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Abstract

We hope that this information will be useful to researchers who are breeding mice and/or breeding transgenic
mice. For purposes of convenience the term “transgenic mouse” is applied equally to mutant mice derived from
any of diverse mechanisms including: 1) random transgene integrations, 2) gene targeted mice produced with ES
cells, 3) mice genetically modified with nucleases such as CRISPR, TALENSs, or ZFNs, or 4) mouse mutants
generated with gene trap technology. An excellent overview of these genetic engineering technologies is provided
by Clark et al. 2020. Other areas of interest include mutations that occur spontaneously in mouse colonies (for
example Lehoczky et al. 2013), mutations induced by chemical mutagenesis (Kile et al. 2003), radiation induced
mutations (Hagiwara et al. 2000). This protocol includes a brief bibliography with references to genetically
engineered mice and methodology for generating genetically engineered mice and rats. The suggestions that
follow are based on our experience. They are open to modification and should not be construed as a
comprehensive set of rules.
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Image Attribution

Mouse photograph provided by Thomas Saunders.

Typical ES cell-mouse chimera. A subclone of the Bruce4 ES cell line (Hughes et al. 2007) was used to target a
critical gene. The black pigmented ES cells were microinjected into white (albino) B6(Cg)-Tyre=2J/J (C57BL/6)
mice (Le Fur et al. 1996). The resulting animal shows both black fur derived from ES cells and white fur derived
from the albino embryo. Note the red left eye derived from albino embryo cells and the black right eye derived
from black ES cells.

Hughes ED, Qu YY, Genik SJ, Lyons RH, Pacheco CD, Lieberman AP, Samuelson LC, Nasonkin 10, Camper SA,_
Van Keuren ML, Saunders TL. 2007. Genetic variation in C57BL/6 ES cell lines and genetic instability in the
Bruce4 C57BL/6 ES cell line. Mamm Genome. 18:

Le Fur N, Kelsall SR, Mintz B. 1996. Base Substitution at Different Alternative Splice Donor Sites of the
Tyrosinase Gene in Murine Albinism. Base substitution at different alternative splice donor sites of the
tyrosinase gene in murine albinism. Genomics

Safety warnings

O Al activities involving animals require approval by an IACUC or other relevant regulatory body prior to
executing this protocol.
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Breeding Guidelines for Established Mouse Lines

1

Keep accurate breeding records. Make a pedigree for every breeding pair. Every mouse

in a colony can be traced back to the first mouse to make its entrance into the colony.

Genotype every transgenic mouse in the colony. Especially mice provided by colleagues

or reputable vendors. Trust but verify. Genotyping assays are typically performed by

PCR. The first time an assay is established the PCR product should be sequence to verify

that is correct. See “Genotyping Mice by PCR and Copy Number Standards" in
protocols.io.

Mate mice when they are sexually mature (6 to 8 weeks old).

We recommend all of the animals in your breeding cages, both males and females, be on

LabDiet 5008 or LabDiet 5K52 equivalent diet, or other high quality rodent diet
containing 6.0-6.5% crude fat.

Expect litters within a month of mating since female mice go into estrus every 3 or 4
days and the gestation time of mice is 19-21 days. If no litters are produced after one
month you should replace the mice with a new breeding pair(s).

Anticipate adverse phenotypes from transgenic mice. It is possible that transgene
expression cause infertility (Huttner et al. 1993). It is possible that gene knockouts will
cause infertility that can only be overcome by in vitro fertilization (Wellik et al. 2002).
Spontaneous mutations can lead to pituitary insufficiency that can be treated with
hormone replacement therapy (Bartke. 1964).

Reasons to use C57BL/6J mice for breeding.

7

9.1

C57BL/6J is a standard inbred strain, commonly used in transgenic breeding.

The mouse reference genome is derived from C57BL/6J mice (Mouse Genome

Sequencing Consortium, 2002).

Mate 6 - 8 week-old mice for best reproductive performance.

Replace males when they are 1 year or 6 months for inbred strains.
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9.2

9.3

9.4

9.5

9.6

Replace females after 6 litters or when they are 6 months old.

Mate a male with 2 females to get 2 litters in close succession.

Mice usually mate again on the day the female gives birth, resulting in a second litter 3

weeks after the first.

To rapidly produce animals, rotate 2 females through a male's cage every 1- 2 weeks.

House pregnant females 1 or 2 per cage to prevent crowded cages.

Common problems and solutions,

10

11

12

13

14

14.1

14.2

14.3

Female may not care for first litter. Add proven breeder female to cage as helper and try
again.

Female doesn't care for any litter. Often seen with 129 or Castaneus females kept on
bedding which precludes the construction elaborate "subterranean" nests. Mating cages
should include nesting material at all times.

