suffers from terminal simi-
larity vagueness.

Values That Would Support the Liberal
Eugenics Barrier

The only value that would threaten the liberal eugenics barrier
would be something like “might makes right,” and that therefore
the powerful deserve to be able to harm the unpowerful. People do
not usually explicitly advocate this value. The primary threat to this
barrier is not from values that would knock it over but from ex-
treme vulnerability to slippery slope processes.

Despite its instability, it would be supported by a number of
values that are very powerful in American culture. Indeed, it could
be argued that this barrier is American culture, where people can
do anything they want unless someone else can argue that it harms
them. For example, in the United States you can listen to music in
your home at eardrum damaging levels—unless it is bothering the
people next door.

The dominance of these values in the HGE debate is well
documented. A close reading of the arguments people make
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shows that there have long been people who have made intrinsic
arguments against HGE, such as that to do so will make humans
more like objects. But, after the bioethics profession came to dom-
inate these debates, such people learned that for these intrinsic
arguments to be taken seriously they must be translated into the
language of harms. That is, one cannot argue that HGE is wrong be-
cause it makes all humans seem more like objects, one must argue
that it harms the interests of people who do not want to live in a
world where humans are more object-like.*’ Or, similarly, it could
be intrinsically wrong to create a modified human that has great
athletic ability, but for that argument to hold, it must be translated
into either the individual-level harm of restricting the open future
of the child or the collective harm of damaging competitive sports.
Itis clear that non-maleficence is dominant in these debates.

Conclusion

In this chapter I examined hypothetical barriers downslope of the
median trait barrier discussed in the last chapter. The intuitively at-
tractive and much discussed goals of medicine barrier would suffer
from similarity vagueness so extreme that a decision about where
to place it would be impossible. For example, one of the goals of
medicine—at least in that it is taught in medical schools and en-
gaged in by doctors—is cosmetic enhancement. The goals of med-
icine are potentially anything that has to do with the human body.
The family genes barrier is much sturdier and suffers from only
mild similarity vagueness. It is, however, very far down the slope
and would allow couples to select or install any trait that they could
have produced through sexual reproduction. Moreover, the social
impact of this barrier depends on how heritable traits actually are.
If any couple could, one out of a 1,000 times, produce an Einstein,
then the effects on social stratification will be large as many people
would want an Einstein. If the possible traits the parents could
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produce in a child cluster more closely to the traits of the parents,
then the impact on social advantage would be less.

The limits of humanity barrier is also quite sturdy and not sus-
ceptible to slippery slope processes. While a change in values could
challenge the barrier, the main challenge is that this is so far down-
slope that few people would bother trying to create intellectual jus-
tification for it.

Finally, I considered the liberal eugenics barrier, which has long
had many advocates in the debate, particularly in the bioethics pro-
fession. With this barrier, any modification or selection is accept-
able as long as doing so does not harm another. This barrier is also
very unstable, and, like the goals of medicine barrier, it could prob-
ably not be placed on the slope.
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Conclusion

Will we as a society allow people to install genetic traits in their
children that give them social advantage or “improve” them in ge-
neral? Will we get to the point where most children from the upper
socioeconomic classes are designed to have the “best” genes? This
obviously depends upon technological developments, and it is pos-
sible that our abilities will never move beyond where they are now.
It also depends upon politics, social movements, and corporations.
However, another determinant of what we eventually allow will be
the public bioethical debate, which largely consists of academics.
Public bioethical debate does not have direct power over what
happens but frames the options for others. It is therefore important
to understand how public bioethical debate operates.

Participants in this debate can in theory say anything, but they
have incentives to adhere to the established norms in the debate.
One norm is that debates about technology and the human body
are framed in terms of limits—“up until this act is ethical, be-
yond that act is unethical” Another is that these arguments have
a “moral other” (like Nazis, Gattaca, or the Brave New World)
with which to contrast your position. When combined with the
discursive logic used by academics, such as rational consistency,
these norms combine to produce a debate organized like a slope
with the “moral other” at the bottom and barriers on it that stop
us from ever reaching the bottom. Through close examination of
how this slope works for the HGE debate, I hope that this book
produces greater understanding for its participants and thus an
improved debate.

The Human Gene Editing Debate. John H. Evans, Oxford University Press (2020). © Oxford University Press.
DOI: 10.1093/0s0/9780197519561.001.0001
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Historical and Future Barriers on
the HGE Slope

One of the goals of this book is to describe the past and cautiously
predict the future of the HGE debate. These predictions follow the
theory of slippery slopes and barriers in public bioethical debates
which was developed partly through examining the history of the
HGE debate. To recap this history, the earliest debate in the 1950s
was that of the eugenicists, and it was not organized like a slope.
By the early 1970s the slope began to form, with somatic gene
therapy at the top and germline enhancement at the bottom. Two
barriers were also created. One barrier was the disease/enhance-
ment barrier, which separated the then obvious cases of mono-
genic inherited diseases like sickle cell from the eugenicists dream
of improving the intelligence of the human species. The other was
the somatic/germline barrier that separated modifying the genes
within the body of an existing person and modifying the genes of
the human species.

The disease/enhancement barrier was strong because the acts on
the two sides were utterly distinct. The only known and understood
genetic diseases were those that were the result of a single gene gone
wrong and which led to obvious disability in children. Downslope
were enhancements that were the result of many interacting genes
that were utterly not understood. With beneficence as an important
value in the debate, upslope was the clear and obvious suffering of
people with destructive genetic diseases, and below would be the
desire of parents wanting to make their child the smartest in the
class. Upslope was associated with medicine, downslope with the
Nazis. This was a powerful barrier until increasing scientific know-
ledge made possible the acts that were immediately on either side,
resulting in severe similarity vagueness.

The somatic/germline barrier was even stronger as the terrain it
divided was who would be modified—the existing human body or
the species. This barrier was also supported by influential values.
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Non-maleficence supported the barrier because with somatic the
effect of any mistake would end with the modified person’s death.
With germline (downslope) a mistake would go on to uncontrol-
lably impact the human species. Moreover, above the barrier was
following nature or God’s will, and below was trying to control na-
ture and/or God’s plan. These two barriers became institutional-
ized and were strong for a few decades, making it easy for somatic
gene therapy to proceed without fears that these applications would
somehow slide into the dystopian bottom of the slope.

The barriers were not to last forever. A new profession entered
the HGE debate named bioethics, and with the new profession
came emphasis on the importance of a few values: autonomy, be-
neficence, non-maleficence, and justice. The theologians slowly
became fewer in number, and the value of following nature or
God’s will was in decline. The somatic/germline barrier was
slowly weakened as people in the debate argued that the value of
beneficence justified not only acts above but also below the bar-
rier. Similarly, others argued that the value of autonomy made the
germline barrier obsolete because making children was reproduc-
tion, and parents should be able to determine the genetic qualities
their children will have.

Both of these arguments represent the more difficult way to fell
a barrier because they radically redefine a huge part of the slope.
The radicalness of these claims is one reason why the germline bar-
rier was still standing at the beginning of the 21st century. Also
contributing was the fact that few people were actually pushing
for germline HGE. The invention of PGD meant that almost an-
yone who was at risk of passing on a genetic disease to their chil-
dren could use PGD instead of the unknown and thus risky HGE.
Moreover, scientists could not even get somatic gene therapy to
work, so the idea of gene editing embryos remained fanciful.

