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Background

The first classical inbred (CI) strains of mice were devel-
oped over 100 years ago and have served as the premier
mammalian genetic model system since their inception. CI
strains have provided a foundation for basic discoveries in
virtually all areas of biological research and are mainstays
in biomedical research. This status has been buoyed by
their favorable life history characteristics, including rela-
tively short generation times and large litters compared to
other mammals. In addition to these important attributes, CI
strains provide a standardized genetic background allowing
for reproducibility across labs and experiments and com-
parisons of genetically identical cohorts across treatments
and exposures. The controlled genetic background of CI
strains has also enabled large community projects, such as
the Knockout Mouse Project, which provides an essential
catalog of gene function through the systematic generation
of knock outs in a single inbred strain (The International
Mouse Knockout Consortium 2007). Crosses between dif-
ferent inbred strains have further enabled the mapping and
discovery of genes underlying a wide variety of simple and
complex traits. They are seemingly the ideal mammalian
genetic model.
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Despite their evident utility, CI mouse strains suffer from
several drawbacks. First, they capture a small pool of genetic
diversity, stemming from the fact that they were established
from a limited number of ancestral founders. As a result of
this founder genetic bottleneck, CI strain panels contain
“genomic blind spots”, regions of the genome where only
one or a few haplotypes segregate among all strains (Wade
et al. 2002; Yang et al. 2011). Further, CI strains lack a large
proportion of the functional genetic diversity segregating in
natural house mouse populations (Chang et al. 2017; Lawal
et al. 2021), a consideration that inherently limits the scope
of potential discovery. CI strains were also established from
crosses between different house mouse subspecies. While
most of the genome of CI strains derives from M. m. domes-
ticus (~95%), the remainder derives from M. m. castaneus
and M. m. musculus (Yang et al. 2007). These house mouse
subspecies are postzygotically isolated by reduced fertility
or sterility of hybrid males in the wild (Baird and Macho-
lan 2012; Frayer and Payseur 2024). Thus the mixing of
these genomes during the founding of the CI strains likely
exposed negative epistatic interactions between alleles from
different subspecies, leading to the selective elimination of
some combinations of alleles. Finally, CI strains originated
from mouse fanciers who bred mice and imposed strong
selection for docility and other desirable traits. The conse-
quences of this aspect of their history are striking: with few
exceptions, Cl strains are larger, more docile, have increased
reproductive output, and decreased lifespans relative to wild
mice (Bogue et al. 2023; Poltorak et al. 2018; Harper 2008;
Miller et al. 2002). This program of intense artificial selec-
tion has also potentially altered the genetic architecture of
numerous other traits due to linkage, pleiotropy, and trad-
eoffs. For instance, domestication in large animals led to a
coordinated suite of behavioral and morphological changes
relative to their wild progenitors (Wright 2015), and there
are well-known life-history tradeoffs between increased
reproductive output and accelerated aging (Lemaitre et al.
2015). Thus, the architecture of trait variation in CI strains
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may not faithfully model the genetic architecture of pheno-
typic variation in human populations.

In principle, direct studies of wild mice could circumvent
many of the limitations of CI strains. Wild mice are hetero-
zygous, polymorphic, and generally free from introgression
between subspecies. In these ways, they probably mirror the
genetic architecture of complex trait variation in humans
better than inbred strains. However, wild mice do not pro-
vide reproduceable genotypes and they inhabit uncontrolled
environments. Moreover, catching large numbers of unre-
lated wild mice is challenging and expensive.

Wild-derived inbred mouse strains present an effective
intermediate solution. Wild-derived inbred strains are con-
structed from wild-caught mice from a single geographic
location that are brother-sister mated in a laboratory setting
for > 10 generations in the absence of overt selection pres-
sures. Wild-derived inbred strains blend the advantages of
inbred strains (e.g., reproducible genotypes) while capturing
naturally occurring genetic and phenotypic variation. This
combination of attributes has motivated several research
groups to develop inbred strains from wild mice (Yoshiki
et al. 2009; Chang et al. 2017; Pialek et al. 2023). How-
ever, many of these existing wild-derived inbred strains are
not readily available from commercial vendors and remain
poorly characterized from both genetic and phenotypic per-
spectives. These limitations and knowledge gaps represent
formidable obstacles to their broader adoption and use in
research.

A new wild-derived inbred strain resource

Here we describe the development and release of a commu-
nity resource consisting of 11 new and deeply characterized
wild-derived inbred strains available from the Jackson Lab-
oratory (Dumont et al. 2024). The “Nachman panel” con-
sists of inbred descendants of wild-caught mice from five
geographic regions in North and South America: Edmonton,
Alberta, Canada; Saratoga Springs, NY, USA; Tucson, Ari-
zona, USA; Gainesville, Florida, USA; and Manaus, Ama-
zonas, Brazil. These geographic localities range from 54°
N latitude to 3° S latitude and represent a wide range of cli-
mates and environments, including Canadian Prairie, North
Temperate Forest, Sonoran Desert, Wetlands, and Tropical
Rainforest. Unrelated wild mice were collected from each
of these locations and bred through strict brother-sister mat-
ing for at least 10 generations. The most advanced lines are
currently at 50 generations of sib-sib mating. These Nach-
man strains complement existing wild-derived inbred strain
(Pialek et al. 2023; Chang et al. 2017; Yoshiki et al. 2009)
and mouse genetic diversity panels (Churchill et al. 2004;
Bennett et al. 2010; Svenson et al. 2012; Ashbrook et al.
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2021), offering a new platform for biological discovery and
disease modeling.

