
Mus musculus

ADVANTAGES

• Small
• Lots of pups
• Mutant availability
• Sequenced genome
• Genomic manipulation
• It’s a MAMMAL!
• We are separeted by only
60 milion years



Characteristics

- Chromosomes: 19 autosomes, 
and XX/XY

- Number of genes: ∼20.000

Genome:

Biology:

- Gestation period: 20 days
- Weaning: 3 weeks
- Sexual maturity: 7 weeks
- Average lifespan in lab: 1.5–2.5 years
- Litter size (Offspring): 6–9
- Litters per female: 4–8



•"Forward Genetics" approaches seek to understand which genes
contribute to a phenotype in an unbiased manner:

•Natural variation
•Insertional mutagenesis (e.g., transposons)
•Chemical mutagenesis (e.g., ENU)

•"Reverse Genetics" approaches seek to understand what a 
candidate gene contributes to a phenotype:

•Genetic engineering (e.g., CRISPR or homologous
recombination in ES cells)

Mouse Genetics



A model for human disease

ADVANTAGES

Kit mutation

DISADVANTAGES

• Differences in cognitive 
functions, behaviour, genic
expression
• Big genome and Long gestation

compared to other model 
systems
• Requires animal facility
• Cost consuming



Why animal models?

•Understanding the disease process
• Multiple and invasive samples can be obtained
• The system can be manipulated to investigate disease

mechanisms

•Development of treatments
• Drug testing to modify the disease process
• Testing of new therapies



Exploring the complex relationship between
environment, genotype, and phenotype

By mimicking specific environmental exposures or lifestyles that have a strong
impact on human health, researchers determine their effects on molecular
networks and on the etiology and progression of disease. This reveals the
physiological and molecular mechanisms of genome-environment interactions.
"Challenge platforms" are currently being created that focus on the primary
environmental risk factors for human health.



Example: Diabetes-Related Mice 
Available for Research

•Type I diabetes (3 strains)

•Type II diabetes (3 strains)

•Hyperglycemic (27 strains)

•Hyperinsulinemic (25 strains)

•Hypoglycemic (1 strain)

•Hypoinsulinemic (5 strains)

•Insulin resistant (30 strains)

•Impaired insulin processing (7 strains)

•Impaired wound healing (13 strains)



Sources/Strains of laboratory mice

COMMON MOUSE
SUPPLIERS
• The Jackson Laboratory
• Charles River
• Taconic Farms
• Harlan Sprague Dawley

COMMON MOUSE
STRAINS
• C57BL/6J
• BALB/c
• C3H
• DBA/2



Inbred strains

The Jackson Laboratory is the major supplier of inbred strains



History

•Mice have been used for over 100 years to study mammalian inheritance and
natural selection.

•Mice were originally kept by "fanciers" (hobbyists) who established unique lines
selected for coat color or other external characteristics.

•Around 1900, a retired schoolteacher named Abbie Lathrop began breeding and
selling mice from her home in Granby, MA.

•Among her clients was William Castle of Harvard University, who established
some of the first popularized inbred mouse strains.

•Abbie Lathrop also conducted her own experimental breeding program, giving
rise to strains such as C57BL/6 and C57BL/10.

•In 1929, The Jackson Laboratory was founded to serve as a repository for inbred
strains and mutant lines for experimental purposes.



Inbreeding

Repeated mating between brothers and sisters leads to a 
completely homozygous genome: no variation!

•Crossing to obtain F1
•F1 x F1 – brother/sister matings (cross-mated)
•F2 x F2 – F2 chosen at random, etc....
•F19 x F19 – defined as inbred
•essentially (98.7%) homozygous at all loci

Inbreeding

• L'accoppiamento ripetuto tra fratelli e sorelle porta a un
genoma completamente omozigote: nessuna variazione!
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• Incrocio per ottenere F1
• F1 x F1 - accoppiamenti fratello/sorella

incrociati
F2 x F2 - F2 scelti a caso ecc....

• F19 x F19 - definito come consanguineo
– essenzialmente (98,7%) omozigote in
tutti i loci



Inbred vs outbred



Insertional mutagenesis in mouse

• Random mutagenesis with retrovirus

• Vectors for genomic sequence replacement (Knock-out) 

• Vectors for genomic sequence insertion (Knock-in)

• Inducible systems (cre-LoxP, tet, ER/Tam, ecd)

• Gene-trap

• Transposon mutagenesis



Gene trapping

•They are DNA elements capable of inactivating the gene into which they insert
themselves.

•They are carried by a plasmid or lentiviral vector and integrated randomly into the 
genome of ES (Embryonic Stem) cells.



Gene trapping

Stanford et al, 2001, Nat. Revs. Genet.