The disease/enhancement barrier was weakened by increased
scientific knowledge and new innovations. When the barrier was
made, the only traits that were understood were so obviously



136 THE HUMAN GENE EDITING DEBATE

diseases that they were far, far above the barrier. “Enhancements”
were so hypothetical that they remained the eugenicists’ fantasies
of improving traits like intelligence and empathy of the human spe-
cies. But, by the 1980s, scientific innovation made it plausible to im-
agine intervening in traits that were close to the barrier. Scientists
were beginning to understand that some people did not “have” ge-
netic disease but had increased likelihood of developing diseases
not previously thought of as genetic (like heart disease). Genes were
also discovered that led to adult-onset diseases, further blurring the
disease concept.

Moreover, the first somatic trials of gene therapy were actu-
ally to genetically enhance the cells in a person’s body to fight
cancer—which hopelessly muddled any clear distinction between
disease and enhancement. Scholars in the debate did make various
attempts to derive a value that would justify a demarcation between
these different “disease” applications. Those attempts failed. That
all said, these barriers survived to the end of the century because,
despite decades of hope, scientists were still unable to get basic
somatic gene therapy to work for single-gene traits that were uni-
versally considered to be serious genetic diseases. Without success
in these consensual, somewhat understood, and severe diseases,
modifying the “diseases” in the gray zone near the barrier remained
too dangerous to pursue.

The invention of CRISPR technology at the start of the 21st
century made interventions seem possible, and therefore made
participants reconsider the viability of the long-standing barriers.
The values in the debate had continued to change so that now
there were few if any who would defend the idea of following na-
ture or God’s will, and instead the values were autonomy, benefi-
cence, non-maleficence, and justice. This was evident by the main
justification for maintaining the somatic/germline barrier, which
was that doing so supported non-maleficence because germline
was risky. This is very weak support because increasing scientific
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knowledge decreases risk and continually justifies moving beyond
the barrier.

I closely examined the report of the NASEM committee that
crystalized all the arguments against the barriers from previous
decades and advocated pushing over the somatic/germline barrier.
Previous decades had made it clear that the somatic/germline bar-
rier was flawed because it was not only “the species” that existed
downslope but “a baby” as well. Eugenicists of the 1950s were not
focused on individual babies, only the species, but since then the
field of reproductive medicine had developed that was only con-
cerned with individual babies not the species. Species modification
was an unavoidable and unintentional complication for those con-
cerned with individual babies.

Technological developments meant that just upslope of the
germline barrier was using PGD to avoid a trait like sickle cell
anemia and just below was using HGE to modify a reproductive
cell to avoid sickle cell anemia. Both technologies would impact
the child and the species to the same extent, so for the barrier to
hold, there would need to be a value that distinguished between
“selecting” offspring (PGD) and “modifying” offspring through
gene editing. A barrier could have remained between those two,
were there someone in the debate who would support the value of
following nature/God’s will (which would support selecting but not
modifying). Lacking such persons, there was extreme slipperiness
between the couples who could use PGD to avoid sickle cell and a
similarly motivated couple who could not use PGD and thus would
need HGE. This was enough to bring down the germline barrier.
The NASEM wanted to keep the barrier located at “serious disease,”
while acknowledging how vulnerable that barrier was to slippery
slope processes.

That was the end of my history, and it is that history I used to
identify the operation of the slope and barriers in the debate. I then
used what we learned about the previous barriers to both create
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hypothetical barriers further downslope that appear less vulnerable
to slippery slope processes and to evaluate downslope barriers that
have been identified by scholars in the debate.

Given that the barrier proposed by the NASEM cannot hold
after monogenic traits that are consensually considered to be
diseases are successfully addressed with HGE, I created a strong
barrier from the intellectual material in the NASEM report. While
our abilities remain limited to single-gene traits where only rare
variants are bad for you, the debate can rely upon the “most preva-
lent variant” barrier, where the most prevalent version of any gene
can be selected for or edited in. When technology evolves to allow
people to select or modify polygenic traits, the median trait barrier
is necessary. In the median trait barrier, parents will be allowed to
genetically modify their children (and by extension those children’s
descendants), but only by selecting or modifying reproductive cells
so that the resulting baby has the median score on a polygenic trait.
This is resistant to similarity or continuity vagueness because there
is only one median score.

The new barrier is supported by the value of “justice” or “fair-
ness.” Below the barrier are those applications that would give a
child social advantage, and above the barrier are applications that
would level the genetic playing field. Again, this is because to gain
social advantage you would have to be made above the median on
some trait, which is not allowed with this barrier. Becoming av-
erage does not provide social advantage.

While this barrier has a fairly solid design, it is still vulnerable to
the application of values that justify upslope acts to the acts below
the barrier. Beneficence is clearly a threat because if scientists dis-
cover a non-prevalent variant that protects against disease, they
would not be able to install it in someone’s child. Indeed, the re-
cent creation of Chinese twin girls who were supposedly given a
rare variant that makes them resistant to disease already violates
this barrier. Autonomy continues to be a threat as many de-
bate participants continue to argue that anything that has to do
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with creating children should be only subject to the autonomous
decisions of the prospective parents.

While I think that the median trait barrier is the strongest that
can be built on the upper part of the slope, I examine proposed and
hypothetical barriers further downslope. One very appealing bar-
rier has been based in claiming that anything that fulfills the goals
of medicine would be upslope, and those acts that do not are down-
slope. I conclude that this barrier would be susceptible to extreme
slippery slope processes. To take but one example, the medical pro-
fession is engaged in cosmetic bodily enhancement, so if that is a
goal of medicine, this barrier would be somewhere near the bottom
of the slope, because germline editing for bodily cosmetics would
be analogous to surgery.

In a second future scenario, biotechnology has improved to the
point where many female eggs can be produced using pluripo-
tent stem cells from the woman’s skin. When fertilized, this would
produce a large number of embryos that could have their genome
sequenced. This would result in a type of PGD where a couple could
identify the best embryo along some scale and gestate that one. If
this PGD on a hundred embryos were to encourage the dismantling
of the median trait barrier, and become common practice, the bar-
rier for PGD would be at what is possible—the parents could use
any combination of gene variants that they could themselves pro-
duce in a high number of tries. To place germline modification at
the same point of the slope would require the family genes barrier,
which would allow the modification to any set of variants that the
parents could have produced on their own. While the barrier it-
self is only moderately susceptible to slippery slope processes, and
being fairly supported by a set of remaining values, the barrier itself
would be very far down the slope.

If the family genes barrier were to not hold, further downslope is
the boundary of humanity barrier. In some future decade it may be
possible to identify gene variants in other species that were useful
to humans or variants that were just designed and synthesized.
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A barrier not subject to continuity or similarity vagueness could be
built at “the variant has existed in a human?”

Such a barrier would be supported by the value of following na-
ture/God, and nature/God has not yet resulted in any consequen-
tial gene sharing between humans and other life forms. It would
also be supported by the fact that nearly all cultures distinguish be-
tween humans and other life forms so strongly that scientists have
suspected that drawing these distinctions is part of our evolved
brain. As usual, this barrier would be threatened by beneficence
if there was some non-human animal gene that was beneficial to
humans, and by autonomy, which would justify these human/an-
imal chimeras on the grounds of reproductive freedom. I think that
this barrier may hold, but there is very little terrain below it.

