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The role of mutagenesis in defining genes
in behaviour
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The study of human behavioural and psychiatric disorders benefits from the development of genetic
models in mice and other organisms. Mouse mutants allow one to investigate the molecular basis of
disease progression and to develop novel therapies. The number of potential mouse models is increasing
dramatically through the implementation of mutagenesis screens for aberrant behavioural phenotypes.
The alkylating agent N-ethyl-N-nitrosourea ENU is the mutagen of choice in these screens as it induces
mutations at a very high rate. Progeny of chemically-mutagenised animals are screened either in
systematic high-throughput test batteries or in specific low-throughput tests. Both approaches have been
highly successful with large numbers of novel loci being identified and characterised. Many mutant lines
are available for general research with phenotypes and genetic map positions on public websites. Of
the mutant genes characterised, the majority have contributed to our knowledge of gene function in
physiology and disease. The ‘mutagenesis screening’ approach continues to evolve through the design
of new phenotyping strategies. The development of modifier screens in mice shows promise in the
elucidation of complex phenotypes whereas the use of mutagenesis in combination with pharmacological
agents targets specific neurochemical systems. Finally, the systematic screening approach has
demonstrated that mutations are likely to affect more than one biological process.
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Introduction
Despite modest success in elucidating the genetic and

molecular basis of human behavioural and psychiatric

disorders, many of the contributory factors remain un-

determined or unclear. With the exception of a few rare

disorders, no genes have been conclusively identified that

are involved in the pathogenesis of common psychiatric

disorders.1 Difficulties in identifying genetic factors in

human studies can be attributed to a number of confound-

ing factors such as genetic heterogeneity in sample

populations and subjectivity in disorder evaluation. One

approach in identifying genetic factors has been to focus

on intermediate, measurable variables associated with

neuropsychiatric conditions, so-called endophenotypes.2

Those associated with schizophrenia, for example, include

deficits in prepulse inhibition (PPI), EEG abnormalities and

impairments in working memory. Although this method

promises to assist in unravelling the genetic complexities

of neuropsychiatric disorders, no genetic studies have been

reported to date, possibly due to the need for specialised

recording apparatus and/or difficulties in collecting large

enough samples for genetic studies.

The ultimate goal of human genetic studies has been to

identify and characterise genes contributing to a particular

pathological condition, eventually leading to the investi-

gation of therapeutic targets. The use of animal models in

research is essential to understand and test these processes

and to understand how genes interact within biological
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systems and whole organisms. The contribution of the

mouse as a model organism has been twofold. In the first

instance, much effort has been aimed at characterising

gene function in mice through the generation of targeted

mutants that are believed to be candidates for human

psychiatric and behavioural disorders. These mutants also

provide opportunities for investigation of disease progres-

sion and testing of novel therapies. Bolivar et al.3 have

provided a comprehensive list of behavioural phenotypes

in targeted mutants. Secondly, the mouse is amenable to

the development of phenotypic tests that can approximate

behavioural and psychiatric traits in humans (eg. human

endophenotypes such as PPI can be assessed readily in the

mouse). The use of chemical mutagenesis to screen for

aberrant behavioural phenotypes has increased dramati-

cally over the past decade and has provided many novel

insights into biological function. This review will illustrate

the potential contribution of mutagenesis to defining

genes in behavioural systems with the aim of developing

new models for human disorders. Although the focus will

be on screens using the alkylating agent N-ethyl-N-

nitrosourea (ENU), we will also refer to mouse models that

have arisen either spontaneously or through the use of

targeted approaches.

ENU Mutagenesis in the mouse
The field of mouse behavioural genetics has progressed

rapidly in the past decade through analysis of behavioural

phenotypes in mutants produced spontaneously, through

gene targeting (reverse genetics) or through screening

chemically-mutagenised animals (forward genetics). In

the latter category, several programmes have been initiated

in concerted efforts to study phenodeviants using large-

scale mutagenesis screens. Many of these programmes use

ENU, one of the most efficient chemical mutagens in mice.

