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Summary

Summary

This report provides a critical assessment of new genetic engineering (new genomic techniques, NGTs) appli-
cations in vertebrates. It focusses, in particular, on animals used in food production and concentrates on the

protection of animals, humans and the environment.

Differences in breeding

NGTs can be used to achieve genetic changes in vertebrates that go beyond what is possible or could be expect-
ed in conventional breeding. In vertebrates used for breeding purposes, new genetic characteristics primarily
result from crossing and selection. However, the recombination (‘crossing over’) or mutation frequency is very
unevenly distributed in the genome of vertebrates, and thus severely limits conventional breeding outcomes.
The mechanisms limiting the occurrence of new genetic variants can be seen as a kind of barrier established by

the cells which contribute to the protection of animal health.

Many mutations which occur due to faulty processes during cell division are naturally repaired by the cells in
such a way that the gene function is maintained. At the same time, many gene regions are considered to be

highly conserved which means that new biologically effective gene variants are rarely observed here.

The processes of new genetic engineering (NGT) make the animal genome available for genetic changes to a
much greater extent because it interferes with the natural processes in the cells and changes the probability of
mutations to occur at specific sites in the genome. One reason: NGTs can hamper the natural repair processes
in the cells. Thereby, NGTs can be used to induce previously unknown mutations and new gene combinations
which are very unlikely to be achieved with other methods. The technical potential of NGTs, therefore, obvi-

ously raises questions about specific risks.

Risks

The risks associated with NGT applications in livestock can result both from the NGT processes (unintended
effects) or their intended outcomes (desired traits). This can affect various aspects of including animal protec-
tion, animal welfare, animal health, animal breeding, the environment and also risks for consumers. It should
be noted that compared to plants, animals have a much lower tolerance to newly occurring mutations, regard-

less of whether these are caused intentionally or unintentionally.

¢ Animal welfare

Irrespective of the intended traits, the NGT procesess , are very often associated with the use of largenum-
bers of animals and additional animal suffering. sssssThis is because they make use of, e.g. surrogate mothers,
cloning procedures, the birth of NGT animals with unwanted genetic changes, epigenetic disorders and/or
genetic mosaic formation (different tissues exhibit different genetic variants). One well known example are
hornless cattle where genetic defects caused by NGTs were overlooked and resulted in the animals having to

be slaughtered.

In addition, NGT effects can easily cause pain and suffering if, for example, the animals are exposed to chronic
stress due to increased fattening or milk yield — which can, in turn, result in greater susceptibility to disease or
other health issues. There are also many ethically dubious applications. One drastic example is NGT tuna in
which the transfer of signalling stimuli required to trigger muscle contraction is blocked which makes them

better suited to industrial factory farming in aquaculture.
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¢ Animal health

The myostatin gene is probably the most commonly targeted gene in NGT livestock. This is a cause for con-
cern, since the desired breeding traits (excessive muscle growth and increased economic yield) can impact an-
imal health. Various side effects relevant to animal welfare, such as birthing difficulties or skeletal deformities,
have already been documented. It should also be noted that the myostatin gene influences several metabolic
pathways and the pleiotropic effects that may occur can vary from species to species. The NGT animals will
probably also experience negative effects on their health which do not result directly from excessive muscle
growth. Blocking the myostatin gene is just one example of ethically dubious NGT projects aimed at increas-

ing performance in farm animals.

* Animal husbandry and agriculture

The use of modern breeding methods (such as artificial insemination) can very quickly lead to the spread of
genetic defects in breeding populations. A very cautious approach is therefore required in regard to the in-
tended and unintended NGT effects in order to protect the interests of animal breeding, agriculture and food
production. One example is NGT cattle with modified haircoats. The US Food and Drug Administration
(EDA) found that in NGT cattle with thinner coats (SLICK) the gene variant did not correspond to the al-
ready known natural gene variant, and thus caused undesirable changes in the genome. The FDA nevertheless
granted authorisation as they believed it was unlikely that this would be a risk to consumers. According to

Testbiotech, however, this does not necessarily mean that there are no risks in animal breeding,.

¢ Environment

Amongst other things, there is a risk that NGT fish could spread uncontrolled in the environment and jeop-
ardise natural populations. Other risks to the environment include the spread of specific pathogens, which
would not otherwise be expected to occur, e.g. via faeces. In addition, many applications may enable a signif-

icantly higher intensity of animal husbandry, which may be associated with higher environmental pollution.

* Consumers and food producers

Risks to human health must also be examined in detail: genetic engineering can change the composition of
the ingredients in food obtained from NGT animals, and may also include the occurrence of new ingredients.
NGT animals with (unintentionally) weakened immunity may favor the transmission of pathogens. There is
also a risk that NGT animals that have been engineered to be resistant to viruses can become a reservoir for

pathogens, which can arise through adaptation.

Consumers may also consider the consumption of certain NGT products as ethically problematic and, there-

fore, be reluctant to buy any such products. This represents a certain economic risk for the producers.
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Patents

In the period from 2020-2024, an increasing number of international patent applications were filed for geneti-
cally engineered vertebrates intended for use in food production. Most of these were for fish, followed by poul-
try, pigs and ruminants. The objectives are further development of NGT processes, changes in reproductive
capacity, increased yield and resistance to pathogens. These kinds of patent applications are expected to further
increase in number. Examples for the traits claimed in the patents are animals with enhanced muscle growth,

faster fattening and also fish without intermuscular bones.

It is alarming that the economic interests behind these patents may lead to an increase in the number of animal

experiments as well as increased suffering, pain and a reduction in animal welfare.

Regulation

New gene variants that have not previously occurred in conventional breeding should be thoroughly analysed
for intended and unintended effects in order to adequately protect the environment, consumers, food produc-

tion, agriculture and breeding.

The legislator should also set high hurdles for NGT applications and their commercialisation, especially in
regard to animal protection, animal welfare and animal health. Patents covering the genetic engineering of
animals for food production should be unequivocally prohibited. If not, there is a risk of greatly increased

suffering, pain and reducing animal welfare due to economic expectations.
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1. Introduction

New genetic engineering makes it possible to exchange single nucleotides, (de)activate genes or even insert or

remove larger gene segments.

New genetic engineering tools and methods

NGTs enable targeted genetic engineering via nucleases (enzymes, also called ‘gene scissors’). Nucleases are

enzymes that are able to cleave the chemical bonds between individual DNA building blocks (nucleotides).

In other words, NGTs involve the use of biotechnological mutagens that enable changes to be made at a spe-
cific site in the genome. This is why NGTs are also referred to as site-directed nucleases (SDNs). In contrast,

random (non-targeted) mutagenesis uses physical and chemical mutagens.

