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The progress of human genome sequencing is driving genetic approaches to define gene function. Strategies
such as gene traps and chemical mutagenesis will soon generate a large mutant mouse resource. Point
mutations induced by N-ethyl- N-nitrosourea (ENU) provide a unique mutant resource because they: (i) reflect
the consequences of single gene change independent of position effects; (ii) provide a fine-structure
dissection of protein function; (iii) display a range of mutant effects from complete or partial loss of function
to exaggerated function; and (iv) discover gene functions in an unbiased manner. Phenotype-driven ENU
screens in the mouse are emphasizing relevance to human clinical disease by targeting cardiology,
physiology, neurology, immunity, hematopoiesis and mammalian development. Such approaches are
extremely powerful in understanding complex human diseases and traits: the base-pair changes may
accurately model base changes found in human diseases, and subtle mutant alleles in a standard genetic
background provide the ability to analyze the consequences of compound genotypes. Ongoing mouse ENU
mutagenesis experiments are generating a treasure trove of new mutations to allow an in-depth study of a
single gene, a chromosomal region or a biological system.

INTRODUCTION

Manipulative genetic tools in the mouse are extensive and
powerful. Mouse geneticists can eliminate or overexpress
genes in the whole animal or in a specific tissue, introduce
large pieces of self or foreign DNA into the genome and
engineer whole chromosomes. These techniques, combined
with the genetic, developmental, pathologic and physiologic
similarities between mouse and human, have established the
laboratory mouse as a primary model organism for human
disease research. Inbred strains of mice provide the
opportunity to study a disease trait in a defined genetic
background, allowing distinction between the phenotypes
conferred by a single mutation versus the contributions of
other genetic modifiers.

The ability to engineer loss of function mutations by
homologous recombination in embryonic stem cells pioneered
a revolution in mouse biology. Using embryonic stem cell
technology, any gene involved in human disease can be
disrupted, providing valuable information about the
consequences of mutation in the whole animal. While null
mutations are necessary, subtle mutations induced byN-ethyl-
N-nitrosourea (ENU) are invaluable for examining the full
range of gene function. Mutations in coding regions and
regulatory elements can yield vastly different phenotypes
while they provide a fine-structure dissection of protein
function and gene regulation. Series of alleles may be
generated by homologous recombination, but phenotype-
driven mutagenesis offers many advantages in speed of
generation and removal of investigator bias. Therefore, a
knockout database for the mouse genome should be considered

only as a starting point; additional alleles and tissu
specificities are mandatory to complete the functional analys

MUTAGENIZING THE MOUSE GERMLINE

ENU can transfer its ethyl group to oxygen or nitrogen radicals
DNA, resulting in mispairing and base-pair substitution if n
repaired. The highest mutation rates occur in pre-meio
spermatogonial stem cells, with single locus mutation frequenc
of 6–1.5 × 10–3 (1–3), equivalent to obtaining a mutation in
single gene of choice in one out of every 175–655 game
screened. Because of its power in isolating mutations in any g
or region of interest, ENU has been used in the mouse
(i) obtain multiallelic series of single genes to further defin
function; (ii) dissect biochemical or developmental pathway
(iii) obtain new recessive mutations on a single chromosome
genome-wide; and (iv) saturate regions of the mouse genome
are uncovered by deletions (4–10). The analysis of 62 sequen
germline mutations from 24 genes reveals that EN
predominantly modifies A/T base pairs, with 44% A/T→T/A
transversions, 38% A/T→G/C transitions, 8% G/C →A/T
transitions, 3% G/C→C/G transversions, 5% A/T→C/G
transitions and 2% G/C→T/A transitions (Table 1; Fig. 1). When
translated into a protein product, these changes result in 6
missense mutations, 10% nonsense mutations and 26% spl
errors (Table 1; Fig. 1).

