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Introduction
Since the dawn of genetic engineering many thousands
of genetically altered mice have been created that have
been used to advance our understanding of the links
between gene function and human disease.
Fortunately, many investigators recognise the value of
sharing their mice, particularly if they can take
advantage of secure, well-funded repositories.

Embryo cryopreservation has been a standard
laboratory technique since the early 1970s and still
remains the method of choice when freezing inbred
lines or complex strains.1 However, it was not until the
turn of the century that advances in technology yielded
simple and robust sperm freezing protocols, which, for
the most part, have now superseded embryo archiving.
Sperm freezing has some distinct advantages; namely
it uses fewer animals and is a quick and easy
procedure to set up.

The timely cryopreservation of mouse models is seen
as a key aspect of good colony management,
supporting the drive for improvements in animal care
and the implementation of the 3Rs. Archiving and
distributing QC verified mouse strains for the community
also safeguards the mouse strain, eliminates the need
to recreate mice while at the same time providing a
check-point in the development of mouse strains that
minimises genetic drift and the risks of genetic
contamination through breeding mishaps. All of which
can contribute to poor data reproducibility which has
become an area of great concern. Similarly, having to
create mouse strains that are not freely available is an
enormous waste of animals, time and money.2

Sharing resources benefits science in other ways.
Making archived strains available to the scientific
community encourages collaborations between
researchers who may otherwise work independently on
similar models. It also raises the profile of the
originator and increases their citation index. Crucially
the beneficial rights are always retained by the owner.

Quality control: know thy mouse!
Sharing mouse models is great for science but it does
come with the caveat that the recipient needs to receive

well characterised mice on a known genetic background.
If this is not the case data generated may be difficult to
reproduce, therefore, wasteful of resources and
potentially damaging for the researcher’s reputation.

Mouse users need to be aware of the implications of
genetic variability for their studies following the
accumulation of unwanted mutations caused by genetic
drift in their colonies, estimated at ~100 point
mutations per generation.3

Embryo and sperm banking can help control genetic
drift. It is now common practice for animal facilities to
return to frozen stocks, allowing them to re-establish
an inbred strain from the founder stock every five
generations (~18 months). This effectively erases any
mutations that have occurred in the colony over that
time. The main objective here is to freeze germplasm
harvested from mice that are genetically defined.

Exchanging material
Promoting the exchange of frozen and unfrozen
material between establishments has under-pinned the
drive towards improvements in animal welfare and
offers both ethical and practical advantages over live
animal shipment.

Figure 1. Number of shipments distributed since 2002
from EMMA either as live mice or frozen material.
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As technology has advanced it is now often possible to
replace the global movement of live animals with frozen
and fresh germplasm without any significant loss of
viability. The Harwell embryo bank and other large
repositories now regularly import and export samples
in a variety of formats, i.e. conventional LN2 shipping
vessel, as well as, on dry ice (sperm only), chilled at
4-8°C (embryos in M2 medium) or as sperm retained in
epididymides held in specialised preservation media,
e.g. Lifor™.

Data from the EMMA repository (Figure 1) show there
has been a marked reduction in the proportion of live
animal shipments being distributed since 2013. With
recent technical developments this proportion is set to
fall further.

Figure 3. Shows the distribution of countries that have
received frozen sperm in dry-ice shipments sent from
the MRC Harwell.

Figure 2. A liquid nitrogen dry shipper. The conventional
method of transporting frozen materials.

In order to promote the exchange of frozen/unfrozen
germplasm it is important to consider what type of
service researchers require. Namely, a fast and flexible
exchange process which offers cheaper alternatives to
live animal transportation.

Using the Harwell embryo bank as an example, the
uptake of dry-ice shipments has increased in recent
years. Since 2014, the Harwell repository has
successfully exchanged over 290 strains as frozen
sperm on dry ice to establishments all over the globe.
(Figure 3) This is a very robust technique, in fact
studies show that sperm can be held at dry-ice
temperatures for up to two years.4 As is always the
case, these results are dependent on ensuring that
care is taken when handling the material during packing
(or transfer back into LN2 storage on arrival) to ensure
the samples do not warm up. Incorrect handling or
storage will compromise the viability of the samples
and subsequent fertilisation rates.

Despite the benefits of this technique, some
researchers/clients still have a preference for using
traditional shipping methods. Their main concerns
often centre around their uncertainty over how the
samples should be handled and the viability of material
being held in an environment other than liquid nitrogen.
To encourage the uptake of dry-ice shipments,
guidelines for handling the material are made available
prior to shipping, in addition to data from viability
studies. This includes validated results using dry-ice
shipments of sperm harvested from inbred and GA
mice on a variety of genetic backgrounds, and frozen
using one of three commonly used freezing methods,
namely: a) the classical protocol using 18% raffinose
3% skim milk b) the classical protocol modified using
MTG by Ostermeier et al., and c) the classical protocol
as modified using L-Glutamine by Takeo and
Nakagata.4,5

Despite the exchange of frozen sperm on dry ice
becoming more widespread, researchers are yet to
develop a robust procedure for exchanging frozen
embryos using the same technique. One promising
area of research has been the use of high osmolality
vitrification (HOV) techniques.6 There is however a
caveat to this, the exchange of HOV embryos using dry-
ice would only be appropriate for material frozen via
HOV and will not be suitable for most of the existing
archived embryos frozen using conventional methods.

