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Biotechnological inventions have considerably advanced over the last decade. The 
improvement brought to light ethical issues related to these inventions. The ethical issues are 
broad — therefore, the research is narrowed to the ethics of genome editing in the EU. The 
ethical views of genome editing are developing alongside the betterment of science. Are 
human’s ethics towards genome editing unchanged? Is there a shift towards genome editing 
in specific cases? The research focuses on the view of the European Group on Ethics and its 
possible impact on biotechnological inventions based on genome editing. The first chapter 
explains the methods of genome editing and cross-cutting aspects of ethics. The second 
chapter focuses on the ethical issues of genome editing in plants, the third chapter maps the 
ethics of genome editing in animals, and the fourth chapter deliberates the ethics of genome 
editing in humans. The conclusion assesses the current ethics of genome editing in the EU 
derived from the Opinion of the European Group on Ethics. The article addresses legal issues 
related to genome editing within the EU. It discusses the prohibition of patenting bio-
technological inventions based on genome editing, analyzing the impact of ethical aspects 
on legislation in the fields of patents and biotechnology. Particular attention is given to the 
legal status of human embryos, laws on animal experimentation, and the regulation of 
genetic modifications in the context of biodiversity and bioethics.
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LEGAL AND ETHICAL PRINCIPLES OF GENOME EDITING IN THE EU

Introduction. Genome editing is a sensitive topic widely discussed over 
the world by governments, academics, and people in general. Currently, 
the discourse on genome editing is revivified due to the new technologies 
that might be used soon for the public good. Once again, technology ac-
celerates legal and ethical debates on topics which otherwise would stay 
untouched. The purpose of this article is to analyse the view of the Euro-
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pean Group on Ethics and its possible impact on 
biotechnological inventions based on genome ed-
iting. Generally, the inventions based on genome 
editing are prohibited from patenting. The prohi-
bition of genome editing related patents is a firm 
part of majority of European patent laws. Most 
European states allow patents for biological mate-
rial (including genes or gene sequences in some 
circumstances) and prohibits patents for methods 
of cloning humans, methods for modifying the hu-
man germline, use of embryos for industrial or com-
mercial purposes and methods for modifying ani-
mal genetic identity which may cause disease un-
less there is a significant medical utility for humans 
or animals. An almost identical wording is found 
in most of the 31 jurisdictions’ patent statutes. The-
se 31 jurisdictions are almost all European sta tes [1]. 
Unless these patent laws change, the probability of 
biotechnological patent based on genome editing 
is almost zero. The prohibition of genome editing 
related patents is largely influenced by ethics sur-
rounding this controversial topic and therefore 
ethics profoundly influence the legal aspects of pa-
tenting. The article discusses the Opinion on Ethics 
of Genome Editing [2] (further only as “the Opini-
on”) issued by the European Group on Ethics which 
is an independent advisory body of the President of 
the European Commission founded in 1991. 

Although, someone might argue that there are 
other legislations important for this research, such 
as The Convention on Biological Diversity (CBD), 
authors do not include it in the article because 
CBD) does not directly address the ethical aspects 
of genome editing but deals with related issues in 
the broader context of biodiversity protection, bio-
technology, and genetic resources. CBD deals with 
related issues in the broader context of biodiversity 
protection, biotechnology, and genetic resources. 
The article is divided into introduction, four chap-
ters and conclusion. Each chapter clarifies diffe rent 
ethical issues related to genome editing. The first 
chapter focuses on the terminology, methods of new 
technologies allowing to edit genome and cross-
cutting aspects forming the Opinion. The se cond 
chapter embarks on ethical issues of editing plants’ 
genome. The third chapter covers ethics of genome 
editing in animals and finally, the fourth chapter 
analyses ethical issues of genome editing in humans. 
The conclusion sums up ethics for each area. 

Terminology and the most influential aspects. The 
terminological clarification and methods of genome 
editing. The term genome editing “involves the mo-

dification of the genome” through targeted adding 
of, replacing of, or removing one or more DNA 
base pairs in the genome, regardless of whether the 
modification occur in a particular or non-coding 
region of the genome. Genome editing does not 
ne cessarily involve transgenesis — the transfer of 
genetic elements from an unrelated or non sexually 
related organism. Various new techniques allowing 
genome editing have emerged in last years. The tech-
niques used in genome editing are meant to be mo-
re precise than those which have in the past been 
used to genetically modify organisms, and include 
technologies such as CRISPR/CasX CRISPR stands 
for “clustered regularly interspaced short palind ro-
mic repeats”. (where X is usually a digit, e.g. 9), zinc 
finger nuclease (ZFN) ZFNs are a chain of zinc 
finger proteins fused to a bacterial nuclease, ca-
pable of making site specific double stranded DNA 
breaks, transcription activator-like-effector based 
nucleases (TALEN) TAJENs are restriction enzy-
mes that can be engineered to cut specific sequen-
ces of DNA.and meganucleases. Meganucleases are 
homing endonucleases that can be used to replace, 
eliminate, or modify target sequences of DNA.Ge-
nome editing is not to be taken to mean just a chan-
ge of the whole genome, but also a specific change 
(or set of changes) in the genome [2, p. 15-16]. 
The abandonment of the techniques spar ked a new 
discussion on ethics around the world. The Euro-
pean Union’s response to the new science deve-
lopment in genome editing is the Opinion. 

The cross-cutting aspects of ethics. The formation 
of ethics for genome editing is an ongoing process 
impacted by several factors. According to the Opi-
nion, these factors are a language used to commu-
nicate genome editing, naturalness, humanness, di-
versity, “safe enough” framing and governance. The 
language used to present and explain genome edit-
ing to the public is enormously influential towards 
the public perception of genome editing. Using the 
language with the religious undertone, such as 
“that scientists were not only able to “read” the 
«Book of Life»” (and “see” who we, as humans, 
are, such as in the context of the Human Genome 
Project in the 1990s and 2000s) but were now also 
able to “write” it and “edit” it, have an impact on 
people’s understandings and attitudes. Metaphors 
are important in guiding the general understanding 
of scientific advances and are believed to influence 
people’s views on the use of CRISPR/CasX [3]. 

As also the media play an important role in this, 
the specific terminology — and the metaphors — 
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used by media reports also have an impact on peo-
ple’s views and understandings, and not always in 
the ways intended by scientists. Regarding a tech-
nology such as CRJSPR/CasX, it is thus particu-
larly important for ethical reflection to pay careful 
attention to the words we use to describe the prob-
lem at hand. For science, bioethics, and the pub-
lic, a key question is also: how can our language be 
honest about the uncertainties in how we will de-
velop and use the technology, and what promise 
and risk its use holds, without employing terms 
that trigger gut reaction rather than thoughtful de-
liberation? [3]. Words may have consequences and 
they need to be used “responsibly” in order to help 
ensure that the public and public policy stakehol-
ders are well informed regarding this new techno-
logy, since words influence how we act upon and 
shape the world in which we live [4; 2, p. 15]. 

Naturalness and unnaturalness play important 
roles in the perception of genome editing in three 
dimensions. First dimension recognizes what is 
natural. “What is natural is often taken to be what 
is “normal”, or even self-evident, or indeed seen 
as in accordance with the laws of nature — through 
to natural law and natural rights as a bedrock of 
human rights”. Secondly, the natural is in a close 
connection (or in a generative tension) with the 
supernatural, the spiritual, the divine, the demiur-
gic, “the whole of creation” or “Mother Nature”. 
Thirdly, the natural stands in relation to its anti-
thetic or complementary notions, the cultural, the 
technical, the artificial, the “human-made”. Tho se 
three dimensions jointly foreground this key area 
of reflection: the role of humans — and of human-
ity — in relation to “Nature”, from alienation and 
emancipation through to belonging and interde-
pendence, from “masters and possessors” through 
to humility and inspiration, to stewardship and 
custodianship. Humanness or what means to be a 
human? The question hunting humans for centu-
ries. Ethics on genome editing gives humanness 
different meaning: “the human genome, taken as 
essential or foundational of humanness, becomes 
up for grabs” [2, p. 17]. 

Humanness also brings humanisation. What is 
humanisation? It is “ambiguous and may refer to 
several different dimensions: it may pertain to a 
sci entific/technical definition (e.g. changing re-
ceptor cells on organs of non-human beings into 
human ones or changing a given sequence of a 
gene into its human equivalent; thus mice modi-
fied to carry one or more human genes are often 

referred to as “humanised mice”) or it may refer to 
scenarios where cognitive capacity is modified 
(“enhanced”) to such an extent that species cate-
gories, or distinctions between human and animal, 
become blurred (or that new “between-species” 
categories are created). In the context of the Opi-
nion, a key question and concern is the following: 
when non-human beings could gain characteris-
tics normally associated with humans, what is their 
status and what are the rights and obligations that 
arise? In addition, when considering humanisa-
tion, it is also crucial to extend the reflection to its 
correlates: de humanisation and de-animalisation 
(or more broadly de-speciesation)” [2, p. 16-17]. 

The questions embedded in humanisation need 
to be asked through ethics of genome editing for all 
areas — plant, animals and humans. “Diversity” is 
commonly understood [5] as the richness and va-
riety of distinct objects or types, whether that be at 
the Ievel of genomes, organisms, species or eco-
systems. The Convention on Biological Diversity 
applies the definition as follows: “the variability 
among living organisms from all sources including, 
inter alia, terrestrial, marine, and other aquatic 
ecosystems and the ecological complexes of which 
they are a part; this includes diversity within spe-
cies and of ecosystems” [6]. Measures of diversity 
take into account not only the variety but also the 
commonness or rarity of a species, trait or object 
[2, p. 17]. Why is diversity important within ethics 
on genome editing? The answers lie in how diver-
sity serves the interests of humankind. In the eco-
logical sphere, evidence indicates that more diver-
se ecological communities are more stable and re-
silient than those that are less diverse [7]. A wider 
range of genes or species within an ecosystem im-
proves its functioning and adaptability. Humans 
benefit insofar as they are dependent on, and pro-
fit from, a flourishing natural world. For others, 
diversity derives its value from the presumption of 
an inherent or intrinsic value within all beings, that 
nature is worthy of moral consideration, and that 
this confers relevant obligations and duties [8].