Because it is a point mutagen, ENU can induce ma
different types of allele. Loss-of-function mutations, viabl
hypomorphs of lethal complementation groups, antimorp
and gain-of-function mutations have been isolated in mou
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mutagenesis screens (4,9–16). Series of alleles at single loci are
extremely powerful when analyzed together to define function.
Allelic series at complex loci can disrupt individual protein
isoforms, leading to the discovery of distinct functions in
various tissues throughout the life of an organism (17). A
striking example of such an allelic series is the quaking (qk)
locus. Prior to the isolation of the ENU-induced alleles, the
quaking locus was defined by a single spontaneous allele,qkv,
with a homozygous phenotype of seizures and quaking caused
by severe central nervous system (CNS) dysmyelination (18).
The ENU-induced alleles, however, reveal that quaking also

functions during embryogenesis (7,13). Homozygotes of fo
of five ENU-induced alleles (qkl–1, qkkt1, qkk2, qkkt3/4) die at
embryonic days (E) 8.5–10.5 with CNS defects, whereas o
one is viable with quaking and seizures (qke5) (19; J.K.
Noveroske and M.J. Justice, unpublished data). Although
quaking alleles can be grouped based on embryo lethality
viable dysmyelination, each allele deviates in some significa
way from these general phenotypes to make it a unique a
valuable resource for fine-structure/function studies a
modeling human neural tube defects, as well as seizure
myelination disorders (Table 2). Allelic series generated

Table 1.Summary of sequenced ENU-induced mutations

The number of mutations induced by ENU and those that have been sequenced are shown in columns 2 and 3. The number of lesions of each type a
column 4; these do not correlate with the functional change in column 5. Note that the lesion was not found in two of the mutations listed as splice mutons, so
these two are not included in the numbers given in the text. ?, the number of ENU-induced mutations is not known.

Locus Number of
ENU mutations

Number sequenced Mutation Functional classification Reference

Agouti (a) 8 1 AT-GC Missense (41,42)

Adenomatous polyposis coli (ApcMin) 1 1 AT-TA Nonsense (43)

Bone morphogenetic protein-5
(Bmp5)

17 11 4 AT-GC
4 AT-TA
2GC-AT
1 unknown

6 missense
2 nonsense
2 splicing with deletion
1 splicing with deletion

(44)

Clock 1 1 AT-TA Splicing with deletion (29)

γ-Crystallin (Cryge) ? 1 AT-GC Missense (45)

Dystrophin (Dmd) 4 4 3 AT-TA
1 GC-AT

3 splicing with frameshift
1 nonsense

(46)

Embryonic endoderm (eed) 3 2 AT-GC
AT-TA

2 missense (10,16)

Connexin 50 (Gja8) 1 1 AT-CG Missense (47)

Glucose phosphate isomerase (Gpi1) 5 4 3 AT-GC
1 unknown

Missense
Splicing with deletion

(48)

Glucose 6 phosphate dehydrogenase
(G6pdx)

1 1 AT-TA Splicing with reduced protein (49)

Hemoglobin alpha (Hba) 1 1 AT-TA Missense (50)

Hemoglobin beta (Hbb) 2 2 AT-GC
AT-TA

2 missense (14,51)

Kreisler (krm1) 1 1 AT-GC Missense (52)

Lactate dehydrogenase (Ldh1) 5 5 4 AT-GC
1 AT-CG

4 missense
Splicing with reduced protein

(53)
(54)

Mast cell growth factor (Mgf) ? 1 AT-TA Splicing with frameshift (55)

Micropthalmia (Mitf) ? 1 AT-TA Missense (56)

Myosin VA (Myo5a) 50 10 2 GC-CG
5 AT-TA
2 AT-GC
1 GC-AT

8 missense
2 splicing, 1 protein product from 1 of 3
isoforms

(57,58)
(42)

Myosin VIIA (Myo7a) 7 5 3 AT-TA
1 AT-GC
1 GC-AT

1 missense
1 splicing with deletion
1 splicing with frameshift
2 nonsense

(10,12,59)

