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History of the Laboratory Mouse 

• 1100 BC  “Fancy” mouse breeding of coat color 
        variants in Asia & Europe 

• 1900 Retired schoolteacher Abbie Lathrop  
              breeds fancy mice in Granby, MA 

• 1909 first inbred strains established 
• 1929  The Jackson Laboratory founded 
• 1962  nude mouse 
• 1980  first transgenic mouse 
• 1989  first knockout mouse 
• 1990  explosion of engineered mice & 

        beginning of mouse genome project 
 



Mouse Stocks 

•Outbred Stocks 

•Genetically undefined, bred to maintain heterozygosity 

•Cheap & healthy for when genotype does not matter 

•Should not be used for breeding experiments 

•Inbred Strains 

•Bred for homozygosity (>400 strains available) 

•Several commercial vendors available 

•JAX (jaxmice.jax.org) 

•Taconic (www.taconic.com) 

•Charles River (www.criver.com) 

 



Inbred Strain Geneology 

Nature Genetics 24:23-25 (2000) 



Effect of Background Strain 

T. Lifsted et al. Int. J. Cancer (1998) 77:640-644 
K. Hunter. Canc Letter (2003) 200:97-105 



Mouse Phenome Database 

http://phenome.jax.org 

•Repository of inbred 

strain phenotype 

datasets 

 

•Example: Strain 

variation in myeloid 

tumor frequency 
 
 
 
 
 



Riken Phenotype Database 

http://www.brc.riken.go.jp/rmpd 

Example: White 

Blood cell count 
 
 
 
 
 
 



Choice of strains 

Why would you choose one strain over another? 

•to have appropriate controls for study 

Many knockouts were originally generated with 129 

•to allow comparison across studies 

DBA is well characterized in behavioral studies 

•availability of genome sequence 

Current build is based on C57BL/6J 

•availability of special mixed strains for follow up 

A/J has recombinant inbred strains available 
 
 
 



Live Linkage Map of the Mouse 

10th International Congress of Genetics, Montreal 
Created by Staff of The Jackson Laboratory, 1958 
 



The Mouse Genome 

Nature 420:520-562 (2002) PLoS Biol 7(5):e1000112 (2009) 



Synteny 



•19 autosomes, XY 

•NCBI Build 37 

•2.66 x 109 bp 

•124 contigs mostly >5000 kb 

•28,278 transcripts 

•Based on C57BL/6J reference strain 

•Only full clone based assembly 
 
 
 
 
 

The Mouse Genome 



The Mouse Genome 

•Additional 17+ strains sequenced 

•Partial clone based assemblies (NCBI) 

•next generation sequencing (Sanger) 

•“browsers” are available to help visualize and access the data 

•http://genome.ucsc.edu 

•http://www.ncbi.nlm.nih.gov/mapview 

•http://www.ensembl.org 
 
 
 
 



Polymorphic Variation 

•RFLP 

•Simple sequence length polymorphism (SSLP)  SSRP, 

STRP, Dinucleotide repeat, microsatellites 

•Copy number variation (CNVs) 

•Single Nucleotide Polymorphisms 

•Over 10,000,000 SNPs in NCBI dbSNP 

•From 86 strains 
 
 



http://www.sanger.ac.uk/cgi-bin/modelorgs/mousegenomes/snps.pl 

Example: Strain variation in tumor suppressor Trp53 

Searching for Polymorphic Variation 



Searching for Polymorphic Variation 
•http://phenome.jax.org   &  http://www.informatics.jax.org 

•167 SNPs polymorphic between B6 and 129 within 2 kb of Cftr 

 

 
 
 
 



Genotyping Polymorphisms 

Genotyping services available 

•MDA & MUGA array 

•http://csbio.unc.edu/CCstatus/index.py?run=Genotype 

•Diversity array 

•http://jaxservices.jax.org/mdarray/ 

•7,000 – 625,000 polymorphic markers selected for various applications 

 

