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Preface

Five years is not a long time in science. Imagine my amazement at the stunning num-
ber of new publications describing elegant behavioral phenotyping of transgenic and
knockout mice. When the first edition of What’s Wrong With My Mouse? was com-
pleted in 1999, approximately 500 papers had been published on behavioral phenotypes
of mice with targeted gene mutations. Since then the literature has quintupled, with at
least 2000 new papers between 2000 and 2005. Science magazine’s Breakthroughs of
the Year 2005∗ highlights genes linked to brain disorders, emphasizing that “connect-
ing the dots between genetics and abnormal behavior has been anything but child’s
play.” Functional consequences of dysfunctional genes, allelic variations, susceptibility
genes, protective genetic backgrounds, and environmental modulation are increasingly
revealed by careful analyses of the behaviors of mutant mice.

Writing the first edition of What’s Wrong With My Mouse? Behavioral Phenotyping
of Transgenic and Knockout Mice was a challenge in summarizing the large num-
ber of well-validated behavioral tests for mice. The challenge for the second edition
was to read the exponentially expanding new literature on targeted gene mutations
and then select just a few good examples to insert into existing chapters for each
behavioral domain. Two new chapters are added. Chapter 12, “Neurodevelopment and
Neurodegeneration,” illustrates the application of behavioral phenotyping methods to
some of the best mouse models of human brain diseases. Important genetic models
of neurodegenerative diseases, including Alzheimer’s, Parkinson’s, Huntington’s, and
amyotrophic lateral sclerosis, employ robust behavioral phenotypes in mutant mice to
test hypotheses about the causes of the neurodegenerative process, and to evaluate the
efficacy of potential treatments. Mutant mouse models of neurodevelopmental diseases,
including mental retardation and autism, provide intriguing new leads about genes reg-
ulating the exquisite biological processes controlling brain development. Chapter 13,
“Putting It All Together,” outlines strategies for comprehensive behavioral phenotyp-
ing. Recommendations are offered for designing the sequence of behavioral tests that

∗Science 310: 1880–1885, December 23, 2005.
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x PREFACE

best addresses your hypothesis about the targeted gene, while incorporating the critical
controls to rule out artifactual interpretations. Remarkably, some forefront techniques
mentioned in the first edition’s Chapter 12, “The Next Generation” are now established
methodologies, including DNA microarrays and viral vector delivery of genes into the
brain. Revised Chapter 14, “The Next Generation,” contains discussion of new bioin-
formatics tools, including interactive websites that compile comprehensive phenotypes
of each mutant mouse, database mining to discover single nucleotide polymorphisms
across inbred strains of mice, and the role of micro RNAs in gene silencing.

The greatest reward for writing a scientific book is to see it used in advancing
biomedical research. Thank you for the many communications I received about your
successful uses of What’s Wrong With My Mouse? in your ongoing experiments. It
is beautiful to see the scientific community effectively applying information from the
first edition—batteries of accepted behavioral tests to characterize a new mutation,
backcrossing into a single genetic background, proper controls for procedural abilities,
multiple corroborative tasks within a behavioral domain—thereby enhancing the rigor
of experimental findings. Fascinating questions received from readers inspired many
of the new inclusions in the second edition. Truly it was those emails out of the
blue from unknown students and renowned molecular geneticists, plus the positive
reinforcement of seeing What’s Wrong With My Mouse? in labs and offices that I
visited while giving lectures over the past five years, that convinced this behavioral
neuroscientist to engage in the drudgery of a book update. Further I am grateful to
Luna Han, the Life and Medical Sciences book editor at John Wiley & Sons who talked
me into the second edition, Thomas Moore, Wiley’s Senior Editor who shepherded
the project to completion, Editorial Assistant Ian Collins, Senior Production Editor II
Danielle Lacourciere, and Art Director Dean Gonzalez, for their essential guidance
and much-needed practical and moral support. I hope this book continues to offer
ideas that will aid neuroscientists and geneticists in your exciting future discoveries, to
elaborate our understanding of how genes shape behavior, and to employ the behavioral
phenotypes of transgenic and knockout mice in developing cures for human genetic
diseases.

