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3R principle

• Replacement: 

– Could you answer your 

questions without an animal?

– Could you answer your 

questions without a new strain of 

mice?

* https://www.forhumanescience.org/what_we_do/influencing-science-culture/alternatives-to-animals/

** https://www.uwindsor.ca/ccaam/

*

**

https://www.forhumanescience.org/what_we_do/influencing-science-culture/alternatives-to-animals/
https://www.uwindsor.ca/ccaam/


3R principle

Photo tirée de: https://phenome.jax.org/

• Reduction: 

– The type of mouse created will have an impact on the 

number of mice produced (lox P, Cre, inducible, etc.) and on 

the number of controls required.

https://phenome.jax.org/


3R principle

• Refinements: 

– The type of mouse created may require special 

housing conditions

– Creating mice for certain mutations may require 

working only with heterozygous mice or with animals 

of a very early age.



Before Creation
• Does the mouse already exist?

– Here: Ask CIPA

– In Canada: Ask CIPA: Canadian Animal Ethic Coordinators Network

– Worldwide: commercial suppliers: Jackson lab., Taconic, etc .:

– Other resources: 

• International mouse strain resource (IMSR): http://www.findmice.org/

• Canadian mouse mutant repository (CMMR):

• http://www.cmmr.ca/

• Mouse Genome Informatics: http://www.informatics.jax.org/

• The CHUM Research Centre's transgenesis and animal modelling core 

facility: https://www.chumontreal.qc.ca/en/crchum/facilities-and-services

http://www.findmice.org/
http://www.cmmr.ca/
http://www.informatics.jax.org/
https://www.chumontreal.qc.ca/en/crchum/facilities-and-services


Animal Use Protocol

• The committee needs to understand the benefits 

for science, human or animal health before the 

creation of this mouse.

• 3R: Explain all taken action.

• Explain steps that have been done to find the 

mouse and / or stem cells and / or sperm and / 

or embryos (websites, etc.).



After Creation
• Phenotyping: Does the obtained model correspond to the 

expected phenotype?

• Housing: Are the housing and food conditions adequate?

• Welfare evaluation

• Establish a mouse passport: For your team, for the animal 

care personnel and for other institutions if you share this new 

strain.



How to improve the reproducibility of 

studies? *

* https://www.recherche-animale.org/comment-ameliorer-la-

reproductibilite-des-etudes

The importance of properly 

reporting the animal model 

in publications.

https://www.recherche-animale.org/comment-ameliorer-la-reproductibilite-des-etudes


Good breeding practices

Hélène Héon   DMV, M. Sc.



Inbred breeding

Most transgenic mouse lines have an inbred genetic background 

Inbred strain: mice are isogenic, all individuals have the same genotype and are 

homozygous at all loci. 

Permits good experimental reproducibility for genetically influenced traits→ 

consistent and uniform animal model for study

Inbred line will become a subline after

─3 generations of non-sibling mating 

─10 generations of brother-sister mating

Use brother-sister mating



Limit genetic drift

• Constant tendency of genes to evolve even in the 

absence of selective forces. 

• Spontaneous mutations randomly may disappear 

or become fixed in a colony → may alter the mice 

phenotype. 

• Small colonies are more affected than large ones

Inexorable, cannot be prevented but can be limited 

Use brother-sister mating

Refresh your inbred line periodically  

Cryopreserve embryos or sperm periodically



Limit genetic drift
Backcross to the inbred control strain 

every 5-10 generations 

• After 5 generations: Minimum of 2 

backcrosses needed to “refresh” X 

and Y chromosomes, and 

mitochondrial genome.

• After 10 generations: 3 backcrosses 

are recommended. 

• Establish a small “refreshed colony” 

and use these mice to replace old 

breeders from the existing colony. 

See: https://www.jax.org/news-and-insights/jax-

blog/2018/april/how-to-refresh-your-mutant-or-transgenic-

mouse-strains



Genetic contamination

• Mice from one line accidentally crossed with mice from another line.

• Crossing mice of the same strain but from two different suppliers can be 

considered in some cases as a genetic contamination. Genetic 

polymorphisms among C57BL/6 strains may change the phenotype.

Separate lines with similar nomenclature 

Breeders must be genotyped periodically

May be possible to confirm strain or substrain background with genome 

scanning

Fergusson et coll. Defective insulin secretory response to intravenous glucose in C57Bl/6J compared to in C57Bl/6N mice. Mol

Metab. 2014 Sep 28;3(9):848-54

Zurita et coll. Genetic polymorphisms among C57BL/6 mouse inbred strains. Transgenic Res. 2011 Jun;20(3):481-9.