ENU induces point mutations in DNA at a rate that is far

greater than other chemical mutagens.4 Theoretically,

functional mutations in any gene could be identified by

screening B1000 animals. As ENU is a point mutagen,

multiple allelic variants at each gene locus can potentially

be identified leading to complete loss of gene function

(null allele), partial loss of function (hypomorphic), gain of

function (hypermorphic), dominant negative function

(antimorphic) or novel gain-of-function (neomorphic).

This highlights one of the major advantages of using

ENU, it induces mutations leading to phenotypes that may

be undetected when gene targeting is used (eg, knockouts

and/or transgenics). Moreover, mutant phenotypes asso-

ciated with point mutations should be more appropriate as

models of human inherited disorders as these are pre-

dominantly associated with single base pair changes.

Interestingly, recent applications, beyond the scope of this

review, allow one to screen ENU DNA banks for mutations

in specific genes, or even in gene sequences that corre-

spond to specific functional domains in proteins.5 In

addition, mutagenesis screens in other vertebrate species

continue to provide alternate sources of mutant pheno-

types.6

ENU mutagenesis studies are relatively simple to set up.

Males are injected intraperitoneally with ENU. Mutagen-

ised males are crossed to wild-type females to produce

offspring carrying potential dominant mutations. Reces-

sive pedigrees can be produced by crossing founder males

to second-generation daughter females. Mice are then

carefully screened for phenotypes using observational,

neurological, behavioural and pathological assessments.

More details of mutagenesis and examples of screening

protocols can be seen elsewhere.7,8 Outliers are identified

qualitatively or by using statistical methods and, once

inheritance and penetrance of a specific phenotype is

confirmed, positional cloning and candidate gene se-

quence analysis is carried out (Figure 1). The success of

screening programmes relies on the design of specific,

reliable and discriminative phenotype assays where rele-

vance to human disease can be established. Moreover, the

successful identification of a mutation from an initial

aberrant phenotype can be difficult and time-consuming.

Contributory factors include reduced penetrance and

expressivity of phenotypes in backcrosses, difficulties in

the separation of mutant and wild-type phenotypes

quantitatively, a scarcity of informative polymorphic

markers in candidate regions and the possibility that a

causative mutation may lie within non-coding sequence.

In the following sections, we discuss some of the

approaches that are currently being used and document

some relevant mutant lines.

High throughput screening
Batteries of high-throughput screening protocols have

been used in ENU programmes in an attempt to identify

mutants in large populations of mutagenised animals. The

tests, including general observational screens and auto-

mated tests (eg PPI, open field assessment) have been

chosen as they approximate behaviours (endophenotypes)

associated with human disorders. Examples of behavioural

screens that have been implemented in mutagenesis

programmes are shown in Table 1. Several centres world-

wide are screening for behavioural phenotypes and the

numbers of diverse behavioural mutants are on the

increase (Table 2). Centres in the UK, Canada, USA and

Japan have detailed descriptions of current screening

methods as well potential new behavioural mutant models

available to the scientific community. A typical selection of

mutants can be seen at www.neuromice.org, a website

listing mutants available from phenotyping centres in the

US. High throughput behavioural screens have identified a
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diverse series of behavioural mutant mouse models. The

mutant line 22TNJ (TMGC program) was selected in a

recessive screen and maps to the distal region of chromo-

some 15. Homozygous mice display hyperactivity in the

open field test and in response to ethanol administration.