Debates surrounding such propositions invoke 
notions of human responsibility towards non-hu-
man species, human custodianship over nature, as 
well as critiques of human hubris in our relation-
ship with non human life (commodification of na-
ture, “who are we to decide?” questions). An exa-
mination of humans’ responsibility towards other 
species must also consider human responsibility 
towards other humans. This is particularly relevant 
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in light of the potential of genome editing to im-
pact on the scope and nature of human genetic va-
riation [2, p. 18-20]. 

Safe enough framing is all about safety and risks 
of genome editing. According to the Opinion, the-
re are three perspectives of this framing. Firstly, 
the “safe enough” narrative correlates with the risk 
analysis framework and more particularly with the 
fraught notions of “zero risk” and of “acceptable 
risk”. The latter is problematic in several ways. We 
always take risks. Which risks we accept depends 
on the situation and the possible benefits. In this 
context, the “safe enough” narrative can lead us to 
falsely believe that if a technology is “safe enough” 
there are no risks. Further, what is considered “sa-
fe enough” is highly context dependent. What is 
needed instead is a consideration of the complete 
decision problem; to take sound, well-reasoned 
decisions; to look at both the pros and the cons; 
indeed, to consider not just the risks and costs but 
also the possible benefits, in the widest sense, and 
the distribution thereof [2, p. 20]. 

Secondly, there is also a fear that focusing solely 
on safe enough narrative becomes the alpha and 
omega, both the cop-out and the carte blanche as 
well as the tree that hides the forest. Thirdly, the 
“safe enough” framing is reminiscent of the “tech-
nological imperative”, the notion that “if it is tech-
nologically feasible then it ought to be done”. This 
eschews more ethically pressing questions such as 
whether genome editing is in fact necessary, ac-
ceptable, and under what conditions [2, p. 21]. 

The safety of genome editing must be guaran-
teed by somebody, in this instance, it is a govern-
ment. In fact, “safety” or “trustworthiness” do not 
pertain solely to technologies but also to institu-
tions and forms of governance in societies — in-
cluding matters of oversight as well as of democ-
racy and rule of law [2, p. 21]. 

Governance is a crucial and complicated aspect 
of genome editing. A first component is the state of 
the existing and emerging legislative and regulato-
ry approaches across the different purposes and do-
mains (humans, non-human animals, plants, mic-
roorganisms, gene drives). The most salient feature 
of the current situation is the lack of robust struc-
tures of global governance, as strikingly brought to 
light by the genome editing revelations at the end 
of 2018 [9; 2, p. 21]. There is an eminent need for 
a global governance system. Key questions with re-
gard to the different aspects of governance are: 
How are decisions to be made? Who decides and 

who ought to decide? These questions pertain to 
the geopolitical level (e.g. the strong influence of 
the USA and China in the global governance arena 
to date), to the disciplinary level (e.g. divisions and 
dominance of certain branches of science; prima-
cy of some natural scientific disciplines over other 
fields also in the humanities and social sciences), 
to the stakeholder level (the need for participatory 
approaches, questions of public trust), extending 
to the wider public (going beyond “present genera-
tions” and “political participation”) and anticipa-
tory governance. With respect to the collective ex-
periments in developing forms of governance of 
genome editing, across the globe, we should add-
ress how we can establish systems which can both 
monitor developments and enable to draw lessons 
(including mutual learning across different areas in 
the ethics and governance of sciences and tech-
nologies, such as “artificial intelligence”, GMOs, 
genome editing) [2, p. 22]. These aspects com-
bined create a unique start for an incredibly chal-
lenging task — formulating ethics on genome edi-
ting. All above mentioned questions must be asked 
and answered. 

Genome editing in plants. Modification of plants. 
Plants are a beautiful and useful part of nature. 
Plants provide us food, energy,  home, joy, shade, 
water. The progress of science also means the pro-
gress of plant’s research. Science provides almost 
unlimited power to modify our environment. The 
problem is no longer as to what ca n be done, but 
rather what should be done. The economic impact 
of choosing to use or not use plants produced using 
any new technologies is likely to be significant and 
should be addressed by public authorities and soci-
ety at large [2, p. 58]. The betterment of plants has 
been helping humankind for centuries. The first 
farmers would choose the seeds of plants that pro-
duced the most favourable traits, such as that with 
the most fruit, to plant in the following season. 
Scientists use different methods. Deliberately in-
duced mutations using chemicals or radiation or 
genetic modification by changes at random points 
within the genome of plants have been used for a 
long time to attempt to produce new (“improved”) 
varieties of plants [2, p. 58-60].

New plant varieties. Most commercially produ-
ced plants currently cultivated are the  results of de-
liberat e modification and subsequent selection. This 
process can (and does) take considerable time. New 
varieties are continuously being created that are bet-
ter suited than current varieties to the local condi-
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tions or have desired agronomic or other desired 
characteristics — to meet challenges including res-
ponding to anticipated consumer choice, longer 
shelf life of the products or to defeat weeds and 
pests. To meet “plant variety rights” rules for re gist-
ration as a new variety, the modified plants must be 
(i) new, (i.i) distinct (where they are clearly distin-
guishable from other known varieties), (iii) uni-
form and (iv) stable (characteristics are unchanged 
after repeated propagation). The effective lifetime 
of a new variety depends on the “crop” but is rela-
tively short, sometimes no more than five years. Ma-
ny of the plants obtained using new genetic tech no-
logies may not be suitable for particular agricultu-
ral conditions and will be crossed with appropriate 
varieties to further improve that which is actually 
used in production. “Traditional techniques” (in-
cluding mutagenesis) for producing new plant va-
rieties have received little press and almost universal 
acceptance within Europe. On the contrary, most 
EU Member States have resisted using varieties pro-
duced using “modern biotechnology” [2, p. 58-60]. 

Although, there is a little evidence of serious or 
irreversible damage to the widespread use of crops 
using genetically modified organisms in the rest of 
the world [2, p. 61], there is the precautionary app-
roach applied by Members of EU (further only as 
“Members”) that blocks the use of plant products 
containing the derivatives of GMOs — genetically 
modified organisms (further only as “GMOs”). 
When Members are so afraid to fully embrace these 
plant products, why do we want genome editing in 
plants? New varieties of plants are introduced into 
the market for many reasons, including improve-
ments in characteristics — yield, resistance to pests, 
adaption to particular or changing environments 
and even catering to the whims of consumers. 
Many changes can be accomplished by traditional 
farming methods that require crossing with related 
sexually compatible varieties, but this is a slow pro-
cess, requiring many generations. 

Understanding the impact of climate change, 
inc luding desertification, drought, or even excess 
water in particular climatic areas, provides an im-
petus for producing new varieties of plants that can 
be adapted to the changes. Genome editing pro-
vides greater precision than genetic modifications 
used for last 30 years as to the site of changes and 
makes it possible to (largely) accurately identify 
the position of modification in the genome, resul-
ting in greater precision in producing new varie-
ties, and hence more rapid introduction of new, 

“imp roved” varieties to the marketplace. New ge-
netic technologies provide systems for identifying 
the targets for disease-causing pests in plants and 
in ma ny instances the defence mechanisms deve-
loped by plants to attempt to mitigate disease. Ge-
nome editing could then be used to make the plants 
hardier and less susceptible to the many challenges 
which nature provides. Genome editing using 
CRISPR/CasX (Cas9, Cas12 or similar) has revo-
lutionised the tedious process by allowing accele-
ration of the initial selection process — already the 
process used in plants is a cheaper and much faster 
method for achieving the same ends. The system 
permits gene knock-out, deletion, insertions and 
even gene silencing [2, p. 65-67]. 

H ow do we regulate the new genome editing tech-
nologies in plants? In the European Union (fur ther 
only as — the EU), the plants products containing 
GMOs are regulated by Directive 2001/18/EC of 
the European Parliament and of the Council of 
12 March 2001 on the deliberate release into the en-
vironment of genetically modified organisms and 
repealing Council Directive 90/220/EEC (further 
only as — the GMO Directive). This directive is also 
applicable to the new genome editing technologies 
in plants. The definition of GMO according to art. 
2(2) Directive 2001/18/EC of the European Par-
liament and of the Council of 12 March 2001 on 
the deliberate release into the environment of ge-
netically modified organisms and repealing Coun-
cil Directive 90/220/EE is “genetically modified 
organism (GMO) means an organism, with the ex-
ception of human beings, in which the genetic ma-
terial has been altered in a way that does not occur 
naturally by mating and/or natural recombination”.

 Safety of genome editing in plants.  All agricultural 
products contain mechanisms developed by the 
plants as protection against predators. Some use spi-
nes or thorns, and many use various types of poi-
son [2, p. 69]. Almost all plants contain some toxins 
which in certain amounts can be harmful to hu-
man health. It is unlikely that a modification will 
have deliberately or incidentally introduced new 
toxins into a plant, but the introduction of new ge-
netic material will almost certainly result in a chan-
ge in the production of some chemicals by a plant — 
hence some form of risk assessment would normal-
ly be expected. Tests to ensure that toxicity remains 
within safe bounds would always be necessary for 
any new variety, regardless of the technology used 
in its production. What therefore constitutes safe? 
Is a new variety to be tested on the basis of “as safe as 
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that currently on the market”? Does the new varie-
ty have to be safer than that currently used? Sho uld 
the whole system, including chemicals used, land 
used and protection (or otherwise) of the agricul-
tural diversity be taken into account in deciding on 
safety? Should the requirement “based on an exa-
mination of the potential benefits and costs of ac-
tion or lack of action (including, where app ro pria-
te and feasible, an economic cost/benefit analy-
sis)” be part of this analysis of safety? [2, p. 70-71]. 