The final barrier is the liberal eugenics barrier, and it is the log-
ical extension of the values used by the bioethics profession. With
this barrier parents could edit their children’s genes in any way they
wanted, as long as they did not harm anyone else in the process.
Many participants in the debate would assume this is the bottom
of the slope, but there is a small bit of terrain below where people
with power modify their offspring regardless of the effects on
others. This barrier is highly susceptible to slippery slope processes
because autonomy and harm remain elusive concepts. Despite its
instability, this barrier is supported by influential values such as po-
litical liberalism. In fact, this barrier is located at the bare minimum
in liberal democratic societies, which is itself built into the US legal
system, where you are generally allowed to do whatever you want as
long as you are not impinging upon others.

Can Any Barriers Hold?
While there was once consensus about the somatic/germline

and disease/enhancement barriers, the debate is now without
any agreed upon limits. I suggest a number of possible barriers.
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However, at each rewrite of this book, each barrier I described from
the germline barrier down the slope looked less and less stable.
Even barriers that were not susceptible to slippery slope processes
seemed particularly threatened by powerful values in this debate,
such as beneficence. In the presentations I have made on this pro-
ject, and in the informal review of the manuscript by colleagues,
no one identified strengths I had ignored—only more reasons why
a barrier could not hold. Moreover, I have not even mentioned an
additional pressure on any barrier, which is that even if the United
States creates barriers on the slope, another country will not, and
soon enough people will challenge why similarly situated people
who only differ in country of residence have differential ac-
cess to HGE. Therefore, while I originally thought I was carefully
describing how people in the debate could defend a barrier, I may
be carefully describing how each barrier will eventually fall in turn.
Time will tell.

Some scholars will agree with the latter interpretation and have
already written that we should give up on creating what I call
barriers on the slope, perhaps not because this is good, but because
no barrier will hold. I take that to be the position of Eric Juengst,
who concludes that “the emergence of enhancement applications
of gene editing is inevitable,” so “instead of trying to come to con-
sensus on incommensurable community worldviews and personal
values, perhaps it would be better to encourage the public to pre-
pare for a world in which gene-edited enhancements and occa-
sional inadvertent germ-line changes are a reality and to discuss the
human rights protections that the variegated inhabitants of such a
world will need !

We would then stop “policing science,” he continues, and
create a society where the onset of HGE will not result in
Gattaca. This would “turn the conversation toward more mun-
dane matters: combating genetic discrimination against both the
enhanced and the unenhanced, leveling playing fields by changing
the rules of our games rather than by excluding those who want to
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play, and living up to our commitment to treating people as moral
equals in spite of their biological diversity.

I would say that, before we give up on barriers—on limits—we
have to at least acknowledge that the task that Juengst calls for is
far, far more difficult than is “policing science” Implicitly, Juengst’s
dystopia is the liberal version of severe inequality, but creating a
world where people are not able to use the genetics of their chil-
dren to solidify advantage requires, essentially, eradicating struc-
tural inequality. We would need to make the United States more
like Denmark where the family you were born into has less of an ef-
fect on your life outcome—a noble goal, but certainly a much more
difficult task then passing a law restricting how people are allowed
to modify their children. As daunting as defending barriers appears
to be, it may be the easier way to forward your values.

Could Solid Barriers Be Anchored
by Authority?

I am sure you have noticed that the barrier and slope metaphor is
very concerned with rules and does not permit discretion or any
process where people could just come to a rough substantive com-
promise on, for example, what a disease is. This is because this is fo-
cused on US political culture. In Europe, it is possible that barriers
could survive, despite being vague with a slippery slope around
them, because those societies tend to trust expertise and judg-
ment. As a simple example, studies that focus on this difference be-
tween the United States and Europe would suggest that in Europe
people would be more willing to say that doctors can decide what a
disease is.?

But, that is not how American culture works. It has been noted
that “the United States relies on rules to control the exercise of of-
ficial judgement to a greater extent than any other industrialized
democracy;” and therefore “there is more need for objectivity than



CONCLUSION 143

in Britain or France” Moreover, in European countries, experts “are
trusted to exercise judgment wisely and fairly. In the United States,
they are expected to follow rules”’ It is part of the American DNA,
so to speak, to not trust the government. In particular, it is hard to
imagine Americans saying they would trust government officials to
make discretionary moral judgments. Barriers that are not suscep-
tible to slippery slope processes may not be agreed to by the public,
but they suggest that any official who adopts them for use by their
agency is not using their own values to make judgments.

A good example of government policymakers being able to use
their own judgment and discretion in defining disease is in the
United Kingdom, where the government has determined what a
“serious” genetic condition is, without actually precisely defining
serious. A couple can only obtain PGD if the condition they are
trying to avoid is on the list of the regulator, named the Human
Fertilisation and Embryology Authority. At present there are about
600 genetic conditions on their list. When they decide to allow a
new trait to be avoided with PGD they examine factors such as
“how serious the condition is” and “the testimony of people affected
by the condition.” Critics will note that the list includes “diseases”
like dwarfism and deafness.

A criterion such as “serious” is hopelessly susceptible to slippery
slope processes, but a society that trusts in experts and elites can
rely upon their opinion about seriousness to create a barrier that is
at least more resistant to slippage. Therefore, this analysis is more
relevant to the United States than it is to other countries.

Rejecting the Direction of the Slope

I have only been talking about the primary structure in the HGE de-
bate, which is a slippery slope down to Gattaca and the Brave New
World. It is important to remind ourselves that there are people
in the debate who have a different view of what would happen if
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technology continues to develop and more and more applications
are allowed. They do not see a dystopia at the end, but a utopia. For
these advocates, the slope does not go down but up. Every tech-
nological development and every rejection of a constraint on a
couple’s freedom is another step up toward the utopian top of the
slope. Such an advocate could write a book about the construction
of steps up the slope, not barriers stopping a slide down.

In the earliest years of the debate, the eugenicists would have
argued that the entire point of the debate was to climb the slope up
to the utopia where humans had transformed themselves into a su-
perior species. The eugenicists still exist in this debate, but now they
call themselves “transhumanists,” where the point is to rise above
the limitations of this version of the human and achieve humanity
2.0—an improved version of the species. They tend to downplay the
problems the critics identify and focus on how such a society would
be superior.

Consider transhumanist Nick Bostrom’s famous “Letter from
Utopia,” which is an argument in a form of a letter from future
humans in the genetically perfect society to the current limited
humans, trying to convince the present humans to perfect them-
selves. “Your body is a deathtrap” the writer implores, “you are
lucky to get seven decades of mobility,” which is “not sufficient to
get started in a serious way, much less to complete the journey”
Indeed, immortality is the goal because “any death prior to the heat
death of the universe is premature if your life is good.” The writer
implores the present day humans to “upgrade their cognition” be-
cause “your brain must grow beyond any genius of humankind, in
its special faculties as well as its general intelligence, so that you
may better learn, remember, and understand, and so that you may
apprehend your own beatitude.” Pleasure is universal in the trans-
humanist utopia after the species has been improved. “A few grains
of this magic ingredient are worth more than a king’s treasure, and
we have it aplenty here in Utopia. It pervades into everything we
do and everything we experience. We sprinkle it in our tea”® The
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transhumanists remind us that while I am describing the main-
stream public bioethical debate about HGE, there are others who
see the debate from a totally opposite perspective.

General Conclusions About Slippery Slopes
from the HGE Case

The case of HGE may offer insight into other debates. Like many
debates in liberal democratic societies, public bioethical debates
are set up as demarcating the limits of individual freedom, so typ-
ically they are structured as “up to this point you are free to do
as you wish, below this point is unethical and you are not free to
act” Consistent with the depiction of the vertical dimension in
Western culture, up is good (e.g., heaven above) and down is bad
(e.g., hell below). The continuum from good to bad is therefore
tilted with “up” representing the most meritorious act, and “down”
representing the most reprehensible act, creating a slope.