The 40TNP mouse (TMGC program) displays increased tail

suspension immobility in the tail suspension test. In the

mutagenesis programme at Harwell, we are currently

screening for behavioural abnormalities in an effort to

identify mutants using a panel of high and low-throughput

phenotyping screens including observational assessment,

SHIRPA analysis9 (see www.mgu.har.mrc.ac.uk/facilities/

mutagenesis/mutabase), behavioural testing and clinical

chemistry.8 In a hierarchical screen to test for anxiety

phenotypes, we tested approximately 600 mice in an open

field arena, with approximately 40 high- or low-anxiety

mice selected for further assessment using the elevated plus

maze and the dark-light box.10 Six of these mice had

confirmed phenotypes and one appears to have a heritable

low-anxiety phenotype. Using observational assessment,

we have also identified behaviour related mutant pheno-

types from our ENU screen including the robotic (Rob)

mutant mouse that displays an ataxic phenotype. A

mutation was found in the Af4 gene,11 previously asso-

ciated with lymphoblastic leukaemias in humans and with

B and T cell development in the mouse knockout.12 ENU

mutagenesis has thus revealed a novel CNS-related func-

tion for this gene.

High-throughput screening has provided researchers

with many mouse mutants, although not in all behaviour-

ENU treated male mice are 
mated to wild type females

Progeny are tested for 
phenotypic 

abnormalities

Inheritance
testing 

Mapping and 
Mutation 

Detection

SHIRPA

Rotarod
PPI

Wheel-running

Open fieldGrip strength

DHPLC trace
Sequence analysis

Figure 1 Screening for behavioural mutants. Flowchart illustrating the individual steps in screens for neurobehavioural mutants. Male mice are
injected with ENU and mated to wild type females. Progeny are subjected to a battery of behavioural screening protocols and the phenotype of
interest is confirmed through inheritance testing. Mutation detection follows through the generation of standard genetic backcross, positional cloning
and candidate gene analysis.
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Table 1 High-throughput and low-throughput behavioural phenotyping tests used in mutagenesis screens

Phenotype Screening test

High
throughput
screens

Low
throughput
screens References

Mutagenesis
studies

General Visual inspection | 50 51

Neurological and Grip strength test | 52 53

Neuromuscular Rope-grip test | 54 53,55

Psychiatric-like Open-field test | 56 57

behavior Light-dark exploration box for anxiety-related
responses

| 58,59 60

Modified hole board test | 61 62

Elevated-plus maze test | 63 62

Home-cage behavioural pattern analysis | 64 65

Porsolt swim test | 66 60

Motor function Rotarod test for muscular activity and neuronal
responses

| 67 57

Social behavior Sociability and preference for social novelty | 21 68

Social dominance tube test | 69 70

Central processing Prepulse inhibition of the acoustic startle response | 71 60

of sensory
information

Circadian activity | 72 16,20

Table 2 Worldwide centres with ENU programs for behavioural mutant screens

Centre
Examples of screening tests for
behaviour phenotypes

Examples of present
behaviour-related
ENU- mutations Website

Mammalian
Genetics Unit,
Harwell, UK

Shirpa; learning and memory; wheel
running activity; open field behaviour

Robotic, Rob: robotic motion;
Spin cycle, Scy: heading
bobbing, fits; Play68: long
circadian period

http://www.mut.har.mrc.ac.uk/

CMHD, Toronto Morris water maze; contextual & cued
fear conditioning; pre-pulse inhibition

163-11-1: moves slowly,
wobbles, quiet; S338-12-23:
very small, shivering,
memory outlier

http://www.cmhd.ca/

The Jakson
Laboratory, Bar
Harbor, ME

Clams (comprehensive lab animal
monitoring system); acoustic startle
response

NMF31: high threshold to
seizures

http://nmf.jax.org/

TMGC, Tennessee Open field activity; startle and pre-
pulse inhibition; hotplate test; tails
suspension test

22TNP: stress/behavioural
despair; 22TNJ-2: hyper-
activity in open field test;

http://www.tnmouse.org/
neuromutagenesis/

Northwestern
University,
Chicago

Body weight; hearing; elevated plus
maze and open field behaviour;
neuroendocrine response to stress;
circadian ryhthmicity; vision

Overtime: lengthened free-
running period; Timecourse,
timeshare, half time:
shortened circadian period

http://genome.northwestern.edu/neuro/

Norvatis Research,
San Diego

Locomotor activity; learning and
memory; circadian rhythms; anxiety

Not available http://web.gnf.org/index.shtml

ORNL, Oak Ridge Primary behaviour: observation;
reaching; righting reflex; startle
response; prepulse inhibition;
habituation; locomotor activity;
learning and memory

