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Il modello di EMMA - Infrafrontier

I modelli mutanti 
vengono ricevuti e 
controllati 
geneticamente

Criopreservati come 
embrioni e gameti in 
azoto liquido

Distribuiti in condizioni 
sanitarie SPF 
(Specific Pathogen Free)
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• Why mouse?Why mouse?

Mouse model for c-KIT
associated piebaldism

Piebaldism
mutation of c-KIT
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1942 – Mouse Embryo Transfer (Fekete & Little)
•1953 – DNA double-helix structure (Watson & Crick)
•1960 – mRNA discovery
•1964 – Genetic Code
•1969 – Isolated first gene (Harvard Med School)
•1970 – Restriction Enzymes, Reverse Transcriptase, Gene Synthesis
•1981 – Culture pluripotential mouse ES from embryos
•1982 – Transgenic mouse (Brinster & R. Palmiter)
•1983 – PCR (K. Mullis)
•1984 – Germ-line chimeras (blastocyst injection of mouse ES)
•1987 – Human Genome Project launched (HUGO)
•1987 - KO mouse by homologous recombination in ES (Cap ecchi)
•1988 – Transgenic mouse patented in USA
•1989 – KO mouse: germ-line transmission of targeted allele
•1990 – PCR is already “popular”
•1996 – Dolly cloned sheep: somatic nuclear transfer from adult cells (Roslin Inst.)
•2001 – HUGO Human genome completed
•2002 – Mouse genome completed
•2008- EUCOMM--the European conditional (Cre-Lox) mouse muta genesis program
•2012- CRISPR/Cas-mediated gene editing 
•2013- Infrafrontier and International Mouse Phenotypi ng Consortium IMPC
•2020- IMPC the Italian Mouse Clinic at Monterotondo

Some Historical Milestones 
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Transgenesis (Tg)

- Adding new genetic material 

Homologous Recombination and Target Mutation (Tm)

-Targeting a specific gene using ES cells

Endonuclease Mediated Mutation (Em)

- Targeting a specific gene using Crisp/Cas

A -> G

Genetic Engineering Technologies
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TRANSGENIC MOUSE (Tg) 
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Disruption (functional KO) of endogenous gene

Misregulation of endogenous gene (expression profile)

Misregulation of transgene (expression profile)

Unstability of insertion site in successive generations

Variegation of transgene expression (uneven profile within a tissue)

Silencing of transgene expression in successive generations

Mosaicism and reduced transmission to F1

Multiple integrations and segregation > F1

Embryolethality

• Immunity defects (consequences on housing hygiene and HM)

• Behavioral alterations (could be subtle defects)

• Reproductive defects

• Other defects

Unpredictable features linked to Transgenesis
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TARGET MUTATION (KNOCK OUT and KNOCK IN)
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Multiple strategies are being developed to topologically

and / or temporally restrict mutations of genes in

transgenic mice, knock out, knock in and knock down

models from year 2000.

They rely on the use of site-specific recombinases, of

heterologous origin, that promote deletion of targeted

genomic DNA fragments, thereby inactivating the gene of

interest, and variations of these systems. The most

popular is the Cre/lox system. The Cre recombinase acts

on your element when it is flanked by loxP sites. The Flp

recombinase acts on your element when it is flanked by

FRT sites.

CONDITIONAL MUTAGENESIS 
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CONDITIONAL KNOCK OUT 
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TAMOXIFEN INDUCIBLE CRE EXPRESSION
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EUCOMM Strategy. Systematic Conditional Mutation of Mouse Genes on 
Pure Genetic Background with C57BL/6N ES Cells
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1909 C.C. Little begins developing inbred strains 
defined genetic background to study
complex trait, tumor transplant acceptance
genetic component?
map tumor transplantation genes?

• Genetically identical
• DBA- first inbred strain, now at > ~F250 Other common strains: AKR/J, 
BALB/cJ, C57BL/6J
•Coisogenic strains- spontaneous mutations give rise to

strains that are genetically identical except at the
mutated locus. 

• Congenic strains- are artificially derived by breeding
and include extraneous genetic material from the 
donor parent.

Hystory of Mouse Genetics
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Inbred  Strains

Advantages

– Genetic and Phenotypic uniformity
– Well Characterized
– Most of standard inbred strains >200 generations

Disadvantages

– Not as robust (smaller, lower reproductive performance, shorter lifespan) 
– Strain-specific characteristics
– Expensive

Uses

– Widely used in all types of research (immunology, cardiovascular biology, 
neurobiology etc.)