Several features of their development make these new
wild-derived inbred strains uniquely powerful models for
both basic and biomedical investigations. First, strains in
the Nachman panel derive from wild mice that are adapted
to different environments and differ in a wide range of traits.
House mice were brought to the Americas with European
colonizers in only the last few hundred years, but in this
short time, they have evolved to become quite different in
different geographic locations (Phifer-Rixey et al. 2018).
For example, mice from northern latitudes are larger and
have shorter extremities (tails, ears, and limbs) compared
to mice from the tropics, reflecting well-known thermo-
regulatory adaptations (Ballinger et al. 2023). Importantly,
the phenotypic divergence observed in wild populations is
recapitulated in their derivative inbred strains, indicating
that the Nachman panel retains abundant evolutionarily rel-
evant trait variation. Second, unlike CI strains, the Nach-
man strains were developed from a single subspecies, M.
m. domesticus, and thus exhibit no hybrid sterility when
crossed with each other (Dumont et al. 2024). Third, they
were established with an explicit breeding design to min-
imize selection in the lab. Specifically, a large number of
unrelated wild mice were initially paired to form genetically
distinct inbred lines. Many more of these initial lines were
established than expected to survive (due to inbreeding
depression), and no attempt was made to rescue lines that
showed reduced fertility or viability. Similarly, mice were
not selected based on docility or other traits. While some
selection in the lab is unavoidable, the descendant wild-
derived inbred strains faithfully reflect natural genetic and
phenotypic diversity (Dumont et al. 2024).

Perhaps most importantly, these new inbred strains have
been extensively characterized genetically and phenotypi-
cally. Dumont et al. (2024) generated long-read genome
assemblies and report an astonishing number of single
nucleotide polymorphisms, over 40% of which are absent
from CI strains sequenced by the mouse genomes project
(Keane et al. 2011; Doran et al. 2016). These novel variants
include predicted loss-of-function alleles at genes impli-
cated in human disease. Similarly, these new strains har-
bor considerable structural variation (insertions, deletions,
duplications, and inversions), about 60% of which is absent
from classical inbred strains. While the level of genetic
variation captured by the Nachman strains is less than that
observed in wild M. m. domesticus populations (Dumont
et al. 2024), these strains nonetheless present a rich reser-
voir of millions of new genetic variants available for func-
tional dissection. In an important contrast to the CI strains,
pairwise comparisons between Nachman strains reveal no
genomic blind spots.



Diverse wild-derived inbred strains provide a new community resource

Paralleling this genetic variation, the Nachman panel also
contains extensive phenotypic variation in metabolic, neu-
robehavioral, physiological, morphological and biochemi-
cal traits. Dumont et al. (2024) surveyed a total of 1119
traits, with more than 80% demonstrating significant strain-
level variation. Notably, these strains extend the range of
observed phenotypic variation among CI strains for many
traits (Fig. 1). The extensive level of variation in measured
traits suggests that this new resource will enable discover-
ies in many fields of biology. For example, one study has
already shown that these mice have heterogenous immune
responses to Mycobacterium tuberculosis infection, extend-
ing the limited diversity of immune responses observed in
CI models and better recapitulating the breadth of immune
responses observed in humans (Ravesloot-Chavez et al.
2023). Although in most strains, high neutrophil counts are
associated with susceptibility to tuberculosis, one strain in
the Nachman panel harbors high neutrophil numbers yet is
able to control infection.

Limitations

Like all mouse resources, the new strains described here are
not without limitations. First, the modest number of strains
in the Nachman Panel is insufficient for genome-wide asso-
ciation studies (GWAS), despite the fact that haplotypes in
wild mice are much shorter than in CI strains and thus suit-
able for single-gene mapping resolution in GWAS (Laurie
et al. 2007). Consequently, this new panel does not present
the same opportunities for mapping as do similarly designed
but much larger panels in species like Drosophila melano-
gaster (Mackay et al. 2012). Phenotyping and sequenc-
ing the genomes of additional wild-derived inbred strains