Safety as a part of ethics on genome editing in 
plants is hugely influenced by potential health risks 
not only for humans, for animals as well. Most of 
new varieties are meant to be used as food for live-
stock animals. Safety of new varieties containing 
GMOs might be the hardest obstacle towards the 
public acceptance of genome editing in plants.

Iden tification of plants with GMOs. In E U, there 
is a requirement of traceability of plants products 
containing GMOs due its yet unclear effect on hu-
mas. How can we achieve a well-functioning sys-
tem in which it would be possible to identify these 
products? The answer is unsatisfactory. Traceabi-
lity requirements apply in the EU, where the pro-
ducers of the plant or seed have to provide docu-
mentary evidence to show that a product contains, 
consists or is produced from a GM0 [35] . The cost 
could be considerable and non-European produ-
cers have to, but may not be willing to comply. How 
can the perceived concerns of the European con-
sumer be addressed? How do traceability criteria 
work given that the products are grown throughout 
the world, and if not regulated in one jurisdiction, 
may be used as the starting material for a host of new 
varieties? [2, p. 73]. The traceability system might 
work well in the EU with the EU based producers 
and maybe with producers outside of EU who would 
like to conduct business in the EU. The rest of the 
world might not co-operate at all. 

Biod iversity. The  impact of genome edited plants 
on the natural environment could be both positive 
and negative. If a gene inserted into a plant is trans-
ferred to natural relatives the result could be the 
creation of weeds and the loss of control (e.g. her-
bicide tolerance). The opposite may be true if the 
new genetic element has food or feed advantages 
or is toxic to some insects — allowing the plants 
within the environment to better adapt to their en-
vironment. The effects may seriously impact the 
ecosystem — resulting in a deleterious change in 
the whole environment. Increase in yield per hec-
tare, on the other hand, may allow the retention of 

uncultivated land which could impact the natural 
environment in a positive manner. An example is 
deforestation in order to grow crops which is a ma-
jor issue in tropical regions where the needs of the 
European consumer may impact on the lives and 
environment in unexpected ways. Should compa-
nies introducing new varieties, regardless of method 
of the provenance, be required to identify the im-
pact of their use on biodiversity and the environ-
ment? [2, p. 74]. Biodiversity of many agricultural 
areas is practically non-existent. The ethical ques-
tion in the centre of biodiversity is whether the hu-
mankind will use new varieties to preserve biodiver-
sity where necessary or will use it to worsen situation. 

Indu strialisation of agriculture. The  impact of the 
industrialisation of agriculture should not be taken 
lightly. New varieties have often resulted in greater 
industrialisation as the selected traits impact on 
the way the crops are grown. This could be exacer-
bated by the ready availability of new traits specifi-
cally chosen to (apparently) benefit the farmer [2, 
p. 75]. There are three concerns. First, larger farms 
have an impact on the general biodiversity (rather 
than agricultural biodiversity) through the disap-
pearance of hedges and non farmed areas of a field. 
Second, smallholders struggle to compete with lar-
ger farms, even where the quality of their produce 
may be higher, or more desirable to consumers. Thir-
d ly, the number of individuals employed in agricul-
ture falls as industrialisation occurs [2, p. 75]. The 
industrialisation of the Earth is an ongoing process 
where genome editing in plants play an influential 
role. The extent of this role is yet to be determined. 

Biose curity. There  is a concern that modern tech-
niques of genome editing may impact adversely on 
biosecurity when defined in this manner. In par-
ticular, the security of supply of particular major 
crop species could be impacted, especially where 
possible monocultures are used. Food security has 
become an important issue, particularly with a 
growing urban population, the impact of climate 
change, limited land available for agricultural ex-
pansion and the need to have an efficient distribu-
tion system where losses during transportation are 
minimised. The new techniques may have a role to 
play [10]. What incentives could be introduced to 
ensure that new varieties address biosecurity and 
security of supply for food, feed, fibre and fuel? [2, 
p. 77]. These incentives should be debated by go-
vernments, private companies and public, other-
wise the world might end up with uneven distribu-
tion of new varieties. 
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Justi ce of using plant products with GMOs. Moder n 
techniques for the production of new varieties, whe-
ther or not by genome editing, have been the pre-
rogative of large seed companies, due to the cost of 
producing them. This has led to the monopolisa-
tion of the production of seed within a small group 
of companies, and considerable public reaction to 
some of these companies. Very considerable tes-
ting of new varieties produced using genetic modi-
fication ensuring their safety resulted in high costs, 
which made the production of such varie ties by 
small companies or research organisations prohib-
itive. This in turn led to the monopolisation about 
which there are many concerns. The techniques 
could have an impact on distribution systems, re-
sulting in quality food becoming available where it 
is needed, in the urban environment. Should the 
requirements linked to the introduction of plants de-
veloped with the techniques of mutagenesis invol-
ving genome editing be the same as that for other 
GMOs, the ability of small companies, research 
organisations or universities to produce new varie-
ties (initially for local use) would be seriously cur-
tailed, and this could result in monopolisation due 
to the costs entailed in assuring safety. Any addi-
tional risk assessment requirements could prove 
costly and impose a high regulatory burden, fur-
ther preventing smaller companies and research 
centres from commercialising products. Should con-
sideration be given to structures that support smal-
ler actors to undertake risk assessments and enter 
the market? [2, p. 77]. The higher cost of produc-
tion of plants with GMOs, especially for small ac-
tors, is a considerable turn-down. How this ethical 
concern will be addressed in the EU will impact 
the overall perception of plants with GMOs. 

Socie tal considerations. There  are various soci-
etal views and issues that impacts ethics. One of 
them is a food quality. Many reject the importation 
of cheaper foods and choose to buy regional varie-
ties. There are many who argue that there is no 
need for new varieties or products within the food 
sector. The debate about scientific risk could once 
again become an overly debate about food quality, 
paysan survival, and trade policy [2, p. 78]. Also, 
some views were formed without having all infor-
mation on genome editing of plants. There is a 
clear need for honest dialogue and the inclusion of 
all the public in framing the decision-making pro-
cess for introducing new products to the market. 
There is much false information or hype provided 
by all sides in the debate about new technologies 

that produce this most basic commodity [2, p. 78]. 
Price of new varieties’ food is a concern as well. 
The effects of increased prices and availability whe-
re strong regulation is required should also be con-
sidered. This would impact on the poorest segment 
of society [2, p. 78]. Lastly, there is a concern that 
patents may inhibit the use of new varieties by far-
mers due the cost of patenting and exiting patents. 

Genom e editing in animals. The e thics of geno-
me editing of animals can be considered from two 
perspectives, or on two levels: the one of an instru-
mental use of genome  edited animals for purposes 
of human benefit, from human health to food; and 
the welfare of animals with respect to their intrin-
sic value. The EGE is, however, also aware of the 
problematic nature of this distinction, with any 
discussion about animal welfare positioning, hu-
mans as guardians, with power over them. In other 
words, even taking this perspective can be prob-
lematic as we cannot escape our human viewpoint. 
EGE calls attention to:
 our relationship with non-human animals and, 

as part: of this, our practices to “design animals” to 
fit the environment as we are “engineering” it, op-
posed to an understanding of the environment 
shaping (us) animals over time, involving sustai-
nable practices of mutual adaptation and care;
 animal rights, animal ethics, and a wider re-

lated literature, attempt — or warn against — fit-
ting animals into our general ethical frameworks, a 
situation that might be further enriched in view of 
our evolving, scientific understanding of animal 
cognition and emotions, and in view of the human 
publics’ evolving sensitivities;
 the various levels of concern at play: those that 

pertain to human welfare, to species, or to eco sys-
tems in their entirety.

On this basis, the EGE identified a series of key 
questions with regard to genome editing in animals. 
Does genome editing affect the implementation of 
the 3Rs and the balance among the three princip-
les? Does it, for example, contribute to refinement, 
at the expense of reduction? What are the implica-
tions of and which should be the limits to “humani-
sation” of animals? Are there specific requirements 
for the use of genome editing in non-human pri-
mates, beyond those already established? In what 
way is animal welfare in farming fostered or ham-
pered by genome editing and what criteria should 
control its application? Can genome editing inc-
rease both animal welfare and efficiency in farming? 
What are the broader implications of genome edi-
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ting for biodiversity? [2, p. 48]. The bulk of unan-
swered questions forms ethics on genome editing 
in animals, it aims to the fundamental ethical con-
cern: Are we protectors or users of animals? 

Genome editin g and the 3Rs. Replacement.  On the 
one hand, genome editing helps to overcome tech-
nical and financial obstacles to animal research 
[11]. On the other hand, it is possible that genome 
editing will offer opportunities to replace animal 
experimentation with laboratory methods that do 
not require the use of living animals [12]. Genome 
editing techniques can, for example, be used to re-
place standard laboratory-grown animal model or-
ganisms by generating cell lines with specific cha-
racteristics that provide disease models. Another 
possibility to replace animals in research is the 
creation of organoid models using new genome 
editing techniques. Although unable to substitute 
the use of animals, organoids provide an additional 
screening step between cell-lines and animal mo-
dels meaning fewer potential therapies and inter-
ventions will move on to testing in animal models 
and a higher rate of success in those animals. Scien-
tists even expressed concerns about further deve-
lopments in organoid and synthetic tissue techno-
logy potentially placing a greater onus on scientists 
to carefully justify their requirement for animal 
experimentation [13]. 

