


Molecular Genetics
and the

Human Personality



This page intentionally left blank 



Molecular Genetics
and the

Human Personality

Edited by

Jonathan Benjamin, M.D.
Richard P. Ebstein, Ph.D.
Robert H. Belmaker, M.D.

Washington, D.C.
London, England



Note: The authors have worked to ensure that all information in this book
concerning drug dosages, schedules, and routes of administration is accurate as
of the time of publication and consistent with standards set by the U.S. Food and
Drug Administration and the general medical community. As medical research
and practice advance, however, therapeutic standards may change. For this
reason and because human and mechanical errors sometimes occur, we
recommend that readers follow the advice of a physician who is directly
involved in their care or the care of a member of their family. A product’s
current package insert should be consulted for full prescribing and safety
information.

Books published by American Psychiatric Publishing, Inc., represent the views
and opinions of the individual authors and do not necessarily represent the
policies and opinions of APPI or the American Psychiatric Association.

Copyright � 2002 American Psychiatric Publishing, Inc.
ALL RIGHTS RESERVED
Manufactured in the United States of America on acid-free paper
06 05 04 03 02 5 4 3 2 1
First Edition

American Psychiatric Publishing, Inc.
1400 K Street, N.W.
Washington, DC 20005
www.appi.org

Library of Congress Cataloging-in-Publication Data

Molecular genetics and the human personality / edited by Jonathan Benjamin,
Richard P. Ebstein, Robert H. Belmaker.

p.; cm.
Includes bibliographical references and index.
ISBN 0-88048-755-0 (alk. paper)
1. Personality. 2 Molecular genetics. 3. Genetic psychology. 4. Behavior

genetics. I. Benjamin, Jonathan, 1950- II. Ebstein, Richard P., 1943-
III. Belmaker, Robert H.

[DNLM: 1. Personality Disorders—genetics. 2. Genetics, Behavioral.
WM 190 M718 2002]

QP402.M654 2002
616.89�042—dc21 2001045792

British Library Cataloguing in Publication Data
A CIP record is available from the British Library.



For Miri, 1956 –1996

J.B.



This page intentionally left blank 



C O N T E N T S

Contributors ix
Foreword xiii
Irving I. Gottesman, Ph.D.

1 Principles and Methods in the Study of
Complex Phenotypes 1
D. C. Rao, Ph.D., and Chi Gu, Ph.D.

2 Relevance of Normal Personality for Psychiatrists 33
C. Robert Cloninger, M.D.

3 Genetics of Personality:
The Example of the Broad Autism Phenotype 43
Joseph Piven, M.D.

4 Animal Models of Personality 63
Jonathan Flint, M.D.

5 DRD4 and Novelty Seeking 91
Paolo Prolo, M.D., and Julio Licinio, M.D.

6 Serotonin Transporter, Personality, and Behavior:
Toward Dissection of Gene-Gene and
Gene-Environment Interaction 109
K. P. Lesch, M.D., B. D. Greenberg, M.D., Ph.D.,
J. D. Higley, Ph.D., A. Bennett, Ph.D., and
D. L. Murphy, M.D.

7 Dopamine D4 Receptor and Serotonin Transporter
Promoter Polymorphisms and Temperament
in Early Childhood 137
Richard P. Ebstein, Ph.D., and Judith G. Auerbach, Ph.D.

8 Personality, Substance Abuse, and Genes 151
Richard P. Ebstein, Ph.D., and Moshe Kotler, M.D.



9 Role of DRD2 and Other Dopamine Genes
in Personality Traits 165
David E. Comings, M.D., Gerard Saucier, Ph.D., and
James P. MacMurray, Ph.D.

10 Genetics of Sensation Seeking 193
Marvin Zuckerman, Ph.D.

11 Quantitative Trait Loci and General Cognitive Ability 211
Robert Plomin, Ph.D.

12 Genetic Polymorphisms and Aggression 231
Antonia New, M.D., Marianne Goodman, M.D.,
Vivian Mitropoulou, M.A., and Larry Siever, M.D.

13 Molecular Genetics of Temperamental
Differences in Children 245
Louis A. Schmidt, Ph.D., and Nathan A. Fox, Ph.D.

14 Genetics of Sexual Behavior 257
Dean H. Hamer, Ph.D.

15 From Phenotype to Gene and Back:
A Critical Appraisal of Progress So Far 273
David Goldman, M.D., and Chiara Mazzanti, Ph.D.

16 Human Correlative Behavioral Genetics:
An Alternative Viewpoint 293
Evan Balaban, Ph.D.

17 Genetics of Human Personality:
Social and Ethical Implications 315
Jon Beckwith, Ph.D., and Joseph S. Alper, Ph.D.

18 Genes for Human Personality Traits:
Endophenotypes of Psychiatric Disorders? 333
Jonathan Benjamin, M.D., Richard P. Ebstein, Ph.D., and
R. H. Belmaker, M.D.

Index 345



ix

C O N T R I B U T O R S

Joseph S. Alper, Ph.D.
Department of Chemistry, University of Massachusetts, Boston,
Massachusetts, United States

Judith G. Auerbach, Ph.D.
Department of Behavioral Sciences, Ben-Gurion University of the
Negev, Beer Sheva, Israel

Evan Balaban, Ph.D.
The Neurosciences Institute, San Diego, California, United States

Jon Beckwith, Ph.D.
Department of Microbiology and Molecular Genetics, Harvard Medical
School, Boston, Massachusetts, United States

Jonathan Benjamin, M.D.
Department of Psychiatry, Barzilai Medical Center, Ben Gurion
University of the Negev, Beersheva, Israel

R. H. Belmaker, M.D.
Beersheva Mental Health Center, Ben Gurion University of the Negev,
Beersheva, Israel

A. Bennett, Ph.D.
Laboratory of Clinical Studies, National Institute on Alcohol Abuse and
Alcoholism, National Institutes of Health Primate Center, Poolesville,
Maryland, United States

C. Robert Cloninger, M.D.
Departments of Psychiatry, Genetics, and Psychology, Washington
University, St. Louis, Missouri, United States

David E. Comings, M.D.
Department of Medical Genetics, City of Hope Medical Center, Duarte,
California, United States

Richard P. Ebstein, Ph.D.
Research Laboratory, S. Herzog Memorial Hospital, Jerusalem, Israel



x Contributors

Jonathan Flint, M.D.
Wellcome Trust Center for Human Genetics, Oxford, United Kingdom

Nathan A. Fox, Ph.D.
Institute for Child Study, University of Maryland, College Park,
Maryland, United States

David Goldman, M.D.
National Institute on Alcohol Abuse and Alcoholism, Rockville,
Maryland, United States

Marianne Goodman, M.D.
Mount Sinai School of Medicine, New York, New York, United States

Irving I. Gottesman, Ph.D.
University of Minnesota Medical School and Department of Psychology,
University of Minnesota, Minneapolis, Minnesota, United States

B. D. Greenberg, M.D., Ph.D.
Laboratory of Clinical Science, National Institute of Mental Health,
Bethesda, Maryland, United States

Chi Gu, Ph.D.
Division of Biostatistics, Washington University School of Medicine, St.
Louis, Missouri, United States

Dean H. Hamer, Ph.D.
Laboratory of Biochemistry, National Cancer Institute, National Institutes
of Health, Bethesda, Maryland, United States

J. D. Higley, Ph.D.
Laboratory of Clinical Studies, National Institute on Alcohol Abuse and
Alcoholism, National Institutes of Health Primate Center, Poolesville,
Maryland, United States

Moshe Kotler, M.D.
Beersheva Mental Health Center, Faculty of Health Sciences, Ben Gurion
University of the Negev, Beersheva, Israel

K. P. Lesch, M.D.
Department of Psychiatry, University of Würzburg, Würzburg, Germany

Julio Licinio, M.D.
Department of Psychiatry and Biobehavioral Sciences, University of
California, Los Angeles, United States



Contributors xi

James P. MacMurray, Ph.D.
Department of Psychiatry, Loma Linda University School of Medicine,
Loma Linda, California, United States

Chiara Mazzanti, Ph.D.
National Institute on Alcohol Abuse and Alcoholism, Rockville,
Maryland, United States

Vivian Mitropoulou, M.A.
Mount Sinai School of Medicine, New York, New York, United States

D. L. Murphy, M.D.
Laboratory of Clinical Science, National Institute of Mental Health,
Bethesda, Maryland, United States

Antonia New, M.D.
Mount Sinai School of Medicine, New York, New York, United States

Joseph Piven, M.D.
North Carolina Mental Retardation and Developmental Disabilities
Research Center, University of North Carolina, Chapel Hill, North
Carolina, United States

Robert Plomin, Ph.D.
Social, Genetic, and Developmental Psychiatry Research Centre,
Institute of Psychiatry, King’s College, London, United Kingdom

Paolo Prolo, M.D.
Department of Psychiatry and Biobehavioral Sciences, University of
California, Los Angeles, United States

D. C. Rao, Ph.D.
Division of Biostatistics and Departments of Psychiatry and Genetics,
Washington University School of Medicine, St. Louis, Missouri,
United States

Gerard Saucier, Ph.D.
Department of Psychology, University of Oregon, Eugene, Oregon,
United States

Louis A. Schmidt, Ph.D.
Department of Psychology, McMaster University, Hamilton, Ontario,
Canada



xii Contributors

Larry Siever, M.D.
Mount Sinai School of Medicine, New York, New York, United States

Marvin Zuckerman, Ph.D.
Department of Psychology, University of Delaware, Newark, Delaware,
United States



xiii

F O R E WO R D

Genes, Temperament, and Personality:
Past and Prospect

Irving I. Gottesman, Ph.D.

A solid precedent exists for the concern of the field of psychopathology
with persons who behave in an ‘‘abnormal’’ way although they them-
selves are neither psychotic nor mentally retarded. Such prescientific,
often degrading, terms as moral insanity, affectionless, weak-willed, as-
thenic, hyperthymic, insecure (sensitives and anankasts) psychopaths,
and constitutional inferiors, peppered the language and writing of nine-
teenth- and early twentieth-century psychopathologists (Berrios 1991;
Hirsch and Shepherd 1974; Slater and Roth 1969). Pure descriptive psy-
chiatry slowly gave way to ideas that lent themselves more readily to
quantification, and pressures from both industry and the military for ef-
ficient selection of vast numbers of humans for specific tasks led to the
development of inventories and tests for assessment of personality traits
(Bernreuter 1933; Eysenck 1947; Hathaway and McKinley 1940). A sci-
entific nomenclature developed (Allport 1937) in connection with test de-
velopment, and it was used to identify traits and personality types, often
with the aid of factor analysis (Cattell 1946; Guilford and Guilford 1936),
but not necessarily (Murray 1938).

The intellectual debt owed by these early personologists to numerous
European lines of thought are quite clear and often explicit. Such grand
figures of psychopathology as Jaspers (1913/1963), Kretschmer (1921/
1925), Schneider (1923/1958), Pavlov (1927), and Essen-Moller (1979) di-
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rectly and indirectly inspired the study of personality as a bridge, with or
without steps or stages, to the better understanding of severe mental dis-
orders and personality disorders (cf. Crow 1998; DiLalla et al. 1993). All
were willing to give serious consideration to aspects of continuity in the
etiologies of the mental disorders; all were willing to take as an article of
faith that constitutional, biological, and hereditary factors somehow
played a major role—a role awaiting acceptable scientific proof.

Bill of Fare
The author-editors of the current volume have boldly assembled a gour-
met’s intellectual feast of facts, conjectures, hopes, and misgivings for stu-
dents of psychopathology bold enough to hold in abeyance their
understandable misgivings about the conjunction of molecular genetics
and human personality. Mavens enlisted to prepare and to present the
courses are world-class theoreticians, empiricists—spanning the strategies
required from integrationism to reductionism—clinicians, developmen-
talists, and statisticians. Although the disciplinary backgrounds of the au-
thors are heavily weighted toward formal training as psychiatrists,
physicians, geneticists, or psychologists, other disciplines are represented
as well, and many of them comfortably wear two or more hats, including
those of ideologically fired critics. All in all, you are about to have a most
satisfying and memorable encounter—one that will stick not to the ribs,
but to the neurons in long-term memory. You will not find much stone-
walling or pontification here—the subject matter, in various stages of de-
velopment and far from definitive, does not lend itself to such obfuscation.
The contributions do celebrate remarkable progress over a very short pe-
riod of time, using tools and technologies from molecular genetics that
are themselves still novel (Collins 1999; http://www.Lexgen.com/ [for
guides to 60,000 knockout mouse clones as well as 60,000 embryonic stem
cell clones]) and not expressly designed for application to behavioral
traits/syndromes. The editors, to their credit, expose us to work-in-
progress, based on initial findings and promise for the near future; they
also, perhaps reflecting their confidence about the merits of the corpus of
research and their insight about its potential for abuse and misuse (cf.
Gottesman and Bertelsen 1996; Proctor 1988; http://www.bioethics.net),
have invited two chapters of sometimes stinging criticisms from fellow
biological scientists who are not willing to join the celebration of the
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findings about molecular genetics and human personality. Lest there be
irrational exuberance, or a risk of intoxication with the substantive and
the tenuous-but-heady research, the critics provide a built-in dose of Anta-
buse. Concerns and cautions about premature applications of the infor-
mation generated in this volume in the policy arena are reasonable (cf.
Chapters 15–17) (Pokorski 1997; Rothstein 1997).

Throughout this volume there is a general appreciation of the fact that
the kinds of information generated by research programs into the (mo-
lecular and population) genetics of complex traits or diseases will be used
probabilistically and not to abet an obsolete determinism (Gottesman
1994, 1997; Sing et al. 1996). The chapter (Chapter 1) on principles and
methods that follows is so user-friendly and Socratic as to melt most ‘‘fears
of computing’’; it, like the chapters on animal models for personality
(Chapter 4) and human intelligence as a model for personality (Chapter
11) skillfully and masterfully prepare you for appreciating the remaining
empirical findings on human personality qua personality. Afficionados
will discover (Chapter 1) a less-Draconian superego for acceptable levels
of statistical significance in whole-genome scanning than the one cur-
rently in practice (Lander and Kruglyak 1995), and they will be guided to
the important roles for the phenomenon of epistasis (gene by gene inter-
actions) in personality genetics (Cheverud and Routman 1995; Rao and
Province 2000). A welcome and essential emphasis on the neurodevel-
opmental and ontogenetic aspects of personality is provided by many of
the chapters (Chapters 6, 7, 9, 11, 13). Child psychiatrists will take special
pleasure from the integrative overview of the broad autism phenotype
(Chapter 3), and there is much to enlighten experts in drug and alcohol
abuse (Chapters 5, 8, 10). Variation in sexuality has a place in the feast
(Chapter 14) as a main course or as dessert, depending on your prefer-
ences. Adding balance and mature perspectives on how all the chapters
complement and sometimes challenge one another are the contributions
of Cloninger (Chapter 2), a major figure in the renaissance of the relevance
to psychopathology of both genetics and personality (1986, 1999), Gold-
man and Mazzanti (Chapter 15) with their informed critical appraisal of
the state of the art, and the editors themselves (Chapter 18), judiciously
contemplating what they have wrought. A major emphasis in this volume
on the receptors and transporters for the neurotransmitters dopamine and
serotonin is a rational starting point, but the future will bring the field
many other candidate genes that today cannot even be imagined, given
our ignorance of the genes involved in the prenatal development of the
central nervous system.
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The use of the term endophenotype in the title of the last chapter gives
me particular personal pleasure. It is a concept that Shields and I (Got-
tesman 1997; Gottesman and Shields 1972) discovered in the world of
insect genetics and quickly adapted for use in psychiatric genetics as a
concept that mediated the genes-to-behavior pathway. The endopheno-
type concept facilitates thinking and research about complex traits or dis-
eases that involve many genes, many environmental factors—prenatal,
perinatal, and postnatal—and variable ‘‘doses’’ of chaotic and stochastic
contributions in both idiographic and nomothetic ways (cf. Petronis et al.
1999; Woolf 1997).

Developments in Genetics and Feasibility
In 1957 when I began my own studies into the heritability of personality
traits, in normal adolescents, that were likely to be related to psychopa-
thology (DiLalla et al. 1996; Gottesman 1962, 1963), I often felt as if I were
a lonely voice in the wilderness. Bold, but naı̈ve in retrospect, attempts
to broach the molecular genetics of personality were undertaken by Co-
hen and Thomas (1962) who examined the distribution of ABO and Rh
blood groups in smokers and nonsmokers; Cattell et al. (1964) used an
analysis of covariance in a search for associations between blood groups
and personality trait factors. Neither effort was taken seriously although
similar strategies for duodenal ulcer were accepted. My first efforts were
rejected by editors as anachronistic and as an attempt to resurrect the
defunct nature versus nurture battles of the 1920s and 1930s; the achieve-
ments and continuing promise in the present volume give me the liberty
to say, ‘‘I told you so.’’ The yields revealed in this volume are only the
beginning of a new era, an era made possible by the electrifying pace of
discovery and innovation in the fields of molecular genetics. The pro-
cesses of evolution have guaranteed that virtually any genetic polymor-
phism discovered in Drosophila or mouse that causes brain malfunctions
may be of vital interest to the domain covered here. Some 41,000 DNA
markers are now available to point our way on the physical map of the
human genome, a count that was as low as 16,000 in 1996. Collins (1999)
and Wall Street predict with confidence that the rough draft sequencing
of the human genome will be available for 90% of the genome as this
chapter is being written, and the smooth version will be finished in 2003.
It takes an internet address to keep up with progress: http://
www.ncbi.nlm.nih.gov/ is provided by the (U.S.A.) National Center for
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Biotechnology Information. It is too easy to suppress the facts that our
species has an estimated 50,000 to 140,000 genes, that the length of one
chromosome contains between 2,000 and 9,000 genes, and that the entire
genome contains some 3 billion base pairs. As scientists and as citizens
we are compelled to continuously distinguish between overselling our
knowledge with its attendant raising of false hopes, and a dyspeptic skep-
ticism with its attendant raising of despair. I recommend a mind-set of
cautious optimism to the consumers of this forward-looking volume.

References
Allport GW: Personality: A Psychological Interpretation. New York, Holt,

Rinehart, and Winston, 1937

Bernreuter RG: The theory and construction of the personality
inventory. J Social Psychol 4:387–405, 1933

Berrios GE: British psychopathology since the early twentieth century,
in One-Hundred-Fifty Years of British Psychiatry, 1841–1991. Edited
by Berrios GE, Freeman H. Washington DC, American Psychiatric
Press, 1991, pp 232–244

Cattell RB: The Description and Measurement of Personality. New York,
Harcourt, Brace, and World, 1946

Cattell RB, Young HB, Hundleby JD: Blood groups and personality
traits. Am J Hum Genet 16:397–402, 1964

Cheverud J, Routman EJ: Epistasis and its contribution to genetic
variance components. Genetics 139:963–971, 1995

Cloninger CR: A unified biosocial theory of personality and its role in
the development of anxiety states. Psychiatric Development 4:167–
226, 1986

Cloninger CR (ed): Personality and Psychopathology. Washington DC,
American Psychiatric Press, 1999

Cohen BH, Thomas CB: Comparison of smokers and non-smokers, II:
the distribution of ABO and Rh(D) blood groups. Bulletin of the
Johns Hopkins Hospital 110:1–7, 1962

Collins FS: Shattuck lecture: medical and societal consequences of the
human genome project. N Engl J Med 341:28–37, 1999



xviii Foreword

Crow TJ: From Kraepelin to Kretschmer leavened by Schneider: the
transition from categories of psychosis to dimensions of variation
intrinsic to Homo Sapiens. Arch Gen Psychiatry 55:502–504, 1998

DiLalla DL, Gottesman II, Carey G: Assessment of normal personality
traits in a psychiatric sample: dimensions and categories. Progress in
Experimental Personality and Psychopathology Research 16:137–162,
1993

DiLalla DL, Carey G, Gottesman II, et al: Heritability of MMPI indicators
of psychopathology in twins reared apart. J Abnorm Psychol
105:491–499, 1996

Essen-Moller E: Aspects of continuity in the aetiology of mental
disorder, in Psychiatry, Genetics and Pathography: A Tribute to Eliot
Slater. Edited by Roth M, Cowie V. London, Gaskell Press, 1979,
pp 45–61

Eysenck HJ: Dimensions of Personality. London, Routledge and Kegan
Paul, 1947

Gottesman II: Differential inheritance of the psychoneuroses. Eugenics
Quarterly 9:223–227, 1962

Gottesman II: Heritability of personality: a demonstration. Psychol
Monogr 77(9, Whole Nr. 572), 1963

Gottesman II: Complications to the complex inheritance of
schizophrenia. Clinical Genetics 46:116–123, 1994

Gottesman II: Twins: en route to QTLs for cognition. Science 276:1522–
1523, 1997

Gottesman II, Bertelsen A: Legacy of German psychiatric genetics. Am J
Med Genet 67:317–322, 1996

Gottesman II, Shields J: Schizophrenia and Genetics: A Twin Study
Vantage Point. New York, Academic Press, 1972

Guilford JP, Guilford RB: Personality factors S, E, and M, and their
measurement. J Psychol 2:109–127, 1936

Hathaway SR, McKinley JC: A multiphasic personality schedule
(Minnesota), I: construction of the schedule. J Psychol 10:249–254,
1940



Foreword xix

Hirsch SR, Shepherd M: Themes and Variations in European Psychiatry.
Charlottesville, University Press of Virginia, 1974

Jaspers K: General Psychopathology (1913). Translated by Hoenig J,
Hamilton MW. Manchester, Manchester University Press, 1963

Kretschmer E: Physique and Character: An Investigation of Constitution
and of the Theory of Temperament (1921). Translated by Sprott WJH.
New York, Harcourt, Brace, 1925

Lander E, Kruglyak L: Genetic dissection of complex traits: guidelines
for interpreting and reporting linkage results. Nat Genet 11:241–247,
1995

Murray HA: Explorations in Personality. New York, Oxford University
Press, 1938

Pavlov IP: Conditioned Reflexes. Translated by Anrep GV. London,
Oxford University Press, 1927

Petronis A, Paterson AD, Kennedy JL: Schizophrenia: an epigenetic
puzzle? Schizophr Bull 25:639–656, 1999

Pokorski RJ: Insurance underwriting in the genetic era. Am J Hum
Genet 60:205–216, 1997

Proctor RN: Racial Hygiene: Medicine Under the Nazis. Cambridge, MA,
Harvard University Press, 1988

Rao DC, Province MA (eds): Genetic Dissection of Complex Traits:
Challenges for the Next Millennium. San Diego, CA, Academic Press,
2000

Rothstein MA (ed): Genetic Secrets: Protecting Privacy and
Confidentiality in the Genetic Era. New Haven, CT, Yale University
Press, 1997

Schneider K: Psychopathic Personalities (1923). Translated by Hamilton
MW. Springfield, IL, Charles C Thomas, 1958

Sing CF, Haviland MB, Reilly SL: Genetic architecture of common
multifactorial diseases, in Variation in the Human Genotype. Edited
by Cardew G. Chichester, John Wiley, 1996, pp 211–232



xx Foreword

Slater E, Roth M: Mayer-Gross Slater and Roth Clinical Psychiatry.
London, Bailliere, Tindall, and Cassell, 1969

Woolf CM: Does the genotype for schizophrenia often remain
unexpressed because of canalization and stochastic events during
development? Psychol Med 27:659–668, 1997



1

C H A P T E R O N E

Principles and Methods in the
Study of Complex Phenotypes

D. C. Rao, Ph.D
Chi Gu, Ph.D.

Genetic dissection of complex traits has been difficult, and often even
large-scale investigations give frustrating results. Investigators experi-
enced in genetic investigations of complex traits realize that numerous
genes and environmental factors interact to produce the traits. Not sur-
prisingly, simple-minded approaches have largely failed to identify any
genes for complex traits. Sometimes, what appear to be conflicting results
may not actually be conflicting in the sense that different genes may seg-
regate in different study populations. When this is true, mandating repli-
cation studies may render far too many false negatives (i.e., missing real
genes). However, this should not be used as an escape clause to explain
away all conflicting results.

