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Abstract
In July 2018, the Nuffield Council of Bioethics released 
its long-awaited report on heritable genome editing 
(HGE). The Nuffield report was notable for finding that 
HGE could be morally permissible, even in cases of 
human enhancement. In this paper, we summarise the 
findings of the Nuffield Council report, critically examine 
the guiding principles they endorse and suggest ways 
in which the guiding principles could be strengthened. 
While we support the approach taken by the Nuffield 
Council, we argue that detailed consideration of the 
moral implications of genome editing yields much 
stronger conclusions than they draw. Rather than being 
merely ’morally permissible’, many instances of genome 
editing will be moral imperatives.

Introduction
Genome editing technologies have developed 
rapidly in the last few years, and point to a future 
where we can precisely edit the human germline. 
The most powerful gene editing technology is the 
CRISPR (Clustered Regularly Interspaced Short 
Palindromic Repeats)-Cas9 system. CRISPR-Cas9 is 
found naturally in bacteria, where it functions as a 
defence against viruses by cutting viral DNA into 
small, non-functional fragments. In 2012, a team at 
UC Berkeley showed that CRISPR-Cas9 could be 
modified in the lab, so that it could target virtu-
ally any DNA sequence.1 This allows researchers 
to cut effectively any part of the genome. Further-
more, once a DNA strand is broken, the cell’s own 
repair mechanisms could be recruited to delete, 
add or modify the sequence. In April 2015, it was 
announced that CRISPR had been used to make 
edits in human embryos for the first time.2 In 
August 2017, researchers in the USA used CRISPR 
to correct a mutation in human embryos that 
leads to a fatal heart condition—with virtually no 
off-target mutations.3  In November 2018, Dr He 
Jiankui announced that he had used the CRIS-
PR-Cas9 system to edit the genomes of twins Lulu 
and Nana, in an attempt to make them resistant to 
HIV.4 Although this has not been independently 
confirmed, if true, it would be the first use of 
genome editing for human reproduction. This 
attempt has largely been met with condemnation, 
including by one of the authors of this paper,5 due 
to its experimental nature and lack of consideration 
for the welfare of the children.  Such research has 
generated wide debate about the ethics of genome 
modification.

Genome editing of germ cells (embryos, sperm 
and egg cells) was initially very controversial and 
caused some to call for an outright ban on this 
application.6 Despite this, there has been a broad 

consensus among expert bodies that genome editing 
in research is morally permissible (see table  1 for 
summary). However, genome editing for reproduc-
tion, a practice called heritable gene editing (HGE), 
has been much more contentious.

In July 2018, the Nuffield Council on Bioethics 
released its report ‘Genome editing and human 
reproduction: social and ethical issues’.7 The 
report is significant for advocating an approach 
to the assessment of HGE based on ethical princi-
ples rather than applications. Any particular use of 
HGE could be morally permissible, provided it was 
consistent with promoting individual welfare and 
social solidarity.

In this paper, we critically analyse the approach 
taken by Nuffield report and its conclusions.

In the first section, The Nuffield Council’s report 
on genome editing and human reproduction, we 
provide a detailed summary of the Nuffield Coun-
cil’s approach. While we applaud the Nuffield 
Council report as a significant step forward in the 
debate, we argue there is room to build on and 
strengthen their approach. In the second section, 
Social harms and collective action problems, we 
suggest ways their guiding principles could be 
improved by removing an implicit asymmetry 
between the two principles. In the third section, 
Categorical limits and moral imperatives in HGE, 
we argue that the conclusions stated in the report 
do not go far enough. Some uses of HGE are not 
merely morally permissible but are moral impera-
tives, even beyond the treatment of disease. Finally, 
in the  section Governance and public attitudes, 
we examine the implications of recent attitudinal 
research by the Pew Centre which shows that the 
general public may support HGE for treatment but 
not enhancement.

The Nuffield Council’s report on genome 
editing and human reproduction
In 2016, following its report which looked at the 
ethical issues associated with genome editing more 
broadly (e.g., including food), the Nuffield Council 
of Bioethics formed a working group to 'examine 
ethical questions relating to the attempted influ-
ence of inherited characteristics in humans, in the 
light of the likely impact of genome editing tech-
nologies’. After 2 years of work, the working party 
released its report titled ‘Genome editing and 
human reproduction’.

The first two sections of the report contextualise 
HGE within its immediate potential role as a repro-
ductive technology used by individuals, its possible 
future applications and the social context in which 
those applications might evolve.
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The report states that genome editing in the context of repro-
duction must be situated against a background of increased 
genetic knowledge informing reproductive options. Increased 
knowledge about genetic differences has created an 'epistemic 
shift' revealing previous dichotomies between states of health 
and disease, and thus therapeutic and non-therapeutic applica-
tions, to be inadequate (p. 26). Even if one views HGE as only 
permissible within the context of 'therapeutic' applications, its 
position as a reproductive technology means that it cannot be 
viewed as straightforwardly therapeutic in the same way as other 
medical technologies. HGE is not therapeutic in the sense that 
nobody who is in a current state of disease is being treated, but 
nor is it straightforwardly preventative (because the risk could be 
addressed by not having children) (pp. 22–23). Genomic inter-
vention in reproduction is distinct from other human applica-
tions because it deals with possible persons rather than existing 
persons; it must be viewed as a means of fulfilling reproductive 
desires rather than a means of preventing disease (p. 47, foot-
note 143).

