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Preface

As a part of the Laboratory Animal Science and Medicine series, endorsed by
the European Society for Laboratory Animal Veterinarians (ESLAV), this
book aims to offer a comprehensive and easily accessible toolbox for
researchers, veterinarians, and technicians working with laboratory rodents,
specifically mice and rats. This book thoroughly describes quality assurance
programs for laboratory animal facilities, focusing on microbiological and
genetic monitoring. It encompasses common protocols aimed at ensuring the
desired level of microbiological and genetic quality controls. Additionally,
the content includes sections detailing standardized strains and genetically
altered rodents, with recommended quality controls, standardized nomencla-
ture, and cryopreservation. Health monitoring programs are addressed with
details on how to do viral, bacterial, and parasitological diagnostics, accom-
panied by considerations for statistical analysis. The quality controls pre-
sented in this book play a crucial role as an essential component of the 3Rs
(replacement, reduction, and refinement), contributing to the refinement and
reduction in the use of laboratory mice and rats. It is our hope that this book
will be helpful for laboratory animal staff involved in the quality assurance of
laboratory rodents.

Houston, TX, USA Fernando Benavides
Frederiksberg, Denmark Axel Kornerup Hansen
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Phosphate-buffered saline
Polymerase chain reaction
Paraformaldehyde

Phosphotungstic acid hematoxylin
Pneumonia virus of mice
Quantitative PCR

Quantitative trait locus

Rat

Rat antibody production test

Rat polyomavirus

Restriction fragment length polymorphism
Radioimmune assay

Rat minute virus

Ribonucleic acid

Rat parvovirus

Real-time PCR

(Kilham) rat virus

Severe combined immunodeficiency
Segmented filamentous bacteria
Single-guide RNA
Single-nucleotide polymorphism
Single-nucleotide variant

Specific opportunistic pathogen free
Specific pathogen free

Transcription activator-like effector nuclease

Transgenic

Theiler’s murine encephalomyelitis virus
Type Strain Genome Server
Untranslated region

Virus antibody free

Viral-like particle

Whole genomic sequencing

World Health Organization

Wild type

Zinc finger nuclease
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Abstract

This chapter provides a comprehensive over-
view of the current and expanding knowledge
base concerning standardized laboratory
strains of rodents, with a specific focus on the
mouse (Mus musculus) and the rat (Rattus
norvegicus), the predominant species utilized
in biomedical research. We include fundamen-
tal information on various genetically stan-
dardized strains, with a primary emphasis on
inbred strains and their derivatives. The pro-
duction and maintenance processes of these
strains are explained, accompanied by a his-
torical context and an exploration of their
principal applications. Addressed to veterinar-
ians, animal facility technicians, researchers,
and students employing mouse and rat mod-
els, this chapter provides an up-to-date account
of the different genetically defined stains asso-
ciated with these widely used laboratory
rodents.
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1.1 Introduction

At the beginning of the twentieth century, when
genetics emerged as an experimental science,
laboratory rodents were extremely limited. Three
rodent species were the first to be used to test the
recently rediscovered Mendel’s laws and to prove
that it was possible to develop genetically pure
strains. These attempts began in the first decade
of the 1900s in the USA and involved the use of
the guinea pig by Sewall Wright and George
Rommel, the rat by Helen Dean King, and the
mouse by Clarence C. Little and Abbie Lathrop.
In France, biologist Lucien Cuénot conducted
pioneering genetic experiments with mice, spe-
cifically focusing on coat color inheritance, pro-
viding crucial insights into the principles of
Mendelian inheritance in mammals.

Wright and Rommel were the first to start
inbreeding experiments in 1906 with guinea pigs
at the United States Department of Agriculture.
Guinea pig strains 2 and 13 originated after these
experiments and are still in use today (2/N and
13/N strains). Clarence Little, while at Harvard
University, was the first to try to develop pure
mouse lines by inbreeding. The first mouse
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inbred strain, “dba,” was started in 1909 by Little
through inbreeding mice homozygous for three
recessive coat color alleles (named at the time as
a, b, and d). Simultaneously, Helen King worked
toward developing the first inbred rat lines at the
Wistar Institute in Philadelphia, eventually creat-
ing the Wistar King Albino (WKA) inbred rat
strain. A mutant rat in one of her colonies is also
the origin of the Brown Norway inbred strain.

1.2  Inbred Strains

According to the definition by the International
Committee on Standardized Nomenclature for
mice, “Strains can be termed inbred if they have
been mated brother x sister for 20 or more con-
secutive generations, and individuals of the strain
can be traced to a single ancestral pair at the 20th
or subsequent generation.” At this stage, the
genomes of the animals will typically exhibit
only 1% residual heterozygosity on average.
Consequently, they can be considered genetically
identical for most practical purposes. The breed-
ing protocol commonly used to produce an inbred
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Fig. 1.1 Inbreeding crosses. This drawing schematically
represents the breeding protocol commonly used to pro-
duce an inbred strain: mating a male and a female from
the same litter (brother x sister) in successive generations.
The uppercase letter F followed by a number represents
the number of inbreeding generations. When this number
is not known, a question mark is used: F? + 22, for exam-
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strain is called brother x sister (bxs) or sibling x
sibling (sxs) and consists of mating a male and a
female from the same litter in successive genera-
tions [44] (Fig. 1.1).