It was first shown in 1996 that a special class of proteins called zinc finger nucleases (ZFNs) can cleave DNA
at precisely defined sites in vitro (Nemudry et al., 2014). However, the ZFN-based technology was compli-
cated and expensive, so researchers began to actively seek new methods of genome editing (Matsumoto and

Nomura 2023).

The TALEN (Transcription Activator-like Effector Nuclease) and CRISPR/Cas (Clustered Regulatory Inter-
spaced Short Palindromic Repeats/ CRISPR associated) systems, first described in 2010 and 2012 respectively,
are much cheaper and easier to use - the latter is currently the most commonly used NGT tool in animals.

Research in this area has progressed very rapidly since then.

Gene scissors (nucleases) are very often used to ‘knock out” genes (SDN-1). To do this, the nuclease first causes
a break in the DNA strand and then leaves it to cellular repair mechanisms to repair the damage. However,
the nuclease Cas can be used to prevent the cellular repair processes from restoring the original gene function:
genetic scissors that are ‘programmed’ to ‘cut’ a specific DNA sequence can recognise the sequence and cut it

again after successful repair, so that the repair becomes faulty and the original gene function is lost.

New genetic engineering can also be used to specifically insert new gene variants (SDN-2) or additional genes

(SDN-3).

Regulation of new genetic engineering in the EU

According to a ruling made by the European Court of Justice (ECJ) on 25 July 2018," organisms obtained from
mutagenesis are considered to be genetically modified organisms as defined in Directive 2001/18/EC. The ECJ]
ruling makes a distinction between the new (targeted) methods (NGT/use of nucleases) and the old (untarget-

ed) methods of random mutagenesis, in which physical or chemical mutagens are used.*

According to the ECJ, there is insufficient experience with NGT procedures based on the use of targeted (bi-
otechnological) mutagens. The risks may therefore correspond to those associated with transgenic organisms
obtained from previous methods of genetic engineering. According to the court, NGT organisms must there-

fore undergo an authorisation procedure, including risk assessment, before being brought to market.
The above described legal situation is the basis for the current discussion on the future regulation of new ge-
netic engineering in the EU: in 2023, the EU Commission proposed that most NGT plants should in general

be treated as equivalent to conventionally-bred plants.’

In parallel, discussions relating to the regulation of NGT animals are also underway. The European Food Safe-

1 htps://eur-lex.europa.eu/legal-content/ DE/TXT/?uri=CELEX:62016CJ o528
2 Since random mutagenesis methods are frequently used in plants but rarely in vertebrates, this distinction is less relevant.
3 heeps://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52023PCo411
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ty Authority (EFSA) has already published initial reports on this issue (Van Eenennaam, 2023; EFSA, 2025).

However, it is unclear whether the EU Commission will also propose a change of regulation in this area.

Expectations and possible negative consequences

Many researchers continue to present NGT tools as an efficient, cheap and better method of targeted genetic
engineering in animals. These new methods make the manipulation of animal genes easier to achieve than with

previously used or older genetic engineering methods or conventional breeding (COGEM 2017).

Needless to say, these applications also come with economic expectations. Important goals are, for example,
an increase in agricultural production or saving costs. The desired characteristics include improved feed utilisa-
tion, higher meat, milk and egg production, adaptation of biological sex to production methods or resistance

to diseases.

However, the application of NGTs in animals is a complex process in which the following aspects are particu-
larly relevant when seen from the perspective of the protection of human health, animals and the environ-
ment. These aspects include the differences between previous breeding methods and NGTs, the intended and
unintended effects, an increase in animal losses, additional animal suffering and a reduction in animal welfare.
On top of these aspects there are environmental risks and risks inherent to animal breeding, agriculture, food

production and consumers.
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2. Technical basics

New genetic engineering uses nucleases (e.g. Cas9) to induce a genetic change in the desired DNA sequence;
often initially a double-strand break (DSB) (Carroll et al., 2017).

Fig. 1: So-called gene scissors can be used to modify
certain traits of plants or animals, for example. (1)
The first step is to select a specific site in the geno-
me that represents a particular trait. (2) The gene
scissors can be programmed to search for and find
the specific site in the genome. (3) Once the gene
scissors have found the site, they can cut the genome
creating a break/DSB. This break in the genome is
then recognised and repaired by the cell. (4) After the
repair, the respective site is altered, which is also the
aim of using the gene scissors: the original trait is lost
or altered.

Source: https://fachstelle-gentechnik-umwelt.de/en/
what-are-gene-scissors-and-how-do-they-work-2/

altered
trait X

2.1 Application categories
A DNA double-strand break is a serious form of DNA damage in which both strands of the DNA double helix

are severed. Cells have their own special internal repair mechanisms to repair DSBs. If only one strand of the
DNA double helix is affected, the other (complementary) strand serves as a template for the repair. This is not
the case with DSBs, which is why their repair is much more difficult.

One possible consequence of DSBs is a faulty repair, resulting in a new gene variant (mutation) at the affected
site in the genome. Depending on the location and result of the change, the biological effect - intentional or
unintentional and from case to case - can have very different consequences. In general, the nuclease not only
cuts the DNA at a specific site, but also influences the result of the repair process itself and aims to prevent the

restoration of the original gene function.

In general, there are two types of DNA repair meachanisms:

* Non-homologuous end joining (NHE])

In this case, the two ends of the broken DNA double strand are directly re-joined without the use of an iden-
tical DNA sequence as a template. This can lead to deletions, inversions, insertions or other mutations. The
genetic scissors influence the result of the repair by significantly hindering or making it impossible to restore
the original sequence (and thus its function) by repeated cutting. Therefore, NHE] repair after application of

gene scissors often results in the knock-out or inactivation of the gene function.
If a knock-out is the goal, but not a specific alteration of a gene function (or the introduction of a new gene),
this is referred to as a Site-Directed Nucleases 1 (SDN-1) intervention.

* Homologous recombination (homology-directed repair, HDR)

HDR occurs naturally, for example, when the cells use the intact copy of the identical DNA segment, often

that of the sister chromosome, as a template to replace the defective segment. In NGT procedures, HDR is


https://fachstelle-gentechnik-umwelt.de/en/what-are-gene-scissors-and-how-do-they-work-2/ 
https://fachstelle-gentechnik-umwelt.de/en/what-are-gene-scissors-and-how-do-they-work-2/ 
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used for knock-in, i.e. the insertion of additional DNA sequences/components, whereby the insertion se-
quence is flanked by the original DNA sequences. This is intended to achieve the targeted insertion of addi-
tional DNA sequences in the genome. If new gene functions are to be created, a few nucleotides (SDN-2) or
entire gene sequences (SDN-3) can be inserted. However, the success rates of these knock-in procedures are

often rather low.