The report goes on to say that genetic information (that can 
be acquired by a number of technologies) places new responsi-
bilities on whether to act or not act on this information when 
considering reproduction. Prospective parents who wish to 
use this knowledge to avoid or ensure certain genetic variants 
in their offspring are seeking specific outcomes. They desire a 
specific kind of child, that is, one that is genetically related to 
them and does/does not have a specific trait, condition or char-
acteristic (p. 23). Existing assisted reproductive technologies, 
such as pre-implantation genetic diagnosis, provide one way for 
parents to pursue such goals, but rely on a sufficient abundance 
of embryos. If this is not possible, HGE may be more accept-
able than other means to achieve parenthood such as donated 
gametes, due to the strong preference many people have for 
genetically related offspring (p. 25).

The report next situates the development of genome editing 
within its technical possibilities and a social and political 
context. Here, the report highlights that genome editing should 
not be viewed in isolation as an 'innovation', but instead encour-
ages us to consider what a society in which it is widely available 
might look like. It outlines various strategies by which HGE 
might be deployed, including at the zygote stage on embryos 
created through in vitro fertilisation (IVF), and the possibility of 
creating modified gametes from induced pluripotent stem (iPS) 
cells instead of editing embryos directly (pp. 37–39).

There are a number of situations identified in the report where 
HGE may be the only option to create a genetically related child. 
These include the cases of Y-chromosome defects, or dominant 
conditions where one parent is homozygous (p. 45). More 
likely scenarios where HGE may be necessary are those where 
the chance of an unaffected embryo would be low to very low. 
For example, one or both parents may be heterozygous for a 
dominant condition, or cases where there are multiple undesired 
independently sorting variants (p. 45). Although not mentioned 
in the report, another circumstance where HGE might be the 
only option to create healthy genetically related children is when 
dominant de novo mutations occur in the germ cell line, such as 
within spermatogonial stem cells.

The report even raises the possibility of using HGE to avoid 
complex conditions that are common in populations and are 
difficult to avoid through selective approaches, because of the 
large numbers of genes involved (p. 46). Looking forward to a 
future in which HGE is widely available, the report envisages 
a wide range of possible applications. These include increased 
immunity and resistance to disease, tolerance for adverse 

environmental conditions (such as that of space), superabilities 
or other various factors such as the ability to make vitamins 
rather than having to consume them (p. 47).

The report notes that the social and political drivers for 
the development of this technology may initially be the use of 
embryos for ‘basic’ research. However, researchers cannot be 
morally insulated from the ethical implications of further uses 
that might develop from applied research (pp. 48–49). The 
report supports responsible research and innovation, encour-
aging reflection that may counteract technological momentum 
(p. 49). The use of genome editing in human reproduction has 
the potential to be socially transformative, and policy and regu-
lation will play a key role in how this transformation may play 
out. The report identifies three kinds of concerns about the inte-
gration of new technologies into the landscape: first, that we 
may simply ‘sleepwalk’ into a new world, due to uncontrolled 
technological momentum; second, that the technology may 
be subject to function creep, where its use expands in possibly 
morally troubling ways; and third, that we may be headed down 
a slippery slope with no reliable ethical or legal means to distin-
guish morally unacceptable applications from morally acceptable 
ones (p. 55). Identifying these concerns can help to recognise 
key points in the process where better governance and ethical 
reflection may play an even more important role.

The report's approach to the ethical issues surrounding HGE 
is largely framed around the concept of human rights and inter-
ests, with a view to the production of general principles. It exam-
ines the ethical issues through the lens of three different kinds 
of interests: (i) individuals directly affected by the technology 
(the parents and the future person), (ii) society, particularly those 
who may collaterally affected in less immediate and direct ways 
(such as people with genetic conditions) and (iii) the interests of 
humanity in general and future generations (p. 59). This exam-
ination concludes that ‘none of the considerations raised yields 
an ethical principle that would constitute a categorical reason to 
prohibit heritable genome editing interventions’ (p. xviii).

The report observes that, in terms of the interests of individ-
uals, the use of HGE must be balanced between the prospective 
parents' interests and the welfare of the future person that may 
result. Prospective parents often desire a child that is geneti-
cally related to them, for a variety of reasons, most of which 
are ‘felt as well as reasoned’ (p. 59). Nonetheless, it does not 
necessarily follow that these desires constitute any sort of moral 
claim to a genetically related child. However, the report looks at 
two reasons why individuals should be supported in their repro-
ductive projects. The first is from the view that procreation is a 
good, with a naturalist perspective seeing it as an essential part 
of human function and flourishing or the satisfaction of a natural 
human desire. More moderately, a view of procreation as a good 
can come from a recognition that social arrangements favour 
procreation. However, as the report concludes, it is distinctly 
difficult to position procreation as a good in itself (pp. 62–63). 
The second reason people should be supported in their repro-
ductive projects stems from a respect for procreative interests. 
These interests lead to both a negative right and a positive right, 
although the extent to which the latter is applicable is likely to 
be dependent on social context (pp. 63–64).

The reproductive interests of the parents must, however, be 
constrained by another set of interests: that of the future person. 
This, of course, raises issues such as the non-identity problem, 
which the report addresses in the following fashion. There are 
a number of possible children that exist in the form of mental 
images that the parents may have; as more and more decisions 
are made during the reproduction process, the diversity of these 
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possible children narrows to become closer to the nature of the 
actual future child. These decisions can be about various proper-
ties of the child, and such properties can include those relating 
to the child's levels of welfare. The parents bear responsibility 
for the state of affairs that result from their decisions, which 
carry moral weight (pp. 66–67). The report examines the extent 
and limits of this responsibility. It discusses arguments that have 
been put forward that (i) no genome editing is permissible (such 
as those autonomy-based arguments from Habermas), (ii) some 
genome editing is permissible (generally drawing a distinction 
between 'therapeutic' and 'enhancement' applications) and (iii) 
some genome editing is morally required (similar to the principle 
of procreative beneficence).