– Models for human disease
– Background for mice with targeted mutations
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Genetically Modified Mice can be compared experimental ly with 
Wild-Type inbred strain, as control, if the line is on a  pure genetic
background

The line has been created from C57BL/6N ES Cells and 
maintained on B6N background

The line has been created from another ES line (e.g. 129 ES 
Cells) then Backcrossed on B6N background for more than 10 
generations

It is important to maintain a record of each crossing of your line 
to know if you are working on a pure or a mixed background
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B6;129P2 - Apoa1tm1Unc/J

B6.129P2-Apoa1tm1Unc/J

B6N-Apoa1tm1Unc/J

•B6;129P2: mix of C57BL/6 and 129P2 (from ES cell line)
•B6.129P2: backcrossed to C57BL/6 for >5 generations
•ES cells C57BL/6N and maintained on B6N (Pure background) 
•Apoa1:  targeted gene (Apolipoprotein a1)
•tm1: first targeted allele mutation of Apoa1 gene in this lab
•Unc: lab registration (ILAR code) for Univ. of North Carolina (or scientist)
•Jwhere the strain is mantained (The Jackson)

Nomenclature for Targeted Mutations (“knockout/knockin”)
International Committee on Standardized Genetic Nomenclature for Mice
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EM:00323 (EMMA ID) B6.129P2-Gjb6tm1Kwi/Cnrm

Provider : Klaus WILLECKE

Strain typeTargeted Mutant Strains : Knock-out

Genetic description : Exon2, including the whole open reading frame of Cx30 (Gjb6), is homologously
replaced by the open reading frame of LacZ. The selection marker gene (Neo) is maintained in the genome.

Phenotypic description : Deafness.

References :

Connexin30 (Gjb6)-deficiency causes severe hearing impairment and lack of endocochlear potential.; 
Teubner Barbara; Michel Vincent, Pesch Jörg, Lautermann Jürgen, Cohen-Salmon Martine, Söhl Goran, 
Jahnke Klaus, Winterhager Elke, Herberhold Claus, Hardelin Jean-Pierre, Petit Christine, Willecke Klaus; 
2003; Hum Mol Genet; 12; 13-21; 12490528

Read always genetic description and general information



www.infrafrontier.eu

C57BL/6N-Adgrd1 tm1a (EUCOMM)Wtsi/Cnrm

C57BL/6N-Adgrd1 tm1b (EUCOMM)Wtsi/Wtsi

C57BL/6N-Abcb5em1(IMPC)Wtsi/Wtsi

C57BL/6N-Ap2a2em1(IMPC)Wtsi/Wtsi

STOCK-Tg1 (ACTB-Neurog3)2 Bzal/Orl

B6.129-Map4Gt(pGT1.8geo)2Pgr/Cnrm

• tg1: first transgenic mutation
• em1: first endonuclease mutation (Crisp/cas9 or 
other endonucleases)
• StockComplex Background, Gt Gene Trap

Nomenclature for other mutations
International Committee on Standardized Genetic Nomenclature for Mice
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Cre deletion generates an heritable allele

B6-Tg1 (cre deleter) Cnrm X B6-Apoa1tm1(fl/fl)Unc

=

B6-Apoa1tm1.1(KO)       NEW STRAIN

Cre deletion does not generate an heritable allele (somatic event)

B6-Tg1 (Sox10 cre) Cnrm X B6-Apoa1tm1(fl/fl)Unc

=

B6-Apoa1tm1(fl/fl)Unc B6-Tg1 (Sox10 cre) Cnrm The Strain carries both mutations

CRE LOX CROSSES
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�SJL:  Swiss, Jim Lambert

�NZW:  New Zealand White

�NZB:  New Zealand Black

Strain Names Based on Origin
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• Strain Names Based on Phenotype

NOD/LtJ NON/LtJ

NOD:  Nonobese Diabetic

DW:  Dwarf  Pit1dw

NU:  Nude
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www.emmanet.org

Strain Names Based on Coat Color

C57BL:  a/a
Coat Color:  nonagouti (black)

C57BR:  a/a Tyrp1b/Tyrp1b

Coat Color:  brown

C57L: a/a Tyrp1b/Tyrp1b ln/ln
Coat Color:  brown leaden (gray)

Strain Names Based on Coat Color
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SITI WEB UTILI ALLA NOMENCLATURA ED ALLA RICERCA DI  MODELLI MUTANTI

www.jax.org (The Jackson Laboratories)

www.informatics.jax.org(MGI)

www.mousephenotype.org(IMPC)

www.Infrafrontier.eu(EMMA/Infrafrontier)

www.informatics.jax.org/mgihome/nomen/inc.shtml(Nomenclature Committee)

www.findmice.org(IMSR)



National Competent Authorities for the implementati on of Directive 
2010/63/EU on the protection of animals used for sc ientific purposes 

 
- CORRIGENDUM of 24 January 2013 - 

 
Working document on genetically altered animals 

 
 

Brussels, 23-24 January 2013 
 
 
The Commission established two Expert Working Groups (EWG) (to develop common 
format for statistical reporting and for the assessment of severity of procedures) to facilitate 
the implementation of Directive 2010/63/EU on the protection of animals used for scientific 
purposes. All Members States and main stakeholder organisations were invited to nominate 
experts to participate in the work.  
 