Of course, the development and functioning of 
organs within a greater whole, a physiological sys-
tem, cannot be replicated without using whole 
animals. But in this context, genome editing has 
made almost any organism amenable to genetic 
manipulation and may result in mammals being 
more readily replaced by simpler organisms, if sci-
entifically appropriate [12; 2, p. 48-49]. The re-
placement of living animals has been a controver-
sial aim over last decades. As technology progres-
sed, humankind progressed morally and ethically. 
Nowadays, certain portion of public wish for aban-
donment of traditional animal experiments and 
testing. If the decrease of animal experiments 
would be communicated to public in the right way, 
ethics on genome editing in animals might shift to-
wards the acceptance of it. 

Reduction. It  has been s tated that the impact of 
genome editing might be “most apparent in our at-
tempts to reduce the use of animals in experimen-
tation” [12]. Reduction can be defined as obtai-
ning the same amount of data with less animals or 
obtaining more data with the same amount of ani-
mals. It implies the use of methods that minimise 

the number of animals used per experiment, which 
includes appropriately designed and analysed ani-
mal experiments that are robust and reproducible, 
and truly add to the knowledge base [14]. 

However, there appears to be potential for both 
reduction and increase through genome editing. 
CRISPR/CasX means that, for example, fewer 
mice are likely to be required to establish a given 
line. However, the relative efficacy and ease of use 
of CRISPR/CasX mean that more researchers are 
likely to use it to research questions in whole ani-
mals in ways that were previously, technically be-
yond their reach. This might increase the overall 
number of animal experiments performed, which 
might in turn mean decreased animal use relative 
to the rate of knowledge production, but also an 
increased rate of experimentation and increased 
risk of poorly planned or coordinated research [11; 
2, p. 50]. The replacement and reduction go hands 
in hands, the right presentation to public might bring 
a shift in ethics on genome editing in animals, the 
shift of ethics that might allow genome editing in 
animals at least for research purposes. 

Refinement. Ref inement rela tes to minimising 
animal suffering through the advancement of stu-
dies on research animal welfare by exploiting the 
latest in vivo technologies and by improving un-
derstanding of the impact of welfare on scientific 
outcomes [14]. “In vivo” refers to experimentation 
done a whole organism, rather than in live isolated 
cells. A contribution to refinement by genome 
 editing is not obvious. Animal geneticists still need 
to generate embryos for microinjection of guide 
RNA/CasX/template cocktails, and these zygotes 
still need to be delivered to pseudopregnant fe-
males. There is a drive to refine such procedures, 
for example, by developing robust non-surgical emb-
ryo transfer techniques. But these refinements are 
not specifically affected by genome editing metho-
dologies [12]. 

There are risks to the welfare of experimental 
animals also due to technical difficulties in the use 
of genome editing. Off-target mutations may lead 
to loss of function of a gene, adverse events, or even 
fatal abnormalities [15]. They may consequently 
cause the animals further pain and suffering, due 
to the off-target effects, and death as they succumb 
to adverse off-target effects or are killed. On the 
other hand, genome editing could be used to dec-
rease the suffering of research animals, for examp-
le, by decreasing the occurrence of unwanted ge-
netic effects. Moreover, it was argued that routine 
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genome editing of non-human primates could co-
me within reach, substantially compromising their 
welfare and quality of life [16]. 

It has to be added here that all involved appear 
to agree that, in general, far too little data exist to 
reach any robust conclusions about off-target ef-
fects associated with CRlSPR. Indeed, increased 
scientific refinement here-the provision of much 
better models of disease-associated human genetic 
variation-can be viewed as an ethical good in itself, 
since it will arguably result in more rapid and sig-
nificant advances in scientific understanding i.e., 
progress towards better treatments. It is in this sen-
se that research itself can be viewed as an ethical 
good [12]. However, genome editing could lead hu-
mans to ignore the predicament of the animal and 
to accept negative effects on animal welfare for the 
sake of other goals, although this risk could be pre-
vented by using less drastic gene drive designs and 
using them to promote animal welfare [17]. 

Thus, we find that with genome editing a possi-
ble new balance between the 3Rs, as compared to 
what is usually the case, might appear. Genome edi-
ting can contribute significantly to refinement, but 
apparently not to reduction overall. Although the 
3Rs are considered equally important, how we ba-
lance them does sometimes change with different 
technologies [2, p. 50-52]. How to balance of 3Rs 
seems to the key ethic issues of genome editing in 
animals. Current ethic in this area suggests that 
under certain conditions and for specific aims, ge-
nome editing might be ethically acceptable. 

Humanisation. The  idea of the “ humanisation” 
of non-human animals is ambiguous and has se-
veral dimensions: it may imply a scientific/techni-
cal rapprochement of animals to humans, for ex-
ample, changing animals’ receptor cells on organs 
to human ones in order to impact immune res-
ponse, or knocking out specific genes, or changing 
a specific gene sequence according to the human 
equivalent. Mice carrying a human gene are, for 
example, often referred to as “humanised mice”. 
Humanisation might also refer to scenarios of en-
hancing animals’ cognitive capacity to such an ex-
tent that the species categories or the distinction 
between human and animal become blurred (or 
new “inter-species” categories are created). The po-
tential to change the nature of animals, sometimes 
referred to as “de-animalisation”, i.e. to add or re-
move certain capacities from animals (such as cog-
nitive capacities or the ability to feel pain), is of 
ethical concern. In that regard, humanisation can 

also be understood as a form of de-animalisation. 
A main concern identified with respect to non-
human primates (aside from broader ethical ques-
tions around the use of primates — and other ani-
mals) is the potential of genome editing research to 
humanise them. With regard to xenotransplanta-
tion research and its clinical application, the out-
look of large-scale farms of pigs carrying human 
organs raises major concerns [2, p. 52-53]. 

Humanisation or de-animalisation are ethically 
challenging concepts. The question here seems to 
be whether humankind really need for greater good 
edit genome of animals in this fashion. When we 
compare possibility of having animals with human 
features to the need of pigs carrying human organs, 
we see the difference. The difference is in the ethics 
of it. While the necessity of animals carrying hu-
man organs might be ethically justifiable, the exis-
tence of animals with human features might not be. 

Genome editing in animals  and biodiversity. Theo-
retically, genome edi ting could be used to reintro-
duce extinct animal species or restore populations 
of endangered animal species. Using genome edi-
ting for these purposes is a niche application that is 
still in an exploratory research phase and should be 
considered with caution and with careful analyses 
of potential consequences before being considered 
in practice [18; 2, p. 57]. The restoring of extinct 
animals seems a noble cause, it is one of the posi-
tive effects that genome editing might have. 

 Genome editing in humans.  The Opinion focuses 
on what it considers to be two key aspects of par-
ticular importance regarding somatic and germline 
genome editing [19] in humans. First, there are 
fundamental conceptual considerations that are 
crucial for an ethical assessment of genome edit-
ing: applications, also with regard to their global 
impact. They concern views on the nature of hu-
man beings, the relevance and status of the genome 
in this, the identification of humans as a species 
and the implications of belonging to it, as well as 
the relationships of people to themselves, to each 
other and to the environment. Second, the safety 
of a technology is generally seen as a criterion of 
crucial ethical importance. A technological inter-
vention is meant to benefit people and society 
without undue (disproportionate) negative conse-
quences for individuals or groups. 

There are different views on what constitutes a 
benefit, a risk or a harm, depending, among, other 
factors, on scientific evidence, but also on perso nal 
preferences and values, as well as wider contexts of 
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culture, societal attitudes, existing governance fra-
meworks and the framing of the scientific landsca-
pe. Determining what is “safe enough” is not only 
about knowledge, but also about values, and scien-
tific theories and practices are themselves value-
laden. There is a longstanding practice of weighing 
potential benefits and risks in clinical research and 
in healthcare for somatic genome editing, but with 
regard to germline editing the question of safety is 
more complex. Its difficulty mainly relates to the 
fact that the genetic conditions — the biological 
starting point for the entire organism throughout 
the whole life of the person — are changed, and 
that future generations will be affected by this. The 
question as to which criteria must be fulfilled so 
that germline genome editing can be considered 
“safe enough” and how to come to this conclusion 
requires discussion [2, p. 23-24]. Ethics of genome 
editing in humans are the most challenging thanks 
to the fact that it is about humankind and there is a 
justified fear that how we shape ethics might reflect 
hundred years later.

Huma nness and naturalness. The  question of hu-
manness and thus of what constitutes a human 
 being can be discussed from various perspectives, 
including biomedical, philosophical, sociological, 
ethical, or religious ones, and by referring to bio-
logical, ontological, or social features. It is an an-
thropological question that people have dealt with 
for centuries. What is typical for the human spe-
cies, what is unique to the human species? With 
the technical possibility of bringing together eggs 
and sperm outside of the female body, the emer-
gence of a human being came into the hands of 
third parties who are otherwise not involved in the 
process of natural conception. It thus became avai-
lable for intervention. With the CRISPR/CasX tech-
niques, the opportunity for intervention has be-
come so specific that even the genetic make-up of 
the human embryo is at the designer’s disposal. Is 
this an intervention in humanness? Biologically 
speaking, no — not as long as only such genetic 
changes are made that lead to genes that are other-
wise present in humans. Even if DNA from ano-
ther organism is introduced in a human genome 
this does not change the humanness of that entity. 