The report addresses a number of issues with all of these 
approaches. The first set of arguments raise the issue of genetic 
determinism, and the question of how genome editing can be 
sufficiently demarcated from other parenting strategies in a 
way that is morally coherent (p. 68). The second falls prey to 
the difficulty of distinguishing therapeutic applications from 
enhancement, including but not limited to disability rights and 
feminist critiques of the normativity implicit in any such argu-
ment (pp. 69–72). About the third, the report raises concerns 
about the application of this principle in practice, such as the 
ability to sufficiently and reliably identify genomic variants asso-
ciated with welfare, and the risk of the burden of expectation 
(p. 72). However, all these approaches inform the first principle 
that the report formulates: the use of genome editing technolo-
gies must secure and be consistent with the welfare of any future 
person that may be born as a result of those technologies (p. 75). 
This principle is necessary but not sufficient for any application 
of HGE to be morally permissible.

Principle 1: the welfare of the future person
Gametes or embryos that have been subject to genome editing 
procedures (or that are derived from cells that have been subject 
to such procedures) should be used only where the procedure is 
carried out in a manner and for a purpose that is intended to secure 
the welfare of and is consistent with the welfare of a person who 
may be born as a consequence of treatment using those cells.
 

It is notable that in the formulation of this principle, the Nuffield 
Council has specifically referenced a general approach focused 
on the welfare of the future person rather than any particular 
distinction between different applications of HGE, such as ‘ther-
apeutic’ versus ‘enhancement’. As the report itself notes, it is 
very difficult to draw a clear distinction between therapeutic 
and non-therapeutic applications and this approach sidesteps 
this difficulty. The report explicitly states that there is no a priori 
reason that applications beyond the prevention of disease would 
not also be consistent with the welfare of the future person (p. 
76). This is a significant step in opening the door for a variety of 
traits and characteristics to be considered for HGE. For example, 
this raises the possibility of actively including certain welfare-im-
proving characteristics, rather than limiting HGE to the removal 
of welfare-diminishing characteristics.

The report goes on to address the interests of society, noting 
that reproduction takes place in a social context. Reproductive 
behaviours already can change the composition of a society 
without deliberate coordination, but reproductive technologies 
allow for this with greater certainty (p. 78). Other people in 
society may be collaterally and indirectly affected by the use of 
HGE. The report highlights questions surrounding diversity, 
shifting norms, disability critiques, social virtues and equity and 
justice.

The report notes that it is possible that genome editing could 
lead to changes in the level of diversity within the population—
whether more or less would depend strongly on prevailing social 
factors (pp. 79–80). If the use of HGE becomes standard, this 
could lead to a shift in norms and the expectation of its use, 
which could decrease freedom. This can be reflected in current 
concerns around prenatal screening—what people typically do 
becomes what people should do, and thus what people feel pres-
sured to do (pp. 80–82). This follows on to disability critiques, 
such as the expressivist objection, which states that attempts to 
deselect or prevent disability expresses or presupposes a negative 
view of people with a disability. However, the Nuffield Council 
explicitly rejects this objection when it comes to genetic condi-
tions that significantly affect both quality and length of life (p. 
82). Another set of critiques is that HGE represents attempts to 
overcome fragility and weakness, which are in themselves a valu-
able part of the human condition and should not be removed. 
However, the difficulty with these approaches is that a person 
would have to value such fragility enough that they would be 
willing to impart it on their own children (pp. 82–85). Finally, 
the report considers the importance of equity and justice and 
concludes that HGE should be restricted so as not to result in 
unfair advantages for certain groups of people (pp. 85–86). This 
leads on to the second principle formulated in the report (p. 87).

Principle 2: social justice and solidarity
The use of gametes or embryos that have been subject to genome 
editing procedures (or that are derived from cells that have 
been subject to such procedures) should be permitted only in 
circumstances in which it cannot reasonably be expected to produce 
or exacerbate social division or the unmitigated marginalisation or 
disadvantage of groups within society.
 

The third set of interests that the report addresses is that of 
humanity and future generations. Potential adverse effects of 
HGE may only manifest themselves after several generations, 
and here the notion that we have responsibilities or moral 
obligations to future generations is key (p. 89). One perspec-
tive is that HGE could offer a means to remedy harms that 
have already been set in motion for future generations, such as 
runaway climate change (pp. 89–90). However, invoking the 
‘precautionary principle’ would suggest that the uncertainty 
and possible negative consequences of HGE mean that it should 
not be applied. However, as the report notes, this constitutes 
no reason not to continue research and the development of the 
technology as a means of hedging bets against future events (pp. 
90–91).

The report also addresses the relationship between HGE 
and transhumanism. Transhumanism is a concept that is closely 
linked to the emergence of technologies such as HGE. HGE 
could lead to the ‘self-overcoming’ of the human species to a 
grander, more capable species, and the report questions whether 
this constitutes a moral reason not to apply it. This may stem 
from a notion of a fundamental human dignity. HGE might be 
troubling because it threatens the integrity of human genetic 
inheritance (interference with the line of transmission that links 
the human family together) and the integrity of human genomic 
identity (distinguishing the human family from non-human 
beings) (p. 91). These concerns could be mitigated by replacing 
variants only with wild-type or typical variants, but of course 
the question of what is a wild-type or mutant variant is often 
value-laden in itself. The human genome is enormously varied, 
and many new variants are possible and likely to emerge. The 
report responds to this by stating that concerns about moving 
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the human genome away from wild-type variants are pruden-
tial, rather than a categorical moral reason not to do so (p. 92). 
However, questions remain surrounding justice and equity, and 
the possibility of schisms between the ‘gene-rich’ and the ‘gene-
poor’ (pp. 92–95).