Baln2: shaking and head
tilting behaviour; 6TNK:
small, runted, juvenile
lethality, cerebral histological
abnormalities

http://lsd.ornl.gov/mgd/

Riken institute,
Japan

Shirpa; home-cage activity; open field
test; passive avoidance

M100934: total activity high;
M100023: head tossing

http://www.gsc.riken.go.jp/Mouse/
main.htm

Taiwan Locomotor activity; pentobarbital
responsiveness

Not available http://mmp.sinica.edu.tw/

University of
Pennsylvania

Circadian ryhthmicity Rab3a (earlybird) http://www.neurogenome.org/lab/
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al domains. Pitfalls of the high-throughput approach

include difficulties in maintaining consistency and in the

ability to define quantitative outliers by statistical means.

Some tests appear to introduce a high variability and may

be influenced by human interference.13 Problems may also

be related to the number of successive tests mice are

subjected to in order to increase test information den-

sity.14,15 As a complement to the high-throughput ap-

proach, highly specialized low-throughput screens

targeting specific biological systems are beginning to

provide additional classes of mutant phenotype.

Moderate or low throughput screening
Low–throughput screens do not appear to be subject to the

same inconsistencies as discussed above. Although the

number of mutants coming from these screens is lower, it

would appear that mutant phenotypes are easily detectable

due to the more rigorous methodology. By far the most

common of the low-throughput programmes are those for

circadian rhythm phenotypes. Circadian behaviour regu-

lates diverse biological processes such as sleep homeostasis,

locomotor activity, temperature regulation, metabolism,

water/food intake and blood hormone levels. Generally

these rhythms cycle on a B24h basis and disturbances in

rhythms have been associated with any number of human

behavioural and psychiatric disorders. By screening for

abnormal rhythms in progeny of mutagenised animals,

one hopes therefore to identify mutations in genes that

may also be associated with human disorders. The

identification of the Clock gene in a mouse mutagenesis

programme was the catalyst for the elucidation of the

molecular basis of mammalian circadian function16–18

and, since its identification, many other genes acting

within the circadian hierarchy have been identified and

characterised. The earlybird (Ebd) mutation was identified

in a modest screen of 500 animals.19 Sequencing identified

a mutation in the synaptic vesicle trafficking protein,

Rab3a. The mutant also displayed sleep pattern distur-

bances. Current screens are also producing a high number

of abnormal phenotypes using the low-throughput wheel

running activity screens. At Northwestern University,

inheritance in at least 8 circadian activity mutants has

been confirmed and mutation detection is underway. At

Harwell also, circadian screens continue to identify

abnormal phenotypes. Mouse lines confirmed include

mutants with an abnormal circadian period, mutants with

abnormal light-responsiveness, mutants with a reduced

amplitude of wheel-running activity and mutants display-

ing multiple abnormal circadian parameters.20 One of the

most striking mutants (PLAY68) is one where homozygotes

display an average free running period of B27h (Figure 2).

The utility, reliability and reproducibility of this low-

throughput screen, when compared to the faster high-

throughput ones, is apparent as little human interference is

needed in the screening process. This would suggest that

other examples of low throughput screening where mini-
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Figure 2 Abnormal circadian phenotype in the PLAY68 mutant.
Representative images illustrating wheel running activity rhythm
records for the ENU mutant line (PLAY68). Each image is a double-
plotted actogram of wheel running activity under light/dark conditions
(LD) for 7 days, followed by constant dark conditions (DD) for
approximately 14 days. Shaded blocks represent times at which the
lights are on and short vertical bars represent periods of wheel-running
activity. Records of littermate activity patterns for (a) wild-type,
(b) heterozygous and (c) homozygous animals. In LD conditions the onset
of activity usually coincides with the time at which lights are switched off
(a, b). Note the delayed onset of activity of homozygous mutants
represented by the arrow (c). The free-running period length is 23.68h in
wild-type, 24.23h in heterozygotes and 26.73h in homozygotes.