•Genotyping products available 

•Illumina GoldenGate products include 2 linkage panels 

•Low density: 200 markers 

•Medium density 1449 SNPs 

•For as few as 12 samples 
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Mutation 

SNP or SSLP markers 
polymorphic between the 

parental mouse strains 
(C57BL/6J and BALB/cJ) are 

used to genotype affected mice 
throughout the genome 

Genotyping Polymorphisms 



Strategies to identify gene function 

From: Gene Knockout Protocols 

 

Alter a gene and then characterize 

the resulting phenotype 

 

Examples 

•Create a disease model 

•Inactivate candidate tumor 

suppressor gene 

•Overexpress a candidate 

oncogenes 

•Study effects of temporal 

or spatial gene regulation 

 



Strategies to identify gene function 

From: Gene Knockout Protocols 

 

Begin with a phenotype and 

identify the causative gene 

 

Example Uses 

•Creating disease model 

•Identifying disease modifiers 
 
 
 
 
 
 



Forward Genetics 

•Retroviral Insertional Mutagenesis 

•MMTV, MuLV 

•Transposon Mediated Mutagenesis 

•ENU Mutagenesis 
 
 
 
 



Transposon Mediated Mutagenesis 

Kool & Berns 
Nature Reviews Cancer 
(2009) 9:389-399. 



Transposon Mediated Mutagenesis 

•Sleeping beauty 
Keng et al. (2005) Nature Methods 2: 763-769 

 
•piggyBac 

 
Dinget al. (2005) Cell 122: 473-483 
 

 
 
 



ENU Mutagenesis 

• Alkylating agent 
• Mutations introduced into spermatogonial stem cells 

• ENU mutagenesis (ethylnitrosourea) 



ENU Mutagenesis 

Region specific screens 

Justice Hum Mol Gen (1999) 8:1955-63 



ENU Mutagenesis 
Sensitized/Modifier screens 
 
 
 
 

Matera et al. Hum Mol Gen (2008) 17:2118-2131 



Large Scale Efforts 

http://www.knockoutmouse.org 



Large Scale Efforts 

http://www.knockoutmouse.org 



ENU Mutagenesis Large Scale Screens 

Riken  
 broad phenotyping 
 
MRC Harwell 
 broad phenotyping 
 
The Jackson Laboratory 
 Neurological, reproductive, heart, lung, blood 
  
Baylor College of Medicine 
 Chromosome 11 
 
 



Finding the Mice you Need 

http://www.findmice.org 



Sharing the Mice you Have 

http://www.mmrrc.org 



Database Resources 

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



Standard Crosses 

•Incross: mating between individuals of an inbred strain. 

Used for inbred strain maintenance. 

•Outcross: mating between 2 unrelated strains. To generate 

F1s. 

•Backcross: mating between a heterozygous F1 and one of 

the parent strains. Used in linkage analysis. 

•Intercross: mating between two identically heterozygous 

individuals.  Used in linkage analysis. 
 
 
 
 



Standard Crosses & QTLs 

Example 
A combination of intercross and 
backcrosses were used to estimate 
the number of loci affecting brain 
weight. 
  
 



Designer Crosses 



Collaborative Cross 

http://csbio.unc.edu/CCstatus 



Collaborative Cross 

S. Kelada et al. G3 (2012) 2:157 

Example: Use of the collaborative cross to 

identify modifiers of hematological parameters. 
 
 
 
 



Reference Material 

 

 
 
 
 
 

• Mouse Genetics, Concepts and Applications (1995) Silver, 
L.M.  Oxford University Press, New York, NY 

• Genetic Variants and Strains of the Laboratory Mouse, 3rd 
Edition (1996) Edited by M. F. Lyon, S. Rastan and 
S.D.M. Brown. Oxford University Press,New York, NY 

• Online Books: 
 http://www.informatics.jax.org/resources.shtml#res_books 

• Online Resources: 
http://www.informatics.jax.org/resources.shtml 




	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Designer Crosses
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41