Complex traits do not likely result from genes with big effects. The
effect sizes of any of the multiple etiological factors are likely to be mod-
est. Therefore, methodologies meant for detecting genes with large effects

This work was partly supported by a grant from the National Institute of General
Medical Sciences (GM 28719) of the National Institutes of Health. We are
grateful to Drs. R. C. Elston and M. A. Province for insightful discussions and
comments.
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(major genes) are unlikely to be successful with complex traits, as the
experience of recent years has shown. Most likely, complex traits are ol-
igogenic (a few genes each with a moderately large effect) and may even
be polygenic (many genes each with a small effect). As the number of
trait genes increases and their individual effects decline, the distinction
between oligogenic and polygenic effects becomes blurred. Even though
the individual gene effects may be small, interactions among the genes
and environments could make a substantial contribution to the final man-
ifestation of the trait. Failure to recognize and accommodate such inter-
actions may often mask the effects of the individual genes. Therefore, we
must pay attention to all relevant aspects of gene finding, including study
design, optimal methods of analysis, and interpretation of the results. The
brute force of very large sample size alone may not achieve the desired
goal, although sufficiently large sample sizes are necessary.

A common approach to enhance the power of any study is to utilize
larger sample sizes. The concept of multicenter genetic studies (e.g., Be-
gleiter et al. 1995; Higgins et al. 1996) is rapidly evolving as a means of
generating large samples of standardized family data. The motivation is
to provide an adequate sample for relatively rare traits as well as for rela-
tively common traits where the effect size of any individual etiological
factor is likely to be modest (e.g., schizophrenia). Even in preplanned
collaborations of this sort where common protocols are used and data
collection is standardized, one must remember that the frequency and
distribution of risk factors—both genetic and environmental—may well
be different among the study centers. To pool data from studies that were
conducted independently encompasses even greater challenges because
there may be considerable differences in the sampling strategy, the phe-
notypic measurement, the particular genetic markers that were typed, or
the ancillary information available for classification or phenotypic adjust-
ment. Some of these issues have been considered in the development of
meta-analytical methods for pooling results from multiple linkage studies
(e.g., Gu et al. 1998c; Li and Rao 1996).

Study Design
Study design is perhaps the single most important consideration in the
planning of any genetic study. Statistical power, cost-effectiveness, and
feasibility all depend critically on the design. It is important that available
knowledge about the disease/trait (physiology, etiology, etc.) be fully
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used in devising sampling schemes, selecting sampling units, and choos-
ing analytical methods. More information should lead to better designs.

Definition and Refinement of Phenotype
Although definition of the phenotype may at first seem to be a trivial issue,
some thought should be given to whether the current definition of the
phenotype, however expertly done originally, is still the right one to use
in gene finding studies. After all, our goal is to find the trait genes, not to
follow a traditional or a revolutionary approach. Different definitions of
the phenotype do lead to different results. Certain definitions tend to
dwarf the signal, whereas others might have the potential to sharpen, and
relatively enhance, the signal. The fundamental idea behind our general
approach to gene finding is one of looking for correlation between the
degree of phenotypic similarity and genotypic similarity among relatives.
This correlation is weakened if either type of similarity (phenotypic or
genotypic) is underestimated. In particular, to avoid underestimating the
phenotypic similarity, or at least to minimize the extent of underestima-
tion, we must require that the phenotype be reasonably reproducible. If,
for example, a certain questionnaire-derived phenotype tracks poorly
over a matter of just a few weeks, the phenotypic similarity among rela-
tives will be severely compromised if different relatives are ‘‘measured’’
at different times. Multiple administrations of the same instrument and/or
using other pertinent information (e.g., age at onset, severity of the dis-
ease, family history) can lead to considerably refined phenotypes and may
result in drastic reduction of the necessary sample size. For quantitative
traits, the average of multiple measurements represents a good phenotype
(e.g., Rao 1998). Finally, for phenotypes that are not highly reproducible,
it would seem desirable to study them in smaller family units rather than
in extended pedigrees.

Sampling Unit
Several features of any genetic study are highly interdependent. The most
critical among them are the sampling unit, the sampling method, and the
sample size. One should not be decided independently of the other two.
For genetic studies of complex traits, sib pairs of one type or another are
commonly used in conjunction with model-free methods of analysis.
When using sib pairs, the total number of participants needed in a study
can be minimized by sampling larger sibships, as opposed to sampling
independent sib pairs (Todorov et al. 1997). In typical cases, one can
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reduce sample size by one-third by sampling sib trios rather than inde-
pendent sib pairs.

Other more powerful sampling units such as extremely discordant (ED)
sib pairs (Eaves 1994; Risch and Zhang 1995) or extremely discordant and
extremely concordant (EDAC) sib pairs (Gu et al. 1996) can reduce the
sample size even more. Sampling some sibs from above the ninetieth
percentile of a trait distribution and other sibs from below the thirtieth
percentile appears to provide an optimum strategy. This includes ED sib
pairs, sib pairs above the ninetieth percentile (high concordant), and sib
pairs below the thirtieth percentile (low concordant). High concordance
sampling is analogous to the affected sib-pair (ASP) method. However,
for discrete diseases, an affected individual and an unaffected sib do not
constitute an ED sib pair; they would represent a discordant sib pair, not
necessarily an extremely discordant sib pair. Sampling simply discordant
sib pairs does not constitute a good design.

Selective Sampling
Selective sampling optimizes study designs by enhancing power, cutting
down the cost, or both. The ASP method is a good example. If we consider
only random samples, we will have greatly reduced power to detect ge-
netic linkage, because the difference in the observed and expected
identical-by-descent (IBD) sharing between the sibs would be quite small.
By sampling ASPs, we magnify the difference in the IBD sharing of an
affected sib pair (Risch 1990b; Suarez et al. 1978), which leads to greatly
increased power.

For discrete diseases/traits, the ASP (and ASP-like) method is a good
sampling approach. One may also select on severity of the disease if such
a thing exists. For quantitative traits, one may select on extreme trait values
(Carey and Williamson 1991; Eaves 1994). For example, Risch and Zhang
(1995) used an extreme selection scheme on the trait values of a quanti-
tative trait (the ED sib-pair method) and showed a dramatic increase in
power.

As noted earlier, the sampling method has an important bearing on the
cost of a genetic study. For example, Gu et al. (1997) investigated cost-
effectiveness when sampling extreme sib pairs. Sampling high-risk indi-
viduals and screening for their extreme siblings to form extreme sib pairs
(ESP) was shown to be an effective design. We also showed that combin-
ing all available extreme concordant (EC) sib pairs—including high-high
sib pairs analogous to the ASPs as well as low-low sib pairs—with ED
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pairs is more economical than pursuing ED pairs alone. However, geno-
typing all available EC pairs (especially the low concordant) may not be
an optimal strategy for reducing cost. In general, to make optimal use of
EC pairs, one should apply an optimal selection scheme for genotyping
so that the least possible number of EC pairs are genotyped in combina-
tion with all the ED pairs to produce the desired statistical power (Gu and
Rao 1997a, 1997b).

Genotyping Issues
A lot of attention has been paid to which types of markers to use, the
number of markers to use (density), and whether to genotype all relatives,
especially the parents (e.g., Elston 1992; Elston et al. 1996; Holmans 1993).
With the advent of large-scale genotyping using automated robotics, we
should be more careful about data management and quality control issues
(e.g., Rao 1998; Weber and Broman, 2001). In general, genotyping errors
can have a significant effect on the power of a study. For example, a 10%
genotypic (not allelic) error rate requires a sample of 250 ED sib pairs to
yield the same 80% power as would a sample of 190 ED sib pairs with a
zero genotypic error rate when the marker involves eight alleles (Rao
1998). Note that the difference of 60 ED sib pairs is huge, and that the
situation is a lot worse for markers with fewer alleles. Weber and Broman
(2001) reviewed issues surrounding the quality of genotyping and their
implications for genomewide scans.

Linkage Versus Association
Although there is not a clear consensus as to what precisely constitutes a
linkage study or an association study, it is commonly recognized that a
linkage study analyzes the cosegregation of two genetic loci (some may
be latent, such as a disease locus) in families, whereas an association study
investigates the coexistence (nonindependence) of two loci in individuals.
However, the premise of a genetic association is based on the hope that
association induced by linkage disequilibrium will lead us to the gene,
and spurious association will be excluded by other means of study (such
as using family-based controls).

It is commonly believed that linkage studies have a limited genetic
resolution of about 1 cM, and therefore, although linkage studies can nar-
row down genomic regions, fine tuning requires other approaches. On
the other hand, association studies, notorious for false positives, have a
much finer resolution because the recombination history is in a sense used
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in the calculation. The transmission disequilibrium test alleviates the false-
positive problem caused by population admixture (Spielman and Ewens
1998; Spielman et al. 1993).

Two-Stage Designs (Linkage in Stage 1 and
Association in Stage 2)
Elston (1992) was the first to propose a two-stage strategy as a cost-
effective way of designing genomic scans; a relatively sparse marker map
is used in the first stage to generate linkage signals, followed by a second
stage with a denser marker map around the suggested signals. Most re-
cently, Elston et al. (1996) has investigated the properties and perfor-
mance of the one-stage and two-stage strategies, concluding that a
two-stage procedure could halve the cost of a study as compared with a
one-stage procedure. In such designs, it is critical that the first stage have
excellent power, well over the usual 80%, because the second stage can-
not recover any linkages missed in the first stage. Also, use of the same
sample for both stages may not be helpful in terms of pruning false pos-
itives. It is desirable to use independent samples of relative pairs in each
stage. Two-stage strategies are in general more attractive as long as one
is willing to accept a trade-off between false negatives and false positives,
exchanging a lower rate of false negatives for a slight increase in the rate
of false positives (Todorov and Rao 1997).

As noted, sometimes the same sample is used for both stages of a
genome scan. Such a choice appears to result in cost savings but may not
carry other optimal properties (Elston et al. 1996). The question arises as
to how often the second stage is able to prune out (or validate) signals
detected in the first stage. Perhaps a better two-stage design is one where
the first stage carries out a linkage analysis using a relatively dense map
and identifies (and narrows down using fine structure mapping) potential
regions to be assessed in the second stage with association studies. The
effect of using the same sample in such a design is unclear; however, we
would recommend using separate samples for the two stages. Finally, the
cost-effectiveness of such a design warrants further study.

Sample Size and Power
For a given significance level, the power (ability to detect true genes)
increases with sample size. Likewise, for a given sample size (which holds
after a study has been carried out) the power increases with the signifi-
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cance level. Unfortunately, false positives also increase with the signifi-
cance level. It is important to note that, in earlier days, the real cost of a
false positive was unaffordably high, and accordingly, the emphasis was
on keeping false positives to a minimum. False positives were minimized
by choosing small significance levels. Unfortunately, this resulted in low
power, thus missing true linkages. This was not a big problem because
linkage analysis was used primarily to map disease genes that were al-
ready known to exist. Now, we use linkage analysis of complex traits to
first prove that such genes exist and, in the process, to map them. There-
fore in the current situation, we cannot afford to miss genes, rendering
the issue of sample size and power even more important.

It is well known that even the first detection of complex trait genes is
difficult, and replication of a particular linkage finding is even more dif-
ficult, especially under genetic heterogeneity (e.g., Suarez et al. 1994).
The need to detect genes for increasingly complex traits prompted several
investigations of optimal sampling because the sample size alone cannot
be indefinitely increased. Nonrandom sampling delivers a lot more power
for the same sample size (e.g., Carey and Williamson 1991). The ED sib
pair strategy was developed to provide more power with much smaller
samples sizes (Risch and Zhang 1995).

For most psychiatric illnesses, investigators commonly use the ASP
method. In Table 1–1, we provide the power of the method under a variety
of situations corresponding to a range of sample sizes. This may be useful
when designing new genome scans. Three choices of population preva-
lence (Kp � 1%, 5%, and 10%), three levels of locus-specific heritability
(h2 � 10%, 15%, and 20%), two levels of residual sibling correlation due
to other genetic and familial environmental effects (q � 0.1 and 0.3), and
five choices of sample size (ASPs � 200, 400, 600, 800, and 1000) were
considered. Power is reported corresponding to each of two significance
levels. Both were based on the same discrete map of 400 markers but on
different rates of false positives: � � 0.00009 corresponding to one ex-
pected false positive in 20 genome scans as suggested by Lander and
Kruglyak (1995), and � � 0.00227 corresponding to one expected false
positive per genome scan (Rao and Province 2000; see also ‘‘Interpretation
of Results’’ in this chapter). These significance values were computed us-
ing the theory of Feingold et al. (1993). It should be noted that whereas
Lander and Kruglyak (1995) recommended an � � 0.000022 correspond-
ing to continuous marker density, we have translated their value to � �

0.00009 corresponding to a marker density with 400 markers (using the
approximations given by Feingold et al. [1993]).
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TABLE 1–1 Power under various genetic models using an affected sib-pair
study design

Number of affected sib pairs

KP h2 200 400 600 800 1000

q�0.10

1% 10% 87.9/59.3 99.8/97.3 100.0/99.9 100.0/100.0 100.0 /100.0
1% 15% 99.8/97.4 100.0/100.0 100.0/100.0 100.0/100.0 100.0/100.0
1% 20% 100.0/100.0 100.0/100.0 100.0/100.0 100.0/100.0 100.0/100.0
5% 10% 31.7/8.2 69.7/34.4 89.9/64.0 97.2/84.1 99.3/94.1
5% 15% 73.8/38.5 98.2/88.0 99.9/98.9 100.0/99.9 100.0/100.0
5% 20% 95.0/75.9 100.0/99.5 100.0/100.0 100.0/100.0 100.0/100.0
10% 10% 12.1/1.9 31.9/8.3 52.6/19.8 69.8/34.6 82.0/50.1
10% 15% 36.1/10.1 75.4/40.8 93.2/71.5 98.5/89.3 99.7/96.7
10% 20% 65.4/29.8 96.1/79.8 99.8/97.0 100.0/99.7 100.0/100.0

q�0.30

1% 10% 64.3/28.8 95.7/78.5 99.7/96.6 100.0/99.6 100.0/100.0
1% 15% 97.2/83.5 100.0/99.9 100.0/100.0 100.0/100.0 100.0/100.0
1% 20% 100.0/99.2 100.0/100.0 100.0/100.0 100.0/100.0 100.0/100.0
5% 10% 17.7/3.3 44.9/14.9 68.6/33.4 84.2/53.5 92.8/70.6
5% 15% 52.1/19.2 89.8/63.6 98.6/90.0 99.9/98.1 100.0/99.7
5% 20% 83.9/52.4 99.5/95.3 100.0/99.8 100.0/100.0 100.0/100.0
10% 10% 7.1/0.9 18.5/3.5 32.4/8.6 46.6/15.9 59.5/25.1
10% 15% 22.7/4.8 55.0/21.4 78.7/45.2 91.3/67.2 96.9/82.8
10% 20% 48.0/16.5 86.9/57.9 97.8/86.4 99.7/96.8 100.0/99.4

Note. Three choices each of the population prevalence (KP) and trait heritability (h 2) are
considered, together with five choices of the sample size (N ) and two choices of the
residual sibling correlation (q). Power is reported as x/y corresponding to two significance
levels, each with a discrete map of 400 markers: For x, we used � � 0.00227,
corresponding to one false positive (on average) per scan (power displayed in bold);
for y, we used � � 0.00009, corresponding to one false positive in 20 scans.

Table 1–2 provides the power under a variety of situations for the ED
sib-pair design. The organization of Table 1–2 is identical to that of Table
1–1 except for the sample size. Here we consider a different range of the
sample sizes (50, 75, 100, 150, and 200 ED sib pairs). Note that although
an affected sib and an unaffected sib constitute a discordant sib pair, ex-
treme discordance requires that the sibs be in the two tails of a distribution
and not merely on either side of a threshold.

Cost-Benefit Analysis
No matter what an investigator wishes to pursue, in the end, a fixed bud-
get and practical constraints determine the type of study. Especially when
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TABLE 1–2 Power under various genetic models using an extremely
discordant sib-pair study design

Number of extremely discordant sib pairs

KP h2 50 75 100 150 200

q�0.10

1% 10% 12.5/1.9 22.5/4.6 33.5/8.8 55.1/21.3 72.5/37.1
1% 15% 43.0/12.9 67.5/30.9 83.7/51.2 97.0/82.2 99.6/95.3
1% 20% 80.9/45.2 96.1/78.0 99.4/93.7 100.0/99.7 100.0/100.0
5% 10% 6.5/0.7 11.3/1.6 17.0/3.0 30.0/7.4 43.6/14.0
5% 15% 21.1/4.1 37.2/10.3 53.0/19.5 77.4/42.6 90.6/64.9
5% 20% 48.0/15.6 73.1/36.4 88.0/58.4 98.3/87.5 99.8/97.4
10% 10% 2.9/0.2 4.7/0.5 6.8/0.8 11.8/1.8 17.7/3.3
10% 15% 8.4/1.1 14.9/2.5 22.5/4.6 39.1/11.5 55.0/21.2
10% 20% 20.1/3.8 35.7/9.6 51.2/18.2 75.7/40.4 89.6/62.5

q�0.30

1% 10% 35.1/9.2 57.7/22.6 75.2/39.6 93.3/71.0 98.6/89.3
1% 15% 82.6/47.7 96.8/80.3 99.6/94.7 100.0/99.8 100.0/100.0
1% 20% 99.0/89.5 100.0/99.4 100.0/100.0 100.0/100.0 100.0/100.0
5% 10% 18.3/3.3 32.6/8.3 47.2/15.8 71.5/35.8 86.6/57.0
5% 15% 53.5/19.0 78.4/42.9 91.5/65.9 99.1/91.9 99.9/98.7
5% 20% 86.4/53.4 98.0/85.1 99.8/96.8 100.0/99.9 100.0/100.0
10% 10% 7.0/0.8 12.2/1.8 18.4/3.4 32.5/8.4 46.8/15.8
10% 15% 21.9/4.3 38.5/10.9 54.7/20.6 78.9/44.6 91.6/67.1
10% 20% 47.7/15.3 72.8/36.0 87.9/58.1 98.3/87.4 99.8/97.4

Note. Three choices each of the population prevalence (KP) and trait heritability (h2) are
considered, together with five choices of the sample size (N) and two choices of the
residual sibling correlation (q). Power is reported as x/y corresponding to two significance
levels, each with a discrete map of 400 markers: For x, we used � � 0.00227,
corresponding to one false positive (on average) per scan (power displayed in bold);
for y, we used � � 0.00009, corresponding to one false positive in 20 scans.

proposing an ED or EDAC sib-pair approach, we have to be realistic in
terms of how feasible or how impractical a proposed sample size is. The
EDAC approach was developed primarily to render the extreme sib-pair
studies more feasible (Gu et al. 1996). A simple method may allow a quick
assessment of the cost versus the benefit (e.g., Gu and Rao 1997b). For
example, let the cost be CP for phenotyping and CG for genotyping of one
person. If we have to screen N sib pairs to get a certain number (nED) of
ED sib pairs for genotyping, the total cost of the study is 2NCP � 2nEDCG.
The total cost for a corresponding EDAC study would be 2N1CP � 2(ned

� nlc � nhc)CG, where N1 is the total number of sib pairs needing to be
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screened to obtain a smaller number (ned) of ED pairs and (nlc � nhc)
extremely concordant sib pairs of both types. Clearly, N1 � N and ned �
nED. Therefore, the EDAC study is not only more feasible compared with
an ED study, it is also less expensive so long as CG � CP(N � N1)/(ned �

nlc � nhc – nED). Gu and Rao (1997b) have provided detailed guidelines
for cost-benefit analysis.

Methods of Analysis
A rich arsenal of analytical tools has been developed and enhanced over
the years. Because the early methods were developed primarily for Men-
delian traits, these methods are good for mapping loci with large effects
and may not be as effective for mapping complex trait genes. Recent
extensions and improvements to these methods have made them more
applicable for mapping complex traits. We briefly review these methods
and point out their advantages and pitfalls when applied to complex traits.

There are two stages when analytical methods may be chosen: at the
stage of study design or at the stage of actual data analysis (i.e., after
completion of data collection). It is desirable to choose the analytical
methods at the design stage, because the method should be an integral
part of a design that affects the power and cost-effectiveness of a study.

Methods for Linkage Analysis
Genetic linkage is the phenomenon where alleles at different loci coseg-
regate in families. The strength of this cosegregation is measured by the
recombination fraction h, the probability of an odd number of crossovers.
Under special cases, the rate of recombination may be counted directly
by observing recombinants in a sample of families; but, in most cases,
because of unknown phase and other limitations, the value of h needs to
be estimated and tested statistically using appropriate methods. Three
classes of methods are most commonly used today for linkage analysis:
the classical lod score method, which is generally regarded as a parametric
or a model-based method, so called because the method is based on
assumptions about the disease model; the nonparametric or model-free
relative pair methods, so called because these generally do not assume a
disease inheritance model; and finally what might be called hybrid vari-
ance components methods, so called because they do not make strong
assumptions about the disease inheritance model but do involve some
relatively weaker assumptions.
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The lod Score (Model-Based) Method

In his seminal paper, Morton (1955) presented a powerful method using
Barnard’s (1949) lod score (Z ) as a measure of the linkage effect and gave
a sequential procedure to determine the acceptance or rejection of link-
age. He proposed two thresholds: Z � 3 to accept and Z � �2 to exclude
the hypothesis of linkage. These thresholds have become the gold stan-
dard in the field and are still in use worldwide.

Under any given genetic model (h, gene frequencies, penetrances,
etc.), the lod score is calculated as the logarithm of the ratio of the like-
lihoods under the alternative hypothesis (under which the recombination
fraction h � 1/2) and under the null hypothesis of no linkage (under
which the recombination fraction h � 1/2):

Z(h) � log [L(h)/L(h � 0.5)]10

Computer implementations of this simple yet most powerful method
benefited immensely from advances in the general pedigree likelihood
algorithms developed by Elston and Stewart (1971). For example, the
LIPED computer program (Ott 1974) became an instant success, as did
the subsequent and more general implementations such as LINKAGE
(Lathrop et al. 1984). When the disease/trait model specified is close to
the true model, the lod score method is unquestionably more powerful
than any of the nonparametric alternatives (see, e.g., a recent review by
Wijsman and Amos [1997]). However, the method does suffer when the
disease model is misspecified, and the false-positive rate could also be
inflated when the lod score is maximized over all possible models
(Clerget-Darpoux et al. 1986; Risch and Giuffra 1992; Weeks et al. 1990).
A correction was proposed by Ott (1989) when the lod score is maximized
over all models, and its applicability was later validated by Weeks et al.
(1990). According to these guidelines, when a lod score is maximized over
n models, the traditional threshold of 3 should be increased to 3 � log(n).
For example, if a lod score is maximized over 10 possible models, a more
appropriate threshold would be 4, and if it is based on 100 models, the
threshold should be 5 (instead of the traditional 3).