mal human interference is used should be effective in

identifying new classes of behavioural mutants. Recently a

new method was designed to quantify levels of sociability

and preference for social novelty in mice.21 This study

describes in detail a novel sociability test apparatus that

measures the tendency of test mice to approach and

remain proximal to an unfamiliar mouse. This novel test

may have potential applications for the interpretation of

sociability or social avoidance in mouse models of autism,

anxiety, depression and others.

Use of modifier screens to target specific
behavioural domains
In addition to the need for improvement of behaviour

screens, there have been modified reported methods aimed

at targeting specific pathways thought to be involved in

complex disorders such as schizophrenia, Parkinson’s

disease and drug addiction. The studies use chemical

mutagenesis to screen for modifiers of existing mutant

phenotypes. This approach has been used for many years

in yeast, flies and worms (for a review on this and other

mutagenesis screening strategies in Drosophila, see22), the

hypothesis being that components of the same molecular

pathway or biological process can be identified. Although

more difficult and time-consuming to conduct in the

mouse, the utility of this approach has recently been

confirmed in a mutagenesis screen. Carpinelli and collea-

gues23 screened ENU-mutagenised mice for suppression of

the thrombocytopenia observed in Mpl �/� mice. From a

total of 1575 mice screened, they cloned two independent

loss-of-function alleles at the c-Myb locus that ameliorated

the Mpl �/� phenotype. Similar screens are currently being

conducted worldwide including those for modifiers of

neurodegenerative mutant phenotypes (Personal Commu-

nications). The results of a recent study have implications

for the use of this approach in the dissection of psychiatric

disorders. Speca et al.24 used a specific background strain

targeted for a mutation in the dopamine transporter gene

(DAT) as the dopaminergic (DA) system is thought to play a

central role in the pathophysiology of schizophrenia. DAT
�/� mice exhibit a spontaneous locomotor hyperactivity

and they used this mutant line crossed with ENU-

mutagenised mice to identify compound mutant pheno-

types where the locomotor abnormalities were exacer-

bated. The group was successful in identifying a number of

novel lines with quantitatively altered levels of locomotor

activity although some of these phenotypes were indepen-

dent of the sensitised background. Although undoubtedly

successful, the study has highlighted the difficulties

associated with searching for novel loci associated with

behavioural disorders. Even a relatively simple behaviour

such as locomotor activity can be represented by a complex

system of genetic interactions. Success in searching for

ENU-modifiers in this way will be dependent on careful

planning and understanding of mutant phenotypes,

genetic crosses, behavioural testing and mapping strate-

gies.

Use of pharmacological agents to target psychiatric
or behavioural domains
In a similar manner, specific systems in the brain can be

targeted using mutagenesis in combination with pharma-

cological agents. Screening for mutants that show an

increased, decreased or abnormal drug responsiveness has

the potential to uncover novel genetic components of

these systems. Targeting systems in this way may also

provide leads to understanding the genetic variability seen

in human disorders such as schizophrenia and addiction.

This approach was adapted25 to screen for mutagenised

mice with altered serotonin responsiveness, the serotoner-

gic system being implicated in a number of psychiatric

disorders. In a pilot study they considered one 5HT

receptor subtype (5HT2A) and one behavioural response

to 5HT2A receptor activation (head twitch response). After

careful consideration of background strain and assay

conditions they conducted a pilot screen of 247 G1

animals. From this screen they identified both hyper- and

hypo-responsive phenodeviants (approximately 1–2% of

the G1 population assayed), one of which was confirmed as

a heritable hyper-responsive mouse line. Centres for high-

throughput mutagenesis in the US have also used screens

with pharmacological agents.26 Domains adapted by these

groups are screens for locomotor responsiveness to cocaine

administration and for anxiolytic responsiveness to etha-

nol administration. Screening for cocaine sensitivity has

also been used in zebrafish ENU studies.27 Finally, several

groups are targeting the GABAergic system using pharma-

cological screens. The Jackson Laboratory in the US and the

Riken Genomic Sciences Centre in Japan are screening for

mice with altered seizure susceptibility following exposure

to pentylenetetrazol while the Mutagenesis Programme in

Taiwan is screening for reduced responsiveness to pento-

barbital (see respective websites in Table 2).