The report concludes by stating that there are no categorical 
limits on the use of genome editing technologies, as long as (p. 
97):

►► They are not biologically reckless;
►► They are consistent with the welfare of future people;
►► They are not socially divisive;
►► They are not initiated without prior societal debate.
We applaud the Nuffield Council’s approach to HGE and 

think it is an important step forward in the debate. A strength 
of the approach is that it outlines quite specific moral principles 
rather than merely appealing to broad concepts—such as earlier 
reports.

For example, the National Academiy of Sciences (NAS) report 
on genome editing endorses the principle of:

Promoting well-being: the principle of promoting well-being 
supports providing benefit and preventing harm to those affected, 
often referred to in the bioethics literature as the principles of 
beneficence and nonmaleficence.

It is left unspecified whose well-being we should be promoting 
through genome editing, what the components of well-being/harm 
are and exactly how that principle should apply to genome editing. 
Nearly all people would freely endorse this principle (and many of 
the other principles relied on in the National Academy of sciences 
report), but might draw radically different conclusions regarding 
genome editing. In contrast, the Nuffield Council’s first principle 
is much more specific and the scope and force is clear.

Nonetheless, there is room to improve and build from the 
Nuffield Council’s approach. In the next section, we show how 
an asymmetry in the structure between the two guiding princi-
ples leads to counterintuitive implications for an important set 
of possible uses for HGE, and suggest ways their second prin-
ciple could be improved.

Social harms and collective action problems
The first guiding principle adopted by the Nuffield Council 
concerns its effect on individuals. The report draws on the 
term ‘welfare’, which is explained as 'a broader concept than 
well-being ("being well", ie, "healthy"). In this sense, psychoso-
cial welfare, and not just good health, is an important consid-
eration’ (p. 76). Genome editing is only morally permissible if 
it is 'carried out in a manner and for a purpose that is intended 
to secure the welfare of and is consistent with the welfare of a 
person who may be born' (p. 75).

A relatively broad range of ways in which individuals could be 
harmed or wronged is discussed in the report. This includes the 
effects of genome editing on one’s physical health, and people’s 
psychological well-being, including any state ‘that might give the 
future person reasonable grounds to reprove their parents’ (p. 96).

In contrast, principle 2—which looks at the social effects of 
genome editing—is quite specific. Genome editing would be 
impermissible if it were ‘to produce or exacerbate social division 
or the unmitigated marginalisation or disadvantage of groups’ 
(p. 87). But this principle seems to overlook the fact that there 
are many ways in which society could be made worse that do 
not involve the creation of social division or marginalisation. 
If everyone in society were to be made significantly worse off, 

but in a way that did not increase inequality (or even possibly 
decreased it), we would still most likely view this as an undesir-
able state of affairs.

One strand of arguments in the literature on genetic enhance-
ment centre on so-called ‘collective action problems’.8–10 In 
a collective action problem, one option is optimific from the 
perspective of an individual but results in collective harms if 
everyone pursues it. Imagine if it becomes possible to use HGE 
select for or against the predisposition to particular personality 
traits, such as extroversion. Extroversion is highly heritable11 
and associated with increased levels of subjective well-being.12 
Furthermore, recent studies have shown that mothers value 
extroversion in their children above other traits such as intelli-
gence and conscientiousness.13 It is therefore plausible that were 
parents able to access HGE to increase their chances of having 
an extroverted child, they would use it. This would be consis-
tent with both of the Nuffield Council’s guiding principles. As 
extroversion is associated with higher levels of subjective well-
being, such a change would be consistent with the welfare of the 
child. While decreasing the frequency of introverts in society 
might lead to increased division and marginalisation as they 
become ‘the odd one out’, this is not necessarily so (they might 
become more highly prized as they become rarer). At any rate, 
the wrongness of such selection should not depend entirely on 
the contingent response of individuals to the decreasing features 
of a trait such as introversion.

If HGE were to dramatically increase the rate of extroverts in 
society, there is a sense that this would make society imperson-
ally worse. Introverts contribute important forms of cognitive 
diversity which can benefit group problem solving.14 15 Having 
introverts in society can thus benefit many areas of life including 
achievement in the science and the arts.16

The ability of parents to target other characteristics through 
HGE, including height and innate immunity, could also lead to 
collective action problems.8 Such edits would be consistent with 
welfare of the child, yet if many people made those changes to 
their children, it could make society worse off in ways that do 
not necessarily involve increasing social division or marginalisa-
tion. If the average height of the population increased, this could 
increase the amount of resources that we use, and thus damage 
the environment. If many people selected similar immune genes 
for their children, this could leave us more susceptible to novel 
pathogens in the future.

This is not a criticism of the Nuffield Council’s report, as 
the type of HGE applications which could lead to collective 
problems are a long way off—and their consideration is not 
a pressing concern for the regulation of HGE now. However, 
reflection on them suggests ways in which the Nuffield report’s 
guiding principles could be improved. Namely, the second prin-
ciple should evoke a broader concept of social harm, analogous 
to the concept of welfare in the first principle.

Modified principle 2: social harms
The use of gametes or embryos that have been subject to genome 
editing procedures (or that are derived from cells that have 
been subject to such procedures) should be permitted only in 
circumstances in which it cannot reasonably be expected to produce 
or exacerbate social harms, including increased social division or 
the unmitigated marginalisation or disadvantage of groups within 
society.
 