2.2 Nucleases

There are currently three classes of nucleases that can be programmed to produce genetic changes within a spe-
cific DNA sequence, i.e. zinc finger nucleases (ZFNs), transcription activator-like effector nucleases (TALENY)
and CRISPR-Cas. Although the latter is by far the most commonly used today, the other two are still used in

research and in various agricultural and medical applications.

Zinc finger nucleases (ZFN)

Zinc finger nucleases were one of the first genome editing tools to be used in the genetic engineering of organ-
isms. Zinc finger nucleases are enzymes that consist of two protein domains: the zinc finger domain and the
nuclease domain. The nuclease domain is responsible for cutting DNA, while the zinc finger domain can be

constructed in such a way that it recognises specific DNA sequences.

The first in-vitro study with ZFN was conducted in 1996, followed by the first genetically engineered ‘knock-
out animal in 2009 (a rat, Geurts et al., 2009) and the first ‘knock-out’ pigs in 2012 (Whyte and Prather 2012).
This was followed by ‘knock-out’ cattle and ‘knock-out” goats (Cui et al., 2015; Song et al., 2015; Xiong et al.,
2013; cf. Yuan et al., 2024). Although ZFNs are very specific, they are also expensive and time-consuming

to use.

Transcription activator-like effector nucleases (TALENS)

Talens was originally discovered in a plant pathogenic bacterium of the genus Xanthomonas and also consists of
two main components: (i) a DNA-binding domain that specifically binds to the target DNA sequence and (ii)
a nuclease domain that is responsible for cutting the DNA. The DNA-binding domain of TALENS consists of
a sequence of modified proteins called TALE repeat units. Each of these repeat units binds to a specific base
pair sequence in the target DNA. By arranging different TALE repeat units, specific DNA-binding domains
can be constructed that bind to the desired target DNA sequence and generate a DSB at this site.

The use of TALENS is very eficient, which is why they appear particularly promising for the introduction of
single nucleotide or gene sequences, i.e. generally for the creation of knock-in animals - so far, particularly in
cattle (Carlson et al., 2016; Yang and Wu 2018; Yuan et al., 2024). However, similar to ZFNs, the application
of TALENS is also complex and expensive, which is why CRISPR/Cas has become widely accepted in genome

editing in recent years (Wani et al., 2023).

CRISPR/Cas
The name CRISPR stands for “Clustered Regularly Interspaced Short Palindromic Repeats” and refers to

specific DNA sequences found in bacteria. There they act to some extent as a molecular memory of previous

actacks by viruses (Barrangou et al., 2007).

The CRISPR/Cas system consists (in simplified form) of the endonuclease ‘Cas’ (CRISPR associated) and
a special single guide RNA (sgRNA). The gRNA recognises specific DNA sequences and also binds the nu-
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clease Cas. This directs Cas to the desired location in the genome, where it can create a DSB. The CRISPR/
Cas system is now relatively easy to produce and use. TALENs and ZFNs, on the other hand, are based on

protein-based binding to DNA, which makes them more expensive and more difficult to use.

CRISPR/Cas variants (base editing and prime editing)
Over the years, different variants of the CRISPR/Cas method have been developed. One of these is so-called

‘base editing’, which enables the exchange of individual nucleotides without double-strand breaks.

Base editing (BE) enables the direct conversion of a DNA sequence without the need for a DSB in the DNA.
The base editor is a fusion protein consisting of an RNA binding unit (inactivated Cas9) and an enzymatic
domain (deaminase). The RNA binding unit binds to the sgRNA of the target DNA sequence, while the
enzymatic domain alters the target DNA sequence. BE is particularly effective in the ‘correction’ of point
mutations that are associated, for example, with genetic diseases. A distinction is made between cytosine base
editors (CBE) and adenine base editors (ABE). CBE specifically converts a cytosine (C) into uracil (U), which
is converted into thymine (T) during DNA repair; ABE can specifically convert adenine (A) into inosine (I),
which is then treated as guanine (G) during DNA replication. Although CBEs and ABEs do not cause/induce

double-strand breaks in the DNA, the risk of unwanted mutation remains (Grunewald et al., 2019).

BE have already been used several times for genome editing (see below) as part of biomedical research in order
to switch off many genes at once, for example in pigs (see Wu et al., 2023 ). In farm animals, users also want
to utilise BE systems for the genetic engineering of traits such as reproduction, milk production and wool

production (Yuan et al., 2024). Base editing cannot be used to insert or remove DNA sequences.

Prime editing (PE) was developed in order to be able to insert additional gene segments in contrast to BE,
and at the same time circumvent the existing limitations of the CRISPR/Cas method (Liu et al., 2020). Prime
editing uses a special RNA (pegRNA) and a modified Casg protein to make precise DNA changes without
double-strand breaks. Similar to base editors, prime editors combine a DNA binding unit with an enzymatic
domain, but go beyond this by not only altering individual base pairs, but also inserting or replacing new
DNA sequences. This is done using a special RNA template that binds to the target DNA sequence and
serves as a template for the synthesis of the new DNA sequence. The prime editor removes the original DNA
sequence and replaces it with the newly synthesised sequence. This makes complex genetic alterations possible,
e.g. the ‘correction” of mutations, the insertion of new sequences or the manipulation of regulatory elements.
Compared to the methods described above, the use of PE is aimed at causing fewer undesirable effects, al-

though the efficiency and success rates are still relatively low (Zhou et al., 2023).
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3. NGT applications in vertebrates

The NGT procedures can be adapted depending on whether mammals, fish or birds are involved. For the

generation of a population of NGT animals with the desired characteristics, several steps are needed.

3.1 Applications in laboratory animals

Mice and rats are the most frequently used laboratory animals and are also often genetically engineered. It is
possible to establish cell cultures with embryonic stem cells from these animal species. This enables the genet-
ic engineering of many cells at the same time and allows the selection of cells for the desired changes in the
laboratory. The selected cells are then transferred into embryos where they are involved in the formation of
the various organs. This avoids the disadvantages associated with cloning methods such as somatic cell nuclear
transfer (SCNT). However, genetic mosaics often occur, i.e. the desired genetic alteration often only occurs in
certain tissues, and only by further breeding can the genetically engineered trait possibly become established

in all cells.

The use of embryonic stem cells together with the invention of the CRISPR/Cas gene scissors has led to a
significant reduction in the overall time required to create genetically engineered animals for laboratory use,
while at the same time reducing costs and increasing the number of animal experiments. While it took around
a year to create a genetically engineered line in mice (knock-out) using ‘old’ genetic engineering methods, with

NGTs it now only requires/takes three weeks to achieve the same result (EGE 2021).

The introduction of NGTs has not only increased the number of laboratory animals being used, it has also led

to the expansion of the range of animal species that can be used.