Jacqueline N. Crawley, Ph.D.
Chevy Chase, Maryland, USA

March 2006



Preface to the First Edition

Targeted mutation of genes expressed in the nervous system is an exciting new research
field that is forging a remarkable amalgam of molecular genetics and behavioral neu-
roscience. My laboratory in Bethesda has been the fortunate recipient of visits from
many molecular geneticists over the past five years, who come to ask, “What’s wrong
with my mouse? Can you tell us what behaviors are abnormal in our null mutants?
And how do you measure behavior, anyway?”

We have had some remarkable opportunities to collaborate with outstanding molec-
ular geneticists in the National Institutes of Health Intramural Research Program and
throughout the world on investigations of the behavioral effects of mutations in genes
expressed in the mouse brain. Each of these collaborations has been a learning expe-
rience, increasing our understanding of the optimal experimental design for analyzing
behavioral phenotypes of mutant mice. What are the best tests to address each specific
hypothesis? Which methods work best for mice? Which rat tasks can be adapted for
mice? What are the correct controls? What are the hidden pitfalls, lurking artifacts,
false positives, and false negatives? Which statistical tests are most sensitive for detec-
tion of the genotype effect? What is the minimum number of animals necessary for
each genotype, gender, and age? Our laboratory and many others are gradually working
out the best methods for behavioral phenotyping of transgenic and knockout mice.

In the same conversations, molecular geneticists frequently asked me to recommend
a book they could consult to learn more about behavioral tests for mice. Apparently
the scientific book publishers are receiving similar queries. Ann Boyle and Robert
Harington at John Wiley & Sons, convinced of a real need for such a book, sweet-
talked me into filling the void. What’s Wrong With My Mouse? is written for these
pioneering molecular geneticists, and for the talented students who will be the next
driving force in moving the field forward.

On a personal level, I would like to express deep appreciation to all of my behavioral
neuroscientist colleagues around the world for their outstanding work, past, present, and

xi



xii PREFACE TO THE FIRST EDITION

future. Your contributions to the excellence and abundance of mouse behavioral tests
provide the foundation for the rapidly expanding scientific discoveries forthcoming
from behavioral phenotyping studies of transgenic and knockout mice. This book is a
testament to your accomplishments.

Jacqueline N. Crawley, Ph.D.
Chevy Chase, Maryland

July, 1999
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1
Designer Mice

The disease is inherited. Family pedigrees indicate an autosomal dominant gene. Link-
age analyses reveal one strongly associated chromosomal locus. Mapping identifies the
gene. The cDNA for the gene is sequenced. The anatomical distribution of the gene is
primarily in the brain. The symptoms of the disease are neurological and psychiatric.
There is no effective treatment. The disease is ultimately lethal.

Your mission, should you choose to accept it, is to develop a treatment for the
disease. Replacement gene therapy is the best hope. But you don’t know the gene
product, you don’t know its function, and you don’t know if gene delivery would be
therapeutic. Where do you start?

These days, you may choose to start with a targeted gene mutation, to generate a
mutant mouse model of the hereditary disease. A DNA construct containing a mutated
form of the responsible gene is developed. The construct is inserted into the mouse
genome. A line of mice with the mutated gene is generated. Characteristics of the
mutant mice are identified in comparison to normal controls. Salient characteristics
relevant to the human disease are quantitated. These disease-like traits are then used
as surrogate markers for evaluating the effectiveness of treatments. Putative therapies
are administered to the mutant mice. A treatment that prevents or reverses the disease
traits in the mutant mice is taken forward for further testing as a potential therapeutic
treatment for the human genetic disease. Gene therapy, based on targeted gene replace-
ment of the missing or incorrect gene in the human hereditary disease, is described in
Chapter 14. In the future, medicine may shift emphasis from treating the symptoms to
administering replacement genes that efficiently and permanently cure the disease.