Debaters metaphorically step onto the top of the slope by
advocating the most meritorious act, but want to make sure they do
not slip down the slope to the unethical acts below—and certainly
not to the evil “other” rhetorically represented by the bottom of the
slope. The danger is that the slope is slippery because of the absence
of a barrier between the meritorious step and the one below it.
There are two reasons that a barrier does not exist. The first is “con-
tinuity vagueness,” when there can be no argument in the difference
between, say, 17 and 18. The second is “similarity vagueness,” where
distinction is not possible because of the only distinction that can
be made between the steps does not hold ethical weight (e.g., a di-
sease of the liver vs. a disease of the kidneys). Slipping is when the
consensus of what is ethical in the debate moves to the next step
down the slope.

The terrain of the slope will differ for each debate. In the abor-
tion debate the terrain has traditionally been fetal age and the
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motivation of the woman to have an abortion. In the HGE de-
bate the terrain at least initially was genetic trait and who would
be modified (the target). In the debate about aid in dying, the top
has been something like physician-assisted suicide for an elderly,
mentally competent patient who faces immanent death from an in-
curable disease that causes great suffering. At the bottom would be
euthanasia of people society decides are not of value. Public bioeth-
ical debate is particularly susceptible to slippery slopes because the
participants put a very heavy weight on logical consistency.

If two steps on the slope are too similar to distinguish, we must
ask, similar by what standard? Values justify actions at each loca-
tion on the slope, so for the debate to slip one step down the slope
requires that the two actions be the same according to the same
value. The values also define the terrain or what should be noticed
about the terrain. For example, if the only value was beneficence,
the genetic traits would be ordered by the suffering they cause. If
the only value was following nature, the genetic traits would be or-
dered by how “natural” they are.

Slippage on the slope can be stopped with the creation of a bar-
rier that separates two applications of HGE that cannot be made
the same. I identified a number of ways that a barrier can be felled,
with some being more difficult than others. A nearly insurmount-
able barrier is defined so that the applications on the two sides of
the barrier are not subject to continuity or similarity vagueness be-
cause the values that cover the debate provide inverse evaluations of
the acts on the terrain upslope and downslope. This is represented
by frame 1 in Figure 1.1.

The most difficult way to fell the barrier is to claim that a value
justifies not only the acts upslope of the barrier, and those just
below the barrier, but also the acts far below the barrier. An ex-
ample is the value of autonomy, which in the early 1990s was
argued to apply to acts far below the somatic/germline barrier,
to the use of germline for any desired trait. To argue against a
barrier like this requires explicitly or implicitly claiming that the
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values that had long held up the barrier are wrong—a more revo-
lutionary stance that is less likely to be successful. In the history of
the HGE debate, this method of felling a barrier always threatens,
but has never actually happened. Frame 2 in Figure 1.1 depicts a
barrier facing this threat.

A weaker barrier occurs when the terrain just below the barrier
is given a positive evaluation by the value that positively evaluates
the acts above the barrier. This is easier to accomplish because it
does not require declaring that the previous values in the debate are
wrong—only that a value that everyone otherwise agrees with has
slightly more expansive applications than previously recognized.
Since values define the terrain, this slightly redefines the terrain
right below the barrier, making it similar to that above, creating
either similarity or continuity vagueness. The vagueness results in
the debate slipping over the top of the barrier and justifying acts
immediately below. The barrier is then gone. Barriers that were
already very weak due to continuity or similarity vagueness (e.g.,
disease/enhancement) will quickly fall. Those otherwise not sus-
ceptible will require more effort (e.g., the somatic/germline bar-
rier). (Frame 3 of Figure 1.1.)

Slopes Where Downslope Actions Are Not
Yet Possible

I have not conducted a comparative analysis of slippery slopes in
another debate, but I can speculate about possible differences. I sus-
pect that upon systematic comparison we would find a difference
between debates where every act along the slope is currently pos-
sible and those where the downslope acts would require further
scientific innovation or knowledge. With abortion and euthanasia,
every location on the slope is currently possible, whereas with HGE
the lower locations require scientific developments to come to
fruition.
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A slope that requires innovation to get lower on the slope will
always have a “scientific reality” barrier that comes in strong and
weak forms. The strong form is the argument that we do not need
to worry about the acts far downslope because they will always be
impossible or are so many decades in the future that it is not worth
thinking about now. An example is arguing that the human traits
that people are interested in enhancing like intelligence, empathy,
and so on will always be mysterious with no clear genetic causa-
tion. Another example is arguing that even if we understood the
100 interacting genes that lead to what is called “intelligence,” it will
always be scientifically impossible to edit 100 genes at once. The
problem with the strong form of the scientific reality barrier is that
it crumbles with our advancing knowledge and is not anchored in
any values. Put differently, the barrier has no advocates, it is just
based in “facts”

In the HGE debate, the weak form of the scientific reality barrier
is often described in terms of safety. It is almost a mantra in these
debates over the past 50 years for participants to say that a partic-
ular application of HGE should not be implemented until it is safe
to do so. In fact, all of the post-CRISPR statements I reviewed at the
beginning of Chapter 3 generally say that we should not go beyond
the location of the germline barrier on the slope because it is not
safe. But, the danger for the debate is that this weak scientific reality
barrier is often the only barrier placed on the slope—particularly
by scientists, who often see safety as the primary or even the only
moral issue.

Like the strong version, this weak version of the scientific reality
barrier tends to fall with regularity because human knowledge is
advancing at such a rapid clip. The NASEM report deserves par-
ticular credit for not relying upon safety and for substantively
addressing the question of what should happen when our know-
ledge increases.

Defenders of the use of scientific reality barriers will point to the
fact that we cannot have precise ethical debates about technologies
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that do not yet exist. True enough. Ideally, when deciding where to
construct a barrier on the slope people should weigh the probability
of the scientific reality barrier crumbling. Of course, I am not the
first one to point out that if we treat the scientific reality barriers as
barriers beyond which we cannot look, then when they fall we will
not have prepared ourselves for the terrain below. At worst, the sci-
entific reality barriers take on an ideological purpose of obscuring
the scary bottom of the slope to increase the likelihood of moving
past barriers further upslope.

I suspect that slopes where the bottom is not yet possible gen-
erate stronger reactions because the nature of the bottom is actually
unknown. Will HGE be able to influence the morality of one’s chil-
dren? Will HGE be used to create a class of super-smart humans?
People can read their fears into the unknown, which offers more
reasons to avoid reaching the bottom. Contrast this to the case of
euthanasia, where it is fairly easy to see what would happen at the
bottom of the slope with the involuntary euthanasia of “socially
useless” individuals because this actually happened in the middle
of the last century in Nazi Germany.

Objectivity and Strong Barriers

The received wisdom in the field of science studies is that what is
considered a “fact” is that which seems to be the most distant from
human interpretation. It is notable that the barriers that I argue are
the least susceptible to continuity or similarity vagueness slippery
slope mechanisms are those built on what are considered to be ob-
jective facts about nature and not on human generated concepts.
For example, the somatic/germline barrier was based on the sci-
entific fact that somatic human cells do not move everywhere and
blend with the reproductive cells of the body. The cells in a human’s
liver, bone marrow, or brain do not merge with their sperm or
egg cells, and therefore the distinction between somatic HGE and
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germline HGE is based in biological reality. (That such a divide is
morally relevant is obviously a human construction.)