3.2 Applications in large farm animals

Although pluripotent stem cells were isolated from pigs, cattle and sheep, the creation of suitable embryos
from these cells still remains a challenge (Ledesma and Van Eenennaam, 2024). This is one of the reasons why
the application of new genetic engineering in so-called ‘large animals’, i.e. pigs, cattle, sheep and goats, is more

costly, more complex and less efficient than in small laboratory animals such as mice and rats.

In livestock, the germ cells are usually genetically engineered in order to make the genetic changes heritable.
Fertilised egg cells (zygotes), early embryos (blastocysts) or (primordial) germ cells (sperm and egg cells) are
often used for transformation. Depending on the procedure, several subsequent breeding steps are often neces-
sary to make the new traits fully heritable. One reason for this is the aforementioned genetic mosaic formation
(Mehravar et al., 2019).

Other options include cell cultures from body cells (somatic cells), from which the cell nuclei are isolated
and transferred into egg cells. These cloning procedures (somatic cell nuclear transfer, SCNT), which became
known, for example, through the cloned sheep “Dolly” are still used today in the context of NGT applications.
However, these cloning procedures are often associated with a high incidence of animal losses (EFSA, 2008),
particularly as they often lead to errors in the regulation of genes (epigenetics). The advantage of NGT proce-
dures is that a large number of cells can be genetically engineered at the same time and the success rate of the

genetic intervention can be checked before further steps are taken.

In all these procedures, the first steps are carried out in the laboratory. The genetically engineered embryos are

then transferred to surrogate mothers.

One special method of creating NGT populations is the use of sterile (often male) parent animals in which the

natural germ cells (often sperm cells) are replaced by genetically engineered germ cells (Mueller et al., 2023).
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The offspring of these animals then do not carry the original characteristics of the parent animal but those of
the genetically engineered germ cells. The process can be equally used in mammals, birds and fish. Through
subsequent crossing and selection, animals can be bred in which the genetic changes are present homozygously
(Giasetti et al., 2019; Zhao et al., 2021).

3.3 Special processes for fish and birds

Fish and birds are a special case: In fish, the fertilization of the eggs and the development of the embryos
happens outside the body.These clutches are used for genetic engineering, the embryos do not have to be

transferred to surrogate mothers and the successfully modified animals can be selected directly after hatching.

Typically, however, in NGT fish the genetically engineered characteristics are only expressed in certain tissues
(mosaicism) and they...they also frequently exhibit unintended genetic changes and off-target mutations (Blix
et al., 2021; Ferdous et al., 2022). In subsequent breeding steps, NGT animals are further crossed and selected
to achieve the desired genetic changes. Another special feature is that fish often have several sets of chromo-

somes, which can make the selection of suitable NGT animals more complicated.

In birds, it is usually not the zygote (fertilized egg cell) that is modified directly, but the precursors of the germ
cells (primordial germ cells) (Ichikawa et al., 2022; Mitchell et al., 2023). These are cultivated in the laboratory,
genetically engineered and then transferred into the fertilized egg (the developing embryo) in which they are

to develop into genetically engineered germ cells (sperm or egg cells).

Additional methods such as special in-vitro fertilization procedures (Mizushima et al., 2023) or genetically

engineered sperm are also used in chickens (Cooperet et al., 2017; Mizushima et al., 2021 and 2023).

3.4 Multi-stage procedures for the use of new genetic engineering

Several intermediate steps are required for the genetic engineering of livestock using NGT methods.

1. The introduction of the nuclease into the cells
There are various methods that differ not only technically, but also in terms of cost, efhiciency and accuracy.

The transfer of the nuclease is made either with plasmids (which then produce the nuclease in the cells), pro-
teins or RNA. In addition, retroviruses (lenitviruses or adenoviruses) can be used as ‘vectors’ to introduce the
DNA for the production of the nuclease.

Usually, it is not necessary for the genes for the production of the nuclease to be inserted into the DNA of the
target organisms. However, if lentiviruses are used, this results in the integration into the genome and per-
manent expression of the nuclease genes. Among other things, this increases the risk of undesirable off-target

effects (Dong and Kantor 2021).

If viral vectors are not used, the nucleases (or their precursors) can be introduced by microinjection or electro-
poration. In electroporation, the target cells are exposed to an electric field in order to increase the permeability

of the cell membranes (Miao et al., 2019; Gim et al., 2023).

Like electroporation, microinjection is a process that was also used in ‘old’ genetic engineering. Here, a cannula
is used to inject the respective components of the nucleases into the fertilized egg cell. The efficiency of this

procedure varies greatly, but is often only low.

Microinjection and electroporation methods also frequently result in genetic mosaics (Mianné et al., 2017;

Lamas-Toranzo et al., 2018; Gim and Jang 2024).
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2. Obtaining NGT animals

If germ cells or zygotes are genetically engineered, the resulting NGT blastocysts (early stage embryos) can be
cultivated in the laboratory for a short time in order to observe the first cell divisions. The NGT embryos are
then transferred to surrogate mothers. The same applies to NGT embryos resulting from cloning procedures

(somatic cell nuclear transfer (SCNT)), these NGT embryos are also transferred to surrogate mothers.

In order to establish the genetic changes in a breeding population, further breeding steps are often necessary
to select breeding animals, avoid genetic mosaic formation, achieve homozygosity (pure heredity) and exclude

health impairments or other undesirable side effects.
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4. Differences to conventional breeding

NGTs can be used to achieve genetic changes in vertebrates that go beyond what is possible or expected in
conventional breeding. In vertebrates, the frequency of recombinations (‘crossing over’) or mutations is very
unevenly distributed in the genome, which severely limits the outcomes of conventional breeding. The mecha-
nisms limiting the occurrence of new genetic variants can be considered to be barriers established by the cells to
protect animal health. The technical potential of NGTs to overcome these barriers, necessarily raises questions

about specific risks.

4.1 Characteristics of conventional breeding

Specific traits in conventional breeding of vertebrates result primarily from the processes of crossing and
selection. The underlying molecular genetic processes that lead to new gene combinations occur after fertil-
isation of the egg cells and subsequent cell divisions, and are called ‘crossing-over’. In this process, , the ge-
netic information is reassembled/recombinded from the chromosomes of the parent animals. Crossing-over
causes double-strand breaks in the chromosomes and a recombination of sections of the homologous

chromosomes.

The frequency of recombination occurring between the chromosomes of the parents is very unevenly dis-
tributed in the genome, which limits the conventional breeding outcomes. Regions in which recombination
events are frequently observed are considered ‘hotspots’ for crossing-over, while other regions of the genome
are inherited together and remain unchanged over many generations (Paigen & Petkov, 2010; Mackiewicz et
al., 2013; Ma et al., 2015; Smeds et al., 2016). For example, DNA regions with many repetitive sequences are
often subject to only a low recombination rate. These include centromeres, telomeres, ribosomal RNA and

sequences for transfer RNA (Chen et al., 2008; Termolino et al., 2016).

