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Code of Practice for breeding GM animal models

1. Breeding programme coordination
The coordination of the breeding programme entails breeding 
laboratory animals with the aim of implementing and monitoring the 
specific breeding strategy for the strain that is to be bred for the 
purpose of producing animals for the preservation of the strain and 
for use in animal experiments. Breeding programme coordination 
ensures that the correct nomenclature and names are used for the 
breeding lines in accordance with the international rules for 
nomenclature (https://www.jax.org/jax-mice-and-services/
customer-support/technical-support/genetics-and-
nomenclature). The breeding strategy focuses on monitoring the 
genetic integrity of the strain, the welfare of the animals and the 
prevention of avoidable surplus breeding. Cryopreservation and 
rederivation form an integral part of the breeding strategy. Breeding 
programme coordination monitors the data on breeding within the 
institute and the use of the animals produced for experiments, and 
analyses and assesses these data according to the registration of 
laboratory animals bred. Breeding programme coordination 
formulates the breeding strategy based on this information, or 
adjusts an already implemented breeding strategy, where necessary. 
Depending on the type of institute and its remit, breeding 
programme coordination should be assigned to one or more people. 
Breeding programme coordination advises researchers and the 
Animal Welfare Body (IvD) on the breeding programme, and assists 
them in managing it and carrying it out. 

2. The acquisition of GM animals
A project licence must be available if a GM line has a harmful 
phenotype. A line with a harmful phenotype is a line in which the 
welfare of all or certain animals has been compromised due to their 
genetic makeup, which may cause the animal a level of pain, 
suffering, distress or lasting harm equivalent to, or higher than, that 
caused by the introduction of a needle in accordance with good 
veterinary practice.

Breeding the GM line may form part of a project licence with a specific 
research objective. It is also possible to use a broad project licence for 
the purpose of breeding GM lines with a harmful phenotype.

2.1	 Self-generated GM animals

As soon as a new GM line has been generated, it should be 
determined whether the GM line has a harmful phenotype (within  
the meaning of welfare impairment). To that end, the welfare of  
the animals should be monitored during the first two generations of 
the new GM line. Although a licence is not required for monitoring 
purposes, the guiding principle is that no activities exceeding the 
distress threshold should be performed in the monitoring process.
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Both the European Commission and the CCD have set out directives 
and guidelines for monitoring the welfare of a new GM line.12

2.2	 Imports

GM animals may be introduced into the research facility by importing:
•	 live breeding animals;
•	 embryos/sperm/ovaries/egg cells, cryopreserved or otherwise.

Preparations
•	 Document the transportation logistics as well as the specific 

paperwork required. In the case of live animals this should be 
carried out in collaboration with a recognised company specialised 
in the logistics of laboratory animal transportation.

•	 Ensure clear lines of communication between designated 
representatives of the parties involved in the shipment, 
transportation and receipt of animals.

•	 Ensure that the shipper shares the available information on the 
animals or embryos/sperm/ovaries/egg cells with the recipient or 
the recipient animal testing facility. 

•	 Provide proof that the destination of the animals or embryos, 
sperm/ovaries/egg cells is known within the recipient institute or 
the animal testing facility.

12	 http://ec.europa.eu/environment/chemicals/lab_animals/pdf/corrigendum.pdf 
https://www.centralecommissiedierproeven.nl/documenten/
formulieren/16/10/13/handreiking-kaders-genetisch-gewijzigde-dieren

•	 Document that appropriate measures will be taken to protect  
the integrity of the shipment and the environment upon receipt 
(e.g. regarding microbiological quality).

Receipt
Quarantine

•	 Take receipt of live animals in a quarantine environment. 
“New” breeding animals are only permitted to enter the breeding 
programme after documented verification of the desired health 
status. This is determined on the basis of the health status of the 
origin and destination colonies, and is safeguarded by 
microbiological screening and/or rederivation.

•	 Check and report the integrity of the shipment upon arrival (labels, 
documents, packaging).

•	 Check and document the animals with respect to condition, 
number, gender distribution, etc. and confirm that this is in 
accordance with the description of the shipment. 

•	 Test the genotype of the animals before additional activities taken 
place.

•	 Ensure proper and full, centralised registration.