In practice, most of the mouse and rat strains that
are commonly used in research laboratories nowa-
days have undergone several tens of generations of
bxs matings (indicated with an “E” for filial), and
some among the most ancient have passed 200 gen-
erations (DBA/2, for example, is over F224). It is
important to provide some clarifications on the defi-
nition of an inbred strain. Generally, animals within
the same inbred strain are genetically almost identi-
cal, except for sex-linked traits and de novo muta-
tions. To describe this important characteristic,
geneticists say that the mice in question are iso-
genic. This is due to the rigorous inbreeding process
that results in all individuals within a given strain
becoming homozygous for all loci that were segre-
gating in the founder ancestors (i.e., the original or
ancestral breeding pair). As a result, they all carry
the same alleles on both maternal and paternal chro-
mosomes. This is also known as autozygosity
because the two alleles are copies of the same
ancestral allele.
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ple, would indicate that the number of brother x sister
matings was not known when the strain was imported, but
22 generations of unrelaxed inbreeding have been added
since this time. Strains can be termed inbred if they have
been mated brother x sister for 20 or more consecutive
generations
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Fig. 1.2 Alleles are fixed during inbreeding. The brother — matings) of losing alleles on the initial generations. In the
X sister mating system results in the fixation or loss of example, the random F1 mice crossed already lost one
certain alleles in subsequent generations. Using only one  allele (green) (8/16 probability), later the randomly
pair of chromosomes as an example, and four different  crossed F2 mice lost two alleles (blue and orange) (1/16
colors (blue, green, orange, and violet) representing four — probability). At the F3 generation, one allele (violet)
alleles, these figures show the probability (percentage of — becomes permanently fixed within this inbred colony

The process of homozygosity through pro- or retained at each generation largely depends on
gressive allele loss, or fixation, is easy to under- chance. If the inbreeding protocol were reset
stand. When an allele present in generation Fn is  using the same founder animals, it would result
not transmitted to at least one member of the in a strain with a different genetic makeup after
breeding pair at generation Fn + 1, it is perma- undergoing the 20 generations. Thus, an inbred
nently lost (Fig. 1.2). As inbreeding continues, strain represents a unique and random assortment
alleles are consistently lost and none are intro- of alleles.
duced, except for rare de novo mutations. This During the process of inbreeding, the progres-
process leads to both homozygosity and isoge- sion toward homozygosity is not linear. It occurs
nicity. The categorization of alleles that are lost relatively quickly during the first few genera-
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Fig. 1.3 Progression of 100

inbreeding. The curve
was drawn based of the
Fibonacci series and
represents relatively
faithfully the cumulated
percentage of genes that
have become fixed in the
homozygous state as
inbreeding progresses.
From generation F5
onward, this percentage
is incremented by
~19.6% at each
generation
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tions, as many genes become homozygous.
However, the process slows down over time.
After 20 generations of inbreeding, not more than
1-2% of the loci that were heterozygous in the
ancestors are still segregating. A mathematical
series, based on Fibonacci’s numbers, is tradi-
tionally used to model the progression toward
homozygosity as the number of brother x sister
matings increases. Although this curve is only an
approximation, it accurately represents the evolu-
tion of heterozygosity over time (Fig. 1.3).
When breeding inbred individuals, it is crucial
to prevent the formation of independent lines
within the colony. These lines may undergo pro-
gressive divergence from each other as a result of
genetic drift (Fig. 1.4a). Additionally, if a strain
stops breeding (a common occurrence in prac-
tice), it is permanently lost. The example depicted
in Fig. 1.4b, which involves establishing three
new pairs of inbred mice from generation N to
breed mice of generation N + 1, is considered the
best option. However, when the progenies are
small (another common occurrence), it may not
always be feasible to establish three new pairs of
siblings. Therefore, the substitute system
depicted in Fig. 1.4c is common practice.

The progression toward full homozygosity
during inbreeding involves blocks of chromo-
somes of variable sizes rather than individual
genes. This explains why independent inbred
strains carrying the same allele at a given locus
have a great chance of sharing the same short
segment of neighboring DNA (haplotype) on
both sides of the allele in question. For example,
mouse strains homozygous for the albino (7yr©)
allele (e.g., A; AKR; BALB/c; and SJL) are
probably homozygous for the same short seg-
ment of chromosome 7 flanking the albino muta-
tion (7Tyr), because the mutation shared by these
strains results from the same mutational event
that occurred well before the creation of these
strains (i.e., identical by descent or IBD). It is
important to keep in mind this unique character-
istic of inbred strains, as it can have advantages
or disadvantages when designing an experimen-
tal protocol. We will revisit this point in the sec-
tion on congenic strains.

In most mammalian species, inbreeding of a
natural population often has deleterious effects of
variable intensity and phenotypic expression. In
some cases, newborns exhibit growth retardation
and finally die. In other instances, there is a
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Fig. 1.4 Breeding inbred mice. (a) The system repre-
sented here is not recommended because it will lead to the
establishment of three (and not one) independent inbred
strains, which are progressively divergent from one
another due to genetic drift. In addition, if a strain stops
breeding (a common situation in practice), it is then per-
manently lost. (b) The system represented is certainly the

best one, since, at each generation, three new pairs are
established from a single cage at generation N to breed
mice of generation N + 1. However, when the progenies
are very small in size (a situation that is also common), it
is not always possible to set the three new pairs of brothers
and sisters. (¢) Finally, the modified system represented
here is the one that is generally used in practice