Female may cannibalize litter. Ensure female has adequate diet. See suggestions above.

Avoid “high” fat diet (>7%) as females will become infertile.

Male may cannibalize litter. Remove male from mating cage before female gives birth.

Fighting mice.

Separate the fighting mice, house them 1 per cage if necessary.

Females do not typically fight.

Males may fight in the following circumstances:
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14.4

145

14.6

14.7

14.8

Male is placed in a cage containing other male(s).

Male is separated at weaning and then reunited with male littermates.

Male is weaned into a cage that contains males from another litter.

Males are aggressive and may begin to fight for no apparent reason

Adult male attacks immature female when female is placed in male's cage.

Schedule for ear tagging, tail biopsies, weaning, and mating:Untitled section

15

16

17

18

19

20

20.1

Record births on the cage card and the pedigree.

Ear tag the pups when they are two weeks old.

Collect tail tip biopsies or ear punches as you apply ear tags.

Isolate DNA and determine genotypes before pups are 21 days old.

Record genotypes in the pedigree.

Wean pups when they are 21 days old.

Remove the pups from their mothers into clean cages.
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20.2

20.3

20.4

Discard un-needed non-transgenic pups.

House males and females separately to avoid unwanted pregnancies.

When mice are 6 weeks old they may be mated (see 1. above).

Vital statistics of the House Mouse, Mus Musculus.Untitled section

21

21.1

21.2

21.3

21.4

21.5

22

22.1

22.2

22.3

Genome

Number of chromosomes: 40.

Diploid DNA content about 6 pg per cell.

2.77 X10E9 bp per haploid genome (Liu et al. 2024).

Estimated number of genes: 24,268 (Mouse Genome Informatics, Baldarelli et al. 2024).

45% of the mouse genome is made up of repetitive DNA elements (Liao et al. 2022).

Reproductive Biology.

Gestation time 19 - 21 days, varies by strain.

Approximate weight at birth 1g.

Age at weaning 3 weeks.
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22.4 Weaning weight 8 - 12g.

22.5 Age at sexual maturity 6 - 8 weeks.

22.6  Adult weight 30 - 40g (male > female).

22.7  Useful breeding life of females 6 - 8 months.

22.8 Useful breeding life of males 18 - 24 months.

22.9 Average litter size 6 - 8.

22.10  Total number of litters per breeding female 4 — 8.

22.11 Lifespan in laboratory 1.5 - 2.5 years.

22.12 parameters such as gestation time, weight, lifespan, etc., vary between the different
inbred strains.

22.13 Litter size depends on the number of eggs liberated at ovulation, the male's sperm count,
and the rate of prenatal mortality. These may vary with age of mice, parity, and
environmental conditions (e.g. diet, stress, presence of strange male) and with strain
(reflecting genetic factors such as efficiency of placentation). Prenatal mortality in inbred
strains can be around 10-20%.

23 Vital Statistics adapted from Manipulating the Mouse Embryo: A Laboratory Manual, by
B. Hogan, R. Beddington, F. Constantini, and E. Lacey. 1994. Cold Spring Harbor
Laboratory.

Bibliography for Additional Information on Mouse Breeding

24 The NIH Guide for the Care and Use of Laboratory Animals is available online.
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25  The second edition of Biology of the Laboratory Mouse, by The Staff of the Roscoe B.
Jackson Memorial Laboratory. 1966. Published by Blakiston Division of McGraw-Hill.

26 Handbook of Genetically Standardized JAX Mice. 1997. Section 10 on breeding
genetically engineered mice. The Jackson Laboratory. (out of print, check book resellers
or the Jackson Laboratory).

27 The Jackson Laboratory Handbook on Genetically Standardized Mice. 2009. Sections
12, 13,.and 14. This book is available online from The Jackson Laboratory.

28 Manipulating the Mouse Embryo: A Laboratory Manual, Fourth Ed. Behringer R,_
Gertsenstein M, Nagy KV, Nagy, A. 2014. Cold Spring Harbor Press. New York.

29  Mouse Genetics: Concepts and Applications. 1995. Silver, LM. Oxford University Press,_
New York. - This Book is Available Online.

30 The Mouse in Biomedical Research, 229 Edition. 2006. Fox JG, Barthold S, Davisson M,_
Newcomer CE, Quimby FW, Smith A, eds. Academic Press, NY.

31 Mouse Nomenclature. 2025. International Committee on Standardized Genetic
Nomenclature for Mice. Mouse Genome Database (MGD), Mouse Genome Informatics,
The Jackson Laboratory, Bar Harbor, Maine. http://www.informatics.jax.org_
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