Multipoint analysis evaluates linkage of a group of loci jointly and can
therefore compensate for information loss due to uninformative markers
and missing marker information (which is perhaps more relevant for
model-free methods). However, multipoint linkage analysis is far more
challenging and involves certain assumptions relating to interference and
mapping functions. In any case, it can be particularly useful when esti-
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mating the exact location of a trait locus after linkage has been detected.
Faster algorithms developed by Lander and Green (1987) and later imple-
mented by Lander and Kruglyak (1995) make it possible to carry out multi-
point analysis on a genomewide scale, although the size of pedigree is
still somewhat limited.

Strengths of the lod score method lie in its ability to model and test for
interactions, its ability to get better estimates of gene location via multi-
point analysis, and its poolability across studies. In many ways, the lod
score method provides a method for meta-analysis. Given these strengths
and the fact that the method is sensitive to model misspecification, the
lod score method may be especially useful as a refinement tool at later
stages of mapping quantitative trait loci (QTLs), after some gene(s) have
been detected.

Model-Free (Nonparametric) Methods

Especially for complex traits, one usually lacks reasonable trait models,
and therefore the classical lod score method is not particularly attractive.
This realization has given rise to the development of alternative methods
that are not based on strong assumptions about the trait inheritance. It is
natural to reason that the existence of a susceptibility gene should lead to
an elevated probability that a pair of affected siblings would inherit the
same gene(s) from their parents. From this observation, a class of non-
parametric methods, or more generally, model-free methods, has been
developed based on IBD allele sharing among relative pairs (Blackwelder
and Elston 1985; Penrose 1935; Suarez et al. 1978). The IBD distribution
was well characterized by Suarez et al. (1978) using population prevalence
and additive and dominance variances. Risch (1990a) later gave a rigorous
characterization of the IBD distribution using a parameter called the
relative-risk ratio (k) for various types of affected relative pairs. The values
of k are estimable, based on which the strength of a linkage signal, the
power of a study, and the possibility of the existence of a multilocus model
can be deduced (Risch 1990b) (see next section for extensions to QTL
mapping).

One problem with the sib-pair method is that at times the IBD score is
ambiguous for a particular sib pair, or at a particular marker position,
especially in a genomewide scan. Various types of imputation schemes
have been proposed (e.g., Sandkuyl 1989; Terwilliger and Ott 1993).
These methods use either the family structure (conditional on affection
status) or information at adjacent markers. Gu et al. (1995) proposed a
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multipoint method incorporating interference and showed how linkage
information at the nearby markers can be used to infer missing IBD in-
formation at a particular marker. Weeks and Lange (1988) used identity
by state (IBS) instead of IBD, and proposed the affected-pedigree mem-
ber method, for which gene frequencies need to be used as a compen-
sation for the loss of information. The problem with this method (and
any IBD imputation method that uses gene frequencies) is that it can be
sensitive to the misspecification of gene frequencies and can result in
inflated false-positive rates (Gu et al. 1998a). More recently, Kruglyak and
Lander (1995) extended Green’s algorithm and gave a fast algorithm for
realization of distribution of transmission vectors, which can be used for
rapid imputation of relative IBD values. They later proposed a unified
treatment of the lod score method and the nonparametric (model-free)
method, in which a nonparametric linkage method extended the affected-
pedigree member method and used the IBD sharing of all affected relative
pairs in a pedigree. Kong and Cox (1997) gave a semiparametric exten-
sion of this method using a single parameter to characterize the IBD shar-
ing effect.

Although the sib-pair method is likely less powerful than the lod score
method when the model specified is close to the true model, the simplicity
of its execution and robustness to model misspecification makes it an
attractive analytical tool for early-stage screening in the mapping of com-
plex traits. After genes are first detected, parametric models of transmis-
sion involving interactions can be introduced to fine-tune the location. As
we pointed out earlier, these model-free methods all require knowledge
of IBD sharing. Although various imputation schemes are available, they
may be sensitive to misspecification of gene frequencies when they are
used. This, in some cases, could limit the application of such model-free
methods. For a review of model-free methods of linkage analysis, see
Elston and Cordell (2001).

Methods for Quantitative Traits

For quantitative traits, the first insightful method was presented by Hase-
man and Elston (1972), who took the squared difference of trait values of
a sib pair as the outcome variable and regressed it on the proportion of
IBD genes shared by the sib pair using the model E(Yj|pj) � b0 � b1pj.
A significantly negative regression coefficient b1 implies genetic linkage
to the marker. Goldgar (1990) and Amos (1994) used the maximum like-
lihood method to model directly the covariance structure of sib pairs and



14 Molecular Genetics and the Human Personality

arrived at a variance components method that is often more powerful than
the original Haseman-Elston method. Fulker and Cardon (1994) extended
the Haseman-Elston method to estimate the location of a QTL using flank-
ing markers by applying the interval mapping method of Goldgar (1990).
As a hybrid of the model-based and model-free methods, the variance
components method combines the strengths of both methods and seems
to perform well. These methods are called model-free because the effects
of trait genes are not modeled except for the assumption of their existence
somewhere in the genome. These methods use all the data available
within a pedigree, without abandoning subjects with partially missing in-
formation or producing redundancy in the statistics by counting all relative
pairs.

Blangero and colleagues (Blangero and Almasy 1996) have generalized
the method and presented an excellent implementation of the variance
components approach (SOLAR). Province et al. (in press) have developed
a multipurpose package (SEGPATH) that can also perform variance com-
ponents linkage analysis with the flexibility of modeling structural rela-
tionships among the variables. More recently, Elston and colleagues have
extended the Haseman-Elston method using the mean-corrected cross
product in place of the squared trait difference and have shown that the
improved Haseman-Elston method is as powerful as the variance com-
ponents method (Elston et al. 2000). All these methods can deal with
multilocus models and multivariate phenotypes.

An alternative treatment of quantitative traits is via polychotomization.
We generalized Risch’s concept of relative risk ratio (k) to sib pairs with
various quantitative trait outcomes and developed a scheme for optimiz-
ing study designs using estimates of the generalized k values and the
EDAC design (Gu and Rao 1997a). We showed that with the help of these
k values and a knowledge of the trait heritability, it is possible to choose
trait thresholds and combinations of types of extreme sib pairs to optimize
the chances of finding QTLs (Gu and Rao 1997b).

One advantage of the variance components method is its enhanced
power compared with model-free methods. However, modeling of the
phenotypic distribution is still mandatory, although normality is not al-
ways required. Its sensitivity to outliers, to distributional departures, and
to ascertainment methods needs further exploration. The significance of
the test may become less tractable when the trait distribution assumption
is violated, and ascertainment correction may become necessary although
may not be always possible because of obscure or unspecified ascertain-
ment.
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Methods for Association Analysis
In the absence of disturbing forces such as selection, mutation, or migra-
tion that would change gene frequencies over time, random mating in a
large population leads to equilibrium with respect to a single locus in one
generation, and one should then observe the so-called Hardy-Weinberg
proportions for the genotypic frequencies: Puu � p 2

u, Pvv � p 2
v, and Puv

� 2pu pv. Similar equilibrium can also be reached jointly for more than
one locus, but the rate of approach to equilibrium depends also on the
number of generations and the recombination fractions between loci. De-
parture from such Hardy-Weinberg equilibrium is called Hardy-Weinberg
disequilibrium, which signals certain violations of the above conditions.
When other conditions are satisfied except for the independence of two
loci, we can infer that any significant disequilibrium is linkage induced
and that the two loci are closely linked. This is the basis of genetic asso-
ciation analysis. There has been considerable debate regarding what as-
sociation analysis is capable of revealing (Hodge 1993; Spielman et al.
1994; Suarez and Hampe 1994). It is worth noting that association studies,
when correctly designed, should be capable of detecting linkage dis-
equilibrium, thus leading the investigator to finding the disease genes.
Whenever possible, spurious associations should be ruled out by the very
design.

Case-Controlled Studies

Let M denote the ‘‘hot allele’’ and m all other alleles, and let A denote the
affected cases, and Ā the controls. The nonindependence between M and
the disease may be described by a 2 � 2 table with the four probability
values defining the odds ratio:

¯P(M|A) P (m|A )
¯P (m|A) P (M|A )

It is easy to see that if population estimates are used in the above
formula in place of controls, it gives a measure of relative risk (Elston
1998). If there are more than two alleles, we have an m � 2 table or m
2 � 2 tables (classified by ‘‘hot’’ and ‘‘other’’ alleles). Although a Pearson’s
v2 test of m – 1 df is a reasonable choice to test for the overall non-
independence, investigators often choose specific alleles and perform 1 df
tests over a few 2 � 2 tables and achieve greater power even with
Bonferroni-type corrections.
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The above is a simple design for association studies. If a genetic model
is assumed/given, one can derive/estimate haplotype probabilities con-
ditional on affection status as well as other population parameters (effec-
tive population size, generation of disease mutation, etc.). A maximum
likelihood scheme and the resulting likelihood ratio test can then be used
to make an inference on the linkage equilibrium (Kaplan et al. 1995; Ter-
williger 1995; Weir 1990). With such refinement, more parameters can be
incorporated in the model and the method can be used for mapping of
complex traits. For example, the likelihood method proposed by Terwil-
liger (1995) should work for multiple alleles and many marker loci. Certain
factors in such a simple design are often out of the control of the inves-
tigators, resulting in spurious associations. For example, nongenetic
causes such as population stratification by admixture and/or nonrandom
mating may manifest a false association in the population.

Transmission Disequilibrium Test and Other
Family-Based Methods

To remedy the problem of spurious association, Falk and Rubinstein
(1987) proposed using untransmitted genotypes that did not pass to a case
as a matched control and presented a haplotype relative risk test statistic.
This design ensures that the controls are from the same subpopulation as
the cases and therefore eliminates spurious associations caused by ad-
mixture. Ott and colleagues constructed tests using the marginals of the
2 � 2 table (haplotype-based haplotype relative risk test) and used
McNemar’s statistic (Ott 1989; Terwilliger and Ott 1992). A more general
treatment using the contingency test was later proposed, called the af-
fected family-based controls method (Thomson 1995). Spielman and
colleagues (Spielman et al. 1993) showed that the transmission disequi-
librium test (TDT), based on the matched design of Falk and Rubinstein,
is a valid test of linkage in the presence of association (even if it was not
linkage induced). They also showed that it is also a valid test of association
given that only simplex families (trio families consisting of parents and an
affected child) are used for the calculation (Spielman and Ewens 1996).
For multiplex families, the test is unnecessarily conservative. Various ex-
tensions of the TDT to multiple marker alleles (Rice et al. 1995; Sham and
Curtis 1995), sibship data (Speilman and Ewens 1998), discordant sib pairs
(Boehnke and Langefeld 1998), and pedigrees (George et al. 1999) have
been proposed.
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Genomic Linkage Disequilibrium Scan

The enhanced power of the TDT method was shown by Risch and Meri-
kangas (1996), who demonstrated dramatic differences in the sample sizes
required by a linkage design and an association design using the TDT.
These observations led to the concept of genomewide linkage disequilib-
rium (LD) scans. When large numbers of single nucleotide polymorphisms
(SNPs) are available throughout the genome, such a design may be at-
tractive for the mapping of complex traits.

However, the glamour seems to be fading as people have more closely
examined the design and discovered that the power of the LD method
decreases quickly as the LD effect deviates from its maximum (i.e., the
marker is not really close to the trait locus, or the marker allele frequency
is different from that of the disease allele; see Abel and Müller-Myshok
[1998]). Another problem comes from the overwhelmingly large number
of repeated tests, because an association scan requires very large numbers
of SNPs. How to control for false positives is still an open question. More-
over, SNPs are not evenly distributed along the genome, and it is not clear
how that should be reflected in an LD study design. For other issues per-
taining to genomewide association scans with SNPs, see Weber and Bro-
man (2001).

One possible solution is to employ a two-stage design: in the first stage
a linkage scan is used to identify promising regions and then narrow them
down by means of dense mapping; in the second stage partial association
scans are performed in the candidate regions identified in the first stage.
To do this, however, we first need to address the following issues: 1) How
many polymorphic markers or diallelic SNPs are necessary for the second-
stage detailed scanning of the hit regions? 2) How does the magnitude of
LD between markers and that between a marker and the trait locus affect
the power of a two-stage design? 3) What marker characteristics (hetero-
zygosity, spacing, etc.) are most important in such a design? It may be
desirable to confine the second stage to only the positional candidate
genes in the regions identified in the first stage. With careful attention to
these issues, the two-stage design may become attractive for mapping
complex traits.

When the trait in question is quantitative, a polychotomization method
was proposed by Allison (1997) as an extension of the TDT. Also, George
et al. (1999) presented a TDT-like procedure for quantitative traits in ped-
igrees using multiple regression. Methods testing linkage and association
effects jointly have also been proposed. The MASC method of Clerget-
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Darpoux et al. (1988) considers marker association and segregation jointly
with the disease. More recently, Fulker et al. (1999) proposed a method
of regression where the linkage effect is modeled according to the vari-
ance components formulation and the LD effect is modeled in the means;
they showed an appreciable enhancement of the power to detect QTLs.
A similar extension of the SEGPATH method has recently been presented
(Gu et al. 1999b).

Meta-Analysis
The application of meta-analytical techniques to genetic studies began
only recently (Gu et al. 1998c; Li and Rao 1996; Rice 1998). The term meta-
analysis is used for a wide variety of statistical procedures developed for
quantitative reviews of summary statistics from clinical trials and epide-
miological studies (see Olkin [1995] for a review). For continuous out-
comes, methods analogous to the traditional analysis of variance may be
employed to estimate the grand mean and the standard error. In short,
meta-analysis treats summary statistics from primary studies as raw data
and pools quantitative effect sizes across multiple studies.

In general, meta-analysis involves a preanalysis procedure where the
literature on the subject is collected and its quality is assessed. The analysis
step then defines a certain common effect, which is extracted from the
primary studies, and statistical models are constructed and tested on these
effects; then possible trends in effect sizes are examined. Finally, a post-
analysis procedure interprets the final results, resolving the source of any
heterogeneity across studies and formulating and testing new hypotheses.
We want to emphasize the importance of the preanalysis procedure to the
success of any meta-analysis study. As a rule of thumb, assessment of
possible publication bias should always be performed prior to synthesiz-
ing results.

For meta-analysis of linkage results, we proposed using the proportion
of IBD genes shared at a marker locus by a sib pair with specified trait out-
comes as a common effect variable for pooling, and we gave a procedure
for extracting and combining the common linkage effects from linkage stud-
ies employing nonparametric sib-pair methods (Gu et al. 1998c). A random
effects model was used to characterize the among-study variability in the
effect, and a weighted estimate of the overall effect and the variance com-
ponents were given using the weighted least squares method. A hetero-
geneity test was also provided to assess variability among studies. Gu et al.
(1998c) also presented detailed discussion of the meta-analysis methodol-
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ogy, design issues, and practical issues on its application to mapping dis-
ease genes. Recently, we extended this model to incorporate study-specific
covariates using a mixed effects model that enables explanation of possible
heterogeneity among studies (Gu et al. 1999a).

Multivariate Methods
Another characteristic of complex traits is that clinical disease often man-
ifests in a battery of correlated traits that need appropriate methods of
multivariate analysis. Todorov et al. (1998) proposed a treatment of mul-
tiple traits using structural relationships among multiple phenotypes to
differentiate direct causal effects from intermediate influence of genes.
The multivariate analysis methods such as principal component analysis
and factor analysis are often used to reduce the dimensionality of data
(e.g., Bartholomew 1987). With respect to genetic studies, the principal
component analysis method can be used to construct a few summary
phenotypes (explaining most of the variance) from a large number of
correlated traits, which can be used in turn for genetic analysis (e.g., Gu
et al. 1998b). Alternatively, the method of latent factor analysis can be
used to select a group of latent factors that could explain the observed
correlation structure in the multivariate phenotypic data (Neuman et al.
1999). The ideal case would be that the latent factors selected coincide
well with the actual underlying genetic loci responsible for the observed
multiple traits, so that although all relationships are not detected, most if
not all the loci and their major effects are reconstructed. One essential
question about such reduction methods is how genetic variance is re-
flected in the orthogonalized components. Because the dimension of data
that carries most of the variance may not coincide with that associated
with genetic sources, linkage analysis of major principal components may
produce only false negatives, and the linkage signals may be found in
secondary components (Goldin and Chase 1999; Olson et al. 1999). Fur-
ther investigation of such reduction methods is needed to study the effect
on decomposition of complex diseases. Whenever possible, full multi-
variate methods employing multilocus models, such as in SOLAR and
SEGPATH, should continue to be used.

Subgroup Analyses
Although analysis of aggregate samples employing sophisticated models
has the potential to uncover complex trait genes, sometimes we have to
rethink the way we analyze data. Subgroup analyses may offer added
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comfort in terms of getting the most from the data and for interpreting the
overall performance of these methods.

Context Dependency

It is generally recognized that complex traits are derived from the inter-
actions among many genes and nongenetic determinants. It is increasingly
believed that the genes contributing to complex traits do not have the
same effect across all times or across all environments. In general, context-
dependent effects may be more likely to be detected when the contexts
are explicitly considered (Cheverud and Routman 1995; Kardia 2000;
Turner et al. 1999). When exploring the relationships between genetic
variation and phenotypic variation, it is therefore instructive to carry out
some of the analyses within particular contexts. The most important spe-
cific contexts seem to be age, sex, and family history. Additional contexts
may also be warranted depending on the trait of interest, such as general
body size when dealing with cardiovascular and fitness related traits. Like-
wise, socioeconomic factors might provide an additional context when
dealing with diagnoses based on assessments.

Classification and Regression Trees

Another approach is to subdivide the data into potentially more homo-
geneous subgroups, with the expectation that a simpler model with very
few interacting determinants might suffice for analyses of individual sub-
groups. The classification and regression trees (CART) methodology offers
one promising way to subdivide the data (Breiman et al. 1984). The CART
approach provides a purpose-oriented methodology for partitioning a
data set into relatively homogeneous subgroups that give a gradient of
risk to an outcome.

An inherent attraction of the CART methodology is that it assumes that
interactions among the independent variables (the predictors) are more
the rule than the exception, which appears to be the case with complex
traits. The CART methods typically partition the data through a series of
binary splits using one predictor at a time. In genetic studies, the CART
methods can be used to focus attention on those families where the signal
is the greatest. This could be done by using relevant covariate information
to identify clinically and/or biologically more homogeneous subgroups,
within each of which the disease etiology may be expected to be more
homogeneous. Applications of this methodology for linkage studies are
in the early stages (Province et al. 2001; Rao 1998; Shannon et al. 2001).
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Interpretation of Results
As more and more markers become available and are used in genomewide
scans, the ensuing analyses give rise to the problem of multiple testing.
Therefore, some correction for multiple testing is necessary before de-
claring a result as a failure or a success. Failure to correct for multiple
testing will inevitably yield far too many positive results, many of which
would be false. Likewise, overcorrection for multiple testing will inevi-
tably lead to far fewer positive results, thus missing some or even most of
the very signals we seek in the first place. Perhaps some reasonable guide-
lines need to be followed so as to minimize both types of error (false
positives that cannot be replicated and false negatives that remain unde-
tected). It should be clarified that linkage analysis was used in earlier days
for localizing genes that were already known to exist. Therefore, one
could afford to use relatively more stringent criteria (such as a lod score
of 3) because failure to localize a gene (which was known to exist) was
acceptable. However, falsely mapping a gene to a wrong location had dire
consequences in terms of the cost associated with following up on false
positives. In stark contrast, linkage analysis of complex traits now serves
a dual purpose: proving the very existence of a trait gene and finding its
location on the gene map. Therefore, errors in inference have a different
meaning and value now, although pursuing false positives still continues
to be costly. This puts an extra degree of burden on the analyst when
trying to interpret the results.

Significance Levels
It is important to note that a significance level merely indicates one’s tol-
erance for inferring a false result. Choice of appropriate significance levels
for genomewide scans has been a thorny issue (Lander and Kruglyak
1995; Morton 1998; Rao 1998; Risch 1991; Thomson 1994). Although ev-
eryone agrees that reporting false positives is both undesirable and mis-
leading, the issue of false negatives (i.e., missing true signals) has not
received the attention it deserves. For example, Lander and Kruglyak
(1995) have recommended that the genomewide significance level �g be
set at 0.05, and that the pointwise (nominal) significance level � for an
individual test with each marker be determined approximately from the
equation �g � (23 � 132T�

2)�, where T� is the standard normal deviate
corresponding to the nominal significance level of � (Feingold et al. 1993;
Lander and Kruglyak 1995). For example, �g � 0.05 yields � � 0.000022.
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Although the desire to practically eliminate false positives is commenda-
ble, one should evaluate the implications of both false positives and false
negatives before adopting such a stringent significance level.

The equation for computing the nominal � was based on an assump-
tion of continuous marker density. Relaxing this assumption so as to cor-
respond to actual practice (with a density of about 400 markers per
genome scan) gives rise to a less stringent significance level (which can
be computed from the approximations given by Feingold et al. [1993]).
Finally, the total genome length is assumed to be 34 M, which may be
slightly different from the assumptions that others have made. See Thom-
son (2001) and Cheverud (2001) for the most recent discussions on sig-
nificance levels in genome scans. Finally, see Province (2000, 2001) for
new methods of analysis and interpretation of genome scan data. These
sequential methods hold a lot of promise and bypass the problem of mul-
tiple testing.

Trade-Off Between False Positives and False Negatives
It is highly desirable to strike a balance between the false positives and
false negatives without neglecting or dismissing either. This is even more
important for complex traits because the effect of any one gene is likely
to be modest, which makes it that much more difficult to detect even with
more moderate significance thresholds. We simply cannot afford to miss
real signals.

Lander and Kruglyak (1995) have essentially recommended that we
accept, on average, one false positive in 20 genome scans (�g � 0.05,
which corresponds to a nominal � of 0.000022 and a lod score of 3.63).
To safeguard against missing real linkages, Rao (1998) suggested relaxing
the threshold so as to tolerate, on average, one false positive per genome
scan (which also corresponds closely to the recommendation of Thomson
[1994] to use � � 0.001). Under continuous marker density, this corre-
sponds to a nominal � � 0.00071 (corresponding to a lod score of 2.21).
If the marker density is adjusted to a total of 400 markers, this nominal �

increases further to 0.0023 (which corresponds to a lod score of 1.75) (Rao
and Province 2000), and Lander-Kruglyak’s nominal � also increases from
0.000022 (corresponding to a lod score of 3.63) to 0.000090 (correspond-
ing to a lod score of 3.05, which is remarkably the same as Morton’s time-
tested value). Although a nominal � of 0.0023 as suggested by Rao and
Province (2000) produces on average one false positive per genome scan,
it leads to impressive gains in power, thus minimizing nondetection of
signals.
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On balance, for genetic dissection of complex traits, it seems advisable
to use the less stringent significance level of � � 0.0023 for the purpose
of identifying which genomic regions may be pursued further. In this case,
other approaches should be developed for discriminating between false
positives and real positives. On the other hand, when dealing with large
samples and especially when major gene effects are expected, it is desir-
able to use the more stringent significance level of � � 0.00009. In such
cases, the more stringent criteria provide ample protection against false
positives. See Rao and Gu (2001) for additional discussion of this subject.