There are complex processes during meiosis which can ensure that crossing-over is prevented or revised, and

thus becomes a non-crossing-over (NCO) event (Lorenz et al., 2012; Capilla et al., 2016).

During crossing-over, the existing alleles are combined, but usually no new alleles are created. If spontaneous
mutations occur during cell division (or otherwise), these can often be repaired by the cells in such a way that
the original gene function is retained. This applies in particular to actively transcribed genomic regions (Supek
et al., 2015; Huang et al., 2018).

Protecting the genome from random mutations is extremely important in mammals, as they have a much
lower tolerance to spontaneous mutations than/compared to plants. Already small changes can trigger serious

diseases such as cancer (see e.g. Pilzecker et al., 2019).

For this reason, methods of triggering random mutations (undirected mutations), which are an important tool
for increasing genetic diversity in plants, only play a subordinate role in vertebrate breeding. This also means
that the introduction of new gene variants in conventional animal breeding is much more difficult than in
plant breeding, as it is primarily already existing alleles that are combined with each other in the course of

crossing and selection.

4.2 Features of NGT procedures

Compared to conventional breeding, there is no doubt that new genetic engineering can make the genomes
available for alterations to a much greater extent than previous breeding methods (Kawall, 2019). New genet-
ic engineering can be used to bring about previously unknown mutations and new gene combinations that
would hardly be possible with other methods.
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In the case of NGT plants, various experts claim that in particular the results of non-directed mutagenesis
maybe similar to NGT methods (see e.g. EFSA 2020; EFSA 2022), although other experts come to different
conclusions (such as Kawall., 2019; Eckerstorfer et al., 2019; Kawall, 2021; Testbiotech 2022; Bohle et al., 2023;
Koller & Cieslak, 2023; Eckerstorfer & Heissenberger, 2023; ANSES, 2023; ANSES 2024). Such comparisons
are even more difficult to use with NGT animals as the use of random mutagenesis (undirected mutagenesis)
does not play a significant role in animal breeding. As a result, the differences to conventional breeding are

even more pronounced than with NGT plants.

NGT methods can be used to create many new gene variants (mutations) and new gene combinations that are
not yet present in the breeding gene pool, and whose development may otherwise, amongst other things, be
prevented by repair processes. This is illustrated by the fact that a greater number of mutations can occur, for

example, when the natural repair mechanisms are disrupted (Haapaniemi et al., 2018).

Depending on the particular gene function and the resulting gene combination, NGT gene variants can trig-
ger similar effects and risks similar to those that can arise from the transfer of genes from other species. The
technical potential of the gene scissors also means that these changes can be much more complex than any

previously used genetic engineering application (see, e.g. Han et al., 2023).

Crucian carp with no intermuscular bones are one example showing that NGTs can generate traits that go
beyond what is known from conventional breeding. Earlier attempts were made to reduce the number of inter-
muscular bones through conventional breeding, but these were only partially successful. NGTs, on the other
hand, made it possible to completely prevent the growth of these bones. The NGT fish also showed an altered

composition of constituents in the muscles (Kuang et al., 2023).

Against this backdrop, it is crucial that gene variants in NGT animals are analysed for intended and unintend-
ed effects. The risks to animal health and welfare, food safety, the transmissibility of pathogens (e.g. through
changes in the immune system), food safety and food compatibility must all be taken into account. Risks to
future breeding must also be considered before a new genotype can be introduced into the gene pool of the

breeding populations (see below).

In this context, particular attention must be paid to pleiotropic effects (where one gene influences several
traits), as discussed, for example, in the context of genetic engineering of human embryos (Regalado 2024;
Bian et al., 2024; Mackay & Anholt, 2024). A search in the STRING Database (https://string-db.org), which
provides an overview of (in)direct protein interactions, shows numerous interaction partners for the gene
myostatin, which is frequently targeted in NGT animals and is involved in various metabolic pathways. These

multiple interactions can lead to unintended pleiotropic effects caused by the NGT-intervention.

In addition, there are specific risks associated with the particularities of the NGT process. The way in which
DSBs are induced by NGTs and repaired by the cells can differ significantly from the processes that occur nat-
urally (in the cells). For example, the CRISPR/Cas gene scissors can delay the repair processes or cut the target
region several times (e.g. after successful repair), so that the original function of the target gene is very likely to

be lost (Brinkmann et al., 2018; Zuccaro 2020).

The delay or disruption of repair processes of the induced DSBs promote the occurrence of chaotic chro-
mosomal processes (Cullot et al., 2024), such as chromothripsis (de Groot et al., 2023), which can lead to
serious health problems (Ledford 2020; Leibowitz et al., 2021; Amendola et al., 2022; Lazar et al., 2024). Such
‘catastrophic’ DNA changes, also known as ‘CRISPRthripsis’, have led to serious concerns about possible

clinical applications of CRISPR/Cas9 (Amendola et al., 2022). Similar effects, such as alterations of larger gene
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regions, including deletions, insertions and complex rearrangements, have also been described in connection

with the use of CRISPR/Cas in human cells (Park et al., 2022; Hunt et al., 2023; Bi et al., 2025).

For example, unwanted insertions of gene segments in the target regions can remain undetected for a long
time (Norris et al., 2020). The same applies to genetic changes that are off-target, i.e. far away from the target

site. Suitable detection methods must therefore take the entire genome into account (see e.g. Redel et a., 2024;

Lazar et al., 2024; Bi et al., 2025; Lorenzini et al., 2025).

Fig 2: Cells are equipped with repair- and control-mechanisms that can influence changes in the genome.
These ,guard rails‘ are important for the genetic stability of species and their further development. The
CRISPR/Cas gene scissors are used to insert additional gene sequences or block important gene functions.
This allows repair mechanisms and safety processes in the cells to be bypassed. Genetic engineering can
thus be used to change characteristics that are very unlikely to be achieved by conventional breeding. For
this reason, genetically engineered plants must be thoroughly risk-assessed.
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Many results from medical research, such as CRISPR/Cas applications in human cells, are also relevant to
NGT animals. In general, however, much more attention is paid to these issues in the field of clinical applica-
tions. The main differences have less to do with the underlying molecular biological processes and health risks
than in ethical considerations: preventing disease in humans requires a much greater duty of care, even though
the risk of disease can be very similar. Another difference lies in the lifespan of animals and humans. For farm
animals in particular, this does not usually correspond to the natural lifespan, but is determined by economic

interests. This can reduce the frequency of occurrence of certain diseases in farm animals.

However, there are also reasons to pay increased attention to possible health risks in NGT animals: while gene
therapies in humans are limited to somatic cells and interventions in the germline are more or less taboo, the
goal in animal breeding is usually the heritability of NGT traits. Major risks are the result: modern breeding
methods (such as artificial insemination) mean that possible gene defects can spread and possibly accumulate
very quickly in breeding populations, which poses significant risks to breeding, food safety, animal health and

the environment.