Targeted gene mutation in mice has revolutionized biomedical research. Transgenic
mice have extra copies of a gene, or copies of a new gene, inserted into the mouse
genome. Mice with additional copies of a normal gene enable the investigation of
the functional outcomes of the overexpression of the gene product. Additions of a

What’s Wrong With My Mouse? By Jacqueline N. Crawley
Copyright © 2007 John Wiley & Sons, Inc.
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2 DESIGNER MICE

new gene that is not normally present in the mouse genome, such as the aberrant
form of a human gene linked to a disease, enable the investigation of the functional
outcomes of the expression of the disease gene. For example, the mutated form of
the human huntingtin gene is added to the mouse genome to generate a mouse model
of Huntington’s disease. Knockout mice have a disrupted gene that is nonfunctional.
The null mutant homozygous knockout mouse is deficient in both alleles of a gene; the
heterozygote is deficient in one of its two alleles for the gene. The genotype designation
−/− represents the null mutant, +/− represents the heterozygote, and +/+ represents
the wildtype normal control. The phenotype is the set of observed traits of the mutant
line of mice. Phenotypes include pathological, biochemical, anatomical, physiological,
and behavioral characteristics.

Targeted mutations of genes expressed in the brain are revealing the mechanisms
underlying normal behavior and behavioral abnormalities. Mouse models of human
neuropsychiatric diseases, such as Alzheimer’s disease, amyotrophic lateral sclero-
sis, anorexia, anxiety, ataxias, autism, bipolar disorder, depression, drug and alcohol
addiction, Huntington’s disease, obesity, Parkinson’s disease, and schizophrenia, are
characterized in part by their behavioral phenotypes.

This book will introduce the novice to the rich literature of behavioral tests in
mice. Careful readers will learn how to optimize the application of these tests for
behavioral phenotyping of their line of mutant mice. Based on our experiences, our
laboratory is working toward a unified approach for the optimal conduct of behavioral
phenotyping experiments in mutant mice. Recommendations are offered in Chapter 13
for a three-tiered sequence of behavioral tests, applicable to the range of behavioral
domains regulated by genes expressed in the mammalian brain.

SCOPE

This book is designed as an overview of the field of behavioral neuroscience, as it can
be applied to the behavioral phenotyping of transgenic and knockout mice. Molecular
geneticists may browse through the chapters relevant to their gene, to get ideas for
possible tests to try. Behavioral neuroscientists who have no experience with mutant
mice may wish to read about the latest genetic technologies, the behavioral tests that
have been used to study mice with targeted gene mutations, and some of the successful
experiments published in the genetics literature. Behavioral geneticists who are expert
in one area of mouse behavior may find the chapters describing other areas of mouse
behaviors to be useful for expanding their research repertoire.

Chapters are organized around behavioral domains, including general health, neuro-
logical reflexes, developmental milestones, motor functions, sensory abilities, learning
and memory, feeding, sexual and parental behaviors, social behaviors, and rodent
paradigms relevant to fear, anxiety, depression, schizophrenia, reward, drug addiction,
neurodevelopmental disorders such as autism, and aging diseases such as Alzheimer’s.
Each chapter begins with a brief history of the early work in the field and the present
hypotheses about mechanisms underlying the expression of the behavior. A list of
general review articles and books is offered for each topic, encouraging the interested
reader to gain more in-depth knowledge of the relevant literature. Chapter lengths
vary, reflecting the number of established tests available for mice in each behavioral
domain, and the current number of publications of mutant mice displaying interesting
behavioral phenotypes within each behavioral domain.
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Standard tests are then presented in detail. Highlighted are those tasks that have
been extensively validated in mice. Demonstrations of genetic components of task
performance are described, including experiments comparing inbred strains of mice
(strain distributions), naturally occurring mutants (spontaneous mutations), chemical
mutagenesis (ENU), quantitative trait loci linkage analysis (QTL), and gene expression
patterns (DNA microarrays). Experimental design and specific behavioral tasks are
presented as simply as possible. Extensive references are included for each behavioral
test, to encourage extensive reading of the primary experimental literature from experts
on each topic.