Discussion
The study of human disease has fully arrived in the molecular age. Pro-
gress of the Human Genome Project has provided molecular tools nec-
essary for the genetic dissection of human diseases and disorders. Yet,
significant challenges remain, especially in understanding complex traits,
which include such entities as coronary heart disease, hypertension, and
most psychiatric disorders. Many complex traits are also common in the
population, accounting for a significant proportion of the public health
burden. In contrast to Mendelian traits, one seeks to identify the genes
that influence predisposition to complex diseases rather than those that
cause them, which is a considerably more daunting task that mandates
newer and more imaginative approaches.

This is an exciting time to be a genetic epidemiologist, with unprece-
dented new opportunities unfolding that we could only dream of a few
short years ago. Although we know that complex traits arise from inter-
actions among multiple genes and environments, we have done little to
date to reflect that realization. Most studies investigating the genetic basis
of complex traits routinely ignore the interactions. We are only beginning
to realize that complex traits need to be handled more thoughtfully if we
are to discover their genes and begin to understand the way genes and
environments work together. It is this realization that prompts investiga-
tors to come up with more innovative approaches for dealing with the
outstanding challenges of the passing millennium. We begin the new mil-
lennium with challenges, but with it come enormous opportunities.

A genetic epidemiologist can hardly be overequipped with tools, and
a tool that works in one case may not work in the next. So long as our
primary objective is to find genes for complex diseases and disease-related
traits, we should be willing to consider alternative strategies. In particular,
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we believe that a combination of lumping and splitting strategies can be
useful. The lumping strategies include pooling data and/or results from
multiple studies. Although pooling data may sometimes introduce greater
heterogeneity, and therefore may at first seem counterintuitive, it can re-
sult in substantially more power, especially if the analytical methods can
accommodate complications of heterogeneity. Alternatively, one may
consider pooling the results from different studies using meta-analysis
methods. Both approaches to lumping have their strengths and draw-
backs, and one may be preferable over the other in a given context.

Splitting strategies involve subdividing the aggregate data into multiple
homogeneous subgroups, and this may be done through the CART meth-
odology or through other multivariate clustering techniques. In this case,
separate analyses within subgroups may actually come with inherently
more power. These strategies are particularly useful if, for example, dif-
ferent trait genes or subsets thereof operate within the subgroups.

Perhaps even more importantly, both lumping and splitting may be
pursued at the same time. For example, data from multiple studies may
all be pooled first. With the luxury of a much larger aggregate sample size,
one may then undertake splitting the pooled data into multiple homo-
geneous subgroups, which could yield reasonably large sample sizes even
within subgroups. This assumes that no single study may be capable of
successfully dissecting the genetic architecture of a given complex trait/
disease. There is tremendous opportunity for meaningful collaborations,
and this may be the limiting factor in whether we succeed. For such col-
laborations to be productive, one must go beyond a mere willingness to
share data. After all, the question is not whether there are genes, only
when and how they might be found.
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C H A P T E R T W O

Relevance of Normal Personality
for Psychiatrists

C. Robert Cloninger, M.D.

Psychiatrists are expected to be able to understand and predict human
behavior as well as to offer prevention and treatment of the disorders that
arise in everyday life. At least for complex behaviors that involve emotion,
cognition, and voluntary action, we need to begin such an understanding
with the description of an individual’s usual ways of feeling, thinking, and
acting. This means that we need to describe and understand personalities
of others. Recent research on personality, including its psychometrics,
psychobiology, and genetics, has led to several major findings that cast a
new light on the importance of normal personality for the practice of
psychiatry. First, human personality has the same multidimensional struc-
ture in the general population and in clinical samples. This suggests that
there are no sharp natural demarcations between what we choose to dis-
tinguish as normal and abnormal personality traits. Second, individual
differences in multidimensional profiles of quantitative personality traits
permit definitions of personality disorder that agree with traditional cat-
egorical distinctions. This suggests that personality disorders are extremes
of quantitative variables with no natural boundaries between what is nor-
mal and what is abnormal. Third, individual differences in these same
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quantitative personality traits are associated with differences in the risk of
the full range of psychopathology from neurosis to psychosis. This sug-
gests that severe psychopathology emerges from vulnerabilities that can
be quantified in terms of premorbid personality traits. Fourth, personality
traits are the strongest predictors of response to treatment with both drugs
and psychotherapy. This suggests that assessment of personality is essen-
tial for efficiency and effectiveness of treatment planning. Fifth, individual
differences in patterns of lifestyle choice about diet, drinking, smoking,
exercise, health care, and stress management—which are notoriously
resistant to change—are strongly related to individual differences in per-
sonality. This suggests that noncompliance with public health recom-
mendations, as well as personality disorders, may be understood as
maladaptive behaviors related to individual differences in personality.

A comprehensive bibliography regarding these major findings is be-
yond the scope of this chapter. Instead, I describe the seminal studies that
led to these conclusions using the Temperament and Character Inventory
(TCI) and its forerunner, the Tridimensional Personality Questionnaire
(Cloninger 1987; Cloninger et al. 1993). Additional information has been
reviewed in more detail in other articles that are cited to guide interested
readers (Cloninger 1999b; Cloninger et al. 1994, 1998a). This work has
been carried out in order to provide a comprehensive model of human
personality to guide hypothesis testing, as well as to provide reliable, easy-
to-use assessment instruments that can be used in both psychobiological
research and clinical practice.

The Structure of Human Personality
The first major finding about the relevance of normal personality for
psychiatry is the observation that human personality has the same multi-
dimensional structure in the general population and in samples of psy-
chiatric outpatients or inpatients (Cloninger 1999b). Factor analytic studies
of descriptors of behavior in natural language show that there are seven
dimensions (Waller 1999). Earlier work with selected lists of descriptors
had suggested that there are five dimensions, but these excluded terms
of negative and positive valence relevant to psychiatry (Waller 1999).
There are at least two major systems of learning and memory in humans,
including procedural learning of habits and skills and propositional learn-
ing of goals and values (Cloninger 1994). These differences are preserved
in the TCI by distinguishing between temperament and character traits.
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Temperament is defined in terms of behaviors that can be understood in
terms of individual differences in habit learning by reward and punish-
ment. Character is defined in terms of goals and values, or what we make
of ourselves intentionally.

The TCI measures four dimensions of temperament: Harm Avoidance
(anxious vs. calm), Novelty Seeking (impulsive vs. reflective), Reward De-
pendence (warm vs. aloof ), and Persistence (steadfast vs. fickle). It also
measures three dimensions of character: Self-Directedness (resourceful vs.
helpless), Cooperativeness (empathic vs. hostile), and Self-Transcendence
(self-forgetful vs. acquisitive). Advocates of alternative assessment inven-
tories may partition personality according to different variables, but these
are well explained in terms of weighted combinations of the seven TCI
dimensions (Cloninger et al. 1994).

When the TCI is administered to samples of psychiatric patients, the
same multidimensional structure is observed as when it is administered
to samples representative of the general population (Bayon et al. 1996;
Cloninger 1991, 1994; Svrakic et al. 1993) on five different continents. The
mean values of some traits may differ between patients and normal sub-
jects, but the variability of each trait and the correlations among the traits
are the same regardless of the presence of psychopathology. All person-
ality varies quantitatively along multiple dimensions that are independent
or weakly correlated. If personality profiles also predict the type of psy-
chopathology (as shown in a later section), then this means that person-
ality traits are either the defining characteristics or at least vulnerability
indicators for psychiatric disorder.

General Criteria for Personality Disorders
Our current official system for classifying personality disorders, DSM-IV-
TR (American Psychiatric Association 2000), has several serious problems,
all related to the basic assumption that personality disorders are composed
of multiple discrete categories of illness. There is no evidence for natural
boundaries separating one category of personality disorder from another,
so individuals who satisfy criteria for one category often satisfy criteria for
multiple categories (Svrakic et al. 1993).

The absence of natural boundaries suggests that the basic assumption
of discrete categories is in error. On the one hand, individuals who meet
criteria for a disorder in the erratic (B) cluster often also meet criteria for
a disorder in the anxious (C) cluster (Svrakic et al. 1993). On the other
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hand, there is extensive heterogeneity within categories of personality
disorder. This is a consequence of the use of a long list of weakly corre-
lated items to diagnose each category; individuals may qualify for a di-
agnosis by means of different items and have few or no items in common.

In recent clinical research, I have found that it is possible to understand
the variation between and within categories in terms of profiles of multiple
dimensions of personality. Specifically, individuals with any personality
disorder are low in certain traits of character as measured by the TCI
(Cloninger et al. 1993). For example, all categories of personality disorder
are distinguished by low TCI Self-Directedness regardless of the cluster
or category of personality disorder (Cloninger et al. 1993; Svrakic et al.
1993). Low Self-Directedness is defined by poor impulse control or weak
ego strength as described by being irresponsible, purposeless, helpless,
and low in self-acceptance. Likewise, most individuals with personality
disorders are low in Cooperativeness, which is defined by poor interper-
sonal functioning as described by being intolerant, narcissistic, hostile or
disagreeable, revengeful, and opportunistic. The core features of person-
ality disorder can be rated in terms of severity from mild to severe (Clon-
inger 2000).

Research with the TCI by multiple independent groups has shown that
different clusters are associated with different dimensions of temperament
that are roughly independent (Svrakic et al. 1993). Specifically, Cluster C
(anxious) disorders are characterized by high TCI Harm Avoidance, that
is, being pessimistic, fearful, shy, anxious, and fatigable. Cluster B (im-
pulsive) disorders are characterized by high TCI Novelty Seeking, that is,
being easily bored, impulsive, quick-tempered, extravagant, and disor-
derly. Cluster C (aloof ) disorders are characterized by low TCI Reward
Dependence, that is, being aloof, independent, cold, insensitive, and un-
sentimental. In principle, this means that subtypes can be defined in a
mutually exclusive fashion by their profile with regard to individual dif-
ferences (high vs. low) along these three dimensions.

These findings have been replicated independently in several countries
and indicate that personality disorders may be well defined in terms of
individual differences in quantitative personality traits (Battaglia et al.
1996; Fossati et al. 1999; Mulder and Joyce 1997; Svrakic et al. 1993). The
multidimensional structure of personality can be interpreted in terms of
neurobiology, cognitive psychology, or psychodynamics, thereby allow-
ing communication among practitioners with different training back-
grounds (Mulder et al. 1996). Furthermore, independent replication of
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findings means that the causes of personality disorders can be discovered
by studying personality as it varies quantitatively in the general popula-
tion, which greatly increases the opportunities for molecular genetics
research.

Comorbidity of Personality Disorders
and Psychopathology

Extensive research using the TCI in samples of psychiatric patients and in
the general population has revealed that different personality profiles are
systematically associated with different forms of psychopathology (Bat-
taglia et al. 1996; Bayon et al. 1996; Cloninger et al. 1994). This can be
illustrated by the personality correlates of eating disorders. Patients with
bulimia nervosa differ from those with anorexia nervosa: those with bu-
limia are high in both Novelty Seeking and Harm Avoidance, whereas
those with anorexia are high in Persistence and Harm Avoidance (Brew-
erton et al. 1993; Kleifield et al. 1994). The binge-purge cycle in bulimia
can be understood as a particular expression of the approach-avoidance
conflict of individuals who are high in both Novelty Seeking (leading to
bingeing) and Harm Avoidance (leading to purging). The high Harm
Avoidance in both disorders is consistent with the anxiety-proneness of
patients with eating disorders.

Likewise, the differences between patients with anxiety disorders and
those with personality disorders are well understood in studies of person-
ality (Bayon et al. 1996; Cloninger et al. 1994). High Harm Avoidance
predisposes people to be low in Self-Directedness, so these two traits are
moderately correlated. However, individuals with anxiety disorders are
consistently high in Harm Avoidance but may or may not be low in Self-
Directedness. In contrast, individuals with personality disorders are con-
sistently low in Self-Directedness but may be high in Harm Avoidance
(e.g., cluster C disorders) or low in Harm Avoidance (e.g., antisocial per-
sonality disorder). Individuals with substance dependence are usually
high in Novelty Seeking and low in Self-Directedness (Cloninger 1999a;
Cloninger et al. 1994). This is true of individuals with alcohol dependence,
especially those with early onset and/or associated antisocial behavior.

Individuals with frequent somatization are usually high in Harm Avoid-
ance and low in Self-Directedness (Cloninger et al. 1996). In other words,
somatization involves both anxiety-proneness and immaturity.

Patients with major depressive disorders and dysthymia are also often
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high in Harm Avoidance and/or low in Self-Directedness. There is so
much heterogeneity among those with depression that it may be more
useful to describe them in terms of their underlying profile of tempera-
ment and character traits than in terms of subtypes that have been pro-
posed on the basis of depressive symptoms and course. As described in
the next section, the personality traits are more useful in treatment plan-
ning and predicting response to treatment than is any other clinical feature
including severity and pattern of depressive symptoms ( Joyce et al. 1994).

Personality as a Predictor
of Treatment Response

A major finding about personality that has profound implications for clini-
cal practice has been the importance of personality in predicting response
to treatment for depression. Several independent studies now show that
low TCI Harm Avoidance and high TCI Self-Directedness predict a rapid
and good response to antidepressants, including both tricyclics and se-
lective serotonin reuptake inhibitors ( Joffe et al. 1993; Joyce et al. 1994;
Tome et al. 1997). In contrast, individuals who are high in Harm Avoidance
and low in Self-Directedness have a slow and poor response to such anti-
depressants. These personality traits explain from 35% to 50% of the var-
iance in response to antidepressants ( Joyce et al. 1994), whereas other
features explain only a few percent of the variance.

Furthermore, differential response to particular antidepressants and
other drugs may be predicted by other aspects of personality. For exam-
ple, depressed individuals who are high in Novelty Seeking respond more
rapidly and better to pindolol as an adjunct to paroxetine than do those
who are low in Novelty Seeking.

In addition, personality is a crucial variable in predicting the response
to cognitive-behavioral therapy. When patients with bulimia are treated
with cognitive-behavioral therapy, those who are high in Self-Directedness
respond rapidly and remain well after 1 year, whereas those who are low
in Self-Directedness respond slowly and frequently relapse by one year
(Bulik et al. 1998, 1999). Likewise, the TCI is useful in identifying the
emotional conflicts and personality traits underlying problem areas in in-
terpersonal psychotherapy (Luty et al. 1998). It is interesting that Harm
Avoidance is not a significant predictor of response to cognitive therapy
as it is with antidepressants, suggesting that Self-Directedness is more
closely related to the features required for response to cognitive therapy.
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These observations mean that an initial comprehensive personality as-
sessment is a crucial part of an initial psychiatric evaluation (Cloninger
and Svrakic 1997). Such improvement in efficiency and effectiveness is
increasingly important in providing care with modern constraints on fre-
quency and duration of visits.

Personality and Lifestyle Choice
Despite the advances in understanding of the important role of lifestyle
on mental and physical health, physicians in all specialties have made
little progress in achieving compliance with recommended lifestyle prac-
tices. The important lifestyle choices that are so resistant to preventative
guidance include diet, weight, exercise, smoking, drinking, and stress
management. Recent work has shown that individual differences in life-
style choice are substantially predicted by personality traits. In fact, un-
healthy lifestyle choices, such as eating fried foods, exercising little,
smoking and drinking excessively, and not having regular sleep and re-
laxing recreation, are related to the same personality traits that define
personality disorder. In other words, an unhealthy lifestyle may be a mild
form of what psychiatrists call immaturity or personality disorder; this is
not surprising because personality disorders are inflexible maladaptive
lifestyle choices. Thus the problems in preventative medicine regarding
noncompliance with recommendations about healthy lifestyle choices
overlap with those of psychiatry in facilitating healthy character devel-
opment. The assessment of personality is therefore a crucial aspect of
public health efforts for prevention of both mental and physical disorders.

Discussion
The relations between normal personality traits and vulnerability to psy-
chopathology are moderately strong except for personality disorders,
where they are definitive. That means that understanding of psychopa-
thology requires consideration of influences on human behavior beyond
the genes and neurochemical events contributing to personality (Clonin-
ger et al. 1997). The complexity of the genetics of personality and the
incompleteness of personality as an explanation of psychopathology
mean that we should not think in a narrow reductionistic manner about
genetic engineering. The genes for personality are likely to provide mo-
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lecular targets that will assist in therapeutics, but the gene-gene and gene-
environmental interactions are too complex to allow the design of human
personalities in the way fantasized by some critics of psychiatric genetics.
We have shown in gene mapping studies of human personality that the
broad heritability of personality is about 50%, but about half of this (25%)
is due to epistasis, or gene-gene interactions (Cloninger et al. 1998b). The
number of interacting genes and nongenetic influences is such that exact
prediction of human personality and psychopathology by genetic engi-
neering is unlikely to be a fruitful goal. However, the understanding of
molecular genetic events associated with individual differences in person-
ality development is likely to contribute in an important way to a rational
understanding of psychobiological disorders and their treatment.
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C H A P T E R T H R E E

Genetics of Personality

The Example of the Broad Autism Phenotype

Joseph Piven, M.D.

Spectrum of Autistic Behavior
More than 50 years ago Leo Kanner provided the first description of what
has since come to be referred to as autistic disorder (Kanner 1943). This
severe, lifelong behavioral syndrome is defined in DSM-IV-TR (American
Psychiatric Association 2000) by the presence of behavioral characteristics
in three domains of behavior: 1) marked communication abnormalities
such as language delay, echolalia, and deficits in the pragmatic use of
language; 2) significant social deficits ranging from an absence of interest
in interacting with others to a limited ability to engage in reciprocal social
interactions; and 3) an excess of stereotyped, ritualistic, and repetitive
behaviors, such as upset with minor changes in routine or changes in the
environment, unusual preoccupations, and repetitive questioning. Al-
though the severity, abnormal quality, and co-occurrence of the symptoms
that make up this behavioral syndrome place it squarely in the category
of a medical condition, the boundary between where autism ends and the
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abnormal dimensions of personality begin is not so clear. In 1987, DSM-
III-R (American Psychiatric Association 1987) introduced the concept of a
subthreshold diagnostic category referred to as a pervasive developmental
disorder, not otherwise specified (PDD-NOS). As with autism, this con-
dition is associated with substantial impairment in functioning; however,
it differs from autism in that affected individuals do not quite meet the
threshold for a diagnosis of autism in all three domains. Although classical
autism, as originally and more narrowly defined by Kanner, is estimated
to occur in roughly 2 children per 10,000 (Lotter 1967) and DSM-IV-TR
autistic disorder, which is somewhat more broadly defined, is estimated
to occur in approximately 5–10 children per 10,000 (Fombonne et al.
1999), the occurrence of PDD-NOS is estimated to be as high as 14–18
children per 10,000 in the population (Fombonne et al.). In addition to
this widening of the criteria for diagnosing an autistic-like condition, in-
creasing data on the natural progression of the childhood symptoms of
the pervasive developmental disorders suggest that some of the traditional
distinctions made in the diagnosis in childhood are not always as straight-
forward in adults. Not uncommonly, adults who met criteria for high-
functioning (i.e., IQ � 80) autism or a pervasive developmental disorder
as children, when viewed cross-sectionally at later ages, no longer meet
criteria for a pervasive developmental disorder. Though impairment re-
lated to their social deficits or rigid behaviors is still present, these indi-
viduals often appear instead to meet criteria for a diagnosis of a
personality disorder (e.g., schizoid, avoidant personality, and/or compul-
sive personality disorder) (Piven et al. 1996). Clearly the appropriate ap-
proach to diagnosis in these adults requires inquiry into childhood history
where other aspects of the PDD-NOS syndrome will be identified, allow-
ing these individuals to be correctly classified as having the adult mani-
festations of a childhood pervasive developmental disorder. Unfortunately
little is currently known about the natural history of autistic behaviors in
adults with a pervasive developmental disorder in childhood. Further
blurring the boundaries of the behaviors between pervasive developmen-
tal disorders and the dimensions of personality are recent data suggesting
that the underlying genetic liability for autism may be expressed in non-
autistic relatives of autistic individuals, in personality and language char-
acteristics that are milder and qualitatively similar to those seen in autism.
Together these characteristics have been referred to as comprising a broad
autism phenotype. In this chapter I review the concept of the broad autism
phenotype and explore its relevance to current and future studies of the
genetics of personality.
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Genetic Factors in Autism
The importance of hereditary factors in the etiology of autism is now well
recognized. The recurrence risk for autism following the birth of an autistic
child is approximately 100 times the population base rate (Smalley et al.
1988), and three epidemiologically based twin studies have reported con-
cordance rates for autism among monozygotic twins that range from 36%
to 91%, as compared with zero concordance among dizygotic twins (the
actual dizygotic concordance in a larger sample would be expected to
approximate the recurrence risk for autism of approximately 3%–6%) (Bai-
ley et al. 1995; Folstein and Rutter 1977; Steffenburg et al. 1989). These
monozygotic concordance rates suggest that the heritability of autism may
be greater than 90% (Bailey et al. 1995). The high relative risk ratio (ks )
in autism (i.e., recurrence risk/population risk) of 75–150, together with
the estimates of heritability, have stimulated a number of affected sib-pair
genome screen studies to search for susceptibility genes underlying this
disorder. Currently there is converging evidence for a possible suscepti-
bility locus on chromosome 7q (Barrett et al. 1999; IMGSAC 2001), iden-
tified through several genome screen studies of affected sib pairs, as well
as a possible locus on chromosome 15q11–13. The chromosome 15 locus
has been suggested by the numerous reports of interstitial duplications
and tetrasomies in this region, along with high rates of microduplications
and deletions that appear to be due to maternal and paternal transmission,
respectively (Baker et al. 1994; Barrett et al. 1999; Cook et al. 1997).

Although the evidence clearly establishes the importance of genetic
factors in autism, no particular mode of inheritance underlying this dis-
order has been identified. Based on the differences in concordance rates
for autism between mono- and dizygotic twins of greater than 4:1, and
the absence of a pattern consistent with Mendelian inheritance for the full
syndrome of autism, the most likely genetic mechanism underlying autism
is considered to be oligogenic inheritance. Further complicating the
search for susceptibility genes in autism is the presence of etiologic
heterogeneity underlying this syndrome. Approximately 10% of individ-
uals with autism have a co-occurring medical condition that is pre-
sumed to play an etiologic role in their autism. For example, autism has
been detected in more than 20% of individuals with tuberous sclerosis
(Baker et al. 1998), an autosomal dominant neurocutaneous disorder
associated with benign brain lesions (tubers) and epilepsy; and approxi-
mately 3% of autistic individuals carry the full fragile X mutation (Piven et
al. 1991).
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Evidence for the Existence of a
Broad Autism Phenotype

In his original description of the syndrome of infantile autism, along with
the detailed accounts of the behavior of children with autism, Kanner
made several astute observations about the behavioral characteristics of
the parents of some of the affected children. Parents were often described
as serious-minded, perfectionistic individuals, with an intense interest in
abstract ideas, who appeared to lack a genuine interest in developing
relationships with others (Kanner 1943). These early observations, how-
ever, were misinterpreted to mean that somehow parental personality and
child-rearing practices resulted in the occurrence of autism. Numerous
studies examining parent-child interactions have consistently failed to sup-
port this hypothesis (summarized by Cantwell et al. [1976]). However, al-
though the notion that the family environment plays a role in the etiology
of autism has clearly been laid to rest, there is increasing evidence that
Kanner’s observations about parental behavior were correct. Recent family
and twin studies of autism suggest that the spectrum of behaviors related
to autism may include personality and language characteristics expressed
in nonautistic relatives of autistic probands, which are milder but qualita-
tively similar to the defining features of autism. This phenomenon, referred
to recently as the broad autism phenotype (BAP), may provide a useful
model for examining the genetic determinants of personality.