However, the question arises whether a change 
in the initial genetic condition of a human being 
fundamentally alters the nature of humanness or 
rather the relationship between humans by making 
them unequal with regard to their genetic starting 
conditions: those from one human being can be 

submitted to deliberate and targeted editing by 
ano ther human being. In this manner, an engi-
neering/design approach in human genomics may 
undermine fundamental equality of all human be-
ings, which implies that there are no discontinuities 
in the range of humanity that would accord some 
humans a lower status than others [20]. 

Such equality implies that all human beings ha-
ve equal worth and are accorded human dignity, 
without exception. This basic equal regard cannot 
be earned and is never a matter of merit, desert or 
design. How can it then be classified, ethically, that 
a human being does not owe his or her genetic make-
up to chance — so to say to “nature”, in terms of 
independency from deliberate and targeted human 
intervention — but to the deliberate shaping of it 
by other human beings? Is this intervention so fun-
damental that no human being should ever assume 
responsibility for it, and that germline genome edi-
ting should hence be categorically forbidden? Or 
does the possibility of the intervention make it ne-
cessary to assume this responsibility, for example 
when it enables to prevent a serious disease? That 
the intervention in the genome of a human embryo 
is considered particularly serious is partly due to 
the consequence of this intervention — the change 
is also passed on to next generations. It is also due 
to the perception that the genome is something 
very special for living beings, as discussed under 
the notion of “genetic exceptionalism”. 

A view on the human genome as being the “co-
de” of the individual is countered by the fact that 
genes do not (solely) determine the individual, their 
personality and life; they only provide a framework 
within which human beings can determine them-
selves and lead their lives in many different ways. 
The role of the genome for the individual and the 
human community is also assessed differently in 
different cultures and can change over time. A re-
lated question arises as to whether a human emb-
ryo whose genome has been edited is still the same 
human being after the occurred alteration. Is the ge-
nome of a human being considered so essential for 
the dignity and identity of a person that a genetic 
modification at zygote state makes her a different 
person? Or is it rather her entire living as a being 
with body, mind and emotions, her narrative? This 
question refers to the concept of genetic exceptio-
nalism as well, in the sense that the genetic com-
ponent of a person’s individuality is considered 
more important, or in another way different from 
other, non-genetic factors that make a person. 
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Genetic exceptionalism and determinism would 
imply that editing a disease-causing gene in a zy-
gote means creating another human being or an 
intervention “by” creating another human being, 
rather than treatment or prevention. It is clear that 
there, is no one scientific, unambiguous and thus 
binding answer — as to what the relation between 
the genome of a human embryo and humanness and 
naturalness is, and what ethical orientation this 
can provide. Rather, the need arises for a broad, 
inclusive and nuanced social debate on the foun-
dations of our view (or indeed many possible views) 
of humanity, which takes all perspectives into acco-
unt and brings them into discussion [2, p. 25-28]. 
Are we all humans even with edited genome? Are 
we all equals even with edited genome? The ethical 
dilemma is palpable, the EGE asks lots of ques-
tions, but answers are not given. 

Diversity. G enome editi ng, with its ability to mo-
dify genome types, bears on diversity in important 
ways. New genome editing techniques open the 
possibility to expand or narrow genetic diversity 
across the different domains of their application. 
Regarding humans, diversity is commonly under-
stood as the richness and variety of cultures, age, 
gender, beliefs, and world views, amongst others. 
It also entails biological features such as genes. 

Measures of diversity take into account not only 
the variety but also the commonness or rarity of a 
trait or feature. In many contexts, diversity has 
risen to the status of an accepted “good”, and a 
social goal to be protected and promoted. The Con-
vention on Biological Diversity, for instance, emer-
ged out of a universal consensus that biodiversity is 
of immense value to humankind and must be pro-
tected by international law. Similarly, by the early 
2000s, the protection of cultural and/or linguistic 
diversity had emerged as a socio-political move-
ment with the endorsement of international bodies 
such as UNESCO. In order to significantly influ-
ence the diversity of the human gene pool, a very 
broad use of genome editing on embryos over ma-
ny generations would be necessary. 

Currently, such a development is not foreseea-
ble, but no definite statements can be made about 
future application scenarios. That genome editing 
presents the prospect of curbing serious diseases 
and disabilities prompts important discussions 
abo ut both the biological impacts of “tinkering” 
with the reservoir of human genetic variation, as 
well as the social implications. This is thus about 
the particularly fraught issue of determining the 

kind of people a society might want to have, and 
who gets to decide that a specific variation is — or 
is not — a problem in need of a genetic, techno-
logical “solution” [2, p. 27-28]. To preserve the 
diversity of humans is the key issue here, a power 
or capability to determine what is diverse and how 
to protect diversity is unknow for now. 

The distinction be tween therapy, prevention, and 
enhancement. Although therapy,  prevention and 
enhancement cannot always be dearly separated 
from each other, there are some definitional cha-
racteristics that provide orientation. Prevention and 
therapy relate to a disease or impairment, whereas 
enhancement refers to the improvement of a sta-
tistically and medically “normal” feature or func-
tion. Prevention means the avoidance of a disease 
or impairment, respectively avoiding their aggra-
vation or recurrence, whereas therapy aims at re-
storing health or alleviating symptoms of a disease. 
The use of genome editing for purposes of therapy 
(also depending on the seriousness of a disease) 
seems to be far more acceptable for most people 
than its use for purposes of enhancement. 

Therapy can only apply if there is disease and 
thus only refer to individuals who are suffering from 
a disease. A human embryo in an early develop-
mental stage can be a carrier of a gene that will lead 
to a disease in the course of further development 
but cannot suffer from a disease in the way a born 
human being can, with physical symptoms and the 
personal and social experience of illness. Thera-
peutic genome editing can therefore only apply to 
somatic genome editing. Enhancement can be ap-
plied with regard to different kinds of features and 
impact, for example, biological, cognitive, or social 
functions. It aims at changing them in a way that is 
considered as making them “better than normal” 
for the individual concerned or better than what is 
“normal” for humans in general. However, what is 
“normal” is often not clearly defined and its defi-
nition changes over time and among societies. Nor-
mal can, for instance, refer to a statistical distribu-
tion, to a defined threshold or to a biological func-
tion of an organ. To name an example, a new medical 
definition for the thresholds delimiting high or low 
blood pressure can render thousands of people ill 
who were previously considered healthy, without 
anything having changed in their body [21]. 

Dis-enhancement is discussed less often. When 
it is, it usually refers to a removal or worsening of 
biological functions. Some persons who are born 
deaf, for instance, do not perceive their deafness as 
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a disease or impairment but rather as a condition 
that is normal for them and that contributes to 
their specific culture with, for example, their own 
language. They may therefore also wish their chil-
dren to be deaf and, after preimplantation diagno-
sis, transfer only the respective embryos. With germ-
line genome editing, it would be technically feasi-
ble to alter a gene so that deafness occurs. While 
the community concerned may not describe such 
intervention as dis-enhancement, the wider public 
may perceive it as a diminishment of capacities 
usually present in humans. 

Prevention has been defined as activities that are 
designed to reduce the likelihood that something 
har mful will occur, or to minimise that harm if it 
does occur. There is a blurring line between preven-
tion and enhancement; some genome editing modi-
fications could serve both objectives. The EGE holds 
that distinctions between therapy, prevention and en-
hancement can be of some use for assessing the ethi-
cal acceptability or even desirability of somatic and 
germline genome editing. They can be helpful for 
weighing potential benefits and harms, mostly with 
regard to the alleviation or avoidance of harm justify-
ing greater risks than the enhancement of other wise 
“normal” functions [2, p. 28-30]. It fol lows that 
how public understand the distinction among pre-
vention, therapy and enhancement may significantly 
shape ethics on genome editing in humans.

The safe enough criterion. S afety often is at the 
centr e of the debate on genome editing. All too of-
ten, the (more or less explicit) underlying assump-
tion is that it is enough for a given level of safety to 
be reached in order for a technology to be rolled 
out; and all too often, ethics and governance re-
flections get restricted to safety aspects. The EGE 
however argues that a technological intervention 
has to be “safe enough” in the terms of a broad and 
nuanced understanding of the notion. Against the 
background of a bio-psychosocial understanding 
of health, much has to be considered. Are there me-
dical risks for the application of germline genome 
editing against serious diseases or impairments? Are 
there psychological risks for individuals after ger-
mline genome editing regarding their self-percep-
tion and their social relationships? Are there so cial 
risks with regard to discrimination towards people 
with disabilities or inherited disorders, as is already 
discussed regarding prenatal or preimplantation 
diagnostics? Are there long-term risks of heritable 
genome editing for the concerned individual or for 
future generations that can hardly be foreseen? 

Safety cannot merely refer to the absence of any 
risk, as no technological intervention is without risk. 
The question rather refers to what can be consi-
dered as “safe enough”. The very first prerequisite 
for an intervention to be considered safe enough is 
knowledge about its effectiveness in terms of po-
tential benefits, and about potential harms. There 
must be scientific evidence that the technological 
intervention contributes to the solution of the prob-
lem for which it is designed; and the robustness of 
this evidence needs to be assessed. The second pre-
requisite refers to the ratio between risks and po-
tential benefits: risks must not exceed benefits [2, 
p. 31-32]. The criterion of safety in ethics is para-
mount. Regarding genome editing in humans the 
determination of safety if rather a balance exercise 
where we need to balance positive outcomes against 
ethical concerns. 