Pleiotropic mutations. Further investigation into
mutant phenotype
Through the study of spontaneous and chemically-induced

mouse mutants it is evident that single-gene mutations can

affect multiple systems. These observations would argue for

systematic investigation of mutant phenotypes that arise

in mutagenesis screens. Listed below are a number of cases

where, following the selection of mutants on the basis of

an initial overt or behavioural phenotype, associated

behavioural disturbances have been identified.

Approximately 2–3% of the population are affected by

syndromic disorders with associated mental retardation.

These disorders are associated with a broad spectrum of
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behavioural and neurological deficits including those

affecting cognition, social behaviour, attention and sensor-

imotor function. Invariably, disorders such as velocardio-

facial syndrome, Smith-Magenis syndrome and Cohen

syndrome exhibit clear craniofacial anomalies suggesting

a common etiology between craniofacial and behavioural/

psychiatric disturbances. Craniofacial phenotypes have

been identified at a high rate in mutagenesis screens

worldwide. At Harwell, approximately 10% of tested

inherited mutants have a craniofacial phenotype.8 Selected

mutants at Harwell are currently being systematically

characterised at a behavioural level. One mutant line,

batface, displays a complex of behavioural anomalies

including cognitive and sensorimotor anomalies and an

increased social dominance. Another phenotype fre-

quently detected in dominant screens is hyperactivity/

circling. This behaviour in mice can be precipitated by

pharmacological alteration of the dopaminergic system

and mutants with this phenotype have sparked an interest

through their applicability to the study of hyperactivity

disorders. The spontaneous mutant, coloboma, was first

identified as it exhibited head bobbing, hyperactivity and

ocular dysmorphology,28 with hippocampal plasticity29

and neurodevelopmental abnormalities.30 The coloboma

deletion includes the synaptosomal protein SNAP25 and

reduced levels of this pre-synaptic protein result in

dopaminergic anomalies in the dorsal striatum.31 Circling

phenotypes detected in mutagenesis screens map to a

number of chromosomal loci, including many at a highly

mutable locus on mouse chromosome 4.32 Mutants at the

chromosome 4 locus can also present with a long circadian

period.33 A third class of visible phenotype with associated

behavioural anomalies is tail dysmorphology. For example,

mutations in the Zic family of transcription factors can

result not only in tail dysmorphologies but also in specific

neurological and behavioural deficits. Mutations in Zic1

result in motor deficits and ataxia whereas mutations in

Zic2 lead to acoustic startle and PPI deficits.34 Furthermore,

Zic2 may exert its effects through the dopaminergic

system, more specifically through a repression of dopa-

mine D1A receptor transcription.35 Mutant lines with

dominant tail dysmorphologies continue to be identified

in mutagenesis screens at a high rate,36 many of these

mapping to novel or previously uncharacterized loci.

Systematic behavioural analysis of mouse lines generated

in mutagenesis screens, and indeed of all targeted mutants,

promises to uncover novel gene functions that are relevant

to research into human behavioural and psychiatric

disorders. For example, recent evidence would suggest that

several genes critical for the generation and maintenance

of biological rhythms serve neurobiological (and other)

functions in addition to their primary circadian role.