How to modify the genome of mouse

CRISPR/CAS9 
gene editing

Gene targeting 
(homologous
recombination)



How to modify the genome of mouse

•Works only in ES cells

•The length of homology on both sides of the locus to be disrupted
must be ~5-10 kb

•The source of the vector is important – it must be isogenic with the 
recipient cells (ES cells originate from 129 different genetic
backgrounds)

•Chromatin structure can influence targeting

•Clones must be analyzed using Southern blot and PCR

•It is necessary to verify whether the insertion is random or specific

•It is important to remove the selection marker



Vectors for genomic sequence
replacement (Knock-out) 

HR1 1 2 HR23

HR1 Marker Gene HR23

HR1 Marker Gene HR23

Genomic 
Locus

Targeting
Vector

Mutant 
Locus

STOP 
CODONS

Vettori per sostituzione sequenza genica
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Positive selection

1) Drug Resistance
•Neomycin phosphotransferase (neo)
•Hygromycin B phosphoglycerate (hyg) They confer resistance to the neomycin
analog, G418, and hygromycin.

•INDEPENDENT: These include a cassette containing the phosphoglycerate kinase
(PGK) promoter or the Herpes virus thymidine kinase (HSVtk) promoter.
•DEPENDENT: These do not require regulatory elements, but must be fused in-
frame with the target gene.

2) Reporter Genes
•GFP, LacZ, and β-Geo

•N.B. Often, both are used together.



Positive selection

HR1 1 2 HR23

HR1 HR23

HR1 HR23

Genomic 
Locus

Indipendenti

Dipendenti

LacZ-
pA

PGK
neo

bgeo or bhyg

Selezione positiva
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Positive-Negative selection

• A second marker for negative selection is placed at one end of the construct,
outside the region of homology.
• HSVtk is the most commonly used and confers sensitivity to ganciclovir.
• It reduces the survival of [incorrectly targeted] clones by 5 to 10-fold.

Two possible integration scenarios:
1. RANDOM: Retention of both the positive and negative (tk) selection cassettes;
results in lethality in the presence of ganciclovir.
2. HOMOLOGOUS: Integrates only the positive selection cassette, while the tk is
lost during homologous recombination.



Positive-Negative selection

HR1 1 2 HR23

HR1 neo HR23

HR1 neo HR23

Genomic 
Locus

Targeting
Vector

Mutant 
Locus

HSVtk

STOP 
CODONS

Selezione positiva-negativa
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Critical points

•Isogenic DNA: Important given the polymorphism of the various mouse strains. It
increases targeting efficiency by as much as 25-fold.

•Length of homologies: An increase in homology from 1.3 to 6.8 kb increases the 
frequency of homologous recombination 250-fold.

•Construct size: Can be up to 20 kb.

•Screening: Use multiple methodologies to screen for positive clones.



Screening

HR1 1 2 HR23

HR1 b-geo HR23

HR1 b-geo HR23

Genomic 
Locus

Targeting
Vector

Mutant 
Locus

HSVtk

1 2

3

PCR SCREENING:

1-2  = WT locus

1-3 = MT locus

A

A

A A

A

A C

CC

C

C

B
5’ 3’

SOUTHERN BLOT SCREENING:

A-A, C-C = both WT and MT, but different 
sizes, when probed with 5’ and 3’
probes, respectively

A-B, B-C = Specific to MT when probed 
with the same probes

Screening
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CRISPR/Cas9 gene editing in mouse



CRISPR/CAS9 
gene editing

Gene targeting 
(homologous
recombination)

Success rate
50%-55%

Success rate
85%-95%



Mosaic Work-Around

CRISPR injected after fertilization operates after the first division and results in a
subset of cells being fixed. When an organism has a mixture of edited and
unedited cells, it is called a "mosaic». Injecting the CRISPR-Cas9 complex at the
same time as the sperm prevented mosaicism almost completely .
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Cre-Lox system

•Cre is a 38 kDa recombinase from the P1 bacteriophage.

•Cre recognizes a 34 bp site called LoxP, inducing reciprocal and conservative
recombination between two LoxP sites.

•LoxP consists of two 13 bp inverted repeats separated by an 8 bp "core" region.

•This "core" region controls the directionality of the LoxP site.

•Two Cre molecules bind to each LoxP site; therefore (in theory), 4 Cre
molecules are required for each recombination event.