Cryogenic storage

•	 Check and document upon receipt whether the material is still in 
the proper physical condition (e.g. whether it is still deep-frozen).

•	 Upon receipt, ensure that the frozen material is and remains at the 
right temperature in the designated storage unit: monitor the 
desired temperature.

•	 Ensure proper and full, centralised registration.
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2.3	 Purchase

Establish and document the policy for dealing with animals from 
legally recognised suppliers. A distinction can be made between 
animals directly intended for use in experiments and animals 
intended for breeding.

3.	 Breeding GM animals

The breeding strategy for each GM line should be tailored to the use 
of the GM line in the research project, the complexity of the desired 
genotype (including the genetic background) and whether or not the 
expression of a phenotype affects reproductive biology. 

3.1	 Breeding strategy

•	 Make a distinction between breeding for maintenance, expansion 
and production purposes. 

•	 Make a distinction between breeding GM lines with distress levels 
exceeding the threshold and breeding GM lines without distress 
levels exceeding the threshold, and document the information.  
A project licence from the competent authority is required for an 
animal procedure that involves breeding a GM line with distress 
levels exceeding the threshold.

•	 Avoid maintaining a GM line in a breeding programme if there are 
no prospects for its use in an experiment. If the line remains 
available elsewhere, the breeding programme should be 
discontinued. If the particular line is unique or a cross-breed and 
the research results have been published, the line should remain 
available, also for third parties. Cryopreservation is the appropriate 
solution if the line would otherwise be maintained in the breeding 
programme for a prolonged period without using the animals bred 
for experiments. The cryopreservation of embryos can be 
performed most efficiently when the line is still being produced in 
the breeding programme.
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•	 Avoid the unnecessary breeding of generally, commercially 
available GM strains. There may be legitimate reasons however for 
setting up your own breeding programme for such a strain, such as 
animal welfare and the special characteristics of the animals used. 

•	 Terminate the breeding programme of a GM line with which 
scientific results have been achieved and published once it is clear 
that sufficient representative genetic material in the form of 
embryos and/or sperm and/or ovaries and/or ES cells has been 
stored in an accessible cryo bank. 

•	 Coordinate breeding for expansion and production purposes with 
the planned take-up of animals (according to genotype, gender and 
age) for use in experiments. Use calculation models to estimate the 
minimum size of the breeding population for expansion or 
production purposes.13 

•	 Consult information sources, such as:
-- own data on the number of animals produced in breeding 

programmes;
-- the general parameters for the reproduction of the background 

line;
-- information on any deviations from a Mendelian distribution of 

genotypes in the offspring.

13	 Breeding strategies for maintaining colonies of laboratory mice: a Jackson 
Laboratory Resource Manual (www.jax.org).  
Efficient breeding of genetically altered animals: assessment framework  
(http://org.uib.no/dyreavd/Documents/GAA%20tool.pdf) 
The Jackson Laboratory Handbook on Genetically Standardized Mice. Bar Harbor, 
Maine, USA: The Jackson Laboratory, 2009.

3.2	 Cross-breeding and backcrossing

Cross-breeding and backcrossing contribute to the number of animals 
sacrificed before use in breeding programmes or animal procedures. 
•	 It may be more efficient to generate the desired animal model in 

another manner; consult a GTP for this purpose. Breeding 
programme coordination ultimately determines whether cross-
breeding or backcrossing can be avoided.

•	 If, in order to backcross a WT strain, a crossing partner is required 
which is generally commercially available, animals may be 
purchased specifically for that purpose. If, however, there are good 
reasons for setting up your own breeding programme for such a 
strain, avoid the formation of substrains by replacing the animals 
with newly acquired animals from the same source or supplier 
within a maximum of 10 generations.

3.3	 Breeding programme records:

The results of breeding a GM line can only be optimised if breeding 
data are continuously collected, documented and analysed in a 
systematic manner at a centrally accessible location. 
•	 The following data should at least be recorded for this purpose: 

-- the origin of the line; 
-- the genotype and the genetic background of the strain;
-- the phenotype of the strain (characteristics and deviations 

observed);
-- the family tree;

http://www.jax.org
http://org.uib.no/dyreavd/Documents/GAA tool.pdf
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-- the breeding programme yield (period between litters; number 
of litters per female, number of pups weaned per litter; gender 
ratio per litter; genotype distribution). 