Illustrations are provided for the most frequently used behavioral tasks. Photographs
of the equipment or diagrams of the task accompany the text. Samples of representa-
tive data are shown. The data presentation is designed to indicate the qualitative and
quantitative results that can be expected when the task is properly conducted.

Each chapter includes the results of elegant experiments in which these tasks are
successfully applied to characterize transgenic and knockout mice. Examples are lim-
ited to the behavioral phenotypes. A more global discussion including physiological,
anatomical, and neurochemical phenotypes is beyond the scope of this book.

Classics in the neuroscience literature are listed at the end of this chapter. Background
literature for individual behavioral domains is referenced at the end of each chapter. These
chapter lists offer good books, special issues of journals, review articles, and primary
literature focused on the hypotheses and current body of knowledge for each behavioral
domain. A wealth of original publications, describing specific methods and results in
detail, is referenced within the text and listed at the end of the book. The referenced
literature is designed to provide helpful examples but does not attempt to compile a
comprehensive survey. The field is moving too fast. As this second edition goes to press
for a 2006 publication date, only articles appearing by late 2005 are included.

The concept behind each chapter is to present simple descriptions of the abundance
of behavioral paradigms, developed over the long, illustrious history of behavioral neu-
roscience. The secondary goal is to provide access to the primary literature and selected
reviews. The tertiary goal is to highlight some of the excellent behavioral neuroscience
laboratories conducting these types of experiments. Many of these behavioral neurosci-
entists may be willing to provide intensive training, and/or to engage in collaborative
research, to phenotype a new transgenic or knockout mouse.

MESSAGE TO MOLECULAR GENETICISTS

Welcome to the world of behavioral neuroscience! Animal behavior has fascinated
human observers throughout history. Systematic studies of animal behavior began
over 100 years ago with Darwin’s observations on finches of the Galapagos Islands,
in which feeding behavior correlated with beak shape and ecological niche (Darwin,
1839). The 1973 Nobel Prize in Medicine was awarded to Konrad Lorenz, Nikolaas
Tinbergen, and Karl von Frisch for their elegant ethological studies of naturalistic
animal behavior (von Frisch, 1967; Lorenz, 1974; Tinbergen, 1974). Behavioral genet-
ics grew out of observations of species and strain differences. Present-day behavioral
neuroscience and behavioral genetics focus on mechanisms underlying observed behav-
iors, and on the interaction of genetic, anatomical, physiological, biochemical, and
environmental factors. Behavioral neuroscientists are found in universities, research
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institutes, biotechnology and pharmaceutical companies, usually within departments of
neuroscience, psychology, biology, zoology, pharmacology, and psychiatry. At the
annual meetings of the Society for Neuroscience in the United States, which are
attended by more than 30,000 neuroscientists, approximately 15% of the lectures and
poster presentations represent behavioral neuroscience research.

Caveat to Molecular Geneticists

This is not a “how-to” manual. Animal behavior is too complex and requires too
much training to be attempted for the first time directly from this book alone. As in
any field of science, behavioral research has evolved proper experimental designs and
controls that must be correctly applied for the data to be interpretable. Little things,
such as how to handle the mouse to reduce stress, can greatly affect the results of a
behavioral experiment. Like microinjecting an oocyte or operating a DNA sequencer,
the tricks of the trade are best learned from the experts. You don’t want to waste
your time reinventing the wheel. Setting up the tasks described without a behavioral
neuroscientist collaborator is not recommended.

Instead, this book is a brief overview of what is available. The descriptions of
behavioral tests and experimental design are provided as an initial framework for your
thinking and planning. After the orientation provided in these chapters, you will be
knowledgeable about the wide range of behavioral tests available for investigating your
mice.