Phenylalanine hydroxylase (Pah) 3 2 2 AT-GC 2 missense (2,60)

Paired box homeobox 6 (Pax6) 6 1 GC-TA Splicing with frameshift (67)

Quaking (qk) 5 3 2 AT-GC
1 AT-TA

2 missense
1 disruption of one isoform

(11,19)

Triosephosphate isomerase (Tpi) 4 4 3 AT-TA
1 AT-CG

3 missense
1 Stop to C

(61)

Tyrosinase related protein 1 (Tyrp1) 40 1 AT-GC Missense (62)
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ENU or gene targeting at other complex loci will be valuable
tools for dissecting protein function (17).

ISOLATING DISEASE MODELS USING ENU

Different genetic screens can be used to isolate ENU-induced
mutations. A single generation screen can rapidly generate viable
and fertile mutants that represent allele series, modifiers or
dominant mutations. Two-generation deletion screens can
identify recessive lethal mutations in a defined region of the
genome. Three-generation pedigree screens may be used to scan
the entire genome for a viable mutation of interest or, in

combination with linked markers or balancer chromosomes,
isolate lethal or sterile alleles (see below).

Large-scale screens

Several large-scale mutagenesis screens have already been fu
internationally. The key features of these screens are summar
in Table 3. Each of these screens uses a different genetic stra
to isolate mutations: some screens target dominant mutatio
whereas others are designed to isolate recessive mutations. S
groups are screening for recessive lethal and detrime
mutations with regional mutagenesis to address gene functio
parallel with the Human Genome Project. Other groups a
scanning large numbers of mutagenized genomes for domin
neurological and clinical hematology or biochemical variants.

Small-scale screens

Screening for mutations does not have to be carried out on a la
scale. Two cost-effective strategies for the small laboratory
allelic series and sensitized pathway screens. A sensiti
pathway screen targets a single biological or biochemi
pathway, and exploits non-allelic non-complementation to isol
mutations in the first generation offspring of mutagenized mal
In such a screen, an induced mutation (*) at a locus that intera
with the locus of interest (m) may fail to complement (*/+;+/m),
yet yield a phenotype reminiscent of the original homozygo
mutant (m/m). Some sensitized screens may be carried out in
background of a drug or environmental modification, instead o
genetic modification. For example, using a phenylalani
injection as a sensitizer, a number of mutations affecting
phenylalanine metabolism pathway were isolated
heterozygotes (20,21).

Combining gene-driven and phenotype-driven approaches

A unique approach towards isolating mutations combines ge
based targeting in embryonic stem cells with phenotype-driv
ENU mutagenesis. Powerful genetic strategies inDrosophilarely
on the availability of genetic reagents such as deletio
duplications and inversions to facilitate genetic screens a
provide simple, cost-effective stock maintenance. Deletions
useful for generating haploidy in genetic screens, as well as
mapping using non-complementation strategies (Fig. 2B) (2
Inversions that carry a dominant marker and are homozyg
lethal are ideal balancer chromosomes to suppress recombina

Figure 1. ENU mutagenesis to isolate mutations. ENU induces lesions in the
DNA of mouse spermatogonial stem cells, primarily affecting AT base pairs.
These lesions are present in the sperm of the male, and after their isolation
through genetic and phenotypic screens, give rise to a variety of phenotypic
mutations. The mutant protein products are primarily missense mutations, a
valuable class of mutations for dissecting protein structure and function. Muta-
genesis in the mouse will emphasize modeling human diseases through pheno-
type-driven assays.

Table 2.Unique features of quaking alleles

aEach allele arose in an ENU experiment except for the spontaneousqkv allele.