3.4	 Rederivation

Rederivation is the process that is used to obtain animals with the 
desired microbiological status for further breeding and use. 
Rederivation can be performed by means of peripartum hysterectomy 
and subsequent transfer of the pups to a “clean” foster mother who 
has just given birth, or by means of embryo transplantation. In 
embryo transplantation the embryos of donor animals are 
introduced, often after superovulation, into the recipient animals 
who first undergo a pseudo-pregnancy by pairing with a sterile male. 
Rederivation is used if imported animals do not have the required 
microbiological status for the procedures and/or the animal facility. 
Rederivation should preferably be performed after ascertaining that 
the imported animals have the desired genotype and that the GM line 
will be used for a prolonged period. The recipients of the transplanted 
embryos should at least have the same health status as that required 
for the procedures and the animal facility and should be suitable for 
microbiological screening. 
•	 Determine the required microbiological status. Consider factors 

such as international recommendations, the requirements 
imposed by the research programme and the facility’s 
infrastructure. Every facility should have a health monitoring 
programme in place for the animal populations present (Annex III 
Directive 2010/63/EU).

•	 Assess the report on the microbiological status of the animals that 
are to be imported or the shipment in the context of the health 
monitoring programme for the colony from which the imported 
animals originate. 

•	 For single homozygous GM lines, it would be preferable to import 
males of the GM line. For multiple GM lines, it would be advisable 
to import both males and females, to cross them and to collect the 
embryos for transplantation. 

•	 Use females with the desired genetic background as embryo donors.
•	 Verify the microbiological status of the rederived animals before 

including them in the colony. This can be done by microbiologically 
screening the foster mother. Pending the results, the animals 
should be housed separately from the destination colony.

3.5	 Cryogenic storage

•	 Determine whether a GM line should be stored. Answer the 
following question for this purpose: Is the (modification in a 
particular genetic background) line unique, has it already been 
stored elsewhere, is it still of scientific interest or can the line be 
“easily” recreated? 

•	 Determine the material that is stored from a GM line based on the 
number of genetic modifications and the status of those 
modifications to the GM line and breeding efficiency.

•	 Ensure complete documentation and registration of the frozen 
material, the freezing method and the recommended thawing 
method.

•	 Incorporate a number of temperature checks (i.e. is material still 
frozen?).
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•	 Check the vitality of each frozen GM line. 
•	 Ensure that the stored material of a GM line is at least equally 

distributed across two locations physically separated from each 
other so that, in the event of an emergency, half of the material is 
still available at one location at least. 

Embryos 

As an embryo contains the double set of chromosomes (diploid 
genome) or the complete genome of the GM line, this approach is 
preferred for the cryogenic storage of GM lines with multiple genetic 
modifications. A minimum of a few hundred to as many as 500 
embryos will usually be frozen per line. This requires a considerable 
number of donor mice. To obtain many embryos from a donor, 
superovulation can be applied by treating (prepubertal) females with 
hormones. 

Cryopreservation of gametes

Male (sperm) or female gametes (eggs and ovarian tissue) only 
contain a single set of chromosomes (haploid genome). After 
thawing, sperm is combined with fresh or thawed egg cells (usually 
from the wild-type background line) and thawed egg cells with fresh 
or thawed sperm (usually from the wild-type background line). The 
resulting embryos are implanted into pseudo-pregnant recipient 
animals. Thawed ovarian tissue is transplanted into a recipient that is 
subsequently covered by a male of the desired background line. The 
cryopreservation of gametes is particularly suitable for the cryogenic 
storage of GM lines with a single genetic modification. In the case of a 
combination of modifications, following the revival of the line the 
breeding programme should focus first and foremost on obtaining 

the desired breeding animals, preferably homozygotes but, if 
necessary, heterozygotes. 

Embryonic stem cells with the desired modification

This approach can only be used as a viable alternative for the 
refrigeration of embryos and gametes if the genetic background of 
the stem cells is the same as the desired background of the GM animal 
model. If this is not the case, backcrossing will be inevitable (see 3.2).
This requires a lot of time and many extra animals. In such cases, 
embryos, sperm or ovarian tissue should be frozen. 
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