Twin Studies
Although Kanner provided the first detailed observations of the person-
ality and behavior of parents through his anecdotal reports, it was Folstein
and Rutter’s twin study that provided the first systematic evidence that
Kanner’s observations may have been correct. In their study of 21 same-
sex twin pairs in England, Folstein and Rutter (1977) reported that in ad-
dition to a higher monozygotic than dizygotic concordance rate for autism,
the nonautistic co-twins in the monozygotic pairs also had elevated rates
of a more broadly defined phenotype, defined as either autism or a milder
cognitive deficit (e.g., severe reading disorder, language delay, mental
retardation, or severe articulation disorder) when compared with the non-
autistic dizygotic co-twins. Whereas concordance for autism was 36% and
0% in monozygotic and dizygotic twins, respectively, expanding the def-
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inition of affected to include either autism or a cognitive disorder resulted
in concordance of 82% in monozygotic versus 10% in dizygotic twin pairs.
In all cases, the cognitive deficit involved some type of speech or language
abnormality, typically characterized as a delay in the development of use-
ful speech. In three of the five nonautistic monozygotic co-twins, signifi-
cant social deficits were also noted. However, given the difficulties in
systematically characterizing social deficits in children, this observation
was largely ignored for several years until several family studies using
systematic assessment methods began to reveal similar abnormalities in
the parents and adult relatives of autistic probands. In summary, Folstein
and Rutter’s twin study provided evidence that behavioral deficits that
were milder but qualitatively similar to those found in autism might also
be present at elevated rates in relatives of autistic probands. This obser-
vation led to the hypothesis that perhaps what is inherited in families of
autistic individuals is not necessarily autism, but a milder, forme fruste of
the full syndrome that might include a milder cognitive or social deficit.

In a recent follow-up of the original autism twin study, Bailey et al.
(1995) reexamined subjects from the first British twin study and ascer-
tained a second epidemiological sample of autistic twins in England. The
cognitive and behavioral characteristics were assessed using the Autism
Family History Interview, a semistructured family history interview de-
veloped specifically to examine hypotheses about potential aspects of the
more broadly defined autism phenotype assessed in this study, defined
as the presence of either social or cognitive deficits. In the combined
sample (a total of 27 monozygotic and 20 dizygotic twins), 92% of the
monozygotic pairs were concordant for autism or a more broadly defined
phenotype including milder cognitive and social deficits, versus 10% of
the dizygotic pairs, further extending the findings of the original Folstein
and Rutter twin study of autism.

Family History Studies
Again using the Autism Family History Interview and interviewing an in-
formant, Bolton et al. (1994) examined the relatives in a large sample of
families of autistic and Down syndrome individuals. Relatives were coded
as having communication, social, and/or stereotyped behavior deficits
based on the presence of one definite or two probable abnormalities
within each of the three defining behavioral domains in autism. First-
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degree relatives from autism families had higher rates of abnormalities
from all three behavioral domains—social and communication deficits,
and stereotyped-repetitive behaviors—than relatives from Down syn-
drome families, and Bolton et al. referred to this phenomenon as the BAP.
For subsequent analyses, relatives were grouped into two categories of
affected status: one based on a narrow definition, which meant having
deficits in any two of the three behavioral domains examined; and one
based on a broad definition, which meant having deficits in one of the
domains. Using this approach they noted that proband verbal IQ was
significantly associated with familial aggregation of both the broad and
narrow definitions of the BAP. In the subset of autistic probands with
speech, an association was also noted between the presence of the BAP
in relatives and the number of ICD-10 autism symptoms present in pro-
bands. These analyses thus provide converging evidence for the validity
(or genetic meaning) of the BAP, by not only showing differences in rates
between cases and controls, but by showing a possible relationship be-
tween proband characteristics and the presence of the BAP in relatives.

Using a modified version of the Autism Family History Interview,
Palmer and Piven (in press) compared rates of the BAP in multiple- and
single-incidence autism and Down syndrome families in the Iowa Autism
Family Study. They hypothesized that multiple-incidence autism families,
ascertained through the presence of two autistic probands, would pre-
sumably carry a higher genetic liability for autism than single-incidence
autism families, who presumably carry a higher genetic liability for au-
tism than Down syndrome families. The latter can be assumed to reflect
the genetic liability for autism present in the general population. Results
revealed that rates of the BAP in relatives ascertained through multiple-
incidence probands were indeed higher than those found in single-
incidence autism families. The rates of the BAP in relatives from
single-incidence families were, in turn, found to be significantly higher
than the rates found in Down syndrome families. The results of this study
suggest that the increasing genetic liability to autism, going from families
ascertained through Down syndrome to single-incidence autism to
multiple-incidence autism, is associated with increasing genetic liability
for the BAP in relatives. Given the more common occurrence of the BAP
in multiple-incidence autism families, as well as the likelihood that fami-
lies ascertained through two autistic probands are likely to have fewer
phenocopies than those ascertained through a single affected individual,
multiple-incidence families offer an important, high-risk group for genetic
studies of the BAP.
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Defining the Nature and Boundaries of the BAP
Although family history studies have convincingly demonstrated high
rates of the BAP in the nonautistic twins and family members of autistic
individuals, the family history method provides only a relatively crude
measure of this milder aspect of the phenotype. For studies that aim to
go beyond the simple demonstration of differences in case-control or con-
cordance rates of the BAP, to examine the biological significance of the
BAP, it is likely that a more detailed understanding of the nature and
boundaries of the BAP is warranted. This more detailed description of the
manifestations of the BAP requires the direct assessment of individuals.

Personality Characteristics
The Modified Personality Assessment Schedule, Revised (M-PAS-R) was
originally adapted from the Personality Assessment Schedule (Tyrer 1988;
Tyrer and Alexander 1979; Tyrer et al. 1983), a semistructured interview
for the assessment of personality disorder. A modified version of this in-
strument (M-PAS) was created for use in the cross-national Baltimore-
London Autism Family Studies (Murphy et al. 2000; Piven et al. 1994) that
included a subset of 18 personality characteristics that were thought to
possibly be components of the BAP. Preliminary use of this instrument
(Piven et al. 1994) revealed that 1) there was substantial overlap among
the items; 2) adequate interrater reliability could not be achieved on sev-
eral of the items; 3) several characteristics were infrequently endorsed;
and 4) several items did not appear to be useful in distinguishing char-
acteristics in relatives of those with autism. As a result, in a subsequent
study, the Iowa Autism Family Study, only eight items were retained (and
one item, rigidity, was substantially modified), in a version referred to as
the Modified Personality Assessment Schedule, Revised (M-PAS-R) (Piven
et al. 1997b).

Subjects (parents of autistic individuals) and informants (usually
spouses) were interviewed using the M-PAS-R as part of a lengthy inter-
view that began with examination of the subject’s life story, includ-
ing questions about family, school and work history, and relationships.
M-PAS-R characteristics were rated separately in the subject interview and
the informant interview, as present or absent, based on specific behavioral
examples (not subjective impressions of the interviewer) given by the
subject or informant. A single, blind, best-estimate rating was made from
combin-ing data from the videotaped responses of both the subject and
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the informant for each characteristic. With the exception of the item un-
demonstrative (kappa � 0.48), interrater reliability was found to be good
to excellent for the items (Piven et al. 1997b).

Twenty-five mothers and 23 fathers from 25 multiple-incidence autism
families and 30 mothers and 30 fathers from 30 Down syndrome families
were examined. After correction for multiple comparisons, autism parents
were found to be significantly more likely to be rated as aloof (23% autism
vs. 3% Down syndrome), rigid (49% autism vs. 5% Down syndrome); anx-
ious (26% autism vs. 5% Down syndrome), and hypersensitive to criticism
(28% autism vs. 3% Down syndrome) than parents of Down syndrome
probands. On the M-PAS-R, rigid is defined as having little interest in and/
or difficulty adjusting to change; aloof is defined as having a lack of in-
terest in or enjoyment from being with people; anxious is defined as
nervousness not amounting to an anxiety state or phobic disorder; and
hypersensitivity to criticism is defined as excessive distress at comments
or behavior of others that is felt to be critical or insensitive. For these four
characteristics the relative odds (RO) (including the 95% confidence in-
terval [CI]) of being rated as affected if the subject was an autism parent
were as follows: aloof, RO � 8.4 (CI: 1.7, 41.3); rigid, RO � 10.1 (CI: 3.3,
30.6); anxious, RO � 6.3 (CI: 1.6, 24.7); and hypersensitive to criticism,
RO � 11.0 (CI: 2.3, 53.0). There was no evidence of gender-specific dif-
ferences, except for the characteristic anxious, which was rated more com-
monly in autism versus Down syndrome fathers (35% vs. 0%, respectively)
but showed no significant difference in frequency between autism and
Down syndrome mothers (28% vs. 10%, respectively).

In order to more fully understand the meaning of the M-PAS-R person-
ality characteristics detected at elevated rates in autism parents, Piven et
al. (1997b) examined the relationship of these characteristics to those as-
sessed in a well-known measure of the five-factor model of personality,
the NEO Personality Inventory, Revised. An analysis of the correlation of
items from the M-PAS-R and those of the NEO Personality Inventory, Re-
vised, revealed a significant negative correlation between the aloof char-
acteristic and two facets of extroversion, Warmth (E1) (r � �0.31, P �
0.01) and Gregariousness (E2) (r � �0.32, P � 0.01). The M-PAS-R Rigid
characteristic was also significantly negatively correlated with O4 of the
Openness dimension (r � �0.30, P � 0.01) and Agreeableness (r �

�0.32, P � 0.01). Individuals who score low for O4 are characterized by
a preference for routine and familiar experiences, an unwillingness to try
new activities, and an avoidance of novelty. The presence of both (neg-
ative) openness and (negative) agreeableness is thought to describe an
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individual who is more than just closed to changes in experience (as ex-
pected by the O4 characteristic), and in addition displays what has been
referred to as interpersonal rigidity ). This suggests an additional social
aspect of this characteristic that is consistent with an overall conceptual-
ization of the BAP as involving both social deficits and rigidity. Finally,
and as expected, the M-PAS-R items anxious and hypersensitive to criti-
cism were significantly correlated with several facets of the Neuroticism
dimension (anxiety and depression), whereas hypersensitivity to criticism
was additionally correlated significantly with hostility, self-consciousness,
and vulnerability.

Number and Quality of Friendships: A Simple Measure
of Social Behavior
Recognizing the limitations of the measure of personality used in the char-
acterization of the BAP (e.g., the M-PAS-R requires substantial training and
effort to obtain reliable and meaningful data), several studies sought to
characterize the social deficits seen in individuals thought to show evi-
dence of the BAP, using simpler approaches. The Friendship Interview
was developed as part of the Baltimore Autism Family Study to provide a
reliable and relatively easy to administer measure of one aspect of social
behavior: the quality and number of an individual’s friendships. Two stud-
ies have been conducted using this instrument and have reported that
parents of autistic individuals have fewer friendships that involve emo-
tional support and confiding than do parents of Down syndrome individ-
uals (Piven et al. 1997b). In the study by Piven et al., 46% of parents with
multiple autistic children scored at least 1.5 standard deviations. beyond
the mean of the control group on this measure, for an effect size of 1.1
(CI: 0.7�1.6). The Friendship Interview score was also correlated signifi-
cantly with the Pragmatic Language score (r � 0.57, P � 0.001) (see the
section ‘‘Communication: At the Interface of Cognition and Personality’’)
and aloof personality (r � 0.43, P � 0.001), demonstrating agreement
across different measures for characterizing behaviors in the social do-
main.

Cognitive Deficits
Cognitive deficits, although not considered a defining feature of the dis-
order, are almost uniformly present in autistic individuals. Seventy-five



52 Molecular Genetics and the Human Personality

percent of autistic individuals have an IQ that places them in the mentally
retarded range, and language delay or the absence of the development of
useful language is typical.

Deficits in particular cognitive functions have also been identified, re-
sulting in a variety of explanatory theories about the cognitive basis of
this disorder. So, for example, executive function deficits have been de-
tected in a number of studies and are thought to possibly underlie a range
of behavioral and other cognitive deficits seen in autism (Ozonoff et al.
1994). Particular patterns on subtests of the Wechsler IQ test (e.g.,
strengths in block design) have led others to suggest that the fundamental
deficit in autism is in ‘‘central cohesion’’ (Happe and Frith 1996), or an
overfocus on the relationship between parts of a whole with a relative
deficit in ability to appreciate the overall gestalt.

A qualitatively similar pattern of deficits in some cognitive areas has
been observed in relatives. The most clear-cut example comes from
three independent studies demonstrating deficits in executive function on
the Tower of Hanoi and one showing deficits on the intradimensional/
extradimensional set shifting task, in siblings of autistic individuals (Ozon-
off et al. 1993) and in their parents (Hughes et al. 1997; Piven et al. 1997b).
Similarly, relatives of autistic individuals have high rates of deficits in
communication-related abilities (e.g., language delay, rapid automatized
naming, and reading comprehension) (Piven et al. 1997b). The finding of
cognitive deficits in family members of autistic individuals provides a con-
vergence of evidence supporting the validity of the concept of the BAP
and suggests possible mechanisms that may underlie these behaviors in
autistic individuals and their relatives.

Communication: At the Interface of Cognition
and Personality
Social behavior in autism encompasses a complex array of behaviors that
range from obvious (e.g., little interest in others) to more subtle (e.g.,
limited ability to appreciate social cues or the to and fro aspects of a social
conversation) characteristics. In addition to deficits in social aspects of
personality, as characterized by the rating of aloofness and friendship on
the M-PAS-R and Friendship Interview, some parents of autistic individuals
show more subtle deficits in the social aspects of their communication.
Both deficits in pragmatic language (i.e., social use of language) and nar-
rative discourse (i.e., the ability to tell a story) have been reported in



Genetics of Personality 53

autism parents and parallel similar, more severe deficits seen in autism.
Landa et al. (1992) developed an observational measure of social use of
language (the Pragmatic Language Scale), composed of 19 abnormal prag-
matic behaviors in three categories: 1) disinhibited social communication
(including being overly talkative, overly detailed, preoccupied with par-
ticular topics, giving confusing accounts, abruptly changing topics, and
being overly candid); 2) awkward or inadequate expression (including
inadequate clarification when asked to give more detail about a particular
point; and terse, vague accounts with insufficient background for the lis-
tener); and 3) odd verbal interactions (including inappropriate topics, odd
humor, limited to and fro conversation, and being overly formal or infor-
mal). In two family studies comparing blind ratings of the parents of au-
tistic individuals and controls, autism parents showed significantly higher
rates of pragmatic language deficits (Landa et al. 1992; Piven et al. 1997b).
In the study by Piven et al. (1997b) the greatest differences were observed
on a subset of items—giving accounts that were too detailed, failure to
give proper references during the conversation, vague and disorganized
accounts, failure to adequately clarify information when questioned fur-
ther about it—that all pertained to the clarity and relevance of the mes-
sage. Similarly, the most striking abnormalities in autism parents in the
Landa et al. (1992) study fell into the category or factor of inadequate
expression. Landa et al. (1992) hypothesized that this set of abnormal
pragmatic behaviors in parents might be the result of using a rigid lin-
guistic rule system that affects expression and comprehension of the mes-
sage, indicating a possible convergence of deficits in the social and
stereotyped-repetitive domains, which is reflected in characteristic pat-
terns of language use.

Inadequate expression was also detected in studies by Landa et al.
(1991), where parents of autistic individuals were found to have deficits
in their abilities to tell a novel, coherent story (i.e., a deficit in narrative
discourse ability). In the most recent study (R. Landa, J. Piven, unpub-
lished data, 2001), autism parents produced longer stories with more re-
formulations and perspective taking errors (e.g., restatement of ideas, and
expression of ambiguous, irrelevant, and redundant information) than
controls (parents of Down syndrome individuals). Number of reformula-
tions by autism parents was also significantly correlated with a nonverbal
test of planning (the four-ring Tower of Hanoi), suggesting that deficits in
narrative discourse may be the result of an impairment of executive func-
tion, and in particular in planning, in these individuals. These findings
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parallel similar hypotheses where executive function deficits, and more
specifically, a rigid cognitive style, have been thought to underlie many
of the behavioral abnormalities in autism.

In summary, these results suggest that the genetic liability for autism is
expressed in nonautistic relatives in complex and broad ranging charac-
teristics typically seen as falling within the construct of personality. Some
of these broad ranging characteristics, such as social deficits in personality,
are likely to be the end result of a complex interaction between abnor-
malities in social cognition, pragmatic language, and narrative discourse
that eventually may be explained by more fundamental, underlying cog-
nitive abnormalities such as deficits in executive function.

Psychiatric Disorder and the BAP
The observation that particular personality characteristics are common in
relatives of autistic individuals raises the question of whether these char-
acteristics are associated with impairment. Piven et al. (unpublished data)
examined the parents from 25 multiple-incidence autism families and 30
Down syndrome families using the Structured Interview for DSM-III-R Per-
sonality Disorder (SIDP-R) (Pfohl et al. 1989). Although four autism and
none of the control parents were found to have an avoidant personality
disorder (Fisher’s exact, P � 0.045), for the most part, the majority of
autism parents did not have evidence of personality disorder or impair-
ment related to the presence of particular personality characteristics such
as aloof or rigid personality.

Axis I psychiatric disorders have also been examined in the nonautistic
relatives of autistic individuals. Four studies employing structured psy-
chiatric interviews have found elevated rates of recurrent major affective
disorder (MAD) in parents of autistic individuals (Bolton et al. 1998; Piven
and Palmer 1999; Smalley et al. 1995). Two of these studies examined the
relationship of MAD to the BAP and failed to find an association. The most
recent study by Piven and Palmer (1999) found preliminary evidence to
suggest that high rates of MAD in parents of autistic individuals may be
the result of assortative mating of parents with MAD for spouses with the
BAP. Both the study by Smalley et al. (1995) and the study by Piven and
Palmer (1999) also found elevated rates of social phobia in autism parents.
Although Piven and Palmer (1999) failed to detect an association in in-
dividuals between the presence of social phobia and the presence of traits
of the BAP, clearly social phobia is conceptually related to the aloof and
anxious personality characteristics detected in autism parents.
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Importance of the BAP for Genetic Studies
of Autism and Personality

A Complex Phenotype
As with other complex neurobehavioral syndromes, much of the work
aimed at disentangling the underlying pathogenesis in autism has, in the
past, been based on the premise that there is a single underlying etiology
or set of etiologies (i.e., simple patterns of inheritance) and a single, un-
derlying mechanism in the brain. Although this concept may be a logical
place to begin thinking about the pathogenesis of relatively unidimen-
sional conditions such as hypertension and diabetes (and even these dis-
orders have now clearly been linked to more complex underlying
mechanisms), the complex phenotype of autism could hardly be expected
to yield to such simple truths as those inherent in finding a unitary brain
lesion or a single explanatory gene. To begin with, the defining features
of autism alone encompass three qualitatively distinct domains of behav-
ior: social deficits, communication deficits. and stereotyped-repetitive be-
haviors. Each of these domains overlaps phenomenologically with more
narrowly defined disorders that are themselves the subject of studies
aimed at uncovering their underlying genetic basis (e.g., specific language
disorder, schizoid and avoidant personality disorder, and obsessive-
compulsive disorder). So, for example, without the additional presence
of the other features of the full syndrome of autism, the language deficits
alone of autism could be viewed as constituting a specific language im-
pairment. Similarly, the stereotyped-repetitive behaviors have much in
common phenomenologically with the symptoms of obsessive-
compulsive disorder, and except for the co-occurrence of social and lan-
guage deficits, many autistic individuals might warrant the diagnosis of
an obsessive-compulsive or another anxiety-related disorder. The com-
plexity of the autism phenotype is further supported by the evidence that
autism is not the result of a unitary brain abnormality but instead appears
to be the result of a range of neural abnormalities, as suggested by the
neuroimaging and neuropathological studies showing abnormalities in a
number of brain structures and regions (caudate, corpus callosum,
amygdaloid-hippocampal complex, cerebellum, anterior cingulate, fusi-
form gyrus, thalamus, and prefrontal, temporal, occipital, and parietal
cortex) (reviewed by Bauman and Kemper 1994; Chugani et al. 1997;
Haznedar et al. 1997; Piven et al. 1997a; Schultz et al. 2000; Sears et al.
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1999). At yet a more complex level of analysis, the evidence for specific
brain-behavior relationships suggests that although related at the syn-
dromic level (defined on the basis of clinical impairment observed when
the components of autism occur within a single individual), components
of the autism phenotype may, in fact, have distinct and independent
pathophysiologies. A recent study by Sears et al. (1999), for example,
showed evidence of abnormalities in caudate size in autism that were
significantly correlated to stereotyped-repetitive but not social or com-
munication behaviors (paralleling findings of abnormalities in the striatum
in obsessive-compulsive disorder and Tourette syndrome [reviewed by
Leckman et al. 1997]), suggesting the existence of more specific brain-
behavior relationships underlying this complex phenotype.

Disaggregating the Autism Phenotype:
Importance of the BAP
Both the quantitative and qualitative characteristics seen in autism (e.g.,
the wide range of IQ, and the rich and varied behavioral and cognitive
deficits, respectively) suggest that the underlying genetic mechanisms in
autism are likely to be complex. Based on inheritance patterns for autism
observed in family and twin studies, autism has been thought to be the
result of at least three to five interacting genes. Although there have been
some encouraging overlapping findings from the few genome scan stud-
ies published to date (Barrett et al. 1999; IMGSAC 2001), other studies
have been strikingly negative (Risch et al. 1999), suggesting the need for
complementary strategies for detecting genes in autism. One approach to
this enlists our knowledge of the varied components of autism and the
BAP to search for independent genetic effects that may underlie these
components.

If the oligogenic hypothesis is correct, individuals with autism have
most if not all of the genes for this disorder, whereas family members,
demonstrating only milder components of the full phenotype, are likely
to have a smaller portion of the genes responsible for causing autism.
Examination of the components of the BAP1 in relatives may allow us to

1 The BAP more appropriately refers to the concept of a milder syndrome of autism
in nonautistic relatives who carry genetic liability for autism. Components of the
BAP, however, might perhaps be more accurately be referred to as constituting a
narrow autism phenotype, because they represent the narrower expression of the
underlying genetic liability for autism.
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dissaggregate the genetically meaningful but distinct aspects of the autistic
phenotype that segregate independently but together may combine to
produce autism. Current efforts at detecting genes for dyslexia, where
separate linkages have been demonstrated to distinct reading tasks (e.g.,
single-word naming and phonological awareness), suggest that this may
be a useful approach for detecting genes of moderate effect in genetically
heterogeneous, oligogenic disorders (Grigorenko et al. 1997). Given the
likelihood that at least some qualitatively distinct aspects of the autism
phenotype may be associated with distinct brain abnormalities and dis-
tinct genetic effects, it seems as though a similar approach to disaggre-
gating the genetics of autism, exploring for linkage to components of the
phenotype in individuals with autism and the BAP, is warranted.