Allelea Homozygous
phenotype

Unique phenotype Lesion

qkv Viable Sterile males 1 Mb deletion/loss of brain-specific regulatory region

qkkt1 Embryo lethal Spontaneous seizures in aged heterozygotes Unknown

qkk2 Embryo lethal Earlier and more severe embryo lethality with semi-dominant
reduction of adult brain myelin lipids

V→G change in conserved RNA binding domain

qkkt3/4 Embryo lethal Null phenotype: CNS, brain, heart defects E→G change/loss of protein dimerization

qkl–1 Embryo lethal Transient quaking in compound heterozygotesqkl–1/qkv Splice defect/loss of nuclear localized protein isoform

qke5 Viable Fertile males. Extremely severe quaking and seizures Unknown
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and readily identify classes of offspring for the isolation and
maintenance of lethal or detrimental mutations (Fig. 2C). The
ability to engineer whole chromosome regions using Cre/loxP
technologies allows the creation of these genetic reagents in a two-
step gene targeting process (Fig. 2A) (23,24). The approach is
gene-based because the endpoints of the deletion or inversion are
known, minimizing the amount of effort required to characterize
the rearrangements. Engineering techniques allow for the
rearrangements to be tagged with a dominant yellow coat color
marker,K-14 agouti, providing a resource for simple mapping,
stock maintenance and genetic screens (22,24,25). The creation of
mouse genomic libraries containing the constructs necessary for
the targeting events provides a rapid system for their generation
anywhere in the mouse genome (Fig. 2A) (25).

An initial mutagenesis effort, designed to isolate recessive
mutations of many phenotypic classes, is targeting mouse
Chromosome 11, which is a gene rich chromosome highly
conserved with human Chromosome 17. The goal is to saturate
the chromosome with mutations to define gene function, then use
linkage conservation between the mouse and human to predict
gene function in the human. Using the genetic reagents generated
by Cre/loxP engineering, two mutagenesis schemes are being

carried out: two-generation deletion pedigrees (Fig. 2B) and thr
generation pedigrees using balancer chromosomes (Fig. 2C). B
schemes take advantage of the yellow coat color conferred by
K14-agoutitransgene. The deletion scheme can be used only
large deletions that are not detrimental to the animal, limiting t
screen to certain regions, but allowing mutations to be isolated
only two generations. The inversion scheme allows a larg
portion of the chromosome to be screened for mutations,
requires three generations of breeding.

IDENTIFYING POINT MUTATIONS

To be valuable, new mutations must be localized so that candid
genes and relevant human disease models can be identified. P
mutations isolated by their phenotype must be mapped us
phenotype information, since a molecular tag is not availab
Traditionally, these mutations are mapped in meiotic backcros
segregating the phenotype relative to multiple molecu
polymorphisms (for a review see ref. 26). To map to a resoluti
of 10 cM requires analyzing 100 meioses. Thus, 100 n
mutations isolated genome-wide would require the analysis
10 000 mice. High resolution mapping strategies for position

Table 3.Funded large-scale ENU screens

Location Primary
investigators

Genetic screen Mouse region Human
homologue

Phenotypes References Web site

Mouse
Mutagenesis
Programme,
Mouse Genome
Centre, Medical
Research Council,
Harwell, UK