• Cre è una ricombinasi di 38 kDa del batteriofago P1
• Cre riconosce un sito di 34 bp chiamato LoxP,

inducendo ricombinazione reciproca e conservativa tra
due siti LoxP

• LoxP è formato da due ripetizioni invertite di 13 bp
separate da una regione “core” di 8 bp

• Questa regione “core” controlla la direzionalità del sito
LoxP

• Due molecole di Cre si legano ad ogni sito LoxP, quindi
(in teoria) 4 molecole di Cre sono richieste per ogni
evento di ricombinazione

Il Sistema Cre-Lox
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Tandem repetition

Risultato: Excisione della sequenza tra i LoxP (con ritenzione di 1 sito
LoxP)

Ripetizioni in tandem

Cre
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LoxP LoxP



Inverted repetition

Risultato: Inversione della sequenza tra i LoxP

Ripetizioni invertite
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Applications of Cre-Lox system

•Gene deletion (Knockout)

•Gene activation, by removing the sequence [stop cassette] between the LoxP sites

•Conditional Knockouts, in combination with TET [Tetracycline-controlled systems], etc.

•Point mutations

•Chromosomal alterations (Translocations/Inversions)



Cre-Lox system

PROS
•More effective than other systems
•Does not require external
treatments (unlike inducible systems 
that need drugs/triggers)

CONS
•Mosaicism: chromatin elements that
influence Cre's activity (leading to 
incomplete recombination where
some cells are edited and others are 
not)
•Insert size limit between the LoxP
sites
•High expression in mammals is
toxic (excessive Cre can cause 
unintended "off-target" DNA damage)



Applications of Cre-Lox system

Marker removal from genome



Cre-Lox strategies

Conditional KO



Cre-Lox strategies
Tissue specific KO



Cre-Lox strategies
Tissue specific KO



Inducible Cre-Lox systems

Induzione dell’espressione

LoxP

Tet-Response

LBD-
CRE

Lig
and

LoxP

Ligand-
Cre

Induzione della traslocazione

Tetracycline

Cre

Sistemi Cre-Lox inducibili

Cre entra nel nucleo solo 
in presenza del ligando 

Cre è espressa solo in 
presenza dell’induttore 
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Induction of traslocation Induction of expression

Cre entries the nucleus
in a ligand depedent
manner

Cre is expressed in 
presence of tetracyclin



Transgenic mice

•Model system for basic research
• Gene regulation, cancer, development, 

etc.
• Human genetic diseases

•Model system for protein production
• (Initial testing in mice, followed by cows 

and others)

Applications



Transgenic mice

1.Retro/Lentiviral vectors

2.DNA microinjection

3.Engineered Embryonic Stem (ES) 
cells

Methodologies



Transgenic mice
(A) Injection of the vector construct into a fertilized egg will generate transgenic progeny
that expresses the gene of interest in every cell. (B) Conditional transgenics can be
generated for tissue-specific expression under the control of a Cre recombinase. These can
be crossed with mice carrying the floxed gene of interest, resulting in progeny that carries
the tissue-specific knockout.



Mouse model expressing oncogenic fucion protein

mmunodeficient mouse—the NOD scid gamma (NSG) mouse
46

Modelli murini con espressione di proteine di 
fusione oncogenetiche



Use of Leukemia Mouse model
These mouse models are particularly suitable for evaluating the effects of new
drugs, but also for identifying which existing drugs might have the maximum
efficacy alone or in combination. Leukemic blasts are easily and rapidly
transplantable, allowing for the creation of large cohorts of mice with identical
diseases that can be used for preclinical purposes.



Pre-clinical trials using APL mouse models



Clinically relevant mouse trial
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Clinically relevant mouse trial



Human-Animal Chimeras

•Human cell line or tumor transplant

•Primary cell transplant

•Organ transplant

•hES (human Embryonic Stem cells) transplant

The main objective of chimera research is to produce human 
cellular traits in model animals.



Xenograft models



Preclinical Cancer Models
In cell line xenograft models, established human tumor cell lines are transplanted
into an immunodeficient murine (mouse) host. In patient-derived xenograft (PDX)
models, human tumor explants are implanted into immunodeficient mice.
In syngeneic mouse models, allografts of established murine cell lines are
transplanted into immunocompetent recipients of a compatible strain. Finally,
in genetically engineered mouse (GEM) models of cancer, genomic modification
allows for the spontaneous or induced development of tumors directly within the
desired target tissue of an immunocompetent animal.



Preclinical oncology models
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Modelli preclinici utilizzati in oncologia



The Co-clinical Trial Project

The synchronization of preclinical studies with clinical trials—to be conducted in
parallel on human patients and mouse models, including both GEM models
(1) and human xenograft models (2)—will allow for the integration of information in
real time.

Blu: sick
Purple: healty



The Co-clinical Trial Project
The same drug and the exact same protocol will be used in both the mouse models
and the human patients. Data will be collected and analyzed in parallel regarding
disease stratification in primary tumors and acquired resistance to treatment.