Similarly, it is a scientific fact that humans are extremely similar
genetically, with a few variants that make their bodies distinct from
others. It is then objectively true that there are some gene variants
that are more common than others, and therefore traits will tend to
exist in bell-shaped distributions. Even if how we value difference
is subjective, it does appear that there are biological outliers to any
trait we can come up with. Therefore, a barrier based on the fact
that there is going to be a median human on a trait will be fairly
strong.

Barriers that are not based in biological reality are weaker, pre-
sumably because they are based on human ideologies that change
rapidly, differ by subculture, and are more clearly based in the ex-
tremely imprecise medium of language. “Disease” and “harm” are
the best two examples. One problem with these objective, biology-
based barriers is that such objective distinctions are probably few
and far between, and therefore can only be placed in a few locations
on a slope. Indeed, in the last chapter I tried to come up with as
many downslope barriers as I could based on biological distinctions
and found few.

What Is to Be Done?
For the Participants in the Public Bioethical Debate

I would like participants in the public bioethical debate about
HGE to reconsider how they make their arguments by explicitly
considering the mechanisms identified in this book. Without
this change, arguments at best mislead the reader by implying
that the position taken is viable. At worst they give the reader a
false sense of security that they can walk onto the slope without
sliding.
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An ideal process would start with, first, deciding your true bar-
rier on the slope, which is inevitably based on your values. This is
how participants in the debate currently function—the point is to
come up with the most morally defensible barrier and then try to
convince others of it. My recommended second step deviates from
standard practice—acknowledge your true barrier and then ana-
lyze whether that barrier can hold.

To take the extreme case, let’s say your barrier is based on
allowing HGE for diseases but not enhancements. You have a def-
inition of disease because you have particular values, and thus you
have created a legitimate barrier—it is just a barrier that will not
survive in the pluralism of values that exists in the broader HGE
debate. The writer should then either state why their barrier based
on “disease” is not susceptible to the mechanisms I identify in this
book, or if it is susceptible, simply state that what is being offered is
a barrier that is not expected to survive.

For example, I think many debate participants would like for
the goals of medicine barrier to be defendable, because they think
what are current medical practices and norms roughly coincide
with their values. If what I say is correct, by the time we would get
that far downslope with our abilities, that barrier would not even be
strong enough to build in the first place, as the profession of med-
icine will be far beyond treating sickle cell anemia. Part of the ar-
gument of such a person would be to justify the goals of medicine
barrier, and part would be to argue that it is defensible. Similarly,
attention to my analysis would require acknowledgment that the
strong and weak scientific reality barriers are not barriers at all, but
rather just slide downslope as scientific knowledge increases.

Ideal practice in the debate would also start with describing
one’s barrier; acknowledging if it cannot hold; and if it cannot,
then explicitly abandoning it to support the most defensible bar-
rier upslope or downslope. If the practice of supporting a defen-
sible barrier instead of one’s ideal barrier were to take hold, this
would take participation in public bioethical debate another step
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away from academic purity and toward politics. But, this has always
been what separates public bioethical debate from fields like phi-
losophy. In philosophy the point would be to decide what should
be, in public bioethical debate the point is to decide what should be
given social and political constraints. In public bioethical debate,
the question to ask is: Why spend the time defending a position
that cannot hold?

For the General Public

Perhaps most readers of this book will not be participants in the
public bioethical debate. Ultimately, public bioethical debate is
supposed to contribute to policymaking that is done in the public’s
name, and the public is implicitly consenting to such policies. For
example, the National Institutes of Health, part of the executive
branch and controlled by our elected president, has a policy of not
supporting germline HGE. That policy is a (very) small part of what
you are voting for when you vote for our national elected officials
who appoint the head of the National Institutes of Health and other
decision-makers.

I hope that the lesson for the general public is to examine the
barriers being proposed for these policies and ask whether they are
viable. If the government proposes a barrier that cannot hold, and
you are opposed to the acts below that barrier, you should identify
the barrier as non-viable and say so. It is important that citizens,
like academics, find a defensible barrier and stick to it. This will
become even more important as our technological abilities with
HGE improve.
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broad ongoing participation and input by the public; and reliable oversight
mechanisms to prevent extension to uses other than preventing a serious
disease or condition” National Academies of Sciences, Engineering, and
Medicine (hereafter in notes NASEM) Human Genome Editing: Science,
Ethics, and Governance (Washington, DC: National Academies Press,
2017),7-8.

These are “availability of credible preclinical and/or clinical data on risks
and potential health benefits of the procedures; ongoing, rigorous over-
sight during clinical trials of the effects of the procedure on the health
and safety of the research participants; comprehensive plans for long-
term, multigenerational follow-up that still respect personal autonomy.”
NASEM, Human Genome Editing, 7-8.
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NASEM, Human Genome Editing, 7-8.

NASEM, Human Genome Editing, 6.

NASEM, Human Genome Editing, 111.

“Heritable genome editing is not the only way to accomplish this goal”
they write. “Other options include deciding not to have children; adopting
ababy; or using donated embryos, eggs, or sperm. These options, however,
do not allow both parents to have a genetic connection to their children,
which is of great importance to many people” NASEM, Human Genome
Editing, 113. The leaders of the NASEM committee continue to try to make
this subtle point clear to audiences. See Prashant Nair, “QnAs with Alta
Charo and George Church,” PNAS 114, no. 23 (2017): 5769-71; Richard
O. Hynes, Barry S. Coller, and Matthew Porteus, “Toward Responsible
Human Genome Editing,” JAMA 317, no. 18 (2017): 1829-30. It does not
seem to have been noticed by people responding to the report. See Peter
Sykora and Arthur Caplan, “The Council of Europe Should Not Reaffirm
the Ban on Germline Genome Editing in Humans,” EMBO Reports 18, no.
11 (2017): 1871-72; Eric T. Juengst, “Crowdsourcing the Moral Limits of
Human Gene Editing?” Hastings Center Report 47, no. 3 (2017): 15-23.

In supporting the point that many parents care deeply about genetic relat-
edness, the report states that “the desire for genetic relation is evidenced
by the fact that many prospective parents, faced with the choice between
foregoing genetically related children or risking the birth of a child with
a genetic illness, will choose to risk having an affected child” NASEM,
Human Genome Editing, 120. They could have followed up on this and
argued the HGE is beneficent to the children of parents who value genetic
relatedness so much that they put their children at physical risk of having
genetic disease. They did not.

NASEM, Human Genome Editing, 120.

“In other populations, the frequency of particular disease-causing
mutations may be high enough that there is a significant chance that
both prospective parents will be carriers of mutations in the same gene.
Examples include the tumor suppressor genes BRCA1 and BRCA2, which
increase the risk of breast and ovarian cancer even when inherited in a
single copy (because of loss of the unaffected copy of the gene) and Tay-
Sachs disease and other early-onset lysosomal storage diseases that are
caused by the inheritance of two copies of recessive mutations” NASEM,
Human Genome Editing, 114.