The EWG for the statistical reporting met several times in 2011. During their work it became 
apparent that some further understanding was needed as to how genetically altered animals 
are to be considered. To seek some clarity to some of the questions, the first meeting of the 
Severity Assessment EWG focused on the genetically altered animals in its meeting in 
December 2011.  
 
The consensus reached for the understanding of how genetically altered animals are 
authorised and covered by the statistics is detailed in this document. The document is the 
result of the work of the different EWGs, discussions with the Member States as well as legal 
input from the Commission. It was endorsed by the National Competent Authorities for the 
implementation of Directive 2010/63/EU at their meeting of 22 - 23 March 2012, followed by 
the endorsement of the GA welfare assessment scheme (incorporated in the Annex) at their 
meeting of 11-12 July 2012. A corrigendum to the Annex was endorsed on 24 January 2013. 
 
 
 
 
 
 
 
 
Disclaimer: 
 
The following is intended as guidance to assist the  Member States and others affected by 
this Directive to arrive at a common understanding of the provisions contained in the 
Directive. All comments should be considered within  the context of Directive 2010/63/EU 
on the protection of animals used for scientific pu rposes. 
 
Only the Court of Justice of the European Union is entitled to interpret EU law with 
legally binding authority. 
 











• Breeding of lines with a potential harmful phenotype

• Harmful phenotype: equivalent or higher than that caused by
the introduction of a needle with good veterinary practice

• Generation of a new line � until the line is established: 
minimum of 2 generations

• 7 M & 7 F

• Neonates, at weaning, adult every 2/3 months � line-specific

• Develop line-specific Score Sheets for basic welfare assessment

BASIC WELFARE ASSESSMENT OF NEW LINES













INFRAFRONTIER Research Infrastructure

INFRAFRONTIER 
Mouse Clinics

Systemic
Phenotyping
Systemic
Phenotyping

Archiving and
Distribution
Archiving and
Distribution

Access to scientific platforms, data and mouse mode ls

www.infrafrontier.eu



The EMMA-INFRAFRONTIER 
Biobank & BiorepositoryThe ITALIAN MOUSE CLINIC

In vivo Research Infrastructures - Campus 'A. Buzzati 
Campus A. Buzzati-Traverso’ - CNR di Monterotondo 

CNR-Campus International Development



MLC -  Service Por t folio 

Gene or  
Phenotype 

Project management 

Transla t iona l 
studies 

Generation of 
new GA lines 
and archiving 

Molecular 
and Cellular 

Biology 

Phenotyping and 
in v ivo 

experiments 

Breeding 
and Colony 

Management 

Ex-vivo 
testing and 
Pathology 

Infrafrontier & International Mouse 
Phenotyping Consortium (IMPC) Activities



International Mouse Phenotyping Consortium

• Creating 20.000 Knock Out strains on a single background
• Characterizing each through a standardized phenotyping protocol
• Open access to data and resources
• First comprehensive catalogue of mammalian gene function

INFRAFRONTIER Partners



Open Field

Cardiovascular
Echo/ECG

Other neurological/
behavioural

SHIRPA
Dysmorphology
Grip Strength

Metabolism –
Calorimetry

Lung Function -
Plethysmograph

Metabolism –
IPGTT/other

ABR/X-ray/DEXA

Vision –
Slit lamp/Ophth.

General
Procedures

General
Procedures

Hematology
Clin Chem
FACS

Gross Pathology
Tissue Collection

The Italian Mouse Clinic



IMPC phenotyping pipeline
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The pipeline measures a total of 509 phenotyping param eters that encompass
diverse biological and disease areas including neurological, behavioral, metabolic, 
cardiovascular, pulmonary, reproductive, respiratory, sensory, musculoskeletal and 
immunological parameters. Standardized protocols developed by the IMPC and 
automated statistical analysis are used to decrease phenotypic variance across the 

centers.

Identified new mouse models for human mendelian disorders with a known genetic
basis

Uncovered candidate disease-associated genes for human mendelian rare disease by 

phenotypic similarities with OMIM and Orphanet database

Identified new mouse disease models involving genes with little or no previous

functional annotation. 

Meehan et al. Nature Genetics 26 June 2017

IMPC adheres to the ARRIVE guidelines for reproducibi lity of animal-model 

experiments, including making all data publicly availab le.



INFRAFRONTIER Resources and Services
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Archiving /
Distribution

Systemic
Phenotyping

Model 
Development

EMMA
Repository

Mouse 
Clinics

Trans-
genics

Training &
Consulting

Axenic
Services

NKI Cancer
Models

Distributed research infrastructure – one face to th e customer