While this principle loses some of the advantageous of spec-
ificity, it has the resources to respond to concerns relating to 
collective action problems.
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Categorical limits and moral imperatives in HGE
As stated above, the central conclusion of the Nuffield report on 
HGE was that there are no categorical limits on its use, provided 
applications are consistent with its guiding principles and 
preceded with broad public debate. We believe much stronger 
conclusions regarding the ethics of HGE can be drawn.

Technologies like HGE cannot be good or bad absolutely. We 
can speak of whether a particular application of a technology 
is good or bad, or whether their availability has good or bad 
effects on society—but technologies themselves are not the type 
of object to which the property of ‘good’ or ‘bad’ attaches.

The most basic ethical questions regarding HGE is therefore 
whether particular applications of it are good, bad, permissible, 
desirable, etc. In this section, we will examine some possible 
applications of HGE and show that rather than being merely 
morally permissible, some applications will be moral imperatives. 

Single gene disorders
A mark of success of medical genetics has been the diagnosis 
of the disease phenylketonuria (PKU) at birth. This is an inher-
ited metabolic disorder in which levels of the enzyme phenylal-
anine hydroxylase are lowered. This means individuals cannot 
metabolise the amino acid phenylalanine. In 1962, a test was 
devised that allowed PKU to be diagnosed through a blood 
test.17 The ‘heel prick test’ is now routinely given to infants as 
part of newborn screening. Those children who are identified 
as suffering from PKU are put on a low phenylalanine diet or 
else they will develop severe intellectual disability. This diet 
means no bread, pasta, soybeans, egg whites, meat, legumes, 
nuts, watercress and fish. Such an environmental intervention is 
demanding. There is always a risk that foods containing phenyl-
alanine will be consumed by mistake. The ubiquitous sweetener, 
aspartame, can cause a crisis.

Imagine an artificial enzyme was developed to replace phenyl-
alanine. If this was administered regularly it would allow 
sufferers of PKU to consume a normal diet. Such a cure would be 
hailed as a breakthrough. There would be a moral imperative to 
provide this cure, just as there is an imperative to provide blood 
transfusion for severe bleeding, and antibiotics for infection.

Now imagine that instead of getting a pharmaceutical 
company to manufacture the enzyme, we could get the body to 
manufacture it. By altering the DNA of someone with PKU, we 
could get a patient’s own cells to produce the missing enzyme, 
phenylalanine hydroxylase. There are many advantages to not 
relying on pharmaceutical companies. Production inside the 
body allows for a more targeted response and more accurate 
dosages. Furthermore, it removes all chance that a patient would 
be unable to access the treatment, such as when the company has 
supply chain problems.i

Just as there would be a moral imperative to provide a replace-
ment enzyme therapy for PKU, there would be an imperative 
to make safe genome edits which prevent PKU. If it becomes 
possible for carriers of the PKU mutation to prevent PKU in their 

i It should be noted that the parents of the affected child will need 
to access HGE again if they want to ensure any future children 
they have are also unaffected. Given the cost associated with 
HGE, this may be seen as creating a division between parents 
who can and cannot afford it. However, such issues of access 
already exist for parents of children with PKU, which can cost 
around US$10 000 per year for the medical food and formula. 
HGE will certainly be much cheaper than the cost of treating 
PKU over a lifetime—it could thus help reduce such inequities. 
For a more complete discussions, see Gyngell et al.43 We thank 
an anonymous reviewer for making us confront this issue.

future children through HGE, they will have an obligation to use 
this technology, in the same way they would have an obligation 
to use an enzyme replacement therapy.

Preimplantation genetic testing and HGE
The Nuffield report notes that in all but ‘extremely rare’ (p.44) 
cases, monogenic diseases like PKU can already be prevented 
through IVF in combination with preimplantation genetic testing 
(PGT), with the proviso that ‘it might not be reasonable to 
expect sufficient viable embryos with the characteristics sought 
to be available’ (p. 46). Let us try to put some numbers around 
the cases in which HGE would provide benefits over PGT in 
preventing single gene disorders due to a lack of viable embryos. 
In 2013 (the last year for which data are available), 18% of IVF 
cycles conducted in the UK produced only one viable embryo.18 
So, for every 100 couples who go through IVF with the intention 
of using PGT to avoid disease, approximately 18 will produce a 
single viable embryo. In 2016 (the last year for which there is 
data), there were roughly 700 cycles of PGT for genetic disease 
in the UK.19 So, every year in the UK, around 126 IVF cycles 
are conducted for PGT and only produce one viable embryo. 
In these cases, it will not be possible to use genetic selection to 
avoid diseases. As people choose to attempt to conceive children 
later and later in life, in part for educational and career reasons, 
there will be a greater and greater scarcity of embryos.

The most common scenario in which couples use PGT is when 
they are both are carriers for recessive conditions. In these cases, 
there is a 25% chance that an embryo will carry both copies 
of the disease-predisposing mutation. This would imply that 
there are 31 cases in the UK per year in which HGE could avoid 
genetic disease in an embryo which PGT cannot. However, this is 
likely a conservative estimate. When parents are homozygous for 
dominant conditions like Huntington’s disease, or cases where 
there are multiple undesirable independently sorting variants, 
the number of affected embryos will be closer to 50%. One IVF 
company is on record as estimate that 48% of embryos which 
undergo PGT are affected by a genetic condition,20 although this 
will vary clinic to clinic.

Extrapolating from the above numbers would imply that, 
worldwide, there are several hundred cases a year where HGE 
would be the only option to produce unaffected offspring.