5.1 Technical development and its significance for risk assessment

According to Ledesma & van Eenennaam (2024), a literature search yielded over 200 studies on NGT applica-
tions in farm animals (including insects). CRISPR/Cas gene scissors were the most frequently used tool, with
the main aim of knocking out genes (SDN-1). Fish (with the highest number of publications) and ruminants
(cattle, sheep, goats) were represented with over 6o publications each, pigs with around 6o, chickens with
under 20 and insects with 7. The objectives were higher yields (32%), reproduction (such as induced sterility)

(21%) and resistance to disease (17%). Most of the publications originated from China.

Accordingly, the following NGT animals have already been approved by the authorities: i) faster-growing fish
in Japan, Argentina and Brazil; ii) cattle with thinner fur or stronger muscle growth in Argentina, Brazil and

the USA and iii) virus-resistant pigs in Brazil and Colombia (Ledesma & van Eenennaam, 2024).

Although relatively few NGT animals have been brought to market so far, the high number of studies shows
there is considerable interest in their development. This is also reflected in a growing number of patent ap-
plications (see below). In view of the diverse economic interests in the development of NGT animals and the
considerable technical dynamics, means that risks to human health, animals and the environment must be

given special consideration.

It is to be expected that further technical developments will significantly increase both the number and the
complexity of genetic engineering interventions in the near future. This may result in synergies between com-
plex medical applications (such as the development of pigs for xenotransplantation) and livestock applications
(Fischer & Schnieke, 2023).

New variants of the genetic scissors (see e.g. Hu et al., 2025) as well as new NGT methods and new methods of
delivering the genetic scissors into the cells are currently being developed (Liu et al., 2025). The results of NGT
methods tend to differ more and more from the characteristics known from conventional breeding. This also

increases the necessity for risk assessment.

It is to be expected that there will be many more new applications exploring alterations in DNA segments/
regions involved in the regulation of gene activity. These/They will enable deep and diverse interventions in the
characteristics of NGT animals. Furthermore, this is a field in which artificial intelligence (Al is also playing

an increasingly important role and significantly accelerating developments (Gosai et al., 2024; Appleton et al.,
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2024). Several studies show that new intervention possibilities will arise, which in both their complexity and
the resulting properties also pose new challenges for risk assessment (see e.g. Han et al., 2023; DaSilva et al.,
2024; Lau & Suh 2018).

Multiplexing methods could also become even more important in the future. Multiplexing is the simultane-
ous genetic engineering of several genes. This can affect just one trait or several different traits at once. It is
a method that has already been used in pigs (Xu et al., 2020; Song et al., 2022; Navarro-Serna et al., 2024),
goats (Zhang et al., 2018) and cattle (Ren et al., 2023; Gim et al., 2023). Acelligen, a company supported by the
Gates Foundation, is currently working on African cattle. The aim is to simultaneously genetically engineer
several genes affecting heat tolerance, body shape, milk yield and disease resistance (Sonstegard, et al., 2025).
In addition, attempts may be made to use multiplexing applications to genetically modify elephants to make

them look similar to woolly mammoths (DeFrancesco et al., 2021).

5.2 Relevant areas of risk assessment

The risks of NGT applications in farm animals can be caused both by the procedures (unintended effects) and
the outcomes (desired properties). Various areas can be affected, including animal welfare, animal breeding,

animal health, the environment and also risks for consumers.

* The number of animal experiments and animal losses

Regardless of which methods are used in NGT animals, they are typically associ-
ated with the use of a large number of animals and severe animal suffering. This
is most obvious in the case of mammals. In this respect, the establishment of a
‘founder generation’ (i.e. the first generation of NGT animals subsequently used
for further breeding) is associated with unavoidable and considerable animal loss-
es. The reasons for this include the use of surrogate mothers, cloning procedures,

the birth of NGT animals with unwanted genetic changes, epigenetic disorders or

genetic mosaic formation. However, fish and poultry also often need numerous

selection processes requiring the use of huge numbers of animals needed to produce the ‘founder generation’.

Exceptionally high animal losses have been observed in the establishment of a ‘founder generation’ of pigs with
strong muscling (Wang et al., 2015), cattle with thin coats (Rodriguez-Villamil et al., 2021) and hornless cattle
(Carlson et al., 2016). In the case of the hornless cattle, researchers only subsequently discovered an uninten-
tional transmission of bacterial genes (Norris et al., 2020), making it necessary to slaughter all the animals and
their offspring,.

¢ Further issues of animal welfare

The desired NGT traits can be the cause of serious problems in animal welfare if,
for example, increased fattening or milk yield lead to severe chronic stress for the
animals, as this could result in increased susceptibility to disease or other health
impairments. Examples of a species with these kinds of intentionally induced traits
are fish with (excessive) muscle growth (Kishimoto et al., 2018) or diabetes-like
symptoms (Kishimoto et al., 2019), which have already been approved for com-

mercialisation in Japan.
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Negative correlations between animal welfare and higher production in livestock are already a known factor in
conventional breeding. As early as 1992, researchers proposed carrying out a thought experiment using genetic
engineering to modify chickens so that they lacked any external perception (seeing, hearing, feeling pain). The
aim was to use these animals for the production of meat and eggs and eliminate concerns about animal welfare
(Comstock, 1992).

Similar ideas are currently being discussed in the context of new genetic engineering applications in laboratory
animals (Minnet et al., 2015) and farm animals (Shriver & McConnachie, 2018). These considerations obvi-
ously have far more to do with economic interests than with a genuine interest in animal welfare: animals that
do not have horns show less urge to move, have reduced external perception, or are more resistant to certain

diseases, but can still perform well even if kept in poor conditions.

NGT tuna is another current example of this ethically questionable approach. Tuna will reflexively react with
rapid escape responses to certain stimuli. This natural reflex is the cause of high mortality rates in aquacultures,
as the young tuna crash at high speed into the walls of the tanks in which they are being reared. Therefore, in
order to better adapt the tuna to industrial factory farming in aquacultures, genetic engineering was used to
block the transmission of certain signalling stimuli required to trigger muscle contraction. The ability of the

tuna to react was disrupted and the NGT tuna exhibited slower escape responses (Higuchi et al., 2019).

* Animal health €. &6
k€96 666sea

A frequentl target of NGT applications is to block the myostatin gene, which,
amongst other things, regulates muscle growth. Blocking myostatin gene function
causes excessive muscle growth, which is seen as positive in terms of profits from

animal production systems — but which can have serious consequences for animal

health.

The genetic defect was originally described in a cattle breed in which the excessive-

ly increased muscle growth led to birthing difficulties (Grobert et al., 1997). The  FEEI SR G G 8 @ @ i &
kéaeossasa

myostatin gene is found in all vertebrate species (including humans) and is there-

fore considered to be highly conserved.

