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Why study mice



Evolutionary relationships

1 Myr = 1 million years



•Allow Genetic Manipulation
•Unlimited Numbers can be Bred
•Control of Genetic Background
•Availability of all Organs/Tissues
•Can be used for drug testing

Why study mice ?



A mouse is not a man



What is in their genome?

Only 1% of mouse genes has no 
identifiable orthologue in man.

Over 90% of the mouse and human 
genomes can be partitioned into 
corresponding regions of conserved synteny

MGSC, Nature 420, 520–562 (2002)



Genetic modification: knockout mouse

• Knockout mouse Inactivation of coding 
sequence at defined
position in genome

•Advantages: Specific inactivation of gene of interest

•Disadvantage: technically complicated

The Nobel Prize 
in Physiology or Medicine 2007



Generation of a knockout mouse



Obese mouse (taconic)

Fragile X mouse

Generation of a knockout mouse



Conditional knockout mouse

Cre-recombinase and 
flippase are site specific 
recombinases



Transgenic mouse

• Transgenesis Introduction of genetic 
material at random position 
in genome

•cDNA with different promotors

•Large genomic inserts with gene of interest
(Cosmids, PAC, BAC, YAC) and natural 
promotor

•Advantage: relatively simple technology

•Disadvantage: need to analyze several lines



Transgenesis: not limited to mice

Green fluorescent protein (GFP) transgenic

Glowfish



Generation of transgenic mice





Inducible transgenic mice



“Getting” a knockout

• Generate one
– yourselves, in collaboration with specialized 

University laboratories or commercial
• Seach databases (Jackson) and literature

• Seach chemically induced (ENU) mutant databases

• Seach random mutagenesis databases (genetrap)



Genetrap 
principle





The ‘knockout-first’ allele (tm1a) contains an IRES:lacZ trapping
cassette and a floxed promoter-driven neo cassette inserted into
the intron of a gene, disrupting gene function. Flp converts the
‘knockout-first’ allele to a conditional allele (tm1c), restoring
gene activity. Cre deletes the promoter-driven selection cassette
and floxed exon of the tm1a allele to generate a lacZ-tagged
allele (tm1b) or deletes the floxed exon of the tm1c allele to
generate a frameshift mutation (tm1d), triggering nonsense
mediated decay of the deleted transcript.



Novel methods:
Zinc-finger nucleases



Novel methods:
Transcripion Activator-Like Effector Nucleases



Novel methods:
Clustered, regularly interspaced, short 

palindromic repeats-associated 
endonuclease (CRISPR/Cas)

CRISPR/Cas video

https://msevp.uantwerpen.be/Mediasite/Play/6ad78c03d25442c7a1a17e42a140a3961d?PlayCover=False&autostart=true


Transcription activator-like effector 
nucleases (TALENs), 

Zinc-finger
nucleases (ZFNs)

Clustered, regularly interspaced, 
short palindromic repeats-associated 

endonuclease (CRISPR/Cas)

Nonhomologous
end-joining (NHEJ)

Double-strand break (DSB) and 
subsequent homology-directed repair 

(HDR)



What mice are we using ?
Fancy mice become lab mice

William Ernest Castle 
(Harvard)

Abbie Lathrop, a retired schoolteacher,
breeds fancy mice (Granby, MA)





Inbred strains: 20 generations of 
brother x sister matings

X Parental

F1X

F2
X



• At F20 generations: 98.7% of loci homozygous

First inbred strain: DBA
bred by Clarence Cook Little (Harvard)



Commonly used inbred strains

Strain Use Breeding Remarks
performance

129 Construction ES cell lines Poor Poor cognition

Balb/c Hybridoma generation Poor Albino

C57BL/6 Reference strain Good Old age hearing impaiment

C3H Common in genetic studies Poor/Good Large animals

DBA/2 For F1 and other inbreds Poor

FVB Production of transgenic mice Excellent Blind



What’s in a mouse name?

• C57BL/6J C57BL substrain 6, Jackson colony

• C57BL/10J C57BL substrain 10, Jackson colony

• C57BL/6NCrl C57BL/6, NIH colony, distributed by
Charles River Laboratories

• FVB/NCrl FVB, NIH colony, distributed by
Charles River Laboratories

• FVBS/Ant sighted FVB, Antwerp colony

• F1: C57BL/6 female x DBA/2 male is named B6D2F1

Lab codes registered with Institute for Laboratory Animal Resources, 
USA national acedemy of Sciences, Washington DC





Creation of a congenic strain: 10 
repeated backcross matings

X Parental

F1
50%

X

Mutation

N2
25%

X

N3
75%

X

N10
99.8%

Congenic strain

N4-9



........... but not at the 
the chromosomal segment 
flanking the mutation

At generation N10: 98.8% of loci homozygous.......



Genetic nomenclature
• Gene name: Fmr1 – Italics and lower case

• Alelles - mutant: Fmr1
- wild type: + or Fmr1+

• Congenics: abrreviated strain symbols recipient.donor

B6.129P2 for mutant created in 129P2 backcrossed to C57BL/6 
(; if not fully congenic)

• Knockout: congenic name followed by - gene symbol     

B6.129P2-Fmr1tm1Cgr/J

1. Tm1 targeted mutation 1
2. Cgr (lab code) created by Ben Oostra, Erasmus University, 

Rotterdam
3. /J bred at Jackson





The mouse genome & sequence

Gap

•Genome size: ~2.600 Mb

•Genetic length:   ~1450 cM

•Less than 30.000 genes

•Only 1% has no identifiable homologue

•Large set of non-coding RNA



Mus musculus karyotype

Acrocentric chromosomes,
19 pairs, XY

Mouse karyotype



Laboratory mouse genome

•1 SNP per 250-300 bp between classical inbred strains

•Mouse Genome consisting of haplotype blocks

•Regions of high and low SNP density exist



Information

http://www.jax.org/index.html

http://www.informatics.jax.org/
silverbook/index.shtml

http://www.nature.com/
nature/mousegenome/

http://www.informatics.jax.org/
http://www.nature.com/
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