While several hundred cases a year can be considered rare, 
it is not negligible. If a public health measure could reduce the 
incidence of serious disease by several hundred a year, then we 
would have strong reasons to implement it. It would not merely 
be ‘morally permissible’ to take such a measure, but something 
that we actively ought to do. Of course, in situations of limited 
resources we have reasons to prefer interventions that maximise 
benefit, but this does not negate the moral reasons we have to 
benefit the few.

In sum, the application of HGE to prevent of single gene 
disorders is a good application of technology, and something we 
have moral reasons to pursue. If it were possible to use HGE to 
prevent single gene disorders, there would be a moral imperative 
to use it for this purpose. Of course, given this application alone 
may not benefit a large number of people, it may not justify 
using limited health resources developing HGE which could 
be spent on more effective health measures. But HGE also has 
potential to prevent far more common causes of disease, as we 
will explain in the next section.

Polygenic diseases
Most diseases are not the result of just a few genetic changes. They 
are the result of many, sometimes hundreds, of genes combining 
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together with environmental effects. Such polygenic diseases 
are among the world’s biggest killers. Cardiovascular disease is 
emerging as the biggest cause of death in the low-income and 
middle-income world. Together deaths from chronic diseases in 
those under 70 years are responsible for approximately 30% of 
all deaths worldwide.21 In addition to causing pain and death 
to individuals, chronic diseases place a huge burden on national 
health systems, consuming resources that could be used else-
where. One study found that the healthcare cost associated with 
treating cardiovascular disease totalled €104 billion annually, for 
countries within the European Union.22

We know that there are genetic contributions to chronic 
diseases. Genome-wide association studies have identified at 
least 44 genes involved in diabetes23; 35 genes involved in coro-
nary artery disease24 and over 300 genes involved in common 
cancers.25

It is possible to differentiate between individuals based on 
their genetic risk of developing chronic diseases. Using next-gen-
eration sequencing technologies (like whole genome or whole 
exome sequencing), polymorphisms occurring across many 
genes can be tallied and weighted giving an individual a ‘poly-
genic risk score’ that reflects their genetic predispositions to 
develop particular diseases and traits. Individuals can then be 
stratified into different risk categories (such as high risk, medium 
risk and low risk) based on their polygenic risk score.26

As genome editing technologies can target many genes at one 
time, it may become possible to use them to alter an individual’s 
polygenic risk score at the embryonic stage,ii and shift individ-
uals from a high-risk category to a low-risk category.iiiiv

Alternatively, it will be possible for individuals who know they 
have a high polygenic risk to particular diseases to use HGE to 
alter their gametes to ensure they do not pass this high risk on 
to their children.

For example, by editing around 27 mutations associated with 
coronary heart disease, it would be possible to reduce an individ-
ual’s lifetime risk by 42%27; by editing 12 genetic variants one’s 
lifetime risk of bladder cancer could be reduced by almost 75%.28

This application cannot be achieved through current methods 
of genetic selection. Say a couple want to use PGT to select for 
15 different genes in an embryo, to reduce their likelihood of 
cardiovascular disease. Then they would need to create thou-
sands of embryos to make it sufficiently likely that one will have 
the right combination at all 15 loci. The chance of the couple 
having such an embryo would be <1% with traditional IVF and 
PGD.29

Given the massive disease burden caused by chronic diseases, 
we have strong moral reasons to develop technologies that 
reduce their incidence—whether these operate through genetic 
or environmental mechanisms. Imagine scientists develop a new 
technology which potentially could be incorporated into exhaust 
filters, and would drastically reduce the amount of air pollution 
cars emit. In cities where cars are fitted with the exhaust filter, 
the incidence of respiratory disease would be decreased by 40%.

ii This first require an embryo to be biopsied at very early stage 
(eg, two-cell or four-cell stage), to reduce risks of mosaicism.
iii This possibility was first brought to our attention by Roman 
Teo Oliynyk’s unpublished manuscript ‘Could future gene 
therapy prevent aging diseases?’44

iv In each of these case, there is a possibility that people in the 
low-risk group are overall worse off than those in the high-risk 
group, as the genes associated with high risk are beneficial in 
some other way. There will be a need for greater research into 
the overall effects of particular mutation before this application 
of HGE was undertaken.

There are clearly strong moral reasons to develop this tech-
nology and pursue its applications. Developing the exhaust filter 
is not merely something it would be permissible to do, but some-
thing that there is an imperative to do. The very same reasons 
apply to the development of HGE.

One might respond that the clear difference between this case 
and HGE, is that HGE makes heritable changes and will thus 
affect future generations. However, air pollution is a known 
epigenetic modifier,30 that is, it makes changes to gene expres-
sion which can be inherited by future generations.31 Hence, 
reducing air pollution could also affect future generations. Of 
course, we need to consider what the long-term effects of any 
changes will be. But if the likely effect of a genetic change in one 
generation is to reduce risk of disease in future generations, this 
seems only to strengthen the case in favour of those changes.

If HGE could make genetic changes which reduce risks of 
polygenic disease in current and future generations, there would 
be an imperative to use it. Obviously, this application is a long 
way away from being plausible, possibly decades. One major 
difficulty is that we do not understand polygenic scores well 
enough to accurately predict the effects of large-scale changes. 
Still, we have moral reasons to develop HGE with the inten-
tion of using them for this purpose. First, it will reduce rates of 
premature death and disability due to chronic disease. Second, 
the use of HGE to make the highest risk individuals the same 
as the lowest risk individuals will be equality-promoting. Third, 
using HGE to lower the incidence of chronic disease will also 
promote justice. As stated above, health systems spend billions 
in resources to treat and prevent chronic disease. Using HGE 
in germline cells will probably be a relatively cheap way (in the 
proximity of US$20 000) of reducing someone’s susceptibility to 
chronic diseases. In a world of limited resources, taking a more 
expensive therapy has the opportunity cost of preventing the 
treatment of someone else's disease. Justice requires we choose 
the most cost-effective option, other things being equal. If we do 
not invest in the most cost-effective option, we harm others who 
could use these resources.