Mice in which genetic engineering was used to switch off the myostatin gene had a 200-300% increase in skel-
etal muscle, which was accompanied by both an increased number of cells (hyperplasia) and excessive growth

of muscle cells (hypertrophy) (McPherron et al., 1997).

Attempts to knock out or influence the function of myostatin have been made using new genetic engineering
in cattle (Luo et al., 2014: Proudfoot et al., 2015; Gim et al., 2022; Luo et al., 2025), buffalo (Dua et al., 2023),
sheep (Han et al., 2014; Crispo et al., 2015; Wang et al., 2016; Kalds et al., 2022; Zhou et al., 2022), goats (Ni
etal., 2014; Guo et al., 2016; Yu et al., 2016; Wang et al., 2017; Wang et al., 2018; He et al., 2018; Zhang et

al., 2019; Kalds et al., 2022), pigs (Wang et al., 2015; Rao et al., 2016; Wang et al., 2017), rabbits (Guo et al.,
2016; Zhang et al., 2019; Zheng et al., 2022), fish (Dong et al., 2014; Zhong et al., 2016; Kahlil et al., 2017;
Kishimoto et al., 2018; Liu et al., 2020; Zhang et al., 2023), poultry (Kim et al., 2020; Lee et al., 2024), horses
(Moro et al., 2020) and dogs (Regalado, 2015).
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Fig. 3: Network of potential myostatin (MSTN, colored red) interaction partners in cattle (Bos taurus,
left) and sea bream (Parus major, right). ACVR (1B-2A-2B), Activin receptors; FST, GAPDH, Glyceral-
dehyde 3-phosphate dehydrogenase; Follistatin, FSTL3, Follistatin related Protein 3; MYF5, Myogenic
factor 5; MYOD1, Myoblast determination protein 1; MYOG, Myogenin; PVALB, Parvalbumin alpha;
SMAD?2, Mothers against decapentaplegic homolog 2; TGFBRI1, TGF-beta receptor type-1; TLL1/2,
Tolloid-like protein 1. (with support of STRING data base

(https://string-db.org), see also Szklarczyk et al., (2023)

The myostatin gene is probably the most commonly targeted gene in NGT livestock. This raises particular
concerns for animal health and animal welfare. It is known that the myostatin gene influences several metabol-
ic pathways. The pleiotropic effects can vary from species to species (see figure 3). Therefore, it is to be expected
that the NGT animals will experience a whole range of negative health effects, which are not necessarily a

direct result of excessive muscle growth:

> For NGT fish (sea bream) with blocked myostatin function, the survival rate of juveniles was lower than
in the control group (Ohama et al., 2020). Malposition of the vertebral bodies were observed in the sea
bream (Kishimoto et al., 2018). In yellow catfish, blocking the myostatin genes resulted in a reduced
number of vertebrae, a reduced distance between the vertebrae and shortened body length (Zhang et al.,
2023). The authors write: “Our results demonstrated that when using genome editing technology to breed new
lines, the effects of knockout need to be analysed comprehensively and may have some unexpected effects due to
insufficient study of the function of certain genes.”

> A higher probability of certain inflammatory skin diseases was observed in (non-NGT) cattle with
spontaneous myostatin gene defects (Meyermans et al., 2022). Other publications also point to links be-
tween the immune system and myostatin function (Lyons et al., 2010; Wu et al., 2020). This issue needs

to be explored in more detail in regard to NGT applications.

> Studies using NGT pigs showed that a myostatin gene defect activated a metabolic pathway (PI3K/
Akt pathway) which is involved in the development of cancer (Li et al., 2020). Among other things, the
level of a signaling substance (IGF2) was increased, which ensures increased cell growth; this is often the
case in connection with cancer. The NGT pigs showed significantly higher muscle growth compared to
the original animals, although the production of myostatin did not come to a complete standstill in the
NGT group. The authors conclude that the mechanism which actually leads to excessive muscle growth

has not yet been sufficiently understood.
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* Animal breeding and agriculture

Modern animal breeding methods can possibly result in unwanted gene defects,
gene insertions and negative gene variants that can spread rapidly throughout
breeding populations. A single bull can have well over 100,000 offspring in the
course of its life through artificial insemination; in poultry breeding, 3 million off-
spring can be bred from individual parent animals within 4 years (Bishop & Van

Eenennaam, 2020).

In 2016, the US company, Recombinetics, published a study that it had used new

genetic engineering to modify cattle so that they did not grow horns (Carlson et
al., 2016). It was not until three years later that the US Food and Drug Administration (FDA) discovered that
unwanted changes in the genome of the NGT cattle had been overlooked (Norris et al., 2020) and stopped
the market authorisation. It turned out that in addition to the gene variant for hornlessness, bacterial genes
had also been incorporated into the genome, and these were also passed on to the following generations. The
gene constructs that confer antibiotic resistance originated from genetically engineered bacteria used in the
NGT process.

If these NGT cattle had been used in breeding, the unwanted changes could have spread rapidly throughout
the breeding herds. In fact, these NGT cattle already had their first offspring, which were, at one stage, exhib-
ited by the University of California*, but slaughtered after the unwanted gene insertions became public.

There are more uncertainties in other cases: for example, the FDA found that the gene variant produced in
NGT cattle with a short-hair coat trait (SLICK) did not correspond to the already known natural gene variant,
and that genetic mosaic formation, duplications in repetitive sequences and unintentional indels (insertions
and deletions) had occurred in the genome. The FDA nevertheless granted approval for the commercialisation
of the short-hair coat NGT cattle (FDA 2022). The authority was of the opinion that a risk to consumers
would be unlikely. However, this does not mean that there are no risks in animal breeding. It should also be
noted that the FDA only had data from two calves to analyse.

4 https://animalscience.ucdavis.edu/news/alison-van-eenennaam-examines-how-gene-editing-can-enhance-sustainabili-

ty-plus-animal-health
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¢ Environment

An application for the experimental release of NGT salmon was submitted in Nor-
way (VKM, 2023). It was the first of this kind of application in Europe. In this
case, CRISPR/Cas was used to switch off genes in fish which are important for
the development of their reproductive organs. The aim was to use the sterile NGT
salmon, for which also a patent application had been filed (WO2021198424) to be

released into aquaculture ponds in the sea for fish farming.

The genetically engineered fish are intended to be especially suited to aquaculture.

In particular, sterility is intended to reduce the risk of them spreading in the en-
vironment.’ If required, the NGT animals could also be fattened for longer than their conventionally-bred
counterparts, which are slaughtered after reaching sexual maturity. In this way, a higher carcass weight could
be achieved in the NGT salmon (Kleppe et. al., 2022).