The first step is to define your hypotheses about the gene of interest. The second
step is to choose the relevant tests. The third step is to develop a collaboration with a
reputable behavioral neuroscience laboratory. With a few phone calls, you are likely
to find a good behavioral neuroscientist in your geographic area who is willing to
work with you on behavioral testing of your knockouts. The names of some of the
best laboratories appear within the referenced primary publications in each chapter.
Many universities have mouse behavioral phenotyping core facilities available to their
investigators. Or you may prefer to contract with a company that conducts rodent
behavioral tests on a fee-for-service basis. Contact information for companies is listed
in Chapter 2. In addition a set of good review articles and books is provided for each
behavioral domain in each chapter. These can help you to identify optimal potential
collaborators to contact.

The collaboration is often arranged such that the behavioral neuroscience labora-
tory or core facility conducts all of the behavioral phenotyping experiments indepen-
dently. Intellectual input from the molecular genetics group generates the hypotheses
to address, suggests the behavioral tests to conduct, and contributes to the interpreta-
tion of the results. In this model, a scientific collaboration is set up along the lines
of a program project or a center grant, with equitable agreements to share funding
and authorships. Alternatively, your molecular genetics group may wish to learn the
behavioral techniques from a good behavioral neuroscience laboratory, and then set up
the experiments in your own laboratory. In this model the senior molecular geneticist
visits the behavioral neuroscience laboratory and observes the techniques directly. Post-
doctoral fellows and graduate students in the molecular genetics laboratory then spend
several weeks or months in the laboratory of the behavioral neuroscience collaborators,
learning the intricacies of conducting the experiments. Courses in mouse behavioral
research that may provide additional useful training are listed at the end of this chapter.
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This approach ensures that the behavioral concepts and techniques employed in the
molecular genetics laboratory are consistent with the highest standards of behavioral
neuroscience research, and that the methods used will be acceptable for publication in
the best journals. This book will provide you with sufficient background for informed
discussion of behavioral tests in the course of your first conversations with potential
behavioral neuroscience collaborators.

MESSAGE TO BEHAVIORAL NEUROSCIENTISTS

Behavioral neuroscience has a new tool. Transgenic and knockout mice with mutations
in genes linked to human diseases provide excellent models of the behavioral traits
characterizing many human genetic disorders. Behavioral abnormalities in these mouse
models offer quantitative surrogate markers for the symptoms of the human disease.
Reversal or prevention of the behavioral abnormalities in the mouse model can be
used as a powerful preclinical endpoint, to assess the efficacy of new treatments for a
genetic disease.

Targeted gene mutation offers an alternative approach to investigating endogenous
mechanisms underlying behavior. Gene mutations may provide information that com-
plements findings based on electrolytic or neurochemical lesions. For example, null
mutation of a gene critical for the functioning of one hippocampal layer may be a
superior alternative to an electrolytic hippocampal lesion. Deletion of the gene for
a neurotransmitter receptor is analogous to administering a receptor antagonist. This
technique is especially useful in understanding the behavioral relevance of a receptor
subtype for which no pharmacological antagonists are available. Disruption of a devel-
opmental gene can test hypotheses about the role of a neurotrophic factor in neuronal
migration or synapse formation. Addition of extra copies of a gene for a hypothala-
mic neuropeptide can address the outcome of excessive quantities of that neuropeptide
on feeding behaviors and the etiology of obesity. Single gene mutations can be used
to explore the interactions of genetic and environmental factors, such as social and
parental behaviors in mutants missing receptors for olfactory signaling cues. As the
technology advances, gene mutations are targeting specific brain structures at specific
periods of development or during discrete experimental time points in the adult mouse.

This book is designed to provide you with an introduction to the transgenic and
knockout technology, and approaches to optimize its application to behavioral neu-
roscience research. Chapter 2 presents descriptions of the molecular genetics of the
gene targeting vector, generation of the chimera, and breeding strategies. Chapter 14
discusses quantitative trait loci analysis, DNA microarray analysis, chemical- and
radiation-induced mutagenesis, viral vector gene delivery, RNA silencing, conditional
mutations expressed only in one tissue type, and inducible mutations expressed at con-
trolled time periods. Illustrations and diagrams were chosen to clarify these complex
molecular technologies. References to primary publications, review articles, and books
are offered at the end of the chapter for each topic, chosen for the interested reader
wishing to learn more about molecular genetics. A list of Web sites for further infor-
mation on the mouse and human genome projects, databases of mouse phenotypes,
sources of mutant mice, and overviews of mouse behavioral genetics are provided at
the end of Chapter 2.