Common breeding mistakes 

Poor breeding management and poor inventories

• Old mice kept in breeding → small number of litters or loss of litters 

• Delayed PCR →  Late mating of pairs or trios

─ Reduction of breeding performances 

─ Mice kept unnecessarily

• Problems are often not reported (no gestation, litter loss, small litters, 

aggressive females…)

─ Should not be considered normal without investigation

─ May be possible to correct the problem



Good record keeping is essential

• Weekly inventory is recommended 

You should know: 

─ The percentage of gestations

─ The average number of weaned pups/litter

─ The number of productive litters a female will have

─ The reproductive lifespan of males

─ Generation number 

So you can predict 

• How many breeding pairs or trios are needed 

• When breeders should be replaced 

• When it’s time to backcross to the inbred control strain 



• Females help each other

• Trios :Suppression of reproduction in one of the 2 

females

• Pairs: better nest quality score.

• Reproductive performance/cage not different in 

duos and trios → no advantage using trios.

Pairs or trios ? 

C57BL/6J 

• Trio and harem : Weaning weight higher.

• Less anxiety-related behavior in mice bred in pairs

• Pairs produce more mice than harem breeding (no 

mention for trios)

• No mention of the effect of harem breeding on male 

mice health 

Compile breeding statistics to choose the best breeding configuration 



• Determine needed genotype (experimental 

animals and controls)

• Use appropriate breeding scheme

• Use appropriate approach to plan the production

Production planning 

Translated from : Breeding strategies for maintaining colonies of laboratory mice, 

The Jackson Laboratory Resource Manual, 2009



Documentation
Nomenclature

Understand nomenclature

Use appropriate abbreviations

Follow nomenclature rules

Use appropriate nomenclature in 

publications

Mouse Nomenclature Home Page : 

http://www.informatics.jax.org/mgihome

/nomen/

B6.129P2-Apoa1tm1Unc/J

Background

Targeted  gene

Targeted mutation

Allele designation

Lab registration code

Lab maintaining the strain
From : The Jackson Laboratory 

Information pertaining to
Complete nomenclature

Genetic background 

Genotyping

Husbandry

Welfare issues

Breeding recommendations

Expected phenotype

From : Wells et coll. Assessing the welfare of genetically altered mice Lab 

Anim. 2006 Apr;40(2):111-4.

Mouse passport 



What about the “off-targets”: CRISPR 

low hanging fruit argument
Jean-François Schmouth,  PhD



Rodent model generation approaches; a brief history

• Random integration transgenic

• Transgene insertion via pronuclear microinjection

• Relatively easy and rapid

• No control over the insertion site

• No control over the copy numbers inserted

• Gene targeting in embryonic stem cells

• DNA construct integration in embryonic stem cells

• Embryonic stem cells injection into blastocysts

• Tedious and labor intensive

• Construct inserted at a specific locus

• Control over the copy numbers inserted

Image courtesy of ISTT and JoVE journal



Targeted mutagenesis depends on intrinsic mammalian DNA repair

mechanisms

-Highly active

-Active in dividing and 

non-dividing cells

-Integration occurs 

frequently

-Only active in dividing 

cells (S to G2 phase)

-Targeting occurs 

infrequently



Customizable DNA/RNA-binding proteins for site-specific DNA 

modification via double-stranded break

• Meganucleases

• Transcription Activator Like Effector Nucleases (TALEN)

• Zinc Finger (ZF)

• Clustered Regularly Interspaced Short Palindromic

Repeats (CRISPR)/Cas9 (CRISPR associated proteins)



CRISPR/Cas9 functions as a gene editing tool

• Components required:

• Cas9 protein

• sgRNA or crRNA + 

tracrRNA

• Homology dependent (20 

nucleotides)

• Protospacer Adjacent Motif 

(PAM)



Exon

Rodent model generation approaches; the history re-written

Easy

Difficult

NHEJ HR



Low hanging fruit; « what about the off-targets »
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Guides prediction software

• Chop-Chop: 

• https://chopchop.cbu.uib.no/

• CRISPOR

• http://crispor.tefor.net/crispor.py

• Breaking-Cas

• https://bioinfogp.cnb.csic.es/tools/breakingcas/



Guides prediction software



Off-targets; the prevalance



Off-targets; the prevalance



Off-targets, how to detect them

• Targeted re-sequencing (+/- high-
throughput)

• Relatively quick and easy

• Inexpensive

• Depends on in silico software prediction
specificity

• Whole genome sequencing

• Expensive

• Requires computer power, bioinformatics
knowledge and a proper analysis
pipeline

• Unbiase results and complete picture



Recommendations/suggestions

1) Sequence verify founder animals (F0)