However, after examining the application, the Norwegian Scientific Committee for Food and Environment
(VKM, 2023) came to a negative conclusion because there were too many uncertainties in the environmental
risk assessment. According to the VKM, it had not been shown that all genetically engineered fish were actu-
ally sterile. The problem lies in the lack of precision of new genetic engineering: in CRISPR salmon, there are
considerable genetic differences in the altered genes between the individual animals. One reason for this is the
widespread genetic mosaicism in fish (see above). This can cause unwanted genetic alterations to be introduced
into gene pool of the breeding populations when selecting NGT animals for fattening, as only some of the
NGT fish may inherit exactly the desired characteristics.

VKM also stated that it was unclear how the CRISPR salmon would behave in the environment: for example,
they could become competitors for younger fish in natural populations living in rivers around the fish farms.
If they were not completely sterile, they could pass on the artificial genetic defects, and thus further weaken
natural populations. According to the VKM, there is also a risk that the CRISPR salmon are more susceptible

to diseases and could, therefore, contribute to the spread of dangerous pathogens in the affected regions.

In addition to the possible uncontrolled spread of genetically engineered animals, there are other environ-
mental risks. For example, genetically engineered animals can also transmit pathogens and spread these via
faeces, which would not otherwise be expected. The reason for this may be a weakened immune system or
the emergence of pathogens specifically adapted to the NGT traits. In addition, many applications promote

high-intensity farming which can be associated with greater environmental pollution.

s See also video of the Project Genetic Engineering and the Environment (FGU)
https://fachstelle-gentechnik-umwelt.de/en/what-happens-if-genetically-modified-fish-end-up-in-the-environment/
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* Consumers and food producers

There are other areas where risks must be examined in detail and cannot, in general,

be regarded as insignificant. Some examples:

"’,,

> Genetic engineering can change the composition of the ingredients uninten-
tionally and also form new ingredients. Both can have an impact on the safety

Rresrol
AR \
TR
and quality of food. For example, NGT fish lacking intermuscular bones, (N3]
surprisingly, also showed significant changes in meat composition. The authors

consider these changes advantageous for consumers (Kuang et al., 2023). How-

ever, the patent application (W02022227692) is pending and questions need to
be asked about whether there is bias in the way the results are presented. Further independent research will

be required. Figure 4 shows the interactions of the target gene (bmp6) with various metabolic pathways.

> NGT animals that are (unintentionally) weakened in their immune system can be a cause of increased
Y. Y
pathogen transmission. This is being discussed in the context of mammals cloned for food production
(EFSA, 2008).

> Animals that have been made resistant to viruses may become a reservoir for even more dangerous path-

ogens that can, for example, result from adaptation.

Ultimately, however, consumers may also be aware that the consumption of certain products could result in
ethically problematic NGT applications. This could lead to a reluctance to buy any such products. This is
certainly a risk for producers. For example, the commercialisation of transgenic salmon in Canada recently
failed due to a lack of demand, as a result of which the manufacturing company AquaBounty had to cease

production due to massive financial difficulties.®

acvr2ab e

acvr2aa

Fig. 4: Direct (left) and extended (right) network of potential interaction partners of bmp6 (bone morpho-
genetic protein), which was blocked in carp species to prevent the formation of intermuscular bones (here
using the example of the zebrafish (Danio rerio)). acvr(1l, 2aa, 2ab), Activin receptors; bmpr (laa, 1ba,2a,
2b), Bone morphogenetic protein receptors; chrd, Chordin; nog3, Noggin-3; LOC100331938, Serine/
Threonine-protein kinase. (with support of STRING data base (https://string-db.org)), see also Szklarczyk
et al., (2023).

6 https://cban.ca/gm-salmon-company-aquabounty-shuts-down-operations/
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In the period from 2020 to 2024, an annually growing number of international patent applications for genet-
ically modified vertebrates intended for food production were registered. A total of around 5o patent applica-

tions were examined, and the European Patent Office granted at least three patents during the same period:

> In 2023, the Universities of Edinburgh, Maryland and Washington were granted a patent for pigs and
cattle (EP 3169778) that do not produce their own sperm cells and instead are intended to inherit traits

from other animals. For this purpose, corresponding germline cells can be transplanted into the animals.

> In April 2024, the European Patent Office (EPO) granted a patent on CRISPR/Cas pigs which were
intended for use in food production (EP3331355). The patent holder is the US University of Missouri.
The research was funded by Genus, a company which is one of the largest international corporations
in the field of farm animal breeding. The NGT pigs are said to be resistant to an RNA virus (PRRSV)
which causes ‘reproductive and respiratory syndrome’ and is a particular problem for large piglet

fattening farms.

> In October 2024, patent EP3863401, covering sterility in NGT poultry was granted to the University of
Edinburgh.

Most of the international patent applications are for fish (12), followed by poultry, pigs and ruminants (9 each).
The objectives pursued in this respect are changes in the reproductive capacity of the animals/fish (14), the
further development of NGT processes and suitable stem cells (12), increased production (7) and resistance to
pathogens (6). Among the applicants are companies such as Acceligen, ABS Global, Genus and Recombinet-

ics, with a striking number of patent applications coming from Asia.

Patent applications include fish (sterility, faster growth, fewer bones), cattle, pigs and poultry (sterility, sex de-
termination, higher performance, resistance to viruses), but also elephants, whose appearance is to be modelled
on/adapted to that of mammoths using Al and NGT.

A further increase in patent applications covering NGT farm animals is to be expected, parallel to patent ap-
plications on laboratory animals, some of which even claim non-human primates.

This creates a fundamental ethical dilemma: overall, it is to be feared that the economic interests behind these
patents will lead to an increased number of animal experiments and animal losses, increased suffering, pain

and impaired animal welfare.
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New gene variants that are as yet unknown in conventional breeding should be thoroughly analysed for in-
tended and unintended effects in order to adequately protect the environment, consumers, food production,
agriculture and breeding. An assessment of the risks to human health, animals, the environment, animal

breeding and agriculture is only possible after a thorough risk assessment.

In respect to animal protection, animal welfare and animal health, the legislator should set the bar for applica-
tions and their commercialisation very high. Patents on the genetic engineering of animals for the purpose of
food production (or non-medical purposes) should be unequivocally prohibited, which is also possible under

European patent law.

If the bar for market authorisation is set too low and patents on NGT farm animals are approved, there is a
risk of an increase in the number of experiments on animals, animal losses, suffering, pain and impairment of
animal welfare due to economic expectations. It is to be expected that the overall risk potential will then also
increase, as the uncertainties in assessing the risks to human health, animals and the environment will increase

in parallel with the number of NGT animals authorised for commercialisation.

Against this backdrop, the EU should ensure that a comprehensive technology assessment is included in the

regulatory framework alongside in-depth risk research and risk assessment.
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