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Genealogies of mouse inbred strains

Jon A. Beck'2, Sarah Lloyd'2, Majid Hafezparast'-2, Moyha Lennon-Pierce3,
Janan T. Eppig3, Michael FW. Festing? & Elizabeth M.C. Fisher2

The mouse is a prime organism of choice for modelling human disease. Over 450 inbred strains of mice
have been described, providing a wealth of different genotypes and phenotypes for genetic and other
studies. As new strains are generated and others become extinct, it is useful to review periodically what
strains are available and how they are related to each other, particularly in the light of available DNA
polymorphism data from microsatellite and other markers. We describe the origins and relationships of
inbred mouse strains, 90 years after the generation of the first inbred strain. Given the large collection
of inbred strains available, and that published information on these strains is incomplete, we propose
that all genealogical and genetic data on inbred strains be submitted to a common electronic database
to ensure this valuable information resource is preserved and used efficiently.

Humans have been interested in the inheritance of traits in mice
for at least 3,000 years. The oldest Chinese lexicon written in
1100 BC has a word for spotted mice!2. Interest gradually spread
to the West, via the Imperial courts of Japan, and reports on the
inheritance of mouse coat colour were published in Europe in the
eighteenth century?. The mouse was used as a laboratory animal
as early as 1664, when Robert Hooke used one in his studies of
the properties of air’. Modern mouse genetics started around
1902 when William Castle began studying inheritance in mice?.
Another early contributor was Abbie Lathrop, who generated a
number of mouse colonies, including strains that developed
tumours. The mice used by Castle and Lathrop are the ancestors
of many inbred strains*®. Castle and his students, especially
Clarence C. Little, recognized the value of homozygous mice for
studying inheritance and established the first inbred strains by
brotherxsister matings. The guidelines for generating inbred
mouse strains’, first published in 1952, state:

“A strain shall be regarded as inbred when it has been
mated brotherxsister (hereafter called bxs) for twenty or
more consecutive generations (F20), and can be traced to a
single ancestral breeding pair in the 20th or a subsequent gen-
eration. Parentxoffspring matings may be substituted for bxs
matings provided that, in the case of consecutive parentxoff-
spring matings, the mating in each case is to the younger of
the two parents. Exceptionally, other breeding systems may be
used, provided that the inbreeding coefficient achieved is at
least equal to that at F20 (0.99)”

At 20 generations, on average at least 98.6% of the loci in each
mouse are homozygous. Many strains have been bred for more
than 150 generations and are essentially homozygous at all loci.
Each inbred strain is also isogenic (genetically identical) because
all individuals trace back to a common ancestor in the twentieth
or a subsequent generation. This feature, shared with F1
hybrids, makes it possible to build up a genetic profile of the
strain by typing an individual®. The first inbred mouse strain,
DBA (which has the coat colour alleles, dilute, d, brown, b, and

non-agouti, a) was started by Little in 1909. Other inbred strains
were generated over the next decade, including C57BL, C3H,
CBA and BALB/c (ref. 9).

Phenotypic characteristics of inbred strains

Inbred strains have long been used for genetic and immunologi-
cal studies because of the isogenicity within a strain or F1 hybrid
and the genetic heterogeneity between inbred strains. Several
Nobel Prizes have been awarded for work which probably could
not have been done without inbred strains; examples include
Medawar’s research of immunological tolerance, Kohler and Mil-
stein’s development of monoclonal antibodies, and Doherty and
Zinkernagel’s studies of major histocompatibility complex
(MHC) restriction. The use of inbred strains contributed to the
Nobel prize-winning work of George Snell in dissecting the biol-
ogy of the mouse MHC (ref. 6) and developing the backcrossing
methodology, which is now an important tool in genetic map-
ping studies.