“As the survival of people with severe recessive diseases like cystic fibrosis,
sickle-cell anemia, thalassemia, and lysosomal storage diseases improves
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with advances in medical treatments, the possibility cannot be dismissed
that there will be an increase in the number of situations in which both
prospective parents are homozygous for a mutation. The societal and
medical pressures faced by these people often bring them together in
social groups where they are more likely to interact and develop close
relationships. Similar associations can develop among patients with au-
tosomal dominant genetic diseases that allow development to reproduc-
tive age (e.g., achondroplasia, osteogenesis imperfecta), again increasing
the likelihood of transmitting disease alleles. As our ability to treat chil-
dren and adults with serious genetic diseases improves ... there may be
a growing need to address concerns potential parents might have about
passing along these diseases to their children” NASEM, Human Genome
Editing, 114.

NASEM, Human Genome Editing, 115.

NASEM, Human Genome Editing, 115.

Eric Lander of the Broad Institute of Harvard and MIT pointed out that
for recessive diseases, with PGD 75% of embryos would not have the di-
sease, so finding an embryo to implant is generally not a problem. For the
more rare dominant diseases, when one parent is heterozygous (the most
common situation), 50% of embryos would be free of disease. (Lander
presentation, 19:58 minute mark.) His conclusion is that almost all such
couples can use PGD, although there may be some people who have bad
luck in only getting embryos with disease. This would be the case when one
parent is homozygous for a dominant disease or both parents are homozy-
gous for a recessive disease. But, as he wrote elsewhere, “such situations are
vanishingly rare for most monogenic diseases. For dominant Huntington’s
disease, for example, the total number of homozygous patients in the med-
ical literature is measured in dozens. For most recessive disorders, cases
are so infrequent (1 per 10,000 to 1 per million) that marriages between
two affected persons will hardly ever occur unless the two are brought to-
gether by the disorder itself” See Eric S. Lander, “Brave New Genome,”
New England Journal of Medicine 373, no. 1 (2015): 6.

NASEM, Human Genome Editing, 113. This point has been made by many
individuals in the HGE debate. For example, Sykora and Caplan state that
“for some, genetic engineering in fact provides a more ethical option as it
does not involve the destruction of embryos when it is done on germ cells
or stem-cell precursors of germ cells” Sykora and Caplan, “The Council
of Europe Should Not Reaffirm the Ban on Germline Genome Editing
in Humans,” 1871. Biologist George Church asks in the New England
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47.

48.

49.
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Journal of Medicine whether “we want to lose the moral high ground
on what would be a way of reducing abortions and losses of embryos?”
George Church, “Compelling Reasons for Repairing Human Germlines,”
New England Journal of Medicine 377, no. 20 (2017): 1910. In the words
of a group of French scholars, we may “have a moral duty to cure af-
fected human embryos instead of discarding them.” Julie Steffann et al.,
“Could Failure in Preimplantation Genetic Diagnosis Justify Editing the
Human Embryo Genome?” Cell Stem Cell no. 22 (2018): 481. To make a
massive generalization in the American context, the non-religious, liberal
Protestants, liberal Catholics, and most religious minorities tend to be less
concerned about embryonic life, and conservative Protestants and tradi-
tionalist Catholics are more concerned.

Paul Scherz, “The Mechanism and Applications of CRISPR-Cas9,” The
National Catholics Bioethics Quarterly Spring (2017): 34.

Scherz, “The Mechanism and Applications of CRISPR-Cas9,” 34. George
Church writes that “in 2004, a Vatican commission stated that ‘Germ line
genetic engineering with a therapeutic goal in man would in itself be ac-
ceptable ... in the stem cells that produce a man’s sperm, whereby he can
beget healthy offspring with his own seed by means of the conjugal act.”
Church, “Compelling Reasons for Repairing Human Germlines,” 1910.
Juengst, “Crowdsourcing the Moral Limits of Human Gene Editing?”
NASEM, Human Genome Editing, 147, 148.

Indeed, there are chapters of the report dedicated to the traditional
barriers in the debate—one on “somatic genome editing;” one on “herit-
able genome editing,” as well as one titled “enhancement.” There is not a
chapter titled “disease”

Elsewhere it is defined as “changes that alter what is ‘normal, whether for
humans as a whole or for a particular individual prior to enhancement”
They also review various definitions that typically concern “improvement”
and being unusual. For example, they write that “enhancement has been
variously defined as ‘boosting our capabilities beyond the species-typical
level or statistically normal range of functioning, ... ‘a nontherapeutic
intervention intended to improve or extend a human trait, ... or
‘improvements in the capacities of existing individuals or future gener-
Another definition they identify “focuses on interventions that
improve bodily condition or function beyond what is needed to restore or
sustain health” NASEM, Human Genome Editing, 137,138, 145.

NASEM, Human Genome Editing, 148-49.

NASEM, Human Genome Editing, 123.
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Allen Buchanan et al., From Chance to Choice: Genetics and Justice
(New York: Cambridge University Press, 2000), 81.

NASEM, Human Genome Editing, 150.

NASEM, Human Genome Editing, 7. My emphasis. This condition actually
ends with “with little or no evidence of adverse effects.” This second clause
is simply another call for only conducting germline HGE that is safe.

I am using trait in a very micro way. Each variant produces a unique trait
in the human body, even if these traits result in the same observable out-
come in the human body.

See the report on standards and guidelines for the interpretation of se-
quence variants by the American College of Medical Genetics and
Genomics and the Association of Molecular Pathology. When a medical
provider sequences a patient’s gene sequence at the location of known
disorders, like BRCAL for cancer, the laboratory classifies the variant as
pathogenic, likely pathogenic, uncertain significance, likely benign, or be-
nign. A vast majority of identified variants are benign, likely benign, or of
uncertain significance. The report states that “assessing the frequency of a
variant in a control or general population is useful in assessing its potential
pathogenicity” and that a frequency of over 5% is considered to be “stand
alone support” for a variant being benign for a rare Mendelian disorder.
Sue Richards et al., “Standards and Guidelines for the Interpretation of
Sequence Variants: A Joint Consensus Recommendation of the American
College of Medical Genetics and Genomics and the Association for
Molecular Pathology,” Genetics in Medicine 17, no. 5 (2015): 10.

Jackie Leach Scully, “Choice, Chance, and Acceptance; in Human
Flourishing in an Age of Gene Editing, ed. Erik Parens and Josephine
Johnston (New York: Oxford University Press, 2019), 143-56; Rosemarie
Garland-Thomson, “Welcoming the Unexpected,” in Human Flourishing
in an Age of Gene Editing, ed. Erik Parens and Josephine Johnston
(New York: Oxford University Press, 2019), 15-28.

“It is also possible, however, to envision the possibility of changing a gene
to a variant form that does not exist (or is rare) in the human gene pool
but has some property that could be viewed as an ‘enhancement’ since
it is predicted to have a beneficial effect. Such a change is a more rad-
ical step than that of replacing a disease-causing variant with a common
human variant known not to cause disease” NASEM, Human Genome
Editing, 139.

Google dictionary.

Dictionary.com.
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60. There is a feature of continuity vagueness slippery slopes that has not been

61.

discussed much in this literature, which is that it is much more possible
to create a compromise that can hold with continuity instead of similarity
vagueness. With similarity vagueness, which affects the disease/enhance-
ment distinction, it is not clear why one would draw a line between sus-
ceptibility to obesity vs. susceptibility to mental illness. With continuity
vagueness, the inability to set small differences is acknowledged while
pointing to the end points of the scale for which there is consensus. An ar-
bitrary compromise is then required and can be enforced as such. For ex-
ample, no one thinks that the average 9-year-old is capable of driving, and
everyone thinks that the average 21-year-old is capable of driving. In the
United States, age 16 is an arbitrary barrier, selected as a compromise, and
enforced, but nobody advocates setting the number at 9 or 25. The reason
practical compromise does not work for the gene editing debate is that, to
continue my metaphor, some would want it set at 9 (or less) and some at 25
(or more).