Steve Brown
Jo Peters

Dominant
Recessive

Genome-wide
M13 H6p22–p23

Neurological (63) http://
www.mgu.har.mr
c.ac.uk/mutabase/

GSF-National
Research Center
for Environment
and Health,
Neuherberg,
Germany

Rudi Balling
Martin Hrabe de
Angelis

Dominant
Recessive

Genome-wide
Genome-wide

Clinical
hematology/
chemistry,
dysmorphology,
allergy, lysosomal

(64) http://
www.gsf.de/isg/
groups/enu-
mouse.html

Mouse Genome
Center, Baylor
College of
Medicine,
Houston, Texas

Allan Bradley
Monica Justice

Recessive M11
M4

H17
H9p/9q/1p

Gene function/
development/
human disease

(22,65) http://
www.mouse-
genome.bcm.tmc.
edu

The Jackson
Laboratory,
University of
Pennsylvania,
Philadelphia,
Pennsylvania

John Schimenti
Maya Bucan

Recessive M5 H4p16–4q12
H7q36

Gene function/
behavior

(66) http://
lena.jax.org/~jcs/

Oak Ridge
National
Laboratory, Oak
Ridge, Tennessee

Eugene Rinchik
Dabney Johnson

Recessive M7 H11p
H15q

Gene function/
development

(10) http://
www.bio.ornl.gov
/htmouse

Medical Genome
Centre, Australia
National
University,
Canberra,
Australia

Chris Goodnow Recessive Genome-wide Visibles/
immunity, aging

C. Goodnow,
personal
communication

http://
jcsmr.anu.edu.au/
group_pages/
mgc/
MedGenCen.html

Mouse Functional
Genomics
Research Group,
RIKEN Genomic
Sciences Center,
Yokohama, Japan

Toshihiko
Shiroishi
Tetsuo Noda
Yoichi Gondoh

Dominant
Recessive

Genome-wide
Genome-wide

Late onset T. Shiroishi,
personal
communication

Available in
October
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cloning usually involve the analysis of 1000–2000 meioses per
mutation. A multitude of dominant and recessive mutations can be
isolated in any ENU screen, making mapping the bottleneck in the
process, and requiring simpler mapping technologies such as
DNA pooling (27). The coat color tagged screens described above
are unique in that the mutation is isolated linked to visible
chromosomal markers, so its chromosome location is known upon
isolation, eliminating the need for meiotic mapping. Furthermore,
the Cre/loxP generated deletions can be used to localize the
mutations to a sub-chromosomal region by non-complementation
(22,28). Because the sequence of the mouse genome will soon be
available, many mutations will be assigned to genes based on
positional candidacy after their localization. In addition, BAC
complementation can be used to identify mutation–gene
correlations (29).

As new technologies are being developed for high-throughput
single nucleotide polymorphism detection, technologies for the
detection of point mutations will become simpler (30,31). Unlike

humans, naturally occurring polymorphisms are rare in inbr
strains of mice, in particular within coding regions. Thus, th
detection of point mutations is possible in an inbred stra
background, making mutation detection with mismatch rep
enzymes a potential approach to quickly map and identify
lesions.

SCREENING FOR DISEASE PHENOTYPES

In any screen for mutations using ENU, mutation isolation reli
upon the phenotype assay, requiring that the mutant pheno
must vary significantly from the background. However, screeni
for mutations involves the analysis of many animals, so phenot
screens must be broad and inexpensive. Visible phenotypes
affect the eye, coat, size or neurological behavior are simple
identify, and such screens often yield novel mutations. Behav
and sensory organ phenotypes can be screened for using stan
tests for reflex, sight or hearing loss, motor development, bala