2) Sequence verify germline transmitted animals (N1)

A) Backcross your animals before generating publishable data (up to 5 generation)

B) If possible, work with strains originating from more than one founder

C) If possible, work with two independent strains generated using two different guides

D) Test for predicted off-target mutations (especially the one in linkage)

E) Perform whole genome sequencing



The Cre-Lox system: a cautionary tale 

Thierry Alquier, PhD



 CRE recombinase isolated from bacteriophages
based on its ability to recognize/bind loxP DNA 
sequences and recombine DNA flanked by loxP

13bp                  8bp 13bp

ATAACTTCGTATA -NNNTANNN-TATACGAAGTTAT

Cre-Lox system principles

 CRE expression driven by a tissue/cell-specific
promoter allows to generate a tissue-specific gene KO

Timing of the KO is dependent on the temporal expression 
pattern of the promoter driving CRE expression 



lox lox 

E1 E2 E3 Neo LacZ

frtfrt

Cre-Lox system principles

What do you typically get when you generate or purchase a « loxed » mouse ?

Ex: International KO Mouse
Consortium (IKMC) 

ES cells from
C57BL/6N 

E1 E3 LacZ

frtlox lox 

E1 E2 E3 

frt

lox 

E1 E3 

frt

Crossed with
tissue-specific CRE mouse 

Crossed with a 
FLIPASE mouse 

Crossed with
tissue-specific CRE mouse 

lox 



Cre/+, +/+   X +/+,  lox/+                   Cre/+, lox/+ 

Cre/+, lox/+ X +/+, lox/+ OR Cre/+, lox/+ X +/+, lox/lox

1/8 Cre/+, lox/lox (KO)

2/8 Cre/+, lox/+

1/8 Cre/+, +/+

3/8  +/+, lox/?

1/8  +/+, +/+

1/4 Cre/+, lox/lox (KO)

1/4 Cre/+, lox/+

1/2 +/+, lox/ ?

BUT no Cre/+ or +/+ WT mice 

Pros :         -generation of control littermates

-avoiding genetic background drifts (for mixed background)

Cons : -low % of  Cre/+, lox/lox (KO) mice

- Cre/+ carrier should be a male (to avoid potential phenotype emerging during pregnancy) 

- Cre/+, lox/+ should not be bred together (potential CRE toxicity)

- Cre/+, lox/+ and +/+, lox/? from F2 should not be used for breeding because of potential    

segregation of a specific genetic background if the mice are on a mixed background. 

F1 

F1 

F2 

Step 1 

Step 2 

~16-18 weeks

Cre-Lox breeding scheme

♂ ♀

♂ ♀

F0 

F2 



The importance of the genetic background 

• The most widely used strains for the generation of transgenic mice harbor major genotypic
and phenotypic differences: 129S1, FVB, DBA, C57BL/6 

• The phenotype associated with a genetic manipulation will be influenced by the genetic background

• Most Cre-Lox animals have mixed genetic background 
ex: Lox mice generated using ES cells from 129S1 or BL/6N mice crossed with a CRE strain from Jax
(IKMC uses C57BL/6N ES cells to target alleles)

Calcium Voltage-Gated Channel



The importance of the genetic background 

C57BL/6 substrains

Mekada et al., Exp. Animals 2014 

Deletions (NNT), retrotransposon insertion (Raptor) & 
copy number variations  (IDE, FGFBP3)



The importance of the genetic background 

Fergusson G., Ethier M. et al.  2014 

Attané C. et al.  2016 

C57BL/6J vs. 6N: the NNT mutation 

 C57BL/6J have a mutation in the nicotinamide nucleotide transhydrogenase (NNT) gene
leading to impaired transfer of hydrogen between NADH and NADP+ in the inner 
mitochondria membrane, reduced NADPH content and altered mitochondrial function.  



The importance of the genetic background 
Solutions: 
 Backcrossing (breeding or IVF) on a pure background

• No perfect strains (e.g. C57BL/6N has a mutation in Crb1 leading to retinopathy)
• Do your homework, get informations and chose the background wisely

“Overall, we found ~60% of publications in the 
past 4 years in the journal Diabetes had 
incomplete explanations of the background 
substrain”.

Fontaine D. A. et al.  Diabetes 2016 

 Mixed background
• Limit the genetic drift (c.f. breeding) & always use control littermates
• Genotype for known mutations (e.g. NNT) & select experimental animals
• Provide a detailed and complete information on background strain, 

breeding practice, and control groups



Why including CRE littermates matters ? 
• CRE transgene site of insertion and number of copies are often unknown = potential

mutagenesis and phenotype (most CRE strains have a phenotype).  