Cold-transport systems
Not all laboratories are equipped to handle frozen
germplasm. Fortunately, there are practical options for
those laboratories without the capacity to handle frozen
material, yet still keen to safeguard their mouse lines.
For example, refrigerated epididymides can be
exchanged. The recipient laboratory just needs to
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harvest the sperm in the normal way. Although
untreated sperm can remain viable for up to 48 hours
at refrigerated temperatures, fertilisation rates using
this sperm are generally low. In, addition, 48 hours
does not always allow sufficient travel time for material
to reach their destinations, especially if the samples
are being shipped from overseas. Fortunately, a study
conducted at Kumanoto University, Japan,
demonstrated that the Lifor™ organ transfer medium
greatly improved fertility of sperm shipped in unfrozen
epididymides.5 Higher fertility levels were seen after
72-96 hour of cold storage using Lifor™ compared with
alternative storage solutions such as paraffin oil or M2
medium. When combined with the addition of reduced
glutathione in the in vitro fertilisation medium to
enhance sperm motility, shipment in Lifor™ provides a
simple, reliable alternative to live animal transportation
and frozen sample exchange. More recent
developments have further prolonged the survival of
cold-stored sperm with the addition of DMSO and
quercetin to Lifor™ preservation media allowing
epididymal sperm to remain viable for up to 10 days.7

Figure 4 shows fertilistion rates for frozen sperm
harvested from epididymides held in Lifor™, plus
DMSO and quercetin compared with sperm frozen
directly after harvesting.

Figure 4. Average fertilisation rates for refrigerated
epididymides held in Lifor™ supplemented with DMSO
and quercetin over a 72 hour period.

Figure 5. Larger established repositories as well as
smaller independent laboratories make their material
available via the IMSR.

Accessing the resources and
training
To promote a cooperative research environment, it is
vital that the available resources are of the highest
quality and easily accessible. These are important
factors when considering what type of archiving/
distribution services researchers require.

A number of collaborative programmes have been
established to provide the scientific community with

easy access to mouse models. In Europe, the
European Mouse Mutant Archive (EMMA:
www.infrafrontier.eu) operates as a non-profit
repository for the collection, archiving and distribution
of novel mouse models. There are now 13 EMMA
nodes dotted across Europe. The EMMA network has
global reach, distributing gold standard materials to
facilities all across the world. Currently, researchers
have access to 7,200 mouse mutants in addition to
other services such as mouse production, phenotyping
services, training and axenic mice.

The International Mouse Strain Resource (IMSR:
www.findmice.org) is another overarching multi-
institutional collaboration supporting the exchange of
mouse models. The primary goal of the IMSR is to
provide an online searchable catalogue that will assist
the international research community in finding the
specific mouse resources they require. These
resources may be available as live mice, embryos, ES
cells or sperm. Large institutional repositories as well
as small independent laboratory collections are
displayed on the database making the IMSR the largest
such resource currently available (Figure 5). It is worth
noting that the IMSR does not physically hold the
resources, instead it provides direct links to the
repository from where the material can then be
obtained. It is worth noting that the Mouse Genome
Informatics database (http://www.informatics.
jax.org/) links through to the IMSR.

International Mouse Strain
Resource

Another public resource that promotes sharing is the
International Mouse Phenotyping Consortium (IMPC). In
2011, the IMPC was launched as an international
scientific endeavour to create and characterise the
phenotype of 20,000 knockout mouse strains that
comprise the entire mouse genome. Mouse strains
generated by the IMPC are deposited as frozen material
at the KOMP (www.KOMP.org) repository or in
EMMA, along with all the phenotypic data. This data is
freely accessible on a fully searchable online database
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(www.mousephenotype.org), generating what has been
described as a “comprehensive encyclopaedia of
mammalian gene function”.

In keeping with the ideals of open exchange of mouse
models, preferably as germplasm, is the need to
disseminate the skills required to handle, freeze and
thaw the samples competently. In Europe, a range of
embryo handling and cryopreservation training courses
are advertised through the EMMA website, all of which
offer comprehensive hands on training.

Future outlook
If repositories are to realise their full potential in
supporting the research community and eliminating the
recreation of pre-existing models, they need to
encourage open-access sharing between
establishments and institutions. The Harwell Archive is
currently diver ting more resources to increasing
awareness of its services and to encourage early
career scientists and technical experts to use biobanks
through a series of road hows and exhibitions at
scientific meetings (Figure 6).

Efficient archives are essential to the future success of
bio-medical science. They reduce animal usage,
promote collaborations and help advance research by
providing investigators with access to gold standard
mouse models.
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Figure 6. The MRC Harwell exhibition stand at a recent
scientific conference. Promoting training opportunities
and the sharing of resources.