Safe enough in the context of so matic genome edi-
ting. There is no novelty in the defin ition of “sa fe 
enough” in genome editing of somatic cells. It fol-
lows the same ethical conditions recognised by the 
scientific community regarding research and the 
clinical application of interventions for therapeu-
tic purposes, mainly the evaluation of risk/benefit 
proportionality by the researcher, the ethics com-
mittee, and the physician together with the patient, 
respectively. Furthermore, the informed consent 
of the study participant or the patient is necessary. 
The EGE wants to stress the importance of spe-
cific genome editing expertise within ethics com-
mittees charged with approving and supervising 
such activities as clinical trials or the use of thera-
pies involving genome editing. These committees 
have the difficult task of determining, on a case by-
case basis, when genome editing is warranted. It 
goes without saying that, in general, ethics commi-
ttees have highly competent members, but not all 
of them are familiar with the technical aspects of 
genome editing. Therefore, it could be considered 
whether specialist bodies should make risk/benefit 
determinations on a project/case-specific basis, ra-
ther than leaving those determinations to research 
ethics committees, which are generalist and may 
not have the expertise to make these assessments. 
For medicines, the Clinical Trial Regulation lays 
down, that Member States shall ensure that the as-
sessment is done jointly by a reasonable number of 
persons who collectively have the necessary quali-
fications and experience [22]. 

However, there is room for different organisational 
approaches to fulfil this requirement [2, p. 31-32]. 
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A specialised body for assessing the risk on case by 
case basis in the EU may seem as viable solution 
and it would also guarantee that experts would is-
sue decisions. We may go even further, we may es-
tablish a specialised body in the EU that would li-
cence research bodies in all EU Members. These 
research bodies would be accredited for conduc-
ting research in genome editing in humans. Why 
do we need such bodies? The lack of research in ge-
nome editing in all areas is notable and distort the 
debate about genome editing.

Safe enough in the context of DIY g enome edi -
ting. A benefit/risk-analysis is more dif ficult the 
more institutional frameworks of clinical research 
and healthcare are left behind so that existing gov-
ernance frameworks do not apply. This is true for 
so called “do-it-yourself kits” (DIY kits) for geno-
me editing that have been commercially offered by 
promoters of the so-called “bio-hacking” move-
ment. The movement presents itself as advocating 
for a “democratisation” and acceleration of scien-
ce by enabling “anyone” to experiment with latest 
biological techniques [23]. 

After first “at home” use cases of DIY CRISPR 
engineering were reported, regulatory institutions 
have reacted to the risks of private experimenta-
tion with genome editing tools. Existing EU legis-
lation has been referred to [24], and in several EU 
Member States genome editing is only allowed in 
licensed laboratories, implying that IDIY applica-
tions are prohibited. The German federal genome 
editing law, for example, provides that genome edi-
ting can only be conducted in laboratories for ge-
nome editing (free translation of the authors), (“Gen-
technische Arbeiten durfen nur in gentechnischen 
Anlagen durchgefuhrt werden, Gesetz zur Regelung 
der Gentechnik”). In 2017, the European Centre 
for Disease Prevention and Control (ECDC) re-
commended that national authorities review their 
authorisation of commercial DIY kits. Progress in 
this area may lead to intentional attack or accidental 
contamination with modified viruses or bacteria [25]. 

Beyond security concerns of this kind, DIY ge-
nome editing kits raise ethical questions around, 
for instance, naturalness, biodiversity, humanness, 
safety and responsibility. A better understanding of 
the current situation, through studies of more re-
cent developments around DIY genome editing ac-
tivities and existing and possible governance tools, 
would be an important step towards establishing 
how a clear and coherent European regulatory app-
roach to it should be developed. It is without doubt 

that regulation is necessary as an unregulated use 
of DIY genome editing, tools can clearly be hazar-
dous [2, p. 33-34]. Leaving genome editing in hu-
mas for DIY scenarios is harmful and unwanted. 
The legal prohibition of such activities in all EU 
Members is desirable. 

Safe enough in the context of heritable genome 
 editing. The proportionality of benefit in terms of 
prev enting a serious genetically transmitted disor-
der has to be balanced with the risk not only of not 
correcting the genetic defect but also of introdu cing 
unintentional modifications that could have seri-
ous implications for the child and future genera-
tions — perhaps even more serious than the one that 
should be prevented. The proportionality of po-
tential benefits and risks differs with regard to the 
aim of the intervention. Before the technology can 
be proven “safe enough”, also only in biomedical 
terms a lot of research is required. Specific to this 
kind of research is that hundreds and thousands of 
human embryos may have to be used and discarded. 
This alone is ethically condemned and illegal in so-
me Member states, whereas others allow research 
on embryos up to 14 days of their development. 

Some scholars also hold that this research is ethi-
cally required in order to prevent harm for future 
children through disorders that could possibly be 
avoided. However, in view of the EU subsidiarity 
principle governing legislation on human embryo 
research, the EGE holds back with a recommen-
dation on this issue. There are a number of values 
and concepts and value-laden criteria that deter-
mine what kinds of risks and what level of proba-
bility and severity of a harm may challenge the 
“safe enough” criterion. Libertarian theories are in 
favour of “procreative beneficence”, justifying even 
a risky intervention if it is intended to provide the 
best possible conditions for the child and acknow-
ledging its parents’ reproductive self-determina-
tion [26]. Other theories, in contrast, defend the 
right of the child to be born without any intentio-
nal genome editing [27].

Another central proportionality question is po-
sed by the availability of technological alternatives 
to genome editing for avoiding heritable disorders, 
such as preimplantation genetic diagnosis and do-
nation of gametes (yet, those raise other ethical 
qu estions). Only few reproductive constellations 
exclude all stra tegies but genome editing to ensure 
that a child is born without a disorder. This is the 
case, for example, if both parents are carriers of two 
alleles of a recessive disorder, so that every embryo 
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can only inherit disease-causing alleles. Are research 
on embryos and the risk of harm caused by the 
technology ethically acceptable and proportionate 
for the few cases for which there is no alternative? 

Another ethical challenge consists in the sce-
nario of some children being born with techno-
logically induced disorders because the technolo-
gy is, at some point, meant to be safe enough and 
put forward to clinical studies. Some see this as an 
inst rumentalization of these embryos and child-
ren, thus violating their dignity. In any such case, 
life-long and multi generational monitoring would 
be necessary in order to gain insight into long-
term effects on the biological, psychological and 
social level. 

Which implications and risks would these life-
long studies mean for the person concerned and 
their relatives and social environment? In light of 
the variety of ethical challenges posed by heritable 
human genome editing, inclusive societal debate is 
necessary. A broad societal consensus is precondi-
tion for the reproductive use of human genome ed-
iting to be considered. 

Societal engagement with it must be well-in-
formed and be based on an awareness that the ac-
cumulation of individual choices, as also elicited 
by competitive societies and hidden (or not hidden) 
market forces, could result in heritable human ge-
nome modification that may change the society 
itself. Public engagement should involve a range of 
publics, scientists, scholars in the social sciences 
and humanities, ethicists, legal and policy specia-
lists, and other experts, organised civil society, with 
special attention to representatives of women’s 
rights, rights of the child, gender equality, social 
equality, reproductive rights and justice, disability 
rights, and human rights in general. 

The EGE supports the initiative to found a Glo-
bal Genome Editing Observatory for the purpose 
of hosting such a debate and recommends that an 
affiliated European platform be instituted. In fact, 
“safety” does not pertain solely to technologies but 
also to institutions and forms of governance in so-
cieties — including matters of oversight as well as 
of democracy and rule of law [2, p. 34-36]. A spe-
cialised body in the EU that would assess the risk 
on case by case basis in genome editing of humas, 
license other bodies to conduct a quality research 
and also host a debate on genome editing seems to 
be necessary. This body may have different task and 
ideally it would be created by the EU with compe-
tences in all EU Members.

Conclus ion. The Opi nion results in recommen-
dations. EGE issued general recommendations on 
overreaching matters and concerns. Notwithstan-
ding the rules of The EU Directive 98/44/EC on 
the legal protection of biotechnological inventions 
that specify which inventions are patentable based 
on ethical reasons and which are not, EGE issued 
recommendations of universal character. EGE took 
into account the basic principle of the directive 
such as, patentable inventions include biological 
material that is new, involves an inventive step, and 
is industrially applicable. The directive also sets 
out exceptions to patentability, such as plant and 
animal varieties, essentially biological processes for 
the production of plants and animals, the human 
body at various stages of its formation and deve-
lopment, and processes for cloning humans. 

These recommendations mostly highlight the 
tools and issues debated in past and throughout the 
Opinion. General recommendations focus on a bro-
ad and inclusive societal deliberation on genome 
editing, avoiding narrow conceptualisations on 
ethics and governance of genome editing, and de-
veloping international guidelines and strengthen 
governance tools. The general recommendations 
may be perceived as general starting point for all 
areas of genome editing. When EU Members wish 
to address ethics of genome editing in its entirety, 
they should consider these starting points contai-
ned in general recommendations. When EU Mem-
bers consider a specific ethics of genome editing, 
they should turn to specific recommendations. 

EGE issued separate recommendations for ethics 
of genome editing in plants, animals, and humans. 
These specific recommendations seem to be of a 
greater importance because it provides tangible gui-
dance on how ethics on genome editing are cur-
rently shaped in each area. 

Generally, we may divide specific recommenda-
tions into four groups. The first group recommends 
the public debate and sharing information on ge-
nome editing in all areas, for example recommen-
dation “pay more attention to public debates about 
genome edited agricultural products” or “engage 
in global governance initiatives and create a plat-
form for information sharing and inclusive debate 
on germline genome editing”. The second group 
recommends a legal regulation or governance by an 
official body such as “regulate the banking and far-
ming on animals carrying human organs for trans-
plantation” or “ensure adequate competencies in 
expert bodies” for genome editing in humans. The 
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third group recommends creating a public registry 
for information on genome editing such as “estab-
lish a public registry for research on germline ge-
nome editing” or “investigate mechanisms for tra-
ceability and labelling of genome edited crops”. 
The fourth group is specific because it contains spe-
cialized recommendations tailored to a natural is-
sue of plants, animals, or humans. Within genome 
editing in plants, specialized recommendations are 
for example to develop mechanisms to ensure cor-
porate responsibility or develop measures to sup-
port small actors that deal with a specific unba-
lance between corporate bodies and farmers. 

