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Abstract

Improving reproducibility and replicability in preclinical research is a widely discussed and pertinent topic, especially regard-
ing ethical responsibility in animal research. INFRAFRONTIER, the European Research Infrastructure for the generation,
phenotyping, archiving, and distribution of model mammalian genomes, is addressing this issue by developing internal
quality principles for its different service areas, that provides a quality framework for its operational activities. This article
introduces the INFRAFRONTIER Quality Principles in Systemic Phenotyping of genetically altered mouse models. A total
of 11 key principles are included, ranging from general requirements for compliance with guidelines on animal testing, to
the need for well-trained personnel and more specific standards such as the exchange of reference lines. Recently established
requirements such as the provision of FAIR (Findable, Accessible, Interoperable, Reusable) data are also addressed. For
each quality principle, we have outlined the specific context, requirements, further recommendations, and key references.
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Introduction

Low reproducibility in preclinical research is a widely-debated
topic. The consequences of irreproducibility are manifold, the
most obvious being reduced efficiency in the development of
new treatments, the cost in animal lives, the waste of billions
of US$ per year in the USA alone (Freedman et al. 2017) as
well as the loss of trust in science.

Various efforts have been undertaken to increase reproduc-
ibility in animal research. Guidelines for experimental design
and reporting have been formulated, e.g. PREPARE (Smith
et al. 2018) and ARRIVE guidelines (Kilkenny et al. 2010,
Percie du Sert 2020a, b), and funding bodies are actively fos-
tering the sharing of data which is open and FAIR (Findable,
Accessible, Interoperable and Reusable; Wilkinson et al. 2016)
(European Open Science Cloud in the EU, Science Data Com-
mons in the US).

In addition, large research consortia, such as the Interna-
tional Mouse Phenotyping Consortium (IMPC), which aim to
phenotype knockouts for all protein-coding genes in the mouse
genome, are driving improvements through standardisation of
procedures and sharing of data.

INFRAFRONTIER is the European Research Infrastruc-
ture for the generation, phenotyping, archiving and distribu-
tion of model mammalian genomes. INFRAFRONTIER pro-
vides centralised access to mouse and rat models, data, and
scientific platforms and services to study the functional role
of the genome in human health and disease. The core ser-
vices comprise model generation, archiving and distribution
of mouse mutant lines by the European Mouse Mutant Archive
(EMMA), and systemic phenotyping of mouse mutants in the
participating mouse clinics. Systemic phenotyping, as used in
the INFRAFRONTIER context, means the systematic analysis
of mutant mice through a standardised phenotyping pipeline
across a range of biological systems to infer gene function.

The INFRAFRONTIER consortium is currently formed by
29 partners across 14 European countries and Canada, with
most of the mouse clinics also being members of the IMPC
network. Accordingly, its contribution to enhancing reproduci-
bility in biomedical research is characterised by providing cen-
tralised open access to high-quality scientific data, biomedical
services and resources, and through the sharing of knowledge.
As a large distributed research infrastructure, it is the mission
of INFRAFRONTIER to deliver reliable services and repro-
ducible data while advancing animal research in accordance
with the 3Rs (Replacement, Reduction, Refinement).

INFRAFRONTIER quality principles
in systemic phenotyping

INFRAFRONTIER relies on the development of internal
quality principles to provide a quality framework for its
operational activities and to guide continuous improvement
in response to the needs of users and stakeholders. Incor-
porating both existing operational standards and common
concepts in Quality Management (QM), these principles
define internal key quality standards for each INFRAFRON-
TIER service. In addition, current developments and insights
towards enhanced research reproducibility are addressed.
These include providing transparent, FAIR and open data,
following the ARRIVE and PREPARE guidelines, and using
the most advanced experimental approaches. Since INFRA-
FRONTIER is a consortium of many research institutions
across different countries, the Quality Principles recognise
that requirements at each of the national nodes may differ
and that different strategies may be chosen for the applica-
tion of the defined standards.

This article provides a complete overview of the INF-
RAFRONTIER Quality Principles in Systemic Phenotyping.
These principles were established by the INFRAFRONTIER
Quality Management Network Group, an internal INFRA-
FRONTIER group composed of representatives of the INF-
RAFRONTIER partner institutions, who are dedicated to
the exchange of current QM topics. The group identified
the following 11 principles as crucial for providing reliable,
high-quality phenotyping services:

(1) We strictly comply to national and international leg-
islation on ethics and animal welfare
(2) We promote and apply the 3Rs (Replacement, Reduc-
tion, Refinement)
(3) We apply good experimental practice
(4) We apply Standard Operating Procedures
(5) We ensure that our procedures are carried out by com-
petent and well-trained personnel
(6) We apply reference ranges where feasible
(7) We exchange and analyse reference lines or reference
samples where feasible
(8) We use appropriate statistical analyses that are fit for
purpose
(9) We report metadata
(10) We advise that the data that we provide is FAIR (Find-
able, Accessible, Interoperable, Reusable)
(11) We maintain and extend the mechanisms (working
groups, training, exchange of experience) to con-
stantly improve our data quality (Plan-Do-Check-Act)

In addition, the partners elaborated on context, specific

requirements, recommendations, and supporting references
sections for each of the 11 principles.
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In this respect, the context sections are meant to “set
the scene”. They provide information about the underlying
background of the principles, for example specific condi-
tions and circumstances which need to be considered. Thus,
they point out the relevance of the specific principles for
INFRAFRONTIER.

The requirement sections list mandatory points, such as
procedures which should be implemented at the nodes to
fulfil the needs of the relevant principle.

Additionally, the recommendation section of each prin-
ciple proposes further procedures and measures which will
improve adherence to the principles but are not mandatory.

Finally, the references list relevant regulations and pub-
lications, as well as links to webpages which are referred to
in the other sections or provide useful information.

Conclusion

By defining crucial quality criteria, the INFRAFRONTIER
quality principles establish the basis for reproducible and
reliable research results. They provide the participating part-
ners with a sound framework for their operational activities
in systemic phenotyping while at the same time providing
leeway for the implementation of and adherence to national
and local requirements.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00335-021-09892-2.
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