Behavioural studies, initially in Drosophila mutants37 and

subsequently in mouse Per mutants,38 implicated the Per

family of genes in mechanisms of drug sensitisation and

reward. Moreover, the Per2 gene has been shown to be

engaged in the regulation of the glutamatergic system and

allelic variants are associated with altered consumption of

alcohol in mice and humans.39 These novel associations

are not restricted to the Per genes. Mice lacking a

functional Clock gene show disturbances in the dopami-

nergic system with abnormal cocaine sensitisation and

reward responses.40 These mice had previously shown an

increase in exploratory activity and escape-seeking beha-

viour in a comprehensive study of emotionality.41 Addi-

tionally, Clock homozygotes reveal disturbances in feeding

with hyperphagy, obesity and metabolic abnormalities

including hyperglycemia and hypoinsulinemia.42 Upon

considering the spectra of behavioural anomalies in

circadian mutants, one group has been prompted to scan

a subset of these genes for association with psychiatric

disorders including bipolar I disorder, schizoaffective

disorder and schizophrenia.43 Although only modest

associations have been identified in this study, the authors

encourage a more thorough investigation. Further studies

implicate a breakdown in circadian homeostasis as a factor

in sleep/wake disturbances in neurodegeneratvie disorders.

Morton et al44 carried out extensive studies on a mouse

transgenic model of Huntington’s Disease. These mice

exhibit a progressive loss of circadian function with an

associated loss of pacemaker gene oscillation within the

suprachiasmatic nucleus of the hypothalamus.

Behavioural phenotypes in mutants with a homo-
zygous embryonic phenotype
In the previous section, we have identified several

examples where certain signature phenotypes are asso-

ciated with additional behavioural anomalies. In these

cases, visible (and behavioural) phenotypes in hetero-

zygotes may be related to the neurodevelopmental pheno-

types seen in homozygotes. By extrapolation, any mutant

displaying a homozygous neurodevelopmental phenotype

could express a behavioural phenotype in the adult

heterozygous state. Currently, mutagenesis programs fre-

quently focus either on phenotypes observable in adult-

hood or on embryonic phenotypes while reciprocal

analysis of mutants identified in either domain is never

systematically carried out. However, it should be consid-

ered that anomalies in development might be related to

atypical neurobehavioral alterations in adults. Such asso-

ciations have been considered as a basis for susceptibility to

psychiatric disorders, for example mutant mice with

hippocampal development anomalies can express features

of schizophrenia.45 One such specific relationship has been

characterised for mice with a targeted null mutation in the

Notch1 gene. Notch1 homozygotes die in the second half of

gestation with a visible somite segmentation anomaly in

the first half of gestation46 whereas early homozygous

embryos are deficient in neural stem cells.47 Mice hetero-
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zygous for this Notch1 mutation, although they do not

express an overt phenotype, do show specific deficits in

spatial learning.48 We investigated this further in homo-

zygous-lethal mutants that were being characterised in a

region-specific mutagenesis screen at Harwell.49 The region

under study on mouse chromosome 13 shares a block of

synteny with part of human chromosome 6p, associated

with syndromic disorders that often include behavioural

deficits. Ten mutant lines with a spectrum of homozygous

embryonic phenotypes were characterised using a standar-

dised battery of high-throughput behavioural tests (for

details see www.eumorphia.org). Five of the ten lines tested

exhibited specific and significant behavioural anomalies in

heterozygotes, three of which had overt neurodevelop-

mental anomalies in the homozygous state. Although this

analysis was cursory and small-scale, the findings would

suggest that the systematic phenotyping of heterozygous

carriers of (neuro)developmental mutations may provide a

new paradigm for the recovery of strains relevant to the

study of adult-onset behavioural and neurological disor-

ders.

Outlook
The potential to phenotype mice in behavioural domains

has progressed dramatically over the past decade. In fact a

large proportion of targeted mutants and chemically-

mutagenised mice show at least some form of neurological

or behavioural anomaly. However, it is our belief that

improvements in phenotyping and in our analysis of

phenotypic data should continue to provide an increase

in our understanding of neurological and behavioural

dysfunction in humans. Screening efforts worldwide con-

tinue to identify mutants in systematic and specific

behavioural domains. The continued use of this approach,

in parallel with gene-targeting, promises to provide ample

tools with which to study gene function in disease models.
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