• The genome contains degenerate loxP sites that are recognized and recombined by CRE 
leading to off-target recombination of genes in a tissue-specific manner. 

Cre expression driven by the α-myosin heavy chain promoter can be cardiotoxic (Pugach et al. JMCC 2015) 
“We identified 619 loxP-like sites. 227 sites overlapped with annotated genes & 55 of these genes were expressed in            
cardiac muscle. Expression of ~26% of the 27 genes tested was disrupted in αMyHC-CRE (+/-) mice”  

Why including loxP littermates matters ? 
• Insertion of loxP sites/Neo in introns can affect the normal expression pattern of the targeted gene

The importance of the control groups 

Why including heterozygous KO mice (CRE/+, lox/+) may matter ?
• Important to assess a potential gene-dosage relation with the phenotype
• More representative of pathological conditions with reduced gene expression 

What about WT littermates ? They can be phenotypically compared to lox mice and/or CRE & included



The Cre-Lox system is a powerful tool but is not perfect

• Mutagenesis induced by CRE insertion & related phenotype
• Expression of the human Growth Hormone minigene from the CRE transgene
• Leakiness of the promoter driving CRE expression 
• Ectopic CRE expression during gametogenesis (whatever the promoter)
• Silencing of the promoter after several generations
• Toxicity of CRE (strong promoter and/or targeting of degenerate loxP sites)
• Developmental impact of gene KO when CRE is expressed during embryogenesis

Harno E. et al. 2013 

Magnuson M. A. et al. 2016 

Alquier & Poitout



Ectopic CRE expression during gametogenesis

CRE/+, Lox/+

DNA in every cells

(except neurons)
CRE 

Neuron-CRE Typical loxP genotyping PCR 

strategy (2 bands) 

250 bp

280 bp

No band

ORX

+/+, Lox/+ Best loxP genotyping

PCR strategy (3 bands) 

1250 bp

1310 bp

150 bp

Germinal cells

CRE expression: 

recombination in 

germinal cells

Genotype = CRE/+, +/+  but it is

a whole body Het KO

Genotype = CRE/+, Lox/Lox but it is

a whole body Het KO

OR

DNA in every cells



Ectopic CRE expression during gametogenesis



Alternate systems to control CRE temporal expression/activity

1-Tamoxifen-inducible
(CreER & CreERT2)  

3-Photoactivable CRE and self-cleaved inducible CreER (next generation)  

• Tamoxifen (ER agonist): dose & time 
dependent side effects

• Wash out periods required
• Low recombination efficiency

(mosaicism)
• Spontaneous CreER activity
• Novel TAM receptor: NaV channel

• Tetracycline (antibiotics): dose & 
time dependent side effects
(e.g. mitochondrial dysfunction).

• tTA affects gene expression  (β-cells)
• Wash out periods required
• Triple transgenic mouse 

2-Tetracycline-inducible 
(Tet-ON)



Brouwers B. et al. 2014 

Oropeza D. et al. 2015

Declercq J. et al.  2015

Mouse Lines – Groep Biomedische Wetenschappen KU Leuven

De Faudeur G. et al.  2018

List of 300 Cre strains with mGH gene

CRE transgene: the human Growth Hormone minigene

https://gbiomed.kuleuven.be/english/hgh/mouselines


 Seek for informations/get advices (CIPA & transgenesis core are here to help you!) 
 Use CRE hemizygous breeders
 Check mGH status of your favorite CRE strain
 Optimize genotyping PCR to verify germline CRE expression & recombination
 Use reporter strains to assess CRE specificity (e.g. ROSAmT/mG ) in multiple tissues
 INCLUDE experimental CRE littermates
 ALWAYS USE control littermates (not from a separate colony or from purchase)
 Consider alternatives/complementary strategies (Cre-expressing viruses)
 Provide a complete information on background strain, breeding practice and 

control groups

Guidelines for Cre-Lox strategies



Take home messages



Take Home Message #1

CIPA & the veterinary team are your 

friends!

Before and during your project, CIPA and the 

veterinary team can provide critical

information to help you reach your research 

goals faster.



Take Home Message #2

Words matter!

Use the appropriate nomenclature 

and breeding strategies for your 

mouse lines.



Take Home Message #3

Tips, tricks and tech exist here!

The transgenic platform uses cutting-

edge approaches and can design and 

execute a turn-key project for you.



Take Home Message #4

Know your limits!

All tools have limits. 

All models have limits.

No model is perfect.



Take Home Message #5

Be in the know!

It is the responsibility of the researcher to 

know the details of their animal model 

and to report it accurately.



With great 

power comes 

great 

responsibility