If this barrier were eventually made into policy, regulators might look
for the meaning of “prevalent” in related policies or institutionalized
meanings of the term in medicine and science. “Rare” is an antonym of
prevalent, and “rare disease” has been statutorily defined in many coun-
tries, including the United States and the European Union. For example,
in the European Union a “rare disease” is one found in less than 1 in 2,000
people (5/100ths of 1%). In the United States “rare” means “effects <200,000
people” When that was set by the government in 1984, this meant rare
was at 8/100ths of 1%. With population growth, today this would mean 6/
100ths of 1%. A study that searched for definitions across world organiza-
tions found an average definition of rare disease of 1 in 2,500. See Trevor
Richter et al., “Rare Disease Terminology and Definitions—A Systematic
Global Review: Report of the ISPOR Rare Disease Special Interest Group,”
Value in Health 18 (2015): 906-14.

If “prevalent” was then taken to mean “not rare,” by this definition people
could look through the human population for advantageous variants found
in greater than 5/100ths of 1% of the population. While I do not think
geneticists have reached any conclusions, there may well be advantageous
variants that are found in 6/100ths of 1% of the population, which would
make this definition not fit with the value of fairness as defined earlier.

There are other uses of the word “common” in genetic science, but there
does not seem to be agreement on the meaning of the term. For example,
a recent review of GWAS states that they are going to “arbitrarily” make a



62.

63.

64.

65.

NOTES 173

definition where “common variants” are those found in greater than 1%
of the population and “rare variants” are those found in less than 1%. See
Peter M. Visscher et al., “10 Years of GWAS Discovery: Biology, Function,
and Translation,” American Journal of Human Genetics 101 (2017): 6. If
the barrier was built on this definition, and he was limited to installing
variants found in 1% of the population, this would certainly give less op-
portunity for producing social advantage than the 5/100ths of 1% criteria
suggested by the European Union definition of rare disease but could still
provide traits that were socially advantageous.

Centers for Disease Control, “Malaria,” https://www.cdc.gov/parasites/
malaria/index.html. Additionally, at present, most population databases
in wealthy Western countries reflect the racial makeup of the advantaged
population, which can be described as “Euro-centric data sets” However,
there are already racially and geographically diverse databases that can be
searched. For example, the recently published standards for defining gene
variants suggests searching three databases. One is the 1000 Genomes
Project, which is a compendium of analyses of 2,504 genomes from 26 ge-
ographically dispersed populations from five continental regions. (As ex-
pected, the project concludes that given human origins in Africa, and that
a very small group of humans apparently left Africa to be the ancestors of
everyone else, “most of the world’s variation between humans occurs in
sub-Saharan populations” Ewan Birney and Nicole Soranzo, “The End of
the Start for Population Sequencing,” Nature 526 (2015): 53. I assume that
by the time any of this technology is possible, which will be many years
from now, these gene-sequence databases will contain more and more
data and be more and more representative of the population in which they
are based.

Population genetics results show that “variants present at 10% and above
across the entire sample are almost all found in all of the populations
studied. By contrast, 17% of low-frequency variants in the range 0.5-5%
were observed in a single ancestry group, and 53% of rare variants at 0.5%
were observed in a single population” 1000 Genomes Project Consortium,
“An Integrated Map of Genetic Variation from 1,092 Human Genomes,”
Nature 491 (2012): 58.

In Paul Ramsey, Fabricated Man: The Ethics of Genetic Control (New
Haven, CT: Yale University Press, 1970), 1.

Andrew et al. Wood, “Defining the Role of Common Variation in the
Genomic and Biological Architecture of Adult Human Height,” Nature
Genetics 46, no. 11 (2014): 1173.
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Dalton Conley and Jason Fletcher, The Genome Factor: What the Social
Genomics Revolution Reveals About Ourselves, Our History, and the Future
(Princeton, NJ: Princeton University Press, 2017), 43fF.

Visscher et al., “10 Years of GWAS Discovery,” 8.

Conley and Fletcher, The Genome Factor, 55-56, 171.

Conley and Fletcher, The Genome Factor, 172. For a list of technical
requirements needed for this technology to come to pass, see Henry T.
Greely, The End of Sex and the Future of Human Reproduction (Cambridge,
MA: Harvard University Press, 2016), Ch. 7.

Daniel J. Schaid, Wenan Chen, and Nicholas B. Larson, “From Genome-
Wide Associations to Candidate Causal Variants by Statistical Fine-
Mapping,” Nature Reviews Genetics 19 (2018): 491-504.

In selection via PGD, we know that the variants produce a functioning
human because the parents produced them. To avoid modifications
that produce combinations that have not existed in humans before,
parents could modify the variants to make the baby as close to the me-
dian actual existing human in the database used to create the scale. For
non-continuous scales like “educational attainment,” there will be many
different combinations that could be used to produce a predicted median
score of 16 years, for example.

People could argue for the use of mean (average), which is different than
the median by incorporating information about the magnitude of dif-
ference between people. For example, in a population of three people
with educational attainment of 8, 12, and 16 years, the median is 12 and
the mean is 12. But, if the final person above did not have 16 but rather
19 years of education (perhaps they went to law school), the median would
still be 12, but the mean would be 13. If you were allowed to modify your
embryo to give it the mean of 13, it would no longer be exactly between ad-
vantage and disadvantage, but would have an advantage over the bottom
50% of the people in the distribution (i.e., below the median of 12). This is
inconsistent with fairness as I describe it.

Mode is the most common value in a distribution but would be an even
worse fit with fairness. Imagine a fairly flat distribution of a scale from 1 to
100, where each value has two people in it, except for 27, which has 3. The
mode would be 27 and the median 50. This would mean that people at 34
could not use HGE to “level the playing field” but could only make them-
selves worse. This also does not fit with the overarching value of fairness.
This objectively defined barrier for the polygenic context would, like the
most prevalent variant barrier, not define or give a valuation for traits and
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rely upon the biological fact that more prevalent variants will tend to result
in a more ordinary body. That is, we would revert to the most prevalent
variant barrier I identified earlier but applied to as many genes as a person
wants. Specifically, imagine a couple that is aware of the variants that com-
prise different levels of the polygenic educational attainment score. They
could use gene editing to change any one or more of those genes in the
score to the most prevalent version in the population. Similarly, they could
use PGD to select the embryo that had the most prevalent scores averaged
across all the genes tested in the embryo. This barrier would not be suscep-
tible to either continuity or similarity vagueness because there is only one
most prevalent variant of each gene in a population and, unlike the me-
dian trait barrier, there is no consideration of what is valued as higher and
lower which the median trait measure depends upon. This barrier would
be defined only by the objective fact of the distribution of variants in the
population.

What this barrier gains in design strength, it may lose in a fuzzier con-
nection to the value of fairness, resulting in cases labeled as “fair” being
on both sides of the barrier. The size of the trade-off between the median
trait and this more objective barrier depends on how far selecting the most
prevalent version of every gene in a polygenic score puts you from the me-
dian of the polygenic risk score. There is a gap because genes are not addi-
tive, with each resulting in a 1% “improvement;” (for example) but rather
are highly interactive and non-linear in ways that nobody understands.