BAP as a Model for Elucidating the Molecular Genetic
Basis of Personality
Systematic studies using reliable and standardized measures have now
confirmed Kanner’s original observation of particular behavioral charac-
teristics aggregating in parents of autistic individuals. These studies sug-
gest that there exists a milder, partial phenotype in the nonautistic relatives
of autistic individuals that is genetically related to the full syndrome of
autism. This milder, partial phenotype, referred to as the broad autism
phenotype, provides a potentially important model for elucidating the
genetic basis of personality.

Studies of the genetic basis of personality are limited by the same fac-
tors that limit the studies of all complex disorders, but perhaps more so
given the difficulties in characterizing the phenotype, etiologic hetero-
geneity, and the likelihood of multifactorial/polygenic inheritance. The
study of the personality characteristics in nonautistic relatives of autistic
probands, who themselves have features of the BAP, offers several poten-
tial advantages. First, subsetting the range of subjects being studied by
first conditioning on their having a relative with autism is likely to mini-
mize the substantial heterogeneity of genes underlying personality in the
general population. Second, by focusing on those characteristics of the
BAP that parallel the phenotypic characteristics present in the fully af-
fected index case (i.e., in individuals with autism) and by focusing on
those aspects of the phenotype that appear to be most heritable (i.e., are
highly correlated in two related autistic individuals or related individuals,
one of whom is autistic and one of whom demonstrates some features of
the BAP), the likelihood of detecting discrete genetic effects should be
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increased. Third, observations made about psychological phenomena in
autistic individuals, such as deficits in executive function or the recognition
of complex socioemotional phenomena (e.g., recent research suggesting
deficits in theory of mind and ability to detect trustworthiness) (Adolphs et
al. 2001; Baron-Cohen et al. 1999) or particular brain-behavior relationships
in autism (e.g., the relationship between rigid-stereotyped-repetitive be

haviors and caudate volume in autistic individuals) (Sears et al. 1999)
may provide clues to more biologically meaningful phenotypes. Finally, the
convergence of abnormalities from multiple domains (e.g., personality,
language, and cognition), within individuals and families segregating for
autism and the BAP, adds validity to our notions about the constructs we
are measuring and may contribute to our understanding of underlying
mechanisms, leading to the identification of endophenotypes for studying
the genetics of autism, the BAP, and related aspects of personality.

In summary, the cognitive and behavioral features of autism and the
BAP provide a useful model for examining the biological and, more spe-
cifically, the genetic basis of personality. Ultimately though, the person-
ality characteristics making up the BAP will require validation once genes
for autism are found. Given the high heritability of autism and the extreme
nature of the phenotype, it seems possible that genes for autism (and
genes for components of the BAP) will be found before those for the
broader dimensions of personality and may, in turn, lead the way to iden-
tifying susceptibility genes underlying personality.
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C H A P T E R F O U R

Animal Models of Personality

Jonathan Flint, M.D.

Strictly speaking, there are no animal models of human personality. In
fact, although dog breeders have for centuries exploited individual heri-
table differences in an animal’s temperament to create animal breeds with
specific behavioral repertoires, it is not at all clear that an animal has a
personality. Defining an animal’s temperament is also not straightforward.
An operational definition would require the animal to show a consistent
pattern of responses in a series of behavioral tasks, so that for example,
a timid animal would be slow to emerge into a threatening environment
but quick to avoid a predator. The difficulty here is whether these tasks
measure what they are supposed to measure. How, for instance, do we
know that the environment or the predator is threatening to the animal?
There may be other cues that determine the response about whose nature
we are completely ignorant.

A further problem is that a limited number of behavioral tests are rele-
vant to temperament. The most widely used, and hence those about which
we know most, were developed for testing drug efficacy in models of
psychiatric disorder. These may not be the best tests for the purposes of
understanding personality.
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The main justification for the use of animal models is that they allow
us to find out things about the neurobiology of temperament and person-
ality. The experimental license animals provide should permit the cou-
pling of behavioral, genetic, cellular, and physiological assays in a way
that has been possible in learning and memory experiments. In particular,
animal models could identify the biological correlates of personality, thus
providing a much needed external validation for personality traits. Most
psychologists agree that personality factors can be found from the analysis
of trait difference, but an external validation of each factor is lacking: the
extraversion factor may emerge from numerous different personality in-
ventories, but the problem is that there is no observable object called
extraversion. The large literature on research into the biological basis of
human personality has so far turned up very little (Zukerman 1991). Es-
tablishing heritability indices for personality factors is not by itself suffi-
cient, first because even if the factor had no heritability it could still have
validity in some other domain (for instance as a socially determined set
of behaviors) and second because the existence of a heritability coefficient
does not by itself guarantee that the trait has a biological basis. For in-
stance the L scale of the Eysenck Personality Questionnaire has a high
heritability (Eysenck 1967), but no one has proposed that it constitutes a
personality factor. Furthermore, although it is academically interesting to
know that there are five personality factors, this observation should be
the beginning of further work, for instance, on the biology of personality.

What correlates can we identify? At present the best hope is to find
genes that influence personality. There are two ways in which this could
happen: either by finding the genes that influence temperament in animals
or by looking for the effects of mutations on animal models. Once a gene
is identified, then it should be possible to explore the action of that gene
and begin to build up a picture of how the gene influences the animal’s
temperament and, we hope, human personality. Crucial to both expec-
tations is the validity of the animal model. Consequently, I have devoted
the first part of this chapter to the available behavioral tests. I argue that
the tests relevant to human personality are those developed to study mood
disorder. A susceptibility to mood change is a recognized aspect of per-
sonality, and both depression and anxiety disorders are known to occur
more frequently in those with high neuroticism (or low emotional stabil-
ity) scores. We know this relationship reflects a common biological mech-
anism because there is evidence from twin studies that the same genes
influence neuroticism, susceptibility to depression, and anxiety (Kendler
et al. 1993). Animal models of anxiety and depression may eventually tell
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us something about human personality (though I accept that the final
conclusion may be that the available animal models do not model any
aspects of human temperament). Next, we would like to know how best
to validate such models.

Two validation methods dominate the literature. First, there is phar-
macological validation. A model of depression that does not improve with
a serotonin reuptake inhibitor (such as Prozac) does not get a warm re-
ception, but of course this does not mean that the model is wrong. Drugs
may work very differently in animals; but because we don’t have any other
objective standard against which to measure the validity of a test, in gen-
eral, pharmacological validation remains a major hurdle that any model
must overcome.

The second method of validation is less species specific. A test is vali-
dated by correlation with other tests of the same trait and a concomitant
lack of correlation with tests of other traits. So a test of depression should
correlate with other tests of depression but not with tests of schizophrenia.
The use of multiple, correlated tests is central to the development of a valid
model. Unfortunately we know that there is considerable comorbidity in
psychiatric illnesses and that some of this comorbidity is biologically driven.
For instance, as mentioned, depression and one form of anxiety arise from
the same genetic predisposition. So we have to be cautious here.

I start this review with a description of the more commonly used be-
havioral tests. The main interest for the genetic dissection of temperament
is that the tests are often used to determine whether genetic mutants show
a pattern of behaviors consistent with a change in temperament. I then
proceed to discuss a set of experiments on animal strains selectively bred
for behavior in such tests. These experiments begin to address more di-
rectly the genetic correlates of the measures.

Behavioral Tests of Temperament

Fear-Motivated Behaviors
Both the number of tests and the congruence of results derived from their
usage attest to the belief that fear-related behaviors can be successfully
modeled in animals. Furthermore at least some of the anatomical and
physiological systems responsible for fear-related behaviors are known
and are conserved between species.
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Table 4–1 lists the most common tests and the measures taken from
them. The table is divided into two sections that depend on whether the
measures are of conditioned or unconditioned behavior. The motivational
basis of unconditioned behaviors is complicated and largely unknown.
Conditioned tests have the advantage of allowing the experimenter much
more control: they are amenable to experimental manipulation to a degree
that is impossible with unconditioned (or ethological) tests. Consequently
we know more about the reasons for an animal’s behavior in conditioned
tests, and the explanations are complex (Gray 1982).

Unconditioned tests typically involve assessing the animal’s behavior
in a mildly stressful environment. Rats tend to avoid open elevated alleys
and prefer closed alleys, a preference that is considered to be driven at
least in part by fearfulness. The elevated plus maze, one of the most pop-
ular models of anxiety, has four arms, positioned like a cross, two of which
are covered and two exposed. The animal is placed in the central platform,
and the total number of arm entries is recorded. A fearful animal is ex-
pected to show reduced open-arm entries relative to the number of
closed-arm entries. The open field exploits the aversive nature of an open
space, a plain brightly lit area into which the animal is introduced. Re-
duced activity, avoidance of the central area, increased defecation and
urination, and increased rearing are taken as indices of fearfulness (Rodg-
ers et al. 1997; Willner 1990). The light-dark box (or black-white box) is
an emergence test: fearful animals are expected to avoid the brightly lit
compartment, preferring to remain in the enclosed dark box. Novelty in-
hibits eating in rats and other species, so a further measure of fearfulness
is the time taken to approach and taste food in a novel environment (hy-
poneophagia) (Rodgers et al. 1997; Willner 1990). In the hole board ap-
paratus, rodents explore a square board with up to 16 holes into which
they tend to put their heads, a behavior that can be encouraged by placing
novel objects beneath the holes. Fearful animals are less likely to head-
dip (Rodgers et al. 1997; Willner 1990).

The grounds for believing that the unconditioned tests measure fear-
fulness are twofold. First, there is a large literature on the behavioral ef-
fects of anxiolytic and anxiogenic drugs (Rodgers et al. 1997; Willner
1990). The argument for pharmacological validation is that if a test mea-
sures fearfulness, then it should be possible to manipulate it specifically
with drugs that affect human fearfulness (or anxiety), but not with drugs
without such effects. For example, compounds that cause anxiety reduce
the percentage of entries into and time spent on the open arms of the
elevated plus maze, whereas antidepressants (imipramine, mianserin) and
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TABLE 4–1 Animal tests of anxiety and depression

Tests of anxiety

Ethological measures
Elevated plus maze Ratio of entries to open and closed

arms
Light-dark transition Emergence time
Social interaction Frequency of social interaction in a

novel environment
Hyponeophobia Latency to start eating
Open field Activity, defecation, thigmotaxis
Hole board Head dipping

Conditioned responses
Two-way avoidance conditioning Rate of acquistion of response
Acoustic startle Contraction in response to loud noise
Footshock-induced freezing Contraction in response to conditioned

stimulus
Fear-potentiated startle Contraction in response to loud noise in

conjunction with conditioned stimulus
Geller-Seifter Frequency of conditioned response

coincidental to an electrical shock
Vogel conflict Frequency of conditioned licking

coincidental to an electrical shock

Tests of depression

Porsolt swim immobility Duration of immobility in a forced swim
Learned helplessness Learning difficulty following exposure to

uncontrollable shock
Chronic unpredictable mild stress Decrease in consumption of weak

sucrose solution following mild stress
Separation Distress calling in isolated chicks

Source. Data from Flint et al. 1995, Gershenfeld and Paul 1997, and Gershenfeld et al.
1997.

antipsychotics (haloperidol) do not. Second, tests can be validated by
correlated behaviors. Thus we expect a frightened animal to defecate
more and ambulate less in the open field, show a longer latency to emerge
in the black-white box, and visit the open arms of the elevated plus maze
less often. Factorial-derived constructs should then confirm the observed
correlations.

A growing body of evidence indicates the complex motivational struc-
ture of the unconditioned tests. Dawson and colleagues provide evidence
that the anxiolytic effects of chlordiazepoxide in the elevated plus maze are
confounded by increases in motor activity: for instance, psychostimulants
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such as amphetamine at doses that increase locomotor activity have an anx-
iolytic profile in the apparatus (Dawson et al. 1995). Factor analysis has also
been used to dissect out additional components from fearfulness: in an anal-
ysis of five tests of fearfulness, three independent factors were found to
account for 85% of the variance (Ramos et al. 1997). Factor 1 loaded pri-
marily on latency measures (time to approach the center of an open field
and emerge from a black-white box), whereas factor 2 loaded on activity
measures in novel environments. These findings suggest a more complex
explanation of unconditioned behavior, though not necessarily one that ex-
cludes a fearfulness component (Ramos and Mormède 1998).

Conditioned tests offer more experimental control over potential con-
founds, and they include the best animal models we have for human
emotion and hence for temperament and personality. The term condi-
tioning can be misleading here because we are not dealing with classical
Pavlovian conditioning. Anxiolytic drugs do not affect classical condition-
ing, but they do have effects on some forms of instrumental learning, and
it is the latter that are involved in the models of fearfulness discussed later.

Not all conditioned tests measure instrumental learning. Many of the
studies described next use the following test of conditioned fear: the ani-
mal is placed in a conditioning chamber, and a shock, paired with a tone
(or light), is administered twice. Animals are returned to the home cage,
and on the following day, the amount of time the animal freezes is mea-
sured with and without exposure to the tone (or light), the latter now
considered to be a conditioned stimulus. Freezing in the chamber without
the tone is called freezing to the context (the animal associates the sur-
roundings with the unpleasant experience), and freezing to the tone is
called freezing to the conditioned stimulus. The neuronal circuitry of these
two responses is different: contextual freezing is mediated by the hippo-
campus, whereas freezing to the tone is hippocampus independent (Phil-
lips and LeDoux 1992).

In conditioned emotional response, food-deprived animals are trained
to press a lever for food. Once the lever pressing is stable (i.e., the animal
is unquestionably conditioned) the animal is taught to associate a light
with a footshock. The light is then found to suppress bar-pressing. Con-
ditioned emotional response is believed to reflect a central state of fear.
However, summarizing a large number of studies, Gray (1982), Davis
(1991), and Treit (1985) all point out the variability and inconsistency of
drug effects on the conditioned emotional response. This is one of the
pieces of evidence that anxiolytics work best when shock depends on the
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animal’s response (i.e., shock is response contingent) and not when the
shock is independent of the response. In other words, anxiolytics release
punished responding. Consequently, conflict models of fearfulness are
preferred to conditioned emotional response models.

The two commonly used conflict models are the Geller-Seifter and the
Vogel procedures. In the Geller-Seifter conflict procedure a light or tone
introduces footshock in the operant chamber (i.e., where the animal has
learned to press a bar for a food reward); in the Vogel water-lick conflict
test, thirsty animals are first trained to lick from a tube and then electric
shocks are delivered either through the tube or the floor. The suppression
of responding in both procedures is attenuated relatively specifically by
anxiolytics.

Avoidance learning paradigms are of two sorts. Passive avoidance in-
volves punishing an animal if it makes a response. In active avoidance
the animal has to learn to respond to avoid a footshock (Gray 1982). There
is an important distinction between one- and two-way active avoidance.
Typically both are measured in a box divided into two compartments: in
one-way active avoidance the shock is given in one area only, so that the
animal learns to associate shock with that compartment; in two-way active
avoidance the shock is given in both compartments so that the animal has
to shuttle in order to avoid the shock. Two-way active avoidance thus
involves more complex learning because the animal has to learn to ap-
proach cues that had been associated with shock.

In fear-potentiated startle the animal’s fearfulness is measured by how
much it jumps in response to a conditioned stimulus to footshock. First light
is associated with a footshock. Startle is then elicited by another stimulus,
such as a loud noise. Startle is then measured when the conditioned stim-
ulus (the light) is given before the loud noise. Any additional startle (or
potentiated startle) is then regarded as a measure of fearfulness. Fear-
potentiated startle correlates highly with freezing, but unlike freezing it is
open to experimental manipulation. The model has been extensively in-
vestigated at the anatomical, cellular, and molecular levels. The brain path-
ways underlying the startle response have been mapped (Davis 1991), and
the amygdala has been implicated in the establishment of conditioned fear.

Overall, the greater degree of experimental manipulation available with
conditioned paradigms has resulted in a much more detailed understand-
ing of the mechanisms of fearfulness. As a result, this is one area where
animal models have shaped our understanding of human personality
(Eysenck 1967; Gray 1987).
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Tests of Depression
A well-known model of depression is learned helplessness (Seligman
1974) in which animals are exposed to uncontrollable shock. The hy-
pothesis is that animals learn that their responses no longer have an effect
on the environment and consequently become depressed. Although it is
true that their impaired learning to escape shock, consequent on the un-
controllable shock, can be improved by antidepressants, there has been
extensive debate about the correct interpretation of these findings. Learn-
ing impairment is probably secondary to an impairment of attention and
not to a change in the animal’s emotional state. The same objections can
be raised to the other stress models. The forced-swim test consists of
leaving the animal to swim in a confined space. Although extensively used
in drug development, it is not sensitive to 5-hydroxytryptamine (5-HT)
uptake inhibitors (Borsini and Meli 1988).

An alternative to uncontrollable shock is chronic mild stress (Willner
et al. 1992). In this procedure the animals are first trained to consume a
mild sucrose solution. Half of the animals are then put through a chronic
mild stress regime (such as food and water deprivation, overnight illu-
mination, exposure to white noise) during which sucrose consumption is
regularly measured and compared with that of the control animals, which
are not exposed to stress. A decrease in sucrose consumption is taken as
an indication of depressed mood.

Effects of Engineered Mutants on
Tests of Temperament

Genetic manipulation of animals has proved to be a very powerful way
to explore the neurobiology of learning and memory. More recently the
same techniques have been applied to the study of behavior in the tests
I described earlier, with the aim of understanding how genes affect mood.
Heritable predisposition to a particular mood state is nothing more than
a feature of temperament, so the genetically engineered animals should
tell us something about the genetics of temperament, and hence of per-
sonality. A table of relevant mutants is provided. (Table 4–2). The caveat
is of course that the quality of the model determines the value of the
information the mutants provide. For the reasons already outlined, we
should be particularly wary of trusting too much to data that comes only
from unconditioned paradigms, yet in the vast majority of cases it is just



TABLE 4–2 Mice knockout phenotypes relevant to personality

Gene
Contextual

fear
Emergence

test Open field Elevated maze Novel object Forced swim
Conditioned

fear References

Adenylate cyclase
inhibition

5-HT1a Reduced
activity, less
time in center

Less time in
open quadrants

Increased
latency to
approach

Heisler et al.
1998

Reduced
activity, less
time in center

Less time
in open arms

More
active

Ramboz
et al. 1998

Reduced
activity, less
time in center

More
active

Parks
et al. 1999

5-HT1b Increased
activity

Increased
time in
open arms

Less
active

Malleret
et al. 1999;
Saudou et al.
1994

Phospholipase C
stimulation

5-HT2c Reduced
context-
induced
freezing

Reduced
latency to
emerge

Tecott
et al. 1998

CRH Normal Normal Weninger
et al. 1999

CRH1
receptor

Increased
latency to
emerge

Less time
in open arms

Smith
et al. 1998;
Timpl et al.
1998

CRH
overproduction

Decreased
activity

Less time
in open arms

Stenzel-Poore
et al. 1994

Continued
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TABLE 4–2 Mice knockout phenotypes relevant to personality (Continued)

Gene
Contextual

fear
Emergence

test Open field Elevated maze Novel object Forced swim
Conditioned

fear References

CRH-binding
protein

Increased
latency to
emerge

Reduced
center
entries

Less time in
open arms

Karolyi
et al. 1999

Nociceptin/
orphanin FQ

Increased
latency to
emerge

Decreased
activity

Less time
in open arms

Koster
et al. 1999

GABAAc2 Increased
latency to
emerge

Less time
in open arms

Increased
passive
avoidance

Crestani
et al. 1999

Puromycin
sensitive
aminopeptidase

Osada
et al. 1999

Dopamine D4
receptor

Increased
latency to
emerge

Reduced
center entries

Increased
latency to
approach

Dulawa
et al. 1999

�-Ca-calmodulin
kinase II

Reduced OFD,
decreased
thigmotaxis

Chen et al.
1994b;
Rotenberg
et al. 1996;
Silva et al.
1992a, 1992b

Deficient
contextual
memory

No light-dark
preference

Bach et al.
1995;
Mayford et al.
1995, 1996
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Histamine H1 Decreased
open-field
avoidance,
increased OFD

Normal
passive
avoidance
latency

Inoue
et al. 1996

Interleukin 6
overexpression

Reduced
active
avoidance

Heyser
et al. 1997

PKA RIb
and Cb 1

Normal Normal open-
field rearing,
grooming

Brandon
et al. 1995

PKA Deficient
contextual
conditioning
(at 24 hr)

Abel
et al. 1997

PKCc Moderate deficit
in contextual
conditioning

Abeliovich et
al. 1993; Chen
et al. 1995a

Note. CRH � corticotropin releasing hormone; PKA � protein kinase A; PKC � protein kinase C; OFA � open field activity; OFD � open field
defecation.
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such tests that are employed to bolster claims for anxiety or depression
in knockout mice.

One reason why there are few data from conditioned tests is the dif-
ficulty of training mice. Genetic manipulation of the experimental psy-
chologists’ preferred organism, the rat, has not yet become a reliable
procedure, so we are often faced with interpreting the effect on behavior
of a complex biochemical and genetic manipulation with relatively crude
behavioral tests.

The power of the genetic engineering technology is impressive, but a
number of reservations should be borne in mind (Gerlai 1996, 2000). First,
the effects of any knockout experiment are present in all tissues and
throughout development. Consequently, effects observed in the adult
could be the result of developmental abnormalities. The newer tissue-
specific knockouts or those where gene expression is said to be regulated
by a tissue-specific promoter are improvements, but they are not perfect
models. Second, the genetic background of a mutant can have an effect
on the mutant. The choice of the inbred line into which the mutation is
bred can be critical because many inbred lines have specific behavioral
phenotypes (Crawley et al. 1997). Third, phenotypic effects may derive
from compensatory changes, not from the mutant itself. An observer,
aware of the compensatory mechanism, could confuse direct and indirect
effects.

Mutations in the Serotonin System
The serotoninergic system is implicated in both anxious and depressive
mood states and is a contributor to genetic variation in personality differ-
ences. Of the 14 known receptor types, one has attracted particular inter-
est: 5-HT1a receptors are autoreceptors, acting to inhibit serotonin release
from cells in the raphe nucleus, whose axons project across the whole
central nervous system and are the major source of serotonin in the brain.
5-HT1a receptors are good candidates for serotonin regulation. Agonists at
the receptor have an anxiolytic effect (DeVry 1996; Lucki 1996), and an-
tagonists may enhance the effectiveness of serotonin reuptake inhibitors
(such as Prozac) (Artigas et al. 1996).

Three groups of researchers have made knockouts of the 5-HT1a re-
ceptor, and all found that the mutants behave in a way consistent with the
receptor’s role in modulating fear-related behavior (Heisler et al. 1998;
Parks et al. 1999; Ramboz et al. 1998). The knockout mice are less active
in the open-field arena, make fewer open-arm entries in the elevated plus
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maze, and spend less time in the open arms. All groups concluded that
the mutants display increased anxiety. If so, we might expect the animals
to show abnormalities in other models of mood disorder. Here the picture
is not as clear because the knockouts show no increase in duration of
immobility in the forced-swim test (in this test of depression, depressed
animals are expected to become immobile before controls do). As dis-
cussed earlier, the swim test may not measure mood at all, so we cannot
draw any conclusions from the test result.

