Code of practice for the generation of genetically modified animals

1. Introduction

The number of GM animal models is rapidly increasing across the
globe. In general, these animals are available to researchers who wish
to use them. This means that there is no need to repeatedly develop,
create and characterise known GM animal models anew and
connection with scientific literature is ensured. In the eventa
required GM animal model does not exist, is unavailable and cannot
be effectively developed by cross-breeding with existing models
either, it may be considered to generate the model. The justification
for doing so should be clearly substantiated. The process steps set out
below aim to offer guidance on providing the required
substantiation.

The generation of a GM animal model takes place in a number of
stages:

The scientific researcher who needs a new GM animal model for a
particular research question is the decision maker in terms of DNA
sequences and types of modifications that should be introduced for
the purpose of addressing that question. The researcher is required to
substantiate the need to generate a new GM animal model based on a
Synthesis of Evidence? in connection with an application for a project
licence or a research plan under an existing project licence for the
generation of GM animals. The application for generation of the GM
animal model should subsequently be submitted to a Genome
Technology Platform (GTP)." In consultation with the GTP, the most
efficient modification technique/method is selected that is likely to
have the greatest chance of successfully introducing the modifications
into the genetic background required for the research project.

9 Synthesis of Evidence in laboratory animal research, NCad Opinion, March 2016

A Genome Technology Platform (GTP) is a core facility, either public or private, which
possesses the knowledge and expertise to supervise and perform the entire process
from design to the creation of a GM animal model. GTPs must be able to efficiently
perform, validate and innovate the processes and to share their expertise with other
platforms.
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2. Preparation/Intake

2.1 Isasuitable GM animal model already available?

Check whether the line with the desired genetic modification on the
correct genetic background exists somewhere in the world and can be
supplied. This not only has the advantage that the line will not need
to be regenerated but that the genotype, phenotype and applications
in research will also be available.

Approach:

« Consult databases such as www.infrafrontier.eu, www.findmice.
org, www.jax.org, www.mousephenotype.org, www.komp.org,
www.rrrc.us and www.rgd.mcw.edu as well as peer institutes and
scientific literature. It would be advisable to involve a GTP in
searching the databases and consulting expert networks.

« If the GM line is available, import it in the form of breeding
animals, sperm or embryos. Depending on the import policy of the
recipient animal testing facility, the animals or material may have
to be received and kept in quarantine, and a rederivation procedure
may have to be completed to avoid the introduction of undesirable
micro-organisms.

+ Ifa GM is available with the desired genetic modification but
cannot be supplied on the desired strain background, consider
whether it would be preferable to regenerate the model or to
backcross the existing GM animal model on the desired
background. The chances of success, the time investment and the
number of laboratory animals to be used should all be considered
in this context.

2.2 Has the Central Authority for Scientific Procedures
(CCD) issued a project licence for generating the GM
animal model?

Under the Dutch Experiments on Animals Act (Wet op de dierproeven),
GM animals may only be generated if the competent authority has
issued a project licence. Since the generation of a GM animal model is
not an objective in itself, the application for a licence to generate GM
animals should always be within the context of the research objective.

Approach:

+ Consult the CCD website for current project licence application
forms and the accompanying instructions.

 GTPs may also apply for a broad project licence for the generation
of new models. Each model that is to be generated should be part
of the research project of the end user who applies for the project
licence. The advantage is that the generation methods described
fall under the responsibility of the GTP licence holder and are
described in a uniform manner. The Animal Welfare Body (IvD) of
the institution where the GTP is located verifies the specific
approach for each application.
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3. Identify the characteristics of the new
GM animal model

3.1 Based on the SoE referred to earlier, determine the
type of genetic modification that should be
introduced.

This is determined by the research question. The options range from
over-expression to partial, time-restricted or complete inactivation
(“transgenes”, “knockdown” and “knockout”) of one or more genes
and relate to the choice for the most suitable location(s) in the
genome for introducing the desired genetic modification(s)
(“transgenes” and “knockin”).

3.2 Determine how the genetic modification should be
expressed. The following choices should be made:

whether the genetic modification should always be expressed or only

from a given moment (constitutive versus conditional);

 whether the genetic modification should or may be expressed in all
cells of the body or only in certain cell types or organs (constitutive
versus conditional);

« whether expression should take place under certain conditions and
whether the expression of the genetic modification should be able
to be activated and deactivated (conditional versus inducible).

3.3 Determine which additional characteristics should be
linked to the genetic modification.

Genetic modifications do not always result in clearly visible or
recognisable functional changes. In such cases it may be necessary
and/or desirable to introduce “markers” together with the
modification of the gene(s) of interest. The presence or absence of the
“marker” protein will be indicative of the expression of the genetic
modification.” The presence of a “marker” may also be required if
there is a clear phenotype or to be able to monitor any modification
of the expression of a certain gene or certain cells in the animal.

3.4 Determine the desired genotype of the GM animal
model for use in the animal experiment and the
required genotype of the breeding animals if a “pure”
(homozygous) line cannot be bred for reasons of
animal welfare or breeding productivity.

Determine whether the genetic modification(s) should be present in
homozygous or heterozygous conditions and whether this is different
for breeding the GM line and for the GM animals used for the animal
experiment. The choice co-determines the route to be followed for
introducing several modifications. If there are multiple suitable
methods with the same degree of distress, the reduction of the
number of animal procedures (animals in experiments) and “died or
killed before being used in a breeding programme or animal
procedure” should be the guiding principle.

" GM lines are also created only with expression markers without any functional changes.
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3.5 Determine the genetic background on which the GM
animal should be generated.

The genetic background on which the genetic modification is
introduced co-determines the phenotype of the GM animal model.
This is why the choice of genetic background is determined on
scientific grounds.

If the desired genetic modification is already present in a GM strain
that is available but has an unsuitable genetic background for
achieving the research objective, it should be considered to backcross
the genetic modification to the desired genetic background or to
reintroduce the genetic modification into the desired background.

In this assessment, the envisaged quality of the final result and the
inevitable number of animals died or killed for use in breeding
programmes or animal procedures serve as the guiding principle.

4. Design and production

When the required characteristics of the new model have been
defined, the most suitable method for introducing the genetic
modification can be determined and the molecular construct (vector)
that is required to create the genetic modification can be designed.

This involves a number of process steps that depend on the
technological state of the art — which is constantly evolving. A GTP has
staff with the knowledge and expertise required to generate GM
animals according to the latest insights. This is why this CoP does not
include a summary of the process steps.

The correct name of each GM line generated should be determined
in accordance with the international rules for nomenclature
(https://www.jax.org/jax-mice-and-services/customer-support/
technical-support/genetics-and-nomenclature).
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