Many inbred strains are bred for specific phenotypes. For
example, senescence-accelerated mice (SAM) display characteris-
tics of an increased rate of ageing!®. C57BL/6 has an increased
preference for alcohol and narcotics and is used in studies of the
genetics of substance preference!l. Some inbred strains have fea-
tures that are advantageous to transgenic and embryonic stem
(ES) cell technology: the large pronuclei of FVB mice are useful
for gene transfer experiments involving direct DNA injection of
the fertilized egg!?, and 129 ES cells are particularly successful in
germline transmission. The sensitivity of BALB/c and C3H mice
to mutagenesis by ethyl nitrosourea (ENU) has been valuable in
mutagenesis programmes (Mouse mutagenesis consortium,
http://www.mgu.har.mrc.ac.uk/mutabase/; German Human
Genome Project, http://www.gsf.de/isg/groups/enu-mouse.html).
Inbred strains with distinctive behavioural characteristics!? are
widely used in neuroscience.

Phenotypic differences between inbred strains need to be taken
into account when designing experiments. Strains may vary in
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characteristics that may not be relevant to the phenotype being
studied, but which may indirectly influence experimental results.
For example, C3H mice have a genetic defect that leads to retinal
degeneration and are blind from early adulthood, which would
affect behavioural analyses requiring sight. It is therefore critical
to have comprehensive data on the characteristics of the back-
ground strain before assessing the phenotypic consequences of
introducing mutations'4.

Practical difficulties may be encountered when trying to breed
inbred strains that have very small litter sizes or are incompatible
for the generation of fertile progeny. For example, in crosses
requiring maximum genetic diversity between parental strains, a
Mus spretusxlaboratory mouse mating may seem ideal because
this species is separated from laboratory mice by about one mil-
lion years of evolution!. F1 hybrid males, however, are sterile
and only hybrid females contribute to the next generation, so one
set of genotypes is lost.

The crossing of phenotypically different inbred strains enables
the mapping of quantitative or qualitative trait loci'®. Analysis of
a complex trait typically involves choosing phenotypically dis-
tinct parental strains, but these strains should also be genotypi-
cally distinct because genetic mapping depends on the
polymorphic differences between parents. But with over 450 dif-
ferent inbred strains, few of which are commonly used, it may
not be obvious which potential parental mice should be cho-
sen!”18, A reasonable strategy may be to assess phenotypes and
genotypes in mice that are, as far as is known, genetically unre-
lated to determine which parental traits are sufficiently different
to allow meaningful analysis of quantitative trait loci.

The genealogies of inbred mouse strains

The first chart showing the origins and relationships of inbred
mouse strains was generated by Joan Staats’. We have revised and
extended this and more recent charts®!%20 in the poster accom-
panying this issue (see box). Our chart was compiled by combin-
ing available data on the origins of inbred laboratory strains
(M.EW.E, http://www.informatics.jax.org/external/festing/search_
form.cgi) with information on the recently collected wild
strains'® and data from other references (see Table 1, http://
genetics.nature.com/mouse/).

The phenotypic and genotypic similarity between any two
related strains depends on the extent to which the parental
colony was inbred at the time the strains were separated, and
whether other strains contributed to the parentage of either
strain. For example, C57BL/6 and C57BL/10 were separated in

1921, at a time when the parental C57BL colony was substantially
inbred, and no other strains are known to have contributed to the
parentage of either strain.

Knowledge of inbred strain genealogies is critical to the design
of experiments that require unrelated parental strains. Many
commonly used inbred lines have recently separated and these
strains tend to be used in genetic studies, regardless of whether
they are the optimal combination. A comprehensive overview of
the origins of inbred strains (see box) enables the relationships
between strains to be examined and compared with phenotypes
which can then be analysed in experimental crosses.