could help remedy this problem. Further, crosses between
Nachman strains could be conducted to generate a segre-
gating mapping population. Second, while the Nachman
strains are generally good breeders, litter sizes in within-
strain crosses are typically smaller than those for CI strains,
necessitating a greater breeding effort to attain the same
sample sizes (Dumont et al. 2024). This distinction is a pos-
sible reflection of the legacy of strong laboratory-imposed
selection for increased breeding output in CI strains, a con-
sideration that may call into question their biological rel-
evance as models for natural fertility. We note, however,
that outcrosses between different Nachman strains yield
large gains in overall breeding performance (Dumont et al.
2024). Finally, wild-derived inbred strains retain their wild-
ness. They are not as docile as CI strains and may behave
aggressively toward cage mates or handlers. They are also
fast and jumpy, requiring additional precautions when han-
dling. However, it is our experience that these challenges
are readily surmounted by modifying enrichment supplied
to animals, adoption of simple engineering controls to con-
tain mice during regular cage changes and experimental
procedures, and tailored training on handling and working
with wild mice. Further, recent technological advances in
continuous home-cage monitoring and machine-learning
based quantification of animal phenotypes from video foot-
age are marking a paradigm shift for mouse phenotyping
(Brown et al. 2017; Datta et al. 2019), all the while mini-
mizing the need for investigator handling of live animals.
These “hands-oft” approaches for mouse phenotyping stand
to not only capture mouse phenotypes in more ethologically
relevant settings, but also lower the barrier to adoption of
wild mice as research models.
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Fig. 1 The range of variation for platelet counts among the new wild-derived inbred strains, identified by red horizontal bars at the bottom of the
figure, is greater than for classical inbred strains of mice (Dumont et al. 2024)
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Prospects for the future

The Nachman strain panel presents a new mouse diversity
platform, adding to and complementing existing community
resources, such as the Collaborative Cross (CC) (Churchill
et al. 2004), Diversity Outbred (DO) (Svenson et al. 2012),
or BXD recombinant inbred strains (Ashbrook et al. 2021).
At the same time, these new strains are distinguished from
these other resources in key respects. For example, CC and
DO mice were derived from inbred strain representatives
from multiple M. musculus subspecies, a design consider-
ation that accounts for high rates of infertility and segre-
gation distortion in these populations (Shorter et al. 2017
Chesler et al. 2016; Haines et al. 2021). In contrast, the
Nachman panel is comprised of strains derived from a
single subspecies, M. m. domesticus, all but eliminating
prospects for uncovering hybrid incompatibilities in crosses
between strains. Unlike BXD mice, which were founded
from closely related CI strains, these new wild-derived
inbred strains capture many alleles at each locus and thus
offer the possibility of detecting previously hidden associa-
tions between genotype and phenotype. The Nachman panel
is thus well suited for genetic mapping in F2, backcross,
or advanced intercross mapping designs. Further, crossing
knock-out alleles into the Nachman strains could enable
the identification of naturally segregating modifiers of dis-
ease penetrance, severity, or onset. Most generally, this
new panel offers the community a new resource for profil-
ing phenotypic variation and assessing responses to expo-
sures, interventions, or treatments in the context of naturally
occurring genetic variation.

Surveys of phenotypic diversity in the Nachman strains
have already underscored their potential prospects as mod-
els for human disease susceptibility and resistance. How-
ever, beyond the manifestation of specific disease-relevant
phenotypes, there are compelling arguments to be made in
favor of the increased ethological, evolutionary, and bio-
logical relevance of the variation captured in this strain
resource. Because the development of these strains by-
passed the bizarre breeding programs imposed on the fancy
mouse progenitors of CI strains, observed variation in this
panel reflects the outcomes of natural selection, genetic
drift, and demographic processes in nature. This combina-
tion of evolutionary forces mirrors the population genetic
processes that have sculpted the contemporary landscape of
human genomic diversity, suggesting that these strains may
more closely approximate the organization of functional
genetic variation in humans than CI strains. These consider-
ations bode for the potential increased translational success
of preclinical investigations in the Nachman strains over
conventional CI strain models, although we acknowledge
that this possibility remains untested.

@ Springer

Table 1 List of Nachman strains available at JAX

Strain name JAX ID
GAIC/Nach] 035352
MANB/NachJ 035355
MANE/NachJ 035365
MANF/Nach] 036335
SARA/Nach] 035346
SARB/Nach] 035347
SARC/Nach] 035348
TUCA/Nach] 035358
TUCB/NachJ) 035359

The Nachman strains are currently part of the NIH-
funded Special Mouse Strain Resource at The Jackson
Laboratory (P40 OD011102), where they are maintained
at Standard health status, subject to regular genetic qual-
ity control and pathogen testing, and available for external
distribution (Table 1). Genome sequencing data for these
strains are available from the NCBI Short Read Archive
(PRINA1037121) and variant call sets are accessible from
Zenodo (https://doi.org/10.5281/zenodo.10728009). On-
going investigations in our groups are set to yield additional
resources for these strains, including deeper characteriza-
tion of their genomes, RNA-seq datasets for diverse tis-
sues, embryonic stem cell resources, and construction of
an outbred population founded from a subset of four Nach-
man strains. Overall, we anticipate that the inbred Nachman
strain panel, in conjunction with both existing and forth-
coming resources, is primed to enable new discoveries in
basic, biomedical, and preclinical research.
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