Do the data overall support the view that the mutants are more anxious
than wild-type mice? On the behavioral data alone such a conclusion is
premature. As discussed earlier, we would need a larger set of uncondi-
tioned tests to rule out other motivational states and, preferably, data from
conditioned tests with a set baseline. Furthermore, it is not clear that the
changes are due to a disruption of the 5-HT1a receptor: Ramboz et al.
found no significant changes in total 5-HT or its metabolites in any region
of the central nervous system they examined (Ramboz et al. 1998). They
suggested that compensation may explain the finding, raising the possi-
bility, mentioned earlier, that the behavioral phenotype is a consequence
of the compensatory mechanism.

5-HT1b receptors also inhibit serotonin release, in this case acting at
axon terminals (Boschert et al. 1994); but agonists do not have effects on
mood, and there are no available specific antagonists. 5-HT1b knockout
mice did not show significant differences with wild-type mice in the ele-
vated plus maze and in fear-conditioning tests (Malleret et al. 1999),
though there was a trend in the data toward a reduction in anxiety: knock-
out mice defecated less and head-dipped more (Brunner et al. 1999).

A GABAA Receptor Mutation
Benzodiazepines bind to the alpha subunit of the GABAA receptor, with
a consequent increase in inhibition. The importance of benzodiazepines
for the treatment of anxiety disorders is only one reason to suspect that
the target of these drugs might be important in determining individual
differences in anxiety. Patents with anxiety disorders show reduced sen-
sitivity to benzodiazepine agonists and increased sensitivity to antagonists,
and a GABAA receptor deficit has been identified in several brain regions
of patients with anxiety disorders (Bell et al. 1999; Nutt et al. 1998). Al-
together, these data make altered GABAA receptor function a prime sus-
pect in the search for a cause of variation in anxiety.

Crestani and colleagues generated mice with a deletion of the GABAAc2
receptor (Crestani et al. 1999). The behavior of the heterozygous mutant
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animals was consistent with increased anxiety: they spent less time in the
open arms of an elevated plus maze, made fewer transitions in the light-
dark box, and showed increased passive avoidance. Furthermore, the ani-
mals’ behavior improved with benzodiazepine treatment, as would be
expected if they were more anxious.

Mutations Involving the HPA Axis
Variation in reactivity of the hypothalamic-pituitary-adrenal (HPA) axis has
long been known to be involved in emotional states and to be partly under
genetic control (Gray 1982, 1987). There has been particular interest in
the role of corticotropin releasing hormone or factor (CRH), a 41–amino
acid hypothalamic peptide that is the prime mediator of stress-induced
HPA axis activation. Administration of CRH produces many of the behav-
ioral responses associated with fear: it enhances the acoustic startle re-
sponse (Swerdlow et al. 1986) and decreases the amount of time spent in
the open arms of an elevated plus maze (Baldwin et al. 1991). Further-
more, CRH antagonists reverse these effects (Heinrichs et al. 1992).

Transgenic mice that overexpress CRH show the expected reduction in
exploratory behavior and increased anxiety (Stenzel-Poore et al. 1994).
CRH receptor type 1 knockout mice show reduced anxiety: they were
more likely to explore a novel environment and lower latencies for emerg-
ing from a dark box (Timpl et al. 1998). Mice with mutations of the CRH
binding protein are more anxious, as assessed in the elevated plus maze,
presumably because of increased levels of free CRH (Karolyi et al. 1999).

Genes Suspected of Regulating Mood
A number of genes have now been implicated in human personality dif-
ferences, and we would like to know the phenotype of the relevant mouse
knockout. One such gene is the dopamine D4 receptor (DRD4): a func-
tional polymorphism has been described and the variant observed to occur
more frequently in extraversion or novelty seeking behavior (Benjamin et
al. 1996; Ebstein et al. 1996). What is the phenotype of the knockout?

The DRD4 knockout has been tested in the open field, in an emergence
test, and by presenting a novel object to the animals (Dulawa et al. 1999).
Mutants explored the center of the open field less, took longer to emerge
from and spent more time in the dark box, and took longer to approach
the novel object. The authors concluded that the knockout reflects a de-
crease in novelty-related exploration. However, a brief perusal of Table
4–1 or of the foregoing descriptions of the HPA and serotonin system
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knockouts reveals that an equally valid conclusion would be that the
DRD4 mutant animal is more anxious. Here of course the trouble lies with
the poor quality of the tests. Without either a better behavioral battery for
extraversion (novelty seeking) or ways of ruling out anxiety, there are not
sufficient grounds to say that DRD4 knockouts are less extraverted.

Mice with genetic deficits in hippocampal long-term potentiation (LTP)
have abnormal fear conditioning, so the genes determining LTP, an
activity-dependent form of synaptic strengthening (Bliss and Collingridge
1993), have become candidates for emotionality loci. Most behavioral data
are available for mice with mutations in the �-calcium calmodulin kinase
II gene (�CaMKII). LTP involves activation of N-methyl-D-aspartate
(NMDA) receptors and Ca2� influx, which in turn activates second mes-
senger systems such as protein kinases. Deletion of �CaMKII produces
deficits in LTP and impairs spatial learning (Silva et al. 1992a, 1992b) but
not contextual fear conditioning. Mutation of the gene to a constitutionally
active form (calcium independent) confirmed that dissociation of contex-
tual fear conditioning and spatial memory could be achieved. It suggested
that different synaptic mechanisms might be responsible for the two forms
of learning (Mayford et al. 1995).

The availability of mutants with regulated expression of Ca2� indepen-
dent �CaMKII has permitted even more detailed investigation of the ge-
netic control of fear-related behaviors. Mayford et al. (1996) found that
mice with high levels of expression of the constitutively active �CaMKII
in the lateral amygdala and striatum had severe impairments of cued and
contextual fear conditioning that could be reversed by suppressing trans-
gene expression. These results indicate that the genetic effect on fear
conditioning is through effects on synaptic plasticity and memory for-
mation, not via alterations of developmental processes.

Finally, there is an intriguing result for the nociceptin/orphanin FQ
gene, whose product is an endogenous opioid-like peptide. Nociceptin/
orphanin FQ enhances pain perception (nociception) due to a reversal of
stress-induced analgesia (Mogil et al. 1996; Reinscheid et al. 1995), sug-
gesting that it may operate on the stress response rather than directly on
pain. Further work indicated numerous roles for the peptide, including as
an anxiolytic (Jenck et al. 1997). Pharmacological investigation would
require the development of specific antagonists, but gene knockouts
provide an alternative approach. Koster et al. reported the behavioral phe-
notype of a nociceptin/orphanin FQ knockout (Koster et al. 1999). The
animal displayed anxiety-like behavior in the open field, elevated plus
maze, and light-dark box. They argued that nociceptin/orphanin FQ
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is an important regulator of the neurobiological processing of stress re-
sponses, opposing the stress-promoting HPA system.

Testing Whether Genes Are Involved in Mood
In a number of cases genes are implicated in mood solely on the basis of
a mutant’s behavior in the tests of anxiety and depression. The problem
here is that the test battery is open to question, particularly when it consists
entirely of ethological tests, which so far has always been the case. For
example, transgenic mice expressing the interleukin 6 gene were given
an active avoidance learning procedure in which the first arm of a Y maze
they entered was deemed the preferred arm and subsequent entries into
the wrong arm were punished by footshock (Heyser et al. 1997). At 12
months both heterozygous and homozygous mice showed significantly
more errors than did controls. Are we to conclude that interleukin 6 is a
gene involved in anxiety? Similarly, problems beset results from knockout
studies on preproenkephalin (Konig et al. 1996), histamine H1 receptors
(Inoue et al. 1996), puromycin-sensitive aminopeptidase (Osada et al.
1999), and the nicotine receptor (Picciotto et al. 1995).

Genetic Models of Temperament
Potentially the most convincing models of personality traits are those de-
rived from genetic selection experiments. If we have a model that can be
defined by a number of correlated tests then genetic selection can be used
to test the biological validity of the model. We expect that by selecting for
one measure, the correlated measures will also change in the selected
animals; if they do not, then we question the validity of the model. If they
do, then we can look further at the selected strains to see what other
measures have been selected because we strongly suspect that these too
tap into the biological basis of the trait. However, we must be careful of
assuming that correlated measures in the selected strains have not arisen
by chance. The only way to distinguish between a chance association and
a true genetic correlation is to perform a segregation test. Segregation tests
are not easy to carry out, and they are rare in the literature; by contrast
there are many reports of correlated traits in selected strains, and even
more from studies of inbred strains, where there is even less expectation
that the traits are genetically correlated.
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Selected Strains
Animals Selected for Measures of Anxiety

The most convincing case for selectively produced temperamental differ-
ences comes from experiments where selection for different tests of the
same temperament have equivalent results, so animals selected on test A
show the expected difference on test B, and animals selected for test B
behave as predicted on test A. The literature contains few examples of
this type, no doubt because of the cost and length of time involved in
establishing selected strains.

The best example is the production of strains selected for tests of emo-
tionality. Broadhurst performed a genetic selection experiment in the
open-field arena in which he selected rats with high and low rates of
defecation, eventually producing two strains that consistently differed in
their defecation in the open-field (Broadhurst 1960). Rats with high def-
ecation rates were called the Maudsley reactive (MR) strain, and the ani-
mals with low defecation rates were called the Maudsley nonreactive
(MNR) strain. DeFries performed a similar experiment in mice, selecting
the animals for activity rather than defecation in the open field (DeFries
and Hegman 1970; DeFries et al. 1970, 1978). In both experiments during
and after selection there was a correlated change in the other measure:
selection for high activity in the open field resulted in low defecation
scores; selection for low defecation scores resulted in high activity.

Open field defecation and activity measures on their own are of course
not a convincing test of emotionality, but the case is strengthened by work
on a rat model of learning. Bignami established two strains of rat, known
as Roman high-avoidance (RHA) and Roman low-avoidance (RLA), by
selecting rats for their speed of acquisition in a two-way active avoidance
task (Bignami 1965; Broadhurst and Bignami 1965). After five generations
of selection the high-avoidance strain rats were consistently better than
the low-avoidance strain rats at escaping when shown the light.

One interpretation of this experiment is that RLA rats were freezing in
response to the light; they were responding with passive rather than active
avoidance (Driscoll et al. 1980). In other words, the selection experiment
had produced animals that differed in emotionality. This hypothesis can
be tested by seeing whether the animals behave as predicted in other tests
of emotionality. Novelty-induced defecation is higher in RLA than RHA
rats (Driscoll and Battig 1982). Conversely, rodents that differ on the open-
field measures of emotionality should differ in the predicted fashion in
tests of active and passive avoidance. Indeed it has been repeatedly shown
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that the MR rat is poorer at shuttle-box avoidance (active avoidance) than
its nonreactive counterpart (Gray 1982).

These experiments go some way to validating the use of these strains
as models of emotional behavior. However, there are also important dis-
crepancies in the literature. For instance, no difference in shuttle-box
avoidance was found in one test of the Maudsley rats (Overstreet et al.
1992). Some of the inconsistencies in the literature may be due to the
creation of substrains of the Maudsley rats. It is possible that the original
selection experiment produced animals differing in emotionality, of which
defecation differences were one phenotype. Subsequent to the relaxation
of selection and with the introduction of new genes from other strains,
emotional differences could have been lost, without this necessarily af-
fecting the defecation scores in the open field.

As discussed earlier, one way to test whether the observed phenotypic
correlations in selected strains has a genetic basis is to perform a segregation
test. This has been carried out for the Roman strains (Castanon et al. 1995);
it confirmed a relationship between two-way active avoidance and one en-
docrine measure of stress (prolactin reactivity), but corticosterone response
was not correlated with the avoidance task. Unfortunately the study did not
examine the relationship between the different tests of emotionality carried
out on theRoman rats, so we still do not know towhat extent the associations
between behavioral tests are genetically driven.

Animals Selected for Measures of Depression

Selecting animals for depression has not been as popular as selecting
animals for anxiety phenotypes, largely because of the lack of good tests
for depression. There is only one model that has been extensively inves-
tigated: the Flinders sensitive line (FSL) and the Flinders resistant line
(FRL) of rats (Overstreet 1993).

The lines were established through selection for sensitivity to an anti-
cholinesterase, and the FSL is the more depressed: animals show exag-
gerated immobility in the forced swim test, and this improves with
antidepressant treatment. Interestingly, a drug response is seen only with
chronic administration. The lines do not differ in the elevated plus maze,
either with or without benzodiazepine treatment, suggesting they do not
differ in emotionality; however, the results of conditioned tests make this
interpretation more difficult to sustain (Overstreet 1993). FSL rats are
quicker to learn a passive avoidance task than are FRL rats, and they are
slower to acquire an active avoidance. Such results indicate the FSL is
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more emotional than the FRL. Of course, this may mean we cannot dis-
sociate tests of depression and anxiety. Again it would be instructive to
have a genetic test to see if the features can be dissociated.

Mapping Genes for Temperamental Differences
in Animals
It is forgivable to read the results from the gene knockout experiments as
an indication that single-gene effects on behavior are precise and specific
models of behavior. The examples I have given appear to demonstrate
that there is a relatively straightforward relationship between mutation and
behavioral phenotype, for example that the 5-HT1a mutation gives rise to
anxiety. If this is so, we might wonder whether there is any value in
undertaking the genetic analysis of individual differences in temperament.
The undertaking is clearly very difficult, for which the large number of
false starts in psychiatric genetics is a witness. Indeed, the difficulties in
identifying the genes are so great that it may be best to take an alternative
strategy, such as mutagenesis in which large numbers of randomly dis-
tributed mutants are generated and each animal is tested for deficiency in
a behavioral test of interest.

However, knockouts are not a good model for the way genes influence
complex traits. Personality differences, like many other complex behavioral
traits, are measured quantitatively, and the genes that influence personality
scores are therefore said to be found at quantitative trait loci (QTLs). We
know the genetic architecture of personality, again like other complex traits,
is determined by many genes, most of which have a small effect. Although
knockouts may teach us about the involvement of a specific gene on a be-
havior, and therefore mutagenesis experiments could find genes crucial for
that phenotype, knockouts do not model the complex pattern of gene in-
teractions that give rise to the phenotype. Therefore molecular dissection
of personality differences will probably reveal a very different picture from
that we have obtained from gene knockouts. It will certainly be complex,
and it seems unlikely that mutations will be found. Instead, the small effects
we know to be attributed to each gene are likely to be due to changes in
regulatory regions, subtly altering gene expression.

QTL Mapping of Emotionality
Genetic mapping of behavioral traits in humans is difficult, but it has proved
possible in animals, and the first lesson to be learned from mapping tem-
perament in animals is that the genetic basis need not be complex. In fact,
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TABLE 4–3 Emotionality quantitative trait loci detected in
F2 intercrosses

Closest marker Position Lod score % var. Cross

D1Mit150 84.4 13.4 9.2 BALBc/J � C57BL/6
D1Mit116 80.2 7.08 6.3 A/J � C57BL/6
D10Mit237 � 2 cM 76 8.76 8.3 A/J � C57BL/6
D12Mit47 � 6 cM 31.5 4.3 4.4 BALBc/J � C57BL/6
D15Mit63 � 3 cM 44 11 8.1 BALBc/J � C57BL/6
D19Mit46 24 3.15 3.2 A/J � C57BL/6

Source. Data from Flint et al. 1995, Gershenfeld and Paul 1997, and Gershenfeld et al.
1997.

most studies agree that in inbred strains individual differences in the phe-
notype can be produced by a small number of genes (Table 4–3). The
second lesson has been that most loci are pleiotropic. Genetic mapping
is a sophisticated way of performing a segregation test. We can use it as
a genetic validation of a phenotype, asking whether phenotypic correla-
tions observed in selected strains really reflect common gene action. The
DeFries mice were scored for open-field behavior, defecation, and ele-
vated plus maze activity. Of six loci that were significantly associated with
activity, three were also significantly associated with defecation and entry
into the open arms of the elevated plus maze. Gershenfeld and Paul (1997)
mapped thigmotaxis in the open field and light-dark transitions. Thig-
motaxis again mapped to chromosome 1, though it was more proximal
to the centromere than the previously identified locus for open-field
avoidance. Using the number of transitions between light and dark boxes
as a measure of exploratory behavior, Gershenfeld and Paul mapped a
QTL to chromosome 10. One study of hyperactivity in the rat identified a
locus on chromosome 8 that contributed substantially to the variation in
spontaneous activity, rearing, and activity in the open field (Moisan et al.
1996). However this is not homologous to loci identified in the mouse.

Genetic loci contributing to variation in fear conditioning have also
been mapped, providing an opportunity to test the hypothesis that fear
conditioning and open-field behaviors have a common genetic basis. Two
F2 intercrosses and one study of recombinant inbred strains identified a
locus on chromosome 1 that lies within the region identified by the work
on open-field behaviors (Caldarone et al. 1997; Owen et al. 1997; Wehner
et al. 1997). It appears likely that a locus on chromosome 1 determines
variability in a genetic system mediating fear.
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However, all these results have been obtained using crosses between
inbred animal strains. The strategy has great power (it can detect genes
that contribute to as little as 5% of the phenotypic variance of the trait),
but it also samples only a fraction of the total variability of a population.
Each time a cross is set up, we can look at only two alleles at any locus,
and many loci may not be polymorphic in the strain pair that we pick.
This explains why results of mapping experiments differ: for example, a
locus on chromosome 10 that influences open-field activity was found in
a cross between A/J and C57Bl/6J (Gershenfeld and Paul 1997) but not in
a cross between BALBcJ and C57Bl/6J (Flint et al. 1995). Thus we cannot
yet say if there are any loci that are polymorphic in all strain crosses.
Obviously, finding such a locus would tempt us to look in humans at the
syntenic region.

Inbred strain analyses have another disadvantage: they do not allow us
to fine-map QTLs, a necessary first step toward the molecular identifica-
tion of the variant. The reason for this is simple: they analyze chromo-
somes that have been through just one meiosis where recombination is
detectable. In other words, the average chromosome will have undergone
only a number of recombination events. Thus markers distant from the QTL
will still be linked (hence the power of the method); but without many
recombinants to divide up the chromosome, we cannot precisely identify
where the QTL is on the chromosome (Darvasi 1998). However, it has
recently been shown that outbred animals can be used for QTL mapping.
Using this new approach one QTL has been mapped to a subcentimorgan
level of resolution (within an interval of about 2 Mb of DNA), to the point
where positional cloning strategies become feasible (Talbot, et al. 1999).

Thus it may be possible to use gene mapping and cloning in rodents
as a way of isolating homologous human genes. The task of finding genes
for susceptibility to emotions in humans may not be as daunting as has
appeared to be the case from the attempts to map genes for behavioral
disorders.
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DRD4 and Novelty Seeking

Paolo Prolo, M.D.
Julio Licinio, M.D.

Following the cloning of the dopamine D4 receptor gene (DRD4) in 1991
(Van Tol et al. 1991) various attempts have been made to identify a dis-
order associated with this gene (Asghari et al. 1994; Van Tol et al. 1992).
Following the discovery of several sets of variance in the coding region
of DRD4, a large effort has been made to assess the possible role of these
polymorphisms in the pathophysiology of schizophrenia and bipolar dis-
order (Paterson et al. 1999). Linkage and association studies have failed
to demonstrate DRD4 involvement in either disease. Other reports have
already proposed a link between some normal personality traits and vari-
ability in dopamine transmission (Cloninger 1987; Zuckerman 1985), with-
out a specific genetic basis. Two independent groups at the 1995 World
Congress on Psychiatric Genetics in Cardiff presented work demonstrating
an association between the personality trait of novelty seeking in normal
human volunteers and the seven-repeat allele of DRD4. Those results
were published in 1996 (Benjamin et al. 1996; Ebstein et al. 1996).
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The importance of genetic contribution to personality was proposed
long before the genotyping era. It has been known for decades that nor-
mal human personality traits show a heritable component (Plomin et al.
1994). The development of reliable measures of personality provided a
replicable assessment tool for the study of both normal and pathological
personality traits. Several different rating instruments available today are
the result of efforts to validate the assessment of personality using repli-
cable measures. They include Cloninger’s Tridimensional Personality
Questionnaire (TPQ) (Cloninger et al. 1991) and Temperament and Char-
acter Inventory (TCI) (Cloninger 1994), the NEO Personality Inventory,
Revised (NEO-PI-R) (Kurtz et al. 1999), and the Karolinska Scales of Per-
sonality (KSP) (Schalling et al. 1987). The TPQ as well as the TCI have
been designed to assess four different types of temperament (novelty
seeking, harm avoidance, reward dependence, and persistence) that are
supposed to be genetically determined and that are based on specific
psychobiological correlates. According to Cloninger’s biobehavioral ob-
servations on both humans and animals, novelty seeking would be related
to dopamine, harm avoidance to serotonin, and reward dependence to
norepinephrine (Cloninger 1987). The NEO-PI-R and the KSP are more
detailed scales that have been demonstrated to have high reliability and
longitudinal stability. TPQ scores can be estimated from the NEO-PI-R
through a weighted equation (Ebstein and Belmaker 1997), whereas no
such agreement can be reached with the KSP (Jonsson et al. 1997). Overall
reliability between TQP and NEO-PI-R is in the range of 70% (Ebstein and
Belmaker 1997). Zuckerman’s Sensation Seeking Scale (Zuckerman and
Link 1968) is rarely used; sensation seeking can be considered phenotyp-
ically similar to Cloninger’s novelty seeking.

Studies of DRD4 and Novelty Seeking
Novelty seeking is characterized by impulsiveness, exploration, change-
ability, excitability, hotheadedness, and extravagance (Cloninger 1987).
Subjects with above-average scores on the TPQ Novelty Seeking scale are
extravagant, exploratory, excitable, and impulsive. Individuals with TPQ
Novelty Seeking scores that are below average are reflexive, stoic, loyal,
and frugal. Two earlier studies (Adamson et al. 1995; George et al. 1993)
found no connection between DRD4 and novelty seeking. In 1995 Ebstein
and colleagues (published in 1996) and Benjamin and colleagues (pub-
lished in 1996) were able to simultaneously demonstrate a significant as-
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sociation between above-average TPQ Novelty Seeking scores in normal
individuals and the seven-repeat allele in the locus for the D4 gene. That
particular polymorphism was chosen because DRD4 is expressed in lim-
bic regions and the importance of dopamine in the brain’s reward system.
The convergence of these reports is particularly striking if we consider
that Ebstein et al. in Israel analyzed data from 69 males and 55 females
with a mean age (�SD) of 29.8 � 8.9 years that were mostly of Jewish
background, whereas Benjamin et al. in the United States studied 315
subjects (95% males and 5% females) with a mean age (�SD) of 32.4 �

10.8 years that were predominantly non-Jewish Caucasians. Those find-
ings were later replicated in China and Japan on individuals with sub-
stance abuse disorder (Lietal 1997; Muramatsu et al. 1996; Ono et al. 1997),
whereas further studies conducted in Europe, in the United States, and in
New Zealand (Jonsson et al. 1997) failed to replicate that association, until
the reports of Strobel et al. and Ekelund et al. were published in 1999
(Table 5–1). Strobel et al.’s and Ekelund et al.’s careful study designs and
findings on normal subjects now lend considerable additional support to
the original findings of Benjamin et al. and Ebstein et al. In particular,
Strobel et al. (1999) were able to demonstrate an association between long
DRD4 alleles and significantly high scores on the TPQ Novelty Seeking
Total scale as well as on the Exploratory Excitability and Extravagance
subscales in a young Caucasian population of 48 males and 88 females
with an age mean (�SD) of 23.6 � 3.9. Ekelund et al. (1999) administered
the TCI to 4,773 individuals from the 1996 birth cohort of northern Finland
(Jones et al. 1998). They then selected 200 normal subjects with extreme
scores on the Novelty Seeking subscale. They found that the two- and
five-repeat alleles were more significantly represented in the high scorers
versus the low scorers. This finding suggests that the two-repeat allele
might be in linkage disequilibrium with the seven-repeat allele originally
studied by Ebstein and colleagues (1996). Given this confluence of results
in large independent studies conducted in various populations, it appears
that the D4 gene may indeed contribute to the trait of novelty seeking.