Genetics of inbred strain
An understanding of the genealogy goes hand in hand with the
molecular genetic analysis of inbred strains, and is relevant to
studying the dispersion of individual alleles. For example, some
rare, identical alleles exist in different inbred strains; these may be
derived from a single mutation event or they might represent
multiple independent events indicating a mutation hot spot.
Strain DBA/2 has a rare allele within Trp53 and a survey of 25
inbred strains showed that the same variant was present in the
SM strain. Is this due to common ancestry between DBA/2 and
SM, or is it due to the same rare mutation occurring twice? The
genealogies suggest the former and show that SM is a strain with
a complex ancestry that includes DBA, suggesting that the DBA/2
variant pre-dates the initiation of inbreeding in SM; this can be
investigated using molecular genetic techniques and surveying
other strains known to be related or unrelated to the SM lineage.
To accompany the genealogical data, there is a need for large-
scale molecular genetic surveys and quantifiable scores for
genetic variation between inbred lines. Studies of genetic similar-
ity among inbred strains based on biochemical markers?!~2 and
microsatellite variation have been reported (refs 25-34 and
http://www.resgen.com/). The increase in accurately mapped
genetic markers has lead to the identification of loci that can be
used to distinguish between closely related strains and substrains,
such as C57BL/6 and C57BL/10 (ref. 35). With a greater density
of typed markers available, it will be possible to define chromoso-
mal regions that differ between strains or show identity by
descent, and it may be possible to relate these regions to the
inheritance of specific phenotypes.

An electronic resource for genealogical and genetic data
on inbred strains

Comprehensive studies of microsatellite variation are available for
less than 10% of inbred strains, and little
additional information is available in the

(C) inbred strains derived from colonies from China and Japan;

(G

-

mice derived from multiple inbred strains.

A poster illustrating the origins of inbred mouse strains accompanies this report. The
genealogies of inbred strains are based on information in Table 1 (see http://genetics.
nature.com/mouse/ and refs 3,15,36-44). The strains are divided into seven categories;
these are arbitrary definitions and, although some strains could be in more than one
category, we assigned each strain to only one category. The categories are as follows:

(A) Swiss mice, derived from either albino Swiss mice or wild mice from Switzerland;

(B) Castle’s mice: strain ancestors were originally used in breeding experiments by
William Castle (some were also derived from Abbie Lathrop’s breeding colonies);

(D) other inbred strains: mice derived from a variety of sometimes unknown sources;

(E) C57-related mice, derived from an original pair of mice bred by Abbie Lathrop;

(F) inbred strains derived from species or sub-species of wild mice (Unlike these mice,
most inbred strains are a mix of Mus musculus sub-species, mainly M. m. domesticus*.);

This chart is also freely available on the Nature Genetics web site (http:/genetics.
nature.com/mouse) and the Mouse Genome Database (MGD), the Jackson Laboratory
(http://www.informatics.jax.org). Researchers are invited to submit additional informa-
tion on genealogical and genetic data of inbred mouse strains to the MGD.

literature on other DNA polymorphisms
such as single-nucleotide polymorphisms
(SNPs) or randomly amplified polymor-
phic DNA markers* (RAPDs). Much data
on the genetic variation between strains
exists in individual laboratories, but have
not been published. Similarly, breeding
records containing genealogical data,
which are insufficient for publication, are
being lost over time. We propose that a
comprehensive, curated electronic data-
base[] to which researchers can submit
small but helpful sets of polymorphic
markers, genealogical records and other
related datal] would ensure ready access to
and preservation of information on
genealogical and genetic data of inbred
mouse strains. The Mouse Genome Data-
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base®> (http://www.informatics.jax.org) will make the chart of
inbred strain genealogies (see box) available on their web site, with
hypertext links to data for microsatellite polymorphisms and
inbred strain phenotypes, and to the International Mouse Strain
Resources database, which lists strains available at repositories
(http://www.jax.org/pub-cgi/imsrlist or http://imsrhar.mrc.ac.
uk/). We urge the biomedical research community to contribute
updates to these electronic resources to ensure that valuable
information on inbred strains is not lost.

A strength of the mouse as a model system lies in the availabil-
ity of multiple inbred strains. A standardized set of a few mouse
strains enables data to be compared between laboratories. But
use of these strains alone will not necessarily be optimal for
genetic studies. There is a wealth of inbred strains to investigate
virtually any phenotype of interest, and taking advantage of this
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requires the efficient use of information from these strains and
recognizing and maintaining their diversity.
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