Enhancement
Just as polygenic scores could in theory be used to reduce rates of 
complex disease, they can target complex traits like intelligence.

General intelligence—the ability to learn, reason and solve 
problems—is the best known predictor of education and occu-
pational outcomes.32

For decades, it has been known that around 50% of the observed 
variation in intelligence is due to genetic factors. A number of recent 
large studies have identified many polymorphisms, which help 
explain 20% of the heritable variation in intelligence.32

As with complex disease, using the polygenic scores it is 
possible to stratify the population into three board groups ‘high 
predisposition to high intelligence'; ‘medium predisposition to 
high intelligence’ and ‘low predisposition to high intelligence’. 
It will become theoretically possible to use HGE to shift indi-
viduals from the low or medium predisposition groups, into the 
high predisposition group.

Enhancing based on intelligence using polygenic scores would, 
in the words of the Nuffield report, be a form of enhancement 
that uses only 'wild-type’ variants (variants that already exist in 
the species) rather than a form of enhancing that goes beyond 
what currently exists in the species. In other words, it is a form 
of ‘normal range human enhancement’.33 While it may be 
possible in the future to enhance intelligence beyond levels that 
are currently observed in the species—such forms of enhance-
ment are much less feasible at present.
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Imagine a prenatal nutritional programme was developed, 
which was predicted to increase intelligence in children born 
with low innate predisposition to high intelligence. This would 
be seen as a breakthrough. We may soon be able to achieve the 
same with HGE.

One of the most intuitive concerns about technologies like 
germline engineering is the effect on equality. It is feared that 
germline engineering would only be available to the rich, and 
that it could widen the gap between rich and poor, adding 
biological advantages to already existing social ones. This is an 
important and complex issue, faced not just by genome editing 
but other goods like education. Ethically, we must take steps to 
ensure that the benefits and costs of HGE are evenly or fairly 
shared. As recognised by the Nuffield Council, this is not a 
reason to ban the technology, or fail to develop it, but a reason 
to ensure it is developed responsibly.

However, it is also possible to use HGE to directly improve 
equality, as the intelligence example shows. Nature is a biolog-
ical lottery which has no mind to fairness. Some are born gifted 
and talented, others with short painful lives or severe disabili-
ties. Currently, diet, education, special services and other social 
interventions are used to correct natural inequality. It may be 
that targeting combinations of genes is an effective means of 
promoting equality in education. For example, there are natural 
variations in people’s innate ability to learn how to read. This 
often matters little for people in higher socioeconomic groups, 
who can afford to spend extra time with their children teaching 
them how to read, or employ tutors, etc. However, for those 
in lower socioeconomic groups, this predisposition can leave 
them illiterate for life. While other measures could in theory no 
doubt remedy this inequity of outcomes, evening out the genetic 
starting point could prove the most effective way. This method 
would have the additional benefit of being passed to future 
generations. Genome editing could be used as a part of public 
healthcare for egalitarian reasons.

Boosting intelligence and other cognitive traits through HGE 
will be an ‘enhancement’, rather than disease prevention. As 
noted by the Nuffield report, this does not by itself reduce the 
moral reasons we have to pursue it. We have a moral imperative 
to use all reasonable means to produce equality in education.

Future generations and intergenerational justice
One of the key interests considered by the Nuffield Council 
report is that of future generations. It is crucial that the very long-
term consequences of developing or failing to develop HGE be 
considered. Humans often exhibit a cognitive bias towards the 
near future and neglect then how our actions may affect the very 
far future. This can distort our appraisal of technologies.

The obligations we have to future generations are often 
described in terms of intergenerational justice. We owe future 
generations the same considerations that we owe our contempo-
raries. We should not unnecessarily deplete the ozone layer, for 
example, if this will greatly harm future persons at an only small 
benefit to ourselves.

Some worry that by engaging in HGE we risk harming future 
generations by negatively altering our genome. There is no doubt 
that some application of HGE could harm future generations 
(e.g., see discussion of collective action problems in Section 3); 
however, such applications are not the inevitable consequences 
of the development of HGE, and can be mitigated or avoided.

Moreover, a deep engagement with the interests of future 
generations will show why there is strong moral imperative to 
develop HGE as a matter of intergenerational justice.34

Modern medicine is removing selection pressures that humans 
have historically been subjected to. This is increasing the rate of 
random mutations accumulating in the genome and poses a risk 
to future generations, as made clear by Michael Lynch in a 2016 
article in the journal Genetics:

What is exceptional about humans is the recent detachment 
from the challenges of the natural environment and the ability to 
modify phenotypic traits in ways that mitigate the fitness effects 
of mutations, for example, precision and personalized medicine. 
This results in a relaxation of selection against mildly deleterious 
mutations, including those magnifying the mutation rate itself. 
The long-term consequence of such effects is an expected genetic 
deterioration in the baseline human condition, potentially 
measurable on the timescale of a few generations in westernized 
societies.35

As we develop effective and accessible treatments for disease, 
we all but guarantee that the incidence of those diseases will 
increase in future generations. This is because mutations which 
arise that contribute to those diseases are no longer selected 
against.