The ethics of genome editing in animals bring spe-
cific recommendations such as “broadly discuss the 
humanisation of animals and implement app ropriate 
limitations” or “prevent unregulated use of genome 
editing tools”. Also, within ethics of genome editing 
in animals we can identify a subgroup dealing with 
farm animals, where the ethical concerns are “ensure 
the wellbeing of genome edited livestock animals” 
and “reconsider ethically contested industrial far-
ming practices”. A very specific and controversial 
ethical issue, enhancement and de-enhancement 
of humans, is addressed in the recommendation 
“protect social justice, diversity and equality”. 

Besides the different ethical recommendations 
that solely ponder on each area or a separate aspect 
of ethics, we can identify ethical denominators 
typical for every researched area, such as the ana-
lysis of cost and benefits of genome editing. There 
is the recommendation to develop an (eco)systems 
approach for evaluating the costs and benefits of 
genome edited crops, where the EGE recommends 
a systems approach to the evaluation of costs and 
benefits (including the impact of continuing to use 
current agricultural practice) in any potential fu-
ture use of genome edited crops. 

Similarly, the EGE urges research ethics com-
mittees and bodies in charge of project evaluation 
to carefully evaluate the costs/benefits of genome 
editing experimentation taking the 3Rs framework 
into account in animals. In humans, the EGE sug-
gests that guidelines for safety assessments and 
risk/benefit determinations of clinical trials are 
developed and training modules are provided for 
research ethics committees and other involved bo-
dies to ensure high-standing and consistent appli-
cation of ethical standards. 

The fact that the EGE embarked on the cost and 
benefits analysis in all areas signals that the Opini on 
reflects also practical aspects of genome editing 

which may be of high importance in the future. Ano-
ther common denominator is a regulatory frame-
work. Although, it is crystal clear that genome edi-
ting in all areas must be precisely regulated by go-
vernments, there is a difference in the quality of 
such regulation. While, according to the Opinion, 
the regulation of genome editing in animals should 
be firm, regarding plants, the EGE recommends 
that regulation should be proportional to the risk — 
light touch regulation should be used where the mo-
dification achieved by genome editing is through 
techniques such as gene silencing or where the 
change in the plant could have been achieved na-
turally or where the editing involves the introduc-
tion of genetic material from sexually compatible 
plants. Where the modification involves genes from 
non-sexually compatible organisms or where mul-
tiple changes in the genetic material have occur-
red, there should be a detailed evaluation of the 
changes including a requirement to test the new 
va riety in the field under different conditions. 

The establishment of standards is typical for 
2 areas, ethics of genome editing in animals and 
humans. The EGE calls for the formation of stan-
dards. In genome editing in humans, the EGE ad-
vocates to widen the basis of expertise and broaden 
what counts as relevant knowledge at the level of 
expert committees, fora and other bodies establi-
shed to examine and set guidelines and standards 
for research and application of genome editing tech-
nologies. Also, the EGE suggests that official bo dies 
should ensure high-standing and consistent applica-
tion of ethical standards in genome editing in hu-
mans. Moreover, strict standardisation is recom-
mended in ethics of genome editing in animals in the 
case of experimentation with non-human primates. 

The ethics on genome editing in plants reflects 
several key factors. The ethics acknowledge that 
the introduction of new genome edited plants into 
the agricultural environment may be beneficial in 
providing products for an increasing population 
and in facing, the impact of climate change. Their 
introduction could have both positive or negative 
effects on product availability (notably food), human 
and animal health, socio-economic conditions, the 
agricultural environment and the natural environ-
ment and care must be taken to minimise harm and 
maximise benefit. In the light of potentially bene-
ficial impact of new varieties, the EGE also calls 
for the cost analysis, soft regulation and includes 
the responsibility of private companies. The EGE 
suggests creating an EU system of traceability and 
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labelling only for new varieties where the modifi-
cation could not have occurred naturally through 
mutation or natural recombination with sexually 
compatible plants. In this fashion, the EGE also 
proposes that the EU Commission should investi-
gate the use of patent registers as a method of iden-
tifying genome edited plants. The EGE also ac-
knowledges the possible struggles of small actors 
such as high cost of risks assessments and imposed 
regulations. In the case of small actors, the EGE 
con siders measures of supporting smaller actors in 
steering clear of or in engaging with these novel 
technologies, such as mechanisms to support them 
in undertaking risk assessments to enter the market. 
Lastly, there is also recommendation to engage 
pub lic in informed debate on GMOs products. 

While ethical issues of genome editing in plants 
focus on its impact on humankind and practical as-
pects of harvesting GMOs plants, ethical issues of 
genome editing in animals focus on guaranteeing 
good standards of animal lives and the relationship 
between humans and animals. How do we see ani-
mals? Do we perceive them living and breathing 
beings with certain rights? This fundamental ques-
tion is in the centre of ethics. The EGE calls for a 
careful monitoring of the impact of genome edi-
ting techniques on the implementation of the 3Rs, 
evaluation cost/benefits and ensuring transparen-
cy, sharing of data and tissues, and the publication 
of negative results in order to minimise uncoordi-
nated duplication of experiments. Regarding the 
experimentation with non-human primates, EGE 
finds it morally acceptable only if (1) serious hu-
man suffering can be prevented by carrying out sci-
entific research on primates, that can in no other 
way be alleviated, and (2) the way of dealing: with 
NHPs in these processes accommodates the wealth 
of scientific findings on their physical, mental and 
emotional lives and the modalities of their wellbe-
ing and suffering. Also, the additional R is recom-
mended — Recourse to alternative strategies in 
experiments with NHPs and experiments where 
animal genes are modified by human phenotypes 
ought to be registered in a public database under 
the responsibility of a public authority. EGE high-
lights the importance of broad discussion on hu-
manisation of animals, the strict regulatory frame-
work for animals carrying human organs for transp-
lantations, prevention of unregulated genome edi ting 
and risks of de-animalisation. The ethics of geno-
me editing towards livestock animals focus on the 
health and wellbeing and farming practices. 

The recommendation in the Opinion regarding 
ethics on genome editing in humans are surpri-
singly realistic and practical. The common opinion 
on genome editing in humans is very well know, it 
is a refusal of it. Regarding refusal there is an inte-
resting twist, it seems that in the case of prevention 
and therapy, the view has begun to change. It seems 
that genome editing in humans while used for the 
prevention and therapy may be more acceptable 
ethically than enhancement of human body as a 
result of genome editing. The EGE reflects this 
shift in ethics by encouraging global initiatives and 
calls for the creation of a European Platform to fa-
cilitate exchange of information and open public 
debate on ethical and social implications on germ-
line genome editing. According to the EGE awa-
reness should be raised about the implications if 
widely used terminologies and distinctions, such 
as those between somatic and germline editing or 
between prevention, therapy and enhancement. 
The EGE also propose to create a governance fra-
mework that determines, for example, who deci-
des on cases, on what premises decisions are based, 
and what oversight structures are adequate. Its ef-
forts and actions should be aligned with the work 
of the WHO Expert Advisory Committee on Deve-
loping Global Standards for Governance and Over-
sight of Human Genome Editing. The EGE re-
commends that the European Commission colla-
borates with the WHO and, where appropriate, with 
the WMA to facilitate the universal adoption of 
standards on the ethical use of genome editing in 
human beings. The EGE recommends establish-
ing a European and/or global registry for germline 
genome editing (that could also be part of the pro-
posed European Platform). It should cooperate with 
the global registry for human genome editing es-
tablished by the WHO. The registry should be pub-
licly accessible to ensure transparency for moni-
toring scientific progress and ethical soundness [2, 
p. 86-87]. 

The EGE realise the potential of enhancement 
to foster social inequality and disruption of diver-
sity. To this end, the EGE recommends to proac-
tively safeguard against enhancement or de-enhan-
cement of traits and to ensure that investments in 
research on germline genome editing have the pur-
pose of protecting health. In this context, guide-
lines should be developed that allow research ethics 
committees to distinguish between technologies 
and applications of genome editing that are to be 
considered as preventive, diagnostic or therapeutic, 
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and those that are to be considered as “human en-
hancement”. Furthermore, somatic genome edi-
ting has the potential to alleviate suffering from 
diseases that could not be treated effectively be-
fore. The EGE recommends that access to clinical 
stu dies and, once approved, to clinical application 
in healthcare is granted according to the principle 
of social justice and without discrimination [2, 
p. 87-88]. 

The EGE admits that genome editing technolo-
gies are evolving quickly and the law must keep up. 
Therefore, it is important to organise ethics over-
sight of international research collaboration and 
prevent ethics dumping. Such adequacy of exper-
tise is crucial also for ethics committees charged 
with approving and supervising clinical trials invol-
ving genome editing. The EGE suggests that gui-
delines for safety assessments and risk/benefit de-
terminations of clinical trials are developed and 
training modules are provided for research ethics 
committees and other involved bodies to ensure 

high-standing and consistent application of ethical 
standards. If national legislation of Member States 
allows research involving human embryos this sug-
gestion also applies to this kind of research. Diffe-
rent Member States have different laws on embryo 
research. The principle of subsidiarity should con-
tinue to be respected [2, p. 88]. 