For example, imagine that people whose children would be disadvan-
taged in educational attainment want to use the polygenic scale with a
median of 50 to level the playing field for their children. They would oth-
erwise produce a child with a 30, but changing each of the genes in the
scale to the most prevalent variant only gets them to 40 on the scale—not
a perfectly level playing field. That said, presumably polygenic scores
found toward the ends of the continuum are unusual and therefore are
caused by unusual gene variants. Thus, allowing people to modify or se-
lect the most prevalent of any gene they wanted would generally push
outcomes toward the middle of the scale, resulting in a general ten-
dency to level the playing field and the inability to gain social advantage.
Whether people in some future debate would want to rely only on the
more solid “polygenic most prevalent variant” barrier will depend upon
how close the most prevalent variants of all of the components of scales
that people want are to the median outcome on a trait. To my knowledge,
this is all quite unknown.



176 NOTES

74.

75.

76.
77.
78.
79.
80.
81.
82.
83.

84.

85.

A final possible definition of this barrier suffers from the same
problem. We could identify the most common combination of variants
in the population used to make the polygenic scale, identifying the ge-
netically median human on that trait. It could be that 10% of all people
in the population have the exact same combination of 100 variants that
predict height, and this combination could be considered the most prev-
alent. For example, imagine that there are only three genes in a polygenic
score, and that each gene has only three variants: A, B, C for the first; D,
E, F for the second, and G, H, I for the third. Person 1 is A, D, L. Person
21is A, E, I. Person 3 is A, D, I. Person 4 is A, D, H and Person 5 is A, D,
L. If there were only these five people in the population, the most preva-
lent combination would be A, D, I. This would be the median human on
the genes measured by the score. This basic example could be expanded
to hundreds of genes with hundreds of variants for each for a million
people to make a population with which to calculate the most prevalent
combination. This version would not be as tight a fit with the value of
fairness because what we could call “the median human” in variants may
not have the median trait, which is what matters for social outcomes.
Herbert McClosky and John Zaller, The American Ethos: Public Attitudes
Toward Capitalism and Democracy (Cambridge, MA: Harvard University
Press, 1984), 66, 83.

Neil Gross, Why Are Professors Liberal and Why Do Conservatives Care?
(Cambridge, MA: Harvard University Press, 2013).

“On Human Gene Editing: International Summit Statement.”

Buchanan et al., From Chance to Choice.

Buchanan et al., From Chance to Choice, 64, 81.

Buchanan et al., From Chance to Choice, 82.

Center for Genetics and Society, Open Letter.

NASEM, Human Genome Editing, 150.

Lander, “Brave New Genome,” 6-7.

Patrick Prag and Melinda C. Mills, “Assisted Reproductive Technology
in Europe: Usage and Regulation in the Context of Cross-Border
Reproductive Care,” in Childlessness in Europe: Contexts, Causes, and
Consequences, ed. Michaela Kreyenfeld and Dirk Konietzka, 289-309
(Cham, Switzerland: Springer, 2017), 296.

Andrew P. Wilper et al., “Health Insurance and Morality in US Adults,
American Journal of Public Health 99, no. 12 (2009): 2289, 2294.

Sara J. Solnick and David Hemenway, “Is More Always Better?: A Survey
on Positional Concerns,” Journal of Economics Behavior and Organization
37(1998):373-83.
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John Harris, Enhancing Evolution: The Ethical Case for Making Better
People (Princeton, NJ: Princeton University Press, 2007), 62.

Julian Savulescu, “Procreative Beneficence: Why We Should Select the
Best Children,” Bioethics 15, nos. 5-6 (2001): 425.

John A. Robertson, “Procreative Liberty in the Era of Genomics,
American Journal of Law and Medicine 29 (2003): 444, 445.

Chapter 4

. Marilynn Marchione, “Chinese Researcher Claims First Gene-Edited

Babies,” Associated Press, November 26, 2018.

. John H. Evans, The History and Future of Bioethics: A Sociological View

(New York: Oxford University Press, 2012).

»

. Erik Parens, “Is Better Always Good? The Enhancement Project in

Enhancing Human Traits: Ethical and Social Implications, ed. Erik Parens
(Washington, DC: Georgetown University Press, 1998), S3.

. Eric T. Juengst, “Can Enhancement Be Distinguished from Prevention in

Genetic Medicine,” Journal of Medicine and Philosophy 22 (1997): 131.

. Eric T. Juengst and Daniel Moseley, “Human Enhancement,” The Stanford

Encyclopedia of Philosophy, http://plato.stanford.edu/archives/sum2015/
entries/enhancement 2015.

. Juengst and Moseley, “Human Enhancement.”
. Peter Conrad, The Medicalization of Society: On the Transformation

of Human Conditions into Treatable Disorders (Baltimore, MD: Johns
Hopkins University Press, 2007).

. Juengst and Moseley, “Human Enhancement”
. Nicolas Rivron et al., “Debate Ethics of Embryo Models from Stem Cells,”

Nature 564 (2018): 183-85.

Henry T. Greely, The End of Sex and the Future of Human Reproduction
(Cambridge, MA: Harvard University Press, 2016), Ch. 8.

Sonia M. Suter, “The Tyranny of Choice: Reproductive Selection in the
Future,” Journal of Law and Biosciences 5 (2018): 277, 2871f. On pages 278
to 282 the author also gives a nice summary of what would provide the
grease on the slippery slope toward expansion of this technology, such as
pressure from insurance companies, claims about “responsible parent-
hood,” legal concerns of fertility clinics, cultural notions that choice and
control are always better, and much more.

In a 2009 article I reported that the website of the Association of
Reproductive Health Professionals had defined enhancement as
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when “a couple would like to endow their child with genes that neither
member of the couple possesses.”John H. Evans and Cynthia E. Schairer,
“Bioethics and Human Genetic Engineering,” in Handbook of Genetics and
Society: Mapping the New Genomic Era, ed. Paul Atkinson, Peter Glasner,
and Margaret Lock (London: Routledge, 2009), 355. This definition no
longer exists on their website.

The subtle difference is that users of WGS-PGD can select from among
embryos they produce after the probabilistic combination of the genes of
the two parents, and HGE would allow for a more expansive list of any
traits they could produce, given unlimited tries. At this point of our tech-
nological development, genetic scientists should presumably be able to
determine exactly which combinations on a polygenic index a couple is
capable of producing.

If a population geneticist were to conclude that the odds of this scenario
are not essentially zero, the definition of this barrier could be expanded to
the eight grandparents of the prospective parents with little impact on the
outcome.

Eric S. Lander, “Brave New Genome,” New England Journal of Medicine
373,no0.1(2015): 7.

Lander, “Brave New Genome,” 7.

Nicholas Agar, Humanitys End: Why We Should Reject Radical
Enhancement (Cambridge, MA: MIT Press, 2010), 17, 1.

Helen de Cruz and Johan de Smedt, “The Role of Intuitive Ontologies in
Scientific Understanding—The Case of Human Evolution,” Biology and
Philosophy 22 (2006): 352.

Cruz and Smedt, “The Role of Intuitive Ontologies in Scientific
Understanding,” 353.

To really get into the details, the public who uses this idea tends to think
that “made by” means created by God, one by one, and this barrier would
be inconsistent with this version of the value. Academics tend to think
that “made by” is more like “designed by;” which would be more consistent
with this value. John H. Evans, What Is a Human? What the Answers Mean
for Human Rights (New York: Oxford University Press, 2016), Ch. 2, 6.
Anna L. Peterson, Being Human: Ethics, Environment, and Our Place in the
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