Figure 2. (A) Generation of chromosome rearrangements using Cre/loxP. Two lambda mouse genomic libraries have been constructed that contain the selec
markers required for two step targeting events. One contains the selectable marker neomycin (Neo), the 5′ end of hypoxanthine phosphoribosyltransferase (Hprt),
a loxPsite and theTyrosinaseminigene (Ty). The second library contains the selectable marker puromycin (Puro), the 3′ end ofHprt, a loxPsite and theK14-Agouti
transgene (Ag). If the loxP sites are insertedin cis in the same orientation, recombination after Cre transfection will produce a deletion, and HAT resistant,
sensitive, Neo sensitive ES cells. If theloxP sites are inserted in opposite orientation, recombination after Cre transfection will result in an inversion, with
resistant, Puro resistant, Neo resistant ES cells. (B and C) Mutagenesis schemes for mouse Chromosome 11 using yellow coat color-tagged chromorear-
rangements. The deletion or inversion is tagged with a dominant yellow coat color marker,K-14-agouti(yellow). Each scheme uses the dominant Rex (Re, and
indicated by the black chromosome) mutation on Chr 11, which causes curly fur (mottled). In each scheme, wild-type males (C57BL/6J, black) are injeed with
a 3× 100 mg/kg dose of ENU. (B) The deletion scheme. After regaining fertility, ENU-treated males are mated to homozygousRe/Refemales. TheRemutation
marks the non-mutagenized chromosome, with the caveat that recombination can occur between a new linked mutation andRe. G1 animals, heterozygous for ENU
mutagenized chromosomes andReare mated to mice hemizygous for a yellow-tagged deletion. The resulting classes of offspring can be readily identified
mutant class is yellow and straight-haired and, if missing, indicates the likelihood of a lethal mutation; (ii) a carrier class that is wild-type, andcan be used to
recover any lethal mutations; (iii) two curly-haired classes of mice (black and yellow) that are uninformative and can be immediately discarded. (C) The inversion
scheme. The balancer chromosome contains an inversion that suppresses recombination over a reasonable interval, 20–30 cM, is marked with the dont K14-
agouti transgene conferring yellow coat color, and is homozygous lethal due to disruption of one or more lethal genes at its endpoints. After regaininglity,
ENU-treated males are mated to females carrying the balancer chromosome (yellow). G1 animals that are yellow are mated with animals heterozygthe
balancer chromosome andRe(yellow mottled). Three classes of offspring can be identified in the second generation, and the fourth class, which is homo
for the balancer chromosome, dies (upside down). The useful G2 animals are the yellow, straight-haired animals, which are brother–sister mated. The G3 offspring
are easily classified as: (i) the wild-type mutant class, which if missing indicates the likelihood of a linked lethal mutation and (ii) a carrier class used to rescue any
lethal mutations, which carries the balanced point mutation, ideal for stock maintenance.

A
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and coordination, as well as learning and memory. Skeletal
development and soft tissue morphology can be examined using
high resolution, low energy X-ray analysis. Clinical tests
performed on mouse blood can yield a vast array of phenotypes
relevant to human clinical disease even though tests performed on
mouse body fluids must be performed on a microscale. Because of
existing microscale tests for human infants, many clinical tests are
already available. A complete blood count with microscopic
differential analysis can identify abnormalities in red blood cell
and white blood cell numbers or morphology, as well as platelet

abnormalities. Extending the analysis of blood cells with flo
cytometry may uncover other immunological defects. An
nuclear antibody quantitation can detect serum autoantibodies
large variety of autoimmune disorders, including systemic lup
erythematosus. Clinical chemistry tests can diagnose mult
organ system anomalies, including liver, pancreatic, heart a
kidney disorders. Urinalysis on mice reveals increased levels
protein or other abnormal by-products of disease. Tandem m
spectrometry can detect a variety of metabolic disorders affec
lipids, fatty acids or amino acids. Additional assays are bei

Figure 2. Continued

B

C
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developed to identify neurological, cardiovascular, hematopoietic
and immune phenotypes using high-throughput technologies such
as microarrays.

GENERATING RESOURCES FOR MUTANT MICE

The generation of large numbers of mutations will create new
ethical and scientific issues within the mouse community: new
databases and phenotype assays will be required, cost effective
mutation recovery from cryopreserved or freeze–dried sperm will
become essential, and animal care and cost issues will arise. These
efforts require a tremendous investment in mouse resources.

Genetic resources

One of the most powerful genetic resources currently available in
the mouse are the inbred strains. Further defining genetic diversity
in these strains is one of the priorities of the mouse community,
with efforts underway to develop a strain characteristics database.
This requires analyzing the inbred strains for many phenotypic
parameters, including clinical hematology and chemistry,
pathology, behavior and physiology.