Although there is a respected principle of sub-
sidiarity on genome editing among EU Members, 
there a need for an official specialised body with 
broad competences that would oversee research, 
assessments in each case of genome editing and 
public debate. This official body may be more ef-
fective than proposed platforms. Ethics on genome 
editing in some areas such as improving plants for 
better food distribution or on case of prevention 
and therapy may shift towards to the acceptance of 
it. The ultimate obstacle towards balanced and in-
formed debate on ethics of genome editing is a no-
ticeable lack of research. The research in genome 
editing should the utmost aim of the EU.
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ÏÐÀÂÎÂ² ÒÀ ÅÒÈ×Í² ÏÐÈÍÖÈÏÈ ÐÅÄÀÃÓÂÀÍÍß ÃÅÍÎÌÓ Â ªÑ

Çà îñòàííº äåñÿòèë³òòÿ á³îòåõíîëîã³÷í³ âèíàõîäè çíà÷íî ðîçâèíóëèñü, ïîðîäæóþ÷è ð³çíîìàí³òí³ åòè÷í³ ïðîá-
ëåìè. Öÿ ñòàòòÿ ïðèñâÿ÷åíà åòèö³ ðåäàãóâàííÿ ãåíîìó â ªâðîïåéñüêîìó Ñîþç³. Ó í³é ðîçãëÿíóòî ïîãëÿäè ªâ ðî-
ïåéñüêî¿ ãðóïè ç ïèòàíü åòèêè òà ¿õí³é ïîòåíö³éíèé âïëèâ íà á³îòåõíîëîã³÷í³ âèíàõîäè. Äîñë³äæåííÿ ðîçä³ëåíî 
íà ÷îòèðè ðîçä³ëè: ó ïåðøîìó ïîÿñíåíî ìåòîäè ðåäàãóâàííÿ ãåíîìó òà íàñêð³çí³ åòè÷í³ àñïåêòè; äðóãèé ñòîñó-
ºòüñÿ åòè÷íèõ ïèòàíü ó ðåäàãóâàíí³ ãåíîìó ðîñëèí; â òðåòüîìó îïèñàíî åòèêó ùîäî ðåäàãóâàííÿ ãåíîìó òâàðèí; 
à â ÷åòâåðòîìó çä³éñíåíî àíàë³ç åòè÷íèõ ì³ðêóâàíü ñòîñîâíî ðåäàãóâàííÿ ãåíîìó ëþäèíè. Ó âèñíîâêàõ îö³íåíî 
ïîòî÷í³ åòè÷í³ ïèòàííÿ ðåäàãóâàííÿ ãåíîìó â ªÑ íà îñíîâ³ ðåêîìåíäàö³é ªâðîïåéñüêî¿ ãðóïè ç ïèòàíü åòèêè. 

Ðåäàãóâàííÿ ãåíîìó º äåë³êàòíîþ òåìîþ, ÿêó øèðîêî îáãîâîðþþòü óðÿäè, íàóêîâö³ òà ãðîìàäñüê³ñòü. Äèñ-
êóðñ áóâ ïîæâàâëåíèé íîâèìè òåõíîëîã³ÿìè, ÿê³ îá³öÿþòü ñóñï³ëüí³ âèãîäè, àëå âèêëèêàþòü þðèäè÷í³ òà åòè÷-
í³ ïèòàííÿ. ßê ïðàâèëî, ïàòåíòè, ïîâ’ÿçàí³ ç ðåäàãóâàííÿì ãåíîìó, çàáîðîíåí³ â ªÑ ÷åðåç åòè÷í³ ì³ðêóâàííÿ. 
Ó ñòàòò³ ðîçãëÿíóòî âèñíîâîê ùîäî åòè÷íîñò³ ðåäàãóâàííÿ ãåíîìó, âèäàíèé ªâðîïåéñüêîþ ãðóïîþ ç åòèêè, íå-
çàëåæíèì äîðàä÷èì îðãàíîì ªâðîïåéñüêî¿ êîì³ñ³¿. Ñòàòòÿ ïîáóäîâàíà òàê, ùîá íàäàòè âè÷åðïíèé îãëÿä åòè÷-
íèõ ïèòàíü, ïîâ’ÿçàíèõ ³ç ðåäàãóâàííÿì ãåíîìó, âêëþ÷íî ç òåðì³íîëîã³ºþ, ìåòîäàìè òà âïëèâîâèìè àñïåêòàìè, 
òàêèìè ÿê ìîâà, ïðèðîäí³ñòü, ëþäÿí³ñòü, ð³çíîìàí³òí³ñòü, áåçïåêà òà óïðàâë³ííÿ.
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Åòè÷í³ ïèòàííÿ ðåäàãóâàííÿ ãåíîìó â ðîñëèíàõ çîñåðåäæåí³ íà ìîäèô³êàö³¿ ðîñëèí, ñòâîðåíí³ íîâèõ ñîðò³â 
ðîñëèí, ïèòàííÿõ áåçïåêè, ³äåíòèô³êàö³¿ ãåííî ìîäèô³êîâàíèõ îðãàí³çì³â, á³îð³çíîìàí³òò³, ³íäóñòð³àë³çàö³¿ 
ñ³ëü ñüêîãî ãîñïîäàðñòâà, á³îçàõèñò³, ñïðàâåäëèâîñò³ òà ñóñï³ëüíèõ ì³ðêóâàííÿõ. Ñòîñîâíî òâàðèí åòè÷íà äèñ-
êóñ³ÿ ïîáóäîâàíà íàâêîëî ³íñòðóìåíòàëüíîãî âèêîðèñòàííÿ â³äðåäàãîâàíèõ ãåíîì³â òâàðèí äëÿ áëàãà ëþäèíè, 
äîáðîáóòó òâàðèí, óïðîâàäæåííÿ 3R (Replacement, Reduction, Refinement — çàì³íà, çìåíøåííÿ, óäîñêîíàëåííÿ), 
ãóìàí³çàö³¿ òà á³îð³çíîìàí³òòÿ. Åòèêà ðåäàãóâàííÿ ãåíîìó ó ëþäåé º íàéñêëàäí³øîþ, ÿêùî áðàòè äî óâàãè ôóí-
äàìåíòàëüí³ êîíöåïòóàëüí³ ì³ðêóâàííÿ, áåçïåêó, ãóìàíí³ñòü, ïðèðîäí³ñòü, ð³çíîìàí³òí³ñòü, â³äì³íí³ñòü ì³æ òå-
ðàï³ºþ, ïðîô³ëàêòèêîþ òà ïîêðàùåííÿì, à òàêîæ êðèòåð³é «äîñèòü áåçïå÷íî».

Ñòàòòÿ çàâåðøóºòüñÿ ðåêîìåíäàö³ÿìè ªâðîïåéñüêî¿ ãðóïè ç ïèòàíü åòèêè, äå íàãîëîøåíî íà íåîáõ³äíîñò³ 
øèðîêèõ ñóñï³ëüíèõ îáãîâîðåíü, ïðàâîâîãî ðåãóëþâàííÿ, äåðæàâíèõ ðåºñòð³â ³ ï³äòðèìêè ìåíøèõ ó÷àñíè-
ê³â. Ðåêîìåíäàö³¿ ï³äêðåñëþþòü âàæëèâ³ñòü áàëàíñó ì³æ åòè÷íèìè ì³ðêóâàííÿìè òà ïðàêòè÷íèìè àñïåêòà-
ìè, òàêèìè ÿê àíàë³ç âèòðàò ³ âèãîä, íîðìàòèâíî-ïðàâîâà áàçà. Ê³íöåâîþ ìåòîþ º ñïðèÿííÿ ïî³íôîðìîâàíî-
ìó òà çáàëàíñîâàíîìó îáãîâîðåííþ åòèêè ðåäàãóâàííÿ ãåíîìó, ï³äêð³ïëåíå âñåá³÷íèìè äîñë³äæåííÿìè òà 
óïðàâë³ííÿì.

Ó ñòàòò³ ðîçãëÿíóòî ïðàâîâ³ ïèòàííÿ, ïîâ’ÿçàí³ ç ðåäàãóâàííÿì ãåíîìó â ªÑ. Îáãîâîðåíî çàáîðîíó ïàòåíòó-
âàííÿ á³îòåõíîëîã³÷íèõ âèíàõîä³â, çàñíîâàíèõ íà ðåäàãóâàíí³ ãåíîìó, ïðîàíàë³çîâàíî âïëèâ åòè÷íèõ àñïåêò³â 
íà çàêîíîäàâñòâî ó ñôåðàõ ïàòåíò³â ³ á³îòåõíîëîã³é. Îñîáëèâó óâàãó ïðèä³ëåíî ïðàâîâîìó ñòàòóñó ëþäñüêèõ åìá-
ð³îí³â, çàêîíàì ïðî åêñïåðèìåíòè íà òâàðèíàõ ³ ðåãóëþâàííþ ãåíåòè÷íèõ ìîäèô³êàö³é ó êîíòåêñò³ á³îð³çíîìà-
í³òòÿ òà á³îåòèêè.

Êëþ÷îâ³ ñëîâà: ïðàâîâèé ñòàòóñ ëþäñüêèõ åìáð³îí³â, çàêîíîäàâñòâî ïðî åêñïåðèìåíòè íà òâàðèíàõ, ðåäàãóâàííÿ 
ãåíîìó, åòèêà, á³îòåõíîëîã³÷í³ âèíàõîäè, ªâðîïåéñüêà ãðóïà ç åòèêè, á³îòåõíîëîã³ÿ, åòè÷í³ ì³ðêóâàííÿ, ãåíå-
òè÷íà ìîäèô³êàö³ÿ, á³îð³çíîìàí³òòÿ, á³îåòèêà.