This book is further designed to give concrete examples of experimental design,
methods, and optimization of specific tasks for behavioral phenotyping of mutant
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mice. Tasks originally developed for mice, and rat tasks that have been successfully
adapted for mice, are highlighted. Strategies for converting rat tasks to mouse tasks are
included. Cases in which rat tasks apparently cannot be performed by mice are stated.
Examples are given of proper and improper behavioral methods that have been used
to characterize transgenic and knockout mice.

For behavioral neuroscientists working on one type of behavior, who wish to learn
more about tasks for another type of behavior, extensive references are provided within
each chapter for each behavioral domain. These publications can be used to obtain
specific details of experimental methods. Your excellent behavioral neuroscience lab-
oratories may be highlighted, as suggested contacts for geneticists to consult for more
information or to obtain additional training in a specific behavioral task.

Caveat to Behavioral Neuroscientists

This is a guidebook, not a comprehensive or scholarly review of behavioral neuroscience
methods. Please understand that this is not a textbook, nor a review, nor an in-depth
analysis of theory. Rather, the goal of this book is a brief introduction to behavioral
neuroscience for the novice. Chapters are designed as overviews of the behavioral
domains that are most likely to be useful in behavioral phenotyping of mutant mice.
The behavioral tests chosen for presentation are primarily those that work well with
mice, and have been used with some success in some cases to characterize mutant mice.
Many interesting and important behavioral paradigms are not discussed because they
have not yet been fully validated for mice, or replicated across several laboratories, or
have limited applicability to experiments with mutant lines of mice. Chapters are of
unequal lengths, reflecting the abundance of good tests for mice in some behavioral
domains and the dearth of well-characterized tests for mice in other behavioral domains.

Of course, this book cannot replace a thorough reading of the many excellent books
and review articles representing the breadth and depth of behavioral research. Instead,
recommended textbooks and review articles are listed in each chapter. Small samplings
of the multitude of original data papers are referenced in the text.

Finally, the descriptions of the methods are intentionally superficial. Behavior is
not a cookbook discipline. In the opinion of this author, molecular geneticists are
best advised to seek training or collaboration with a good behavioral neuroscience
laboratory, such as yours, rather than set up the behavioral tasks independently.
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Mice expressing the rat metallothionen-growth hormone fusion gene grew significantly larger than their litter-
mates. (From the cover of Nature, Vol. 300, December 16, 1982; Palmiter et al., 1982.)
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Of Unicorns and Chimeras

Targeted gene mutation technologies began in the 1980s (Jaenisch, 1976, 1988; Costan-
tini and Lacy, 1981; Gordon and Ruddle, 1981; Harbers et al., 1981; Wagner et al.,
1981a, 1981b; Jaenisch, 1988; Pascoe et al., 1992; Doetschman, 1991; Smithies, 1993;
Bronson and Smithies, 1994; Smithies and Kim, 1994; Capecchi, 1989, 1994). Build-
ing on manipulations of yeast and fruitfly genomes, mouse mutations multiplied. The
first big success in detecting a phenotype relevant to behavior in a transgenic mouse
appeared in 1982. The cover illustration of the December 16 issue of Nature, shown
on the opposite page, excited the popular imagination with the dramatic results of the
elegant experiments by Richard Palmiter and co-workers at the University of Washing-
ton (Palmiter et al., 1982). A growth hormone overexpressing transgenic mouse was
much larger than normal littermate control mice of the same age and gender, as a result
of more rapid weight gain. Technical advances in targeted gene mutations in mammals
raised hopes that the new technology could be applied to discovering the role of indi-
vidual genes in normal and abnormal behavioral processes. This dream moved into
the realm of reality over the past decade. Many excellent books and review articles
describe the techniques for generating transgenics, knockouts, knock-ins, conditional
mutations, inducible mutations, and further elegant genome manipulations (Bradley
et al., 1992; Hogan et al., 1994; Accili, 2000; Joyner, 2000; Jackson, 2000; Goss-
mann et al., 2000; Rülicke and Hübscher, 2000; Nestler et al., 2001; Hofker et al.,
2002; Nagy et al., 2002; Wolfer et al., 2002; Tecott and Wehner, 2001; Tecott, 2003;
Tenenbaum et al., 2004).