The maintenance, analysis and mapping of large numbers of
mouse mutations will require the generation of genetic resources
to lower costs and reduce mistakes. Genetic reagents such as
deletions are being developed by a variety of methods including
Cre/loxP and radiation (22,23,25,32,33). Balancer chromosomes
can currently be generated quickly and efficiently using Cre/loxP
approaches (24,25). Transgenic mice containing human YACs or
BACs can be useful in complementation and rescue studies (34).
Because mutant phenotypes can vary on different inbred strain
backgrounds, genetic reagents should also be maintained on
standard genetic backgrounds.

Archiving

The generation of large numbers of mouse stocks requires
efficient archiving and reconstitution of stocks. Storing mouse
embryos by cryopreservation is an effective technique that has
already been used for over a decade. Recently, successes in sperm
cryopreservation have made it a tractable technique (35–37). In
particular, mouse sperm can be used to reconstitute stocks by
a number of assisted reproductive technologies: artificial
insemination,in vitro fertilization and intracytoplasmic sperm
injection (ICSI) (38). The successful reconstitution of mouse

strains from freeze-dried sperm using ICSI may provide anot
method for archiving and reviving mouse strains (39).

Databases

Databases are already required for handling mouse genetic
phenotypic data. The primary mouse database is the Mo
Genome Database housed at the Jackson Laboratory (Bar Ha
ME; http://www.informatics.jax.org ), which includes a Mous
Locus Catalogue describing existing mouse mutants, a
containing extensive map information describing their location
To simplify the search for mutant mice, the International Mou
Strain Resource has recently been developed (40), which
mirrored at two Web sites: the Jackson Laboratory at http
www.jax.org/pub-cgi/imsrlist and the MRC, Harwell, at http:
imsr.har.mrc.ac.uk/ . In addition, large amounts of phenotype d
are likely to accumulate on large numbers of mutant mou
strains, creating the need for phenotype databases that ca
linked with mapping and mutagenesis databases.

Distribution

To provide a genetic resource to the community, mutant m
must be readily available. Although many mutant stocks a
available from commercial vendors or from the Jacks
Laboratory, additional distribution centers are required. To m
this demand, several NIH-funded Mutant Mouse Resou
Centers will serve as stock archives and distribution centers for
various regions of the USA. The European Mutant Mou
Archive with nodes in Monteretondo (Roma, Italy), the CNR
(Orleans, France), the Gulbenkian Institute (Lisbon, Portugal) a
the Karolinska Institute (Huddings, Sweden) is a resource for
European efforts. These resource centers are designed to distr
all types of mutant mouse strain.

THE FUTURE LOOKS BRIGHT

A large number of mutant mouse stocks will be generated over
next decade that will include mice carrying deletion
duplications, balancer chromosomes, targeted disruptions, g
trap, retroviral or transgenic insertions, and point mutations. T
compilation of these mutations into a mutant mouse resource
require refining their map locations in the mouse and predicti
their locations in the human. The mutations will generate
functional map of the genome that can be correlated with
sequence and transcript map to provide a rich resource
functional information (Fig. 3). A large number of ENU-induce

Figure 3. A mutant mouse resource. Initially, a mutant mouse resource at Baylor College of Medicine will be developed for mouse chromosome 11, an
here as a demonstration of the types of genetic resource that will be available in the mouse. Ideally, such resources will be developed for other mouse chromosomes.
The mutant resource will consist of a variety of mutations, including point mutations induced by ENU, targeted gene disruptions and insertions, as well as genetic
reagents such as deletions and inversions. These mutations will constitute a functional map of the chromosome, and will be localized in molecular intervals, so they
can be anchored to the physical map consisting of BAC and YAC contigs. When the mouse genome is sequenced, the mutations can be correlated wite
genes that lie within the molecular intervals.
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mutations have already been produced that represent only a
fraction of the mutational potential of the mammalian genome,
and additional experiments will generate new human disease
models and reveal new mammalian developmental pathways. Our
view of gene function in mammals will be dramatically and
permanently changed by these experiments, which will greatly
impact drug development and human health.
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