For example, short sightedness (myopia) has been historically 
very rare because it was selected against in hunter-gatherer soci-
eties.36 Modern technologies such as glasses, contact lenses and 
Lasik eye surgery help correct such vision problems. In modern 
societies, those with naturally poor eyesight have the same 
fitness as those who have naturally good eyesight. This allows 
deleterious mutations to occur in the genes which influence 
vision and not be selected against. Rates of myopia are now over 
50% in many countries, making populations increasingly reliant 
on technology for this basic biological function. It is likely that 
reduced selection against poor vision has caused some of this 
increase. While it is easy to correct for myopia, the same process 
will allow mutations to accumulate in genes which influence 
other biological functions.

The percentage of people who require blood pressure medi-
cation,37 assisted reproductive technologies38 and have genetic 
predispositions to deafness, are all increasing. While social 
changes play a major role in these changes (eg, poor diet and 
sedentary lifestyle, delayed childbearing), biological factors also 
play an important part.39 40 In future generations, nearly all 
people may be reliant on technologies for these basic functions, 
as well as many others.

This will be bad for individuals, who become increasingly 
dependent on technologies for basic functions, and need to spend 
much of their time and money acquiring a range of therapeutic 
goods. Similarly, society will become burdened with spiralling 
healthcare costs. Furthermore, the consequence of natural disas-
ters will become much more severe if people are reliant on a 
variety of complex technologies whose supply can be disrupted.

Fortunately, there is a way for our descendants to avoid such 
a medicalised future. Using HGE, we could edit out disease-
causing mutations as they arise in our genome. This will allow 
our descendants to enjoy the same level of genetic health as we 
enjoy today.

Of course, many diseases have a lifestyle element—we have 
mentioned cardiovascular disease and infertility. Many resist 
using biological interventions to treat lifestyle problems. For 
example, it seems absurd to genetically modify human beings 
to be able to tolerate a diet consisting solely of foods with low 
nutritional value.

However, as we have argued, there are biological components 
to many contemporary diseases that are worthy of modification. 
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Moreover, even if such diseases were entirely lifestyle or social 
in origin, which intervention we ought to choose—modifying 
the biological, psychological, social or natural environment—
depends on the costs and benefits of the particular interven-
tion, and relevant moral values. For example, it may be possible 
to prevent skin cancer by avoiding exposure to the sun, or 
by increasing the production of melanin, or by increasing the 
capacity of our immune cells to attack skin cancers. Which we 
should choose depends on the context.

A common assumption in environmental ethics is that we have 
obligations to members of future generations. According to one 
principle of intergenerational justice, 'existing generations ought 
not act so as to worsen the position of future generations by 
depleting non-renewable resources with no compensatory action 
or recompense’.41

It is clear that the use of modern medicine is worsening the 
position of members of future generation, by allowing random 
mutations to occur to our genome. Fortunately, there is a straight-
forward compensatory action—developing HGE. This is not 
something that is merely permissible—but a moral imperative.

Governance and public attitudes
Ultimately, it is up to the public to make decisions about the 
ways genome editing can be applied. This is a guiding principle 
of liberal democracies. As noted by the Nuffield Council (p. 
162), before any changes are made to the laws governing HGE, 
broad and inclusive public debate is necessary.

We endorse this view, but wish to add that public debates 
surrounding HGE need to be supplemented by public educa-
tion initiatives. Making truly informed decisions about complex 
scientific matters requires people to understand science. A recent 
study by the Pew Study showed that 86% of Americans with high 
scientific knowledge approved of the use of HGE to prevent 
diseases that would be apparent at birth. This drops to 56% of 
people with low knowledge of science.42 Such research shows 
how familiarity with a subject matter shapes one’s view of it.

The Pew Research also shows a great divide between people 
who think HGE is permissible to prevent disease (72% for 
disease present at birth; 60% for later onset diseases) and those 
that think it is permissible for enhancement (18%). This is inter-
esting because as noted by the Nuffield Council, there seems 
not to be essential reasons as to why the use of HGE to prevent 
disease is different than its use for human enhancement. What 
is important is that any use be consistent with promoting indi-
vidual welfare, and does not negatively impact society.

Just as is the case with science, for people to make truly 
informed decision on ethical matters, ethical education is 
required. People should learn about concepts such as justice, 
freedom and well-being from an earlier age, and learn how to 
think critically about such topics. Only then can we truly make 
informed decisions about technologies like HGE.

Conclusion
Genome editing technologies are developing rapidly, and so too 
is our understanding of their moral implications. The consensus 
of various expert bodies on the ethical implications of genome 
editing has shifted in response to greater engagement with the 
underlying philosophical issues. This has been exemplified by 
the recent Nuffield Council report, ‘genome editing and human 
reproduction’. Rather than drawing arbitrary lines between 
different possible uses of HGE, the Nuffield Council report 
engages with the fundamental ethical principles that should 

guide our appraisal of genome editing—concerns for individ-
uals, for society as a whole and for future generations.

Nonetheless, we think deep engagement with underlying 
ethical issues of HGE yields much stronger conclusions than 
those drawn by the Nuffield Council. It will be ‘morally permis-
sible’ to engage in HGE and will be morally ‘required’ in some 
instances.

The human genome was created by a blind process of muta-
tion and selection occurring over thousands of generations. This 
process had no foresight for the creatures it would produce. 
This has resulted in vast natural inequality. The most extreme 
examples are single gene disorders, where some people become 
destined to a short life with much pain due to random quirks in 
their DNA. Others are born with high risks of chronic disease 
like heart disease and cancer. We ought to use powerful technol-
ogies like HGE to correct these inequalities and promote human 
flourishing. Such actions are moral imperatives.
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