The present chapter provides a brief overview of the types of targeted gene mutations
in current use. The primary focus of this chapter is on the steps following the generation
of the first founder mouse. Breeding strategies tailored to the needs of behavioral
phenotyping are presented. Background strains that have been effectively used to breed
mutant lines are recommended for various behavioral domains. Housing, transportation,
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group size, group composition, and animal welfare requirements are described, to meet
the special demands of behavioral phenotyping. Original literature cited in the text,
and review articles cited at the end of this chapter, provide more in-depth information
for the interested reader. The listings at the end of this chapter include background
readings on DNA constructs, embryonic stem cell lines, breeding strategies, mouse
handbooks, companies that provide breeding and genotyping services, companies that
design and manufacture behavioral test equipment, and academic organizations and
companies that generate and phenotype mutant mice. Web sites relevant to these topics
are included.

GENERATING A TARGETED GENE MUTATION

The process of developing a transgenic or knockout mouse begins with an identified
gene. If the gene has not yet been sequenced, a useful targeting vector cannot be
designed.

Transgenic is defined by the insertion of a gene. Transgenic mice may have a
new gene added, for example, the human gene for a hereditary disease such as Hunt-
ington’s (Carter et al., 1999), or extra copies of an existing gene, for example, the
corticotropin releasing factor gene in order to investigate excessive expression of
this stress-related hormone and neurotransmitter (Stenzel-Poore et al., 1994). Trans-
genic techniques involve microinjection of the DNA construct containing the transgene
into the pronucleus of a fertilized mouse oocyte. The DNA construct also contains a
reporter gene, such as β-galactosidase (lacZ), with a nuclear localization signal (nls).
The reporter gene is simultaneously driven by the promoter for the transgene. LacZ
positive cells indicate the presence of the transgene in the cell. Concentrations of
the reporter gene, the transgene, and the gene product are assayed to determine the
overexpression level of the gene in the tissue of interest. Anatomical mapping of
the localization of the reporter gene, the transgene, and the gene product is used to
describe the distribution of the transgene in the brain, or to more precisely delin-
eate the specific neurons expressing a known gene product during stages of devel-
opment (Jacobowitz and Abbott, 1997; Itoh et al., 1998). Transgenic methods are
diagrammed in Figure 2.1. Each mouse that develops from a microinjected egg is
a potential founder of a mutant line. The success rate of the technique is proportional
to the number of eggs injected, because insertions through homologous recombina-
tions are random, infrequent events. The more lottery tickets you buy, the better your
chances of winning.

Knockout mice represent a loss of function or a null mutation, meaning a mutated
gene that does not synthesize its protein. Knockout mice are generated by a different
set of techniques (Wynshaw-Boris et al., 1999; Ledermann, 2000). Instead of a gene
insertion, knockouts have a mutation introduced into a carefully chosen exon of the
cDNA of the gene. The mutation is usually a selective deletion of a portion of DNA
that is critical for the expression of the gene product. The gene for resistance to
an antibiotic drug, such as the neomycin resistance gene (Neor), is inserted within
the DNA construct as a marker. The deletion and insertion usually shift the reading
frame for the DNA, rendering incorrect reading of the triplet base pair codes for
the amino acids comprising the gene product. A typical targeting vector is shown in
Figure 2.2.