Because temperament is the earliest manifestation of personality in
children, it is conceivable that temperament in newborns is influenced
minimally by the environment and maximally by genes. Brazelton’s Neo-
natal Behavioral Assessment Scale (NBAS) (Brazelton 1989) evaluates
neonatal behavior and includes items related to temperament. Only two
articles to our knowledge to date have assessed neonatal behavior and its
association with DRD4 (Auerbach et al. 1999; Ebstein et al. 1998). The
study by Ebstein et al. shows a significant association between DRD4 and
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TABLE 5–1 Association among DRD4 polymorphisms and novelty-seeking
personality and/or substance abuse

Authors Population Ethnicity
Mean age

(years 	 SD)

George
et al. 1993

72 alcoholic subjects Canadian Caucasian 40.5

Adamson
et al. 1995

113 alcoholic subjects
113 normal volunteers

Finnish Unknown

Benjamin
et al. 1996

315 normal volunteers n � 290 white non-Hispanic
n � 13 Asian
n � 9 Hispanic
n � 2 African American
n � 1 Native American

32.4 � 10.8

Ebstein
et al. 1996

114 normal volunteers n � 90 Ashkenazi Jews
n � 25 Sephardic Jews
n � 5 mixed Ashkenazi/Sephardic
n � 1 Arab
n � 1 Druze
n � 2 Jews of unknown background

29.8 � 8.9

Muramatsu
et al. 1996

655 alcoholic subjects

144 normal volunteers

Japanese 50.0

Malhotra
et al. 1996

193 normal males
138 alcoholic offenders

Finnish 31.1 � 0.7
33.5 � 0.8

Ebstein
et al. 1997

114 normal volunteers n � 90 Ashkenazi Jews
n � 25 Sephardic Jews
n � 5 mixed Ashkenazi/Sephardic
n � 1 Arab
n � 1 Druze
n � 2 Jews of unknown background

29.8�8.9

Chang
et al. 1997

62 alcoholic subjects
65 normal volunteers

Chinese: Han (21 � 24)
Atayal (21 � 21)
Ami (20 � 20)

Unknown

Garpenstrand
et al. 1997

14 schizophrenic subjects
6 anorexic subjects
3 depressed subjects
2 bipolar subjects
1 obese subject
2 bulimic subjects

21 normal volunteers

Caucasian Unknown

Geijer
et al. 1997

72 alcoholic subjects
67 normal volunteers

Swedish Unknown

Kotler
et al. 1997

110 Israeli normal males

141 male heroin addicts

n � 54 Sephardic Jews
n � 56 Israeli Arabs
n � 107 Sephardic Jews
n � 34 Israeli Arabs

45.8 � 2.28

32.4 � 0.54

Jonsson
et al. 1997

126 normal subjects Swedish 41 � 8
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Gender Assessment Polymorphism Significance

M � 62
F � 14

Clinical
interview

DRD4 exon III repeats Unclear

M � 113
M � 113

Clinical
interview

DRD4 exon III repeats NS

M � 300
F � 15

NEO-PI-R Short vs. long DRD4
exon III

P � 0.002
(long allele)

M � 69
F � 55

TPQ 7-repeat allele absent
7-repeat allele present
4/4 genotype
4/7 genotype

NS
P � 0.013
NS
P � 0.026

M � 597
F � 58
M � 70
F � 74

Clinical
interview

DRD4 exon III repeats P � 0.001
(in patients)

M � 193
M � 138

TPQ 7-repeat allele NS
NS

M � 69
F � 55

TPQ Long-repeat DRD4 �
5-HT2Cser

Too small cohort expressing
both alleles (n � 6)

Unknown Clinical
interview

DRD4 exon III repeats NS

Patients:
M � 12
F � 19
Normal subjects:
M � 12
F � 9

SSST DRD4 exon III repeats and
trbc MAO

NS

Unknown Clinical
interview

DRD4 exon III repeats NS

M � 110

M � 141

TPQ DRD4 exon III
7-repeat allele

P � 0.02 (Sephardic heroin
dependent)
P � 0.02 (Arab heroin dependent)

M � 76
F � 50

Karolinska
Scales
of Personality

Exon III 48 bp
Exon I 12-bp repeats
Exon I 13-bp deletion

NS
NS
NS

Continued
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TABLE 5–1 Association among DRD4 polymorphisms and novelty-seeking
personality and/or substance abuse (Continued)

Authors Population Ethnicity
Mean age

(years 	 SD)

Sander
et al. 1997

252 alcoholic subjects Caucasian 41.9 � 9.4

Vandenbergh
et al. 1997

200 elderly subjects Unknown (Caucasian) 61.3

Li
et al. 1997

121 heroin addicts Han Chinese 26.97 � 4.95

Ebstein
et al. 1997

94 normal volunteers Jewish Unknown

Ono
et al. 1997

153 normal volunteers Japanese 18.7 � 1.0

Sullivan
et al. 1998

86 subjects with major depression

181 alcoholic subjects

Caucasian (New Zealand) 32.0 � 11.0

39.7 � 14.1

Benjamin
et al. 1998

124 normal volunteers n � 91 Ashkenazi Jews
n � 33 non-Ashkenazi Jews,
Arabs, or others

29.7 � 9

Pogue-Geile
et al. 1998

Same-sex twins (Pennsylvania) Unknown 18–27

Ebstein
et al. 1998

81 newborns n � 21 Ashkenazi Jews;
n � 60 non-Ashkenazi Jews

2 weeks old

Ricketts
et al. 1998

95 patients with Parkinson’s disease

47 controls

Caucasian Patients: 68.9

Controls: 67.5

Mel
et al. 1998

143 normal subjects

57 Israeli heroin addicts

Israeli 32 � 0.5

Auerbach
et al. 1999

76 infants Israeli 2 months old

Strobel
et al. 1999

136 normal subjects Caucasian (German) 23.6 � 3.9

Ekelund
et al. 1999

200 normal subjectsb Finnish All born in 1966
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Gender Assessment Polymorphism Significance

M � 252 Clinical interview Exon III 48 bp NS

M � 116
F � 88

NEO-PI-R Exon III 7-repeat alleles NS

M � 88
F � 33

Clinical interview Long form of exon III vs. short
form

P � 0.02

Unknown TPQ DRD4 exon III
7-repeat allele

P � 0.01a

F � 153 TPI DRD4 exon III 48 bp P � 0.045

M � 34
F � 52
M � 90
F � 91

TCI DRD4 7-repeat allele and
4-repeat allele

NS

M � 69
F � 55

TPQ DRD4 exon I 12 bp NS

MZ pairs:
M � 43
F � 49
DZ pairs:
M � 29
F � 32

TPQ; NST; NEO;
Eysenck’s
extraversion scale;
SSST

DRD4 exon I 12 bp
DRD4 exon III 48 bp

NS
NS

M � 40
F � 41

NBAS DRD4 exon III
7-repeat allele

P � 0.02

M � 60
F � 35
M � 17
F � 30

TPQ DRD4 exon III
7-repeat allele

P � 0.039 (Parkinson’s vs.
controls)
NS (novelty seeking)

M � 143
M � 57

TPQ (38 heroin
addicts)

DRD4 exon III
7-repeat allele

P � 0.04 (heroin addicts vs. exon
III)
P � 0.001 (novelty seeking)

M � 39
F � 37

IBQ DRD4 exon III
7-repeat allele

P � 0.005
(negative emotionality)

M � 48
F � 88

TPQ DRD4 exon III
7-repeat allele

P � 0.001

M � 100
F � 100

TCI DRD4 exon III
2-, 3-, 4-, 5-, 6-, 7-, 8-repeat
alleles

P � 0.01 (2-repeat)
P � 0.03 (5-repeat)

Note. IBQ � Rothbart’s Infant Behavior Questionnaire; NBAS � Brazelton Neonatal Behavioral Assessment Scale;
NST � Novelty-Seeking Total Scale; NEO � NEO Personality Inventory; NS � nonsignificant; SSST � Zuckerman’s
Sensation Seeking Scale; TCI � Temperament and Character Inventory; TPI � Tridimensional Personality Inventory;
TPQ � Tridimensional Personality Questionnaire; trbc MAO � thrombocyte monoamine oxidase activity.
aIn the entire cohort of 218 individuals (including previous papers by Ebstein et al.) and in both ethnic groups
(Ashkenazi and Sephardic), the effect of the seven alleles is significant in females (ANOVA, P � 0.03) but not in males.
bThe authors selected 100 individuals with extremely high scores and 100 individuals with extremely low scores on the
Novelty Seeking subscale of the TCI within a cohort of 4,773 individuals belonging to the 1966 northern Finland birth
cohort study.
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four behavioral clusters included in the NBAS: orientation, motor orga-
nization, range of state, and regulation of state. These results were con-
firmed when the same infants were studied at the age of 2 months
(Auerbach et al. 1999) using Rothbart’s Infant Behavior Questionnaire
(Rothbart 1981). Ebstein et al. suggested that the NBAS orientation cluster
might precede adult novelty seeking, as implied by longitudinal studies
(Korner et al. 1985). In fact, several reports show that early childhood
antecedents persist in adult personality traits (Kagan 1997; MacEvoy et al.
1988). A chapter on the dopamine D4 receptor and neonatal temperament
is presented in this book (Chapter 7, Dopamine D4 Receptor and Sero-
tonin Transporter Promoter Polymorphisms and Temperament in Early
Childhood).

Table 5–1 shows that further confirmation of the first studies published
in 1996 has been achieved in those studies that considered exon III alleles
in relatively homogeneous populations. In fact, Benjamin and colleagues
did not find any significant association with the exon I polymorphism of
DRD4 in a group of 124 predominantly Jewish normal volunteers (Ben-
jamin et al. 1998). However, other earlier studies on Finnish subjects from
a homogeneous population, with far different ethnic backgrounds from
other Europeans, failed to find an association between DRD4 exon III
repeats and novelty seeking (Malhotra et al. 1996). The same can be found
in Swedish studies, but the Swedish population is undoubtedly more het-
erogeneous than the Finnish one (Geijer et al. 1997; Jonsson et al. 1997).
On the other hand, a positive correlation has been found in a Japanese
group, where the long allele polymorphism is rare (Muramatsu et al. 1996;
Ono et al. 1997). However, if we look at subjects who participated in
certain studies (Muramatsu et al. 1996; Ono et al. 1997), we can see that
relationships are based on few individuals, with a predominant preva-
lence of males and no data on children and adolescents. It has also been
suggested that women are more prone to the novelty seeking trait than
men (Ebstein and Belmaker 1997). In addition, many other studies were
carried out on subjects with substance abuse disorder, most of whom were
males (Kotler et al. 1997; Sander et al. 1997). For example, Mel and col-
leagues analyzed 143 normal volunteers and 57 heroin addicts, all Jewish
males, but the TPQ was administered to only 38 of the addicted subjects
(Mel et al. 1998). Ebstein and colleagues found a significant association
in women, but not in males in a greater cohort (Ebstein and Belmaker
1997; Ebstein et al. 1997b). It is remarkable that Strobel et al. (1999) and
Ekelund et al. (1999) found no significant gender effect on Novelty Seek-
ing scores.

Twin studies have not been particularly informative. To our knowl-
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edge, only one study on twins and DRD4 and personality has been pub-
lished to date, and it failed to find any association between the short or
the long allele polymorphisms and same-sex dizygotic and monozygotic
twins (Pogue-Geile et al. 1998).

Novelty Seeking scores on the TPQ are inversely correlated with age,
with the highest scores found in young individuals. That is further evi-
denced by the fact that Vandenbergh and colleagues (1997) failed to detect
any association in 200 elderly, healthy, Caucasian subjects. Although no
studies are available on adolescents, the reports showing a stronger as-
sociation between DRD4 and Novelty Seeking were performed on sub-
jects between ages 18 and 32 (Ebstein and Belmaker 1997). Interestingly,
the study by Strobel et al. (1999) was performed on subjects with a mean
age of 23.6 � 3.9 years, and the one by Ekelund et al. (1999) was per-
formed on subjects who were all born in 1966 and were age 28 at that
time. Thus, it is possible that as individuals age, genetic factors contribute
less to personality traits, and that environmental factors have an increas-
ingly greater effect during the course of life. However, a study using the
Psychopathic Deviate Scale of the Minnesota Multiphasic Personality In-
ventory to assess biological and adoptive parents of teenage adoptees
(Graham 1977) showed a strong effect of the biological mother’s Psycho-
pathic Deviate scores, but no significant effect of the adoptive mother’s
scores (Willerman et al. 1992).

It appears clear from our review of the literature that all articles on the
topic can be divided into two broad categories: association studies on nor-
mal volunteers and association studies on subjects with substance abuse
disorder (alcoholism or opioid abuse). Only one article to our knowledge
refers to another pathology (Parkinson’s disease) (Ricketts et al. 1998). In-
terestingly, Ricketts and colleagues found an association between the DRD4
exon III polymorphism and Parkinson’s disease, but not with the novelty
seeking trait. Moreover, the fact that all subjects were more than age 60
may account for the lack of association with novelty seeking.

Dopamine, Personality, and Behavioral Disorders
Early studies have shown that cerebrospinal serotonin and dopamine me-
tabolite levels are reduced in highly aggressive individuals (Limson et al.
1991); however, no correlation between personality inventory scores and
monoamine levels has been demonstrated. Eating disorders, particularly
bulimia nervosa, have also been shown to be related to personality traits.
Brewerton et al. (1993) administered the TPQ to 110 patients with bulimia
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nervosa, 27 with anorexia nervosa, and age- and sex-matched normal
controls. All subjects with eating disorders showed higher scores than did
controls on Harm Avoidance (P � 0.001). Patients with bulimia also had
higher scores on the Novelty Seeking and Impulsivity subscales (P �
0.001). Impulsiveness is therefore increasingly seen as a key characteristic
of substance abuse, eating disorders, and attention-deficit/hyperactivity
disorder, as suggested by Lahoste et al. and Sagvolden et al. (LaHoste et
al. 1996; Sagvolden and Sergeant 1998). All of these disorders have been
connected with either a hypo- or hyperefficient dopamine system. Data
on monoamine transporters obtained from SPECT imaging in subjects with
violent behavior (Tiihonen et al. 1997) showed a clear association of im-
pulsivity and serotonin transporter density, whereas data on the dopamine
transporter were less conclusive. Animal models can be of use to inves-
tigate the underlying biology of specific traits, but they do not fully mimic
human personality. For example, a study on the alcohol-preferring P rat
strain failed to show that that particular strain could serve as a model for
human impulsiveness (McMillen et al. 1998). Another study associated
monoamine oxidase B inhibition and L-deprenyl with a reduction in im-
pulsiveness in spontaneously hypertensive rats and Wistar-Kyoto rats
(Boix et al. 1998).

Background noise in human genetic studies is usually considerable,
and very detailed cohorts need to be studied in order to avoid false pos-
itives (Paterson et al. 1999). For that reason, some scientists have re-
searched substance abuse disorder for a possible relation to extremes of
temperament. It has long been suggested that descendents of alcoholics
show a higher tendency to alcohol-related disorders than do those from
families without such a history (Enoch and Goldman 1999; Holden 1991;
Sander et al. 1997). Therefore, alcoholics have been targets of intensive
investigation on extreme personality traits and alterations in monoamine
function. Linkage studies have found an association between an increased
frequency of the A1 allele of the Taq I restriction fragment length poly-
morphism of the D2 dopamine receptor gene and alcoholism (Cook and
Gurling 1994), but no conclusive data are to date available about the in-
volvement of DRD4. Additionally, family studies on heroin addiction are
particularly difficult to carry out (Li et al. 1997). Thus, results from different
studies in this area are not directly comparable.

It is of note that besides the D4 gene, the dopamine D3 receptor gene
(DRD3) with the Bal I (Gly˜Ser) restriction site polymorphism is thought
to be involved in personality traits. In fact, a recent article showed that
opiate-dependent patients with a Zuckerman’s Sensation Seeking score
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above 24 were more frequently homozygous for both alleles of the D3
gene than were patients with a score of less than 24 (P � 0.04) or controls
(P � 0.03) (Duaux et al. 1998). However, recently, Kotler and colleagues
(1999) found no association between Bal I DRD3 and heroin addiction in
a group of 193 Israeli heroin addicts. It is likely that for major mental
disorders, the combination of a complex genetic makeup involving many
genes of weak effect underlies normal personality. As an example, Lesch
and colleagues (1996) reported an association between harm avoidance,
which can be considered an anxiety-related personality trait, and a poly-
morphism in the serotonin transporter (5-HTTLPR) gene. However, Eb-
stein and colleagues (1997a) were unable to find any association between
harm avoidance and 5-HTTLPR in their cohort.

Conclusions
Issues of statistical power are crucial to studies where the gene effect
might be weak and the risk of false positives is high. If Bonferroni’s cor-
rection for multiple tests is performed, very few results from the studies
summarized in Table 5–1 are still significant. In fact, some studies have
used many statistical tests to compare different polymorphisms, genotype
sequences, and rating scales. For example, of the 22 tests Benjamin et al.
(1996) performed, after Bonferroni’s correction, only the overall Novelty
Seeking score is significant (P � 0.02). That finding has recently been
strongly confirmed by Strobel and colleagues (1999), and their association
between the DRD4 seven-allele repeat and Novelty Seeking remains sig-
nificant at the conservatively Bonferroni’s adjusted level of 0.0016. Eke-
lund’s (1999) findings are also very robust.

In conclusion, the effect of DRD4 on novelty seeking might be so small
that some studies may have lacked the necessary power of detection. It
is encouraging that an article by Costa and McCrae suggested that NEO
validity is universal (Costa and McCrae 1997). It is also possible that the
effect may be stronger in younger individuals. The inclusion of cohort
effects, stratification, and diverse ethnic groups in the same demographic
class may be another reason for a lack of association in some studies.
Moreover, another polymorphism may be in linkage disequilibrium with
the studied polymorphism in some but not in all populations. The latter
possibility needs further investigation and may explain why several stud-
ies did not find an association between DRD4 polymorphisms and per-
sonality traits. On the other hand, the two original reports conducted in
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the United States and in Israel and the two recent studies conducted in
Finland and in Germany consistently support the hypothesis that the D4
gene contributes to the trait of novelty seeking.
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Serotonin Transporter,
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Toward a Dissection of Gene-Gene and
Gene-Environment Interaction
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The relative influence of genetic and environmental factors on human tem-
peramental and behavioral differences is among the most prolonged and
contentious controversies in intellectual history (Degler 1991). Although
current views emphasize the joint influence of genes and environment, the
complexities of gene-gene and gene-environment interactions (genotypes
may respond differentially to different environments) as well as gene-
environment correlations (genotypes may be exposed differentially to en-
vironments) represent research areas in their infancy (Bouchard 1994;
Loehlin 1992; McGue and Bouchard 1998). Individual differences in be-
havioral predispositions, referred to as personality traits, are relatively en-
during, continuously distributed, and substantially heritable and therefore
likely result from the interplay of genetic variations with environmental
influences. This perspective has increasingly encouraged the pursuit of di-
mensional approaches to behavioral genetics, in addition to the traditional
strategy of studying individuals with categorically defined psychiatric dis-
orders (Plomin et al. 1994). Genomic variants with a significant impact on
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the functionality of components of brain monoamine neurotransmitter sys-
tems are a rational starting point for this research.

The brain-stem raphe serotonin (5-hydroxytryptamine [5-HT]) system
is the most widely distributed neurotransmitter system in the brain; sero-
tonergic raphe neurons diffusely project to a variety of brain regions (e.g.,
cortex, amygdala, hippocampus) (Hensler et al. 1994). In addition to its
neurotransmitter role, 5-HT is an important regulator of morphogenetic
activities during early brain development, as well as during adult neuro-
genesis and plasticity, including cell proliferation, migration, differentia-
tion, and synaptogenesis (Azmitia and Whitaker-Azmitia 1997; Gould
1999; Lauder 1990, 1993). In the brain of adult humans, nonhuman pri-
mates, and other mammals, 5-HT neurotransmission is a major modulator
of emotional behavior (Westenberg et al. 1996) and integrates cognition,
sensory processing, motor activity, and circadian rhythms including food
intake, sleep, and reproductive activity. This diversity of physiological
functions is due to the fact that 5-HT orchestrates the activity and inter-
action of several other neurotransmitter systems. Although 5-HT may be
viewed as a master control neurotransmitter within this highly complex
system of neural communication mediated by more than 14 pre- and post-
synaptic receptor subtypes with a multitude of isoforms and subunits, 5-
HT’s action as a chemical messenger is primarily terminated by reuptake
via the 5-HT transporter (5-HTT). The 5-HTT thus plays a critical role in
regulating serotonergic neurotransmission in numerous projection fields
throughout the brain, including regions crucial to emotional behavior,
such as motor behavior, emotional experience, and memory (Lesch 1997).
Consistent with this view, brain 5-HTT is the initial site of action of widely
used 5-HT reuptake inhibitor antidepressant and antianxiety drugs. Based
on converging lines of evidence that the 5-HTT, as the prime modulator
of central 5-HT activity, plays an important role in brain development,
genetically driven variability of 5-HTT function is likely to influence be-
havioral predispositions (i.e., personality traits) as well as phenotypic ex-
pression of behavior via complementary mechanisms (Lesch and Mossner
1998).

5-HT Transporter Gene Variations:
Why This Complexity?

The human 5-HTT is encoded by a single gene on chromosome 17q11.2.
It is composed of 14–15 exons spanning approximately 35 kb (Lesch et
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Figure 6–1 Structure of the human 5-HT transporter (5-HTT) gene and its 5�-
flanking transcriptional control region. The 5-HTT gene promoter is defined by a
TATA-like motif, and several potential binding sites for transcription factors
including AP1, AP2, SP1, and a CRE-like motif are present in the 5�-flanking region.
The figure depicts the positions of the 5-HTT gene–linked polymorphic region (5-
HTTLPR) and a 381-bp somatic deletion [del(17)(q11.2)] resulting in tissue-specific
mosaicism of the 5-HTT gene promoter. The localization of the deletion breakpoints
adjacent to identical putative signal sequences (CAGCC) suggests a recombinase-like
rearrangement event. The locations of a 16/17-bp variable tandem repeat (VNTR-17)
located in intron 2 with two common alleles (with 10 or 12 repeats) and one rare
allele (with 9 repeats), and a rare structural variant of the 5-HTT protein
(Leu255Met) are also indicated.

al. 1994) (Figure 6–1). Comparison of the human and murine 5-HTT genes
revealed a striking conservation of both the exon/intron organization and
the 5�-flanking transcriptional control region (Bengel et al. 1997), whereas
in rats exon 1B is not alternatively spliced. A single mRNA species occurs
in rats and mice; however, in the human gene the most proximal signal
for polyadenylation deviates from the consensus motif present in the rat
and mouse. Although this variant of the consensus polyadenylation signal–
like motif leads to alternate usage of additional polyadenylation sites, the
functional implications of the resulting multiple mRNA species remain
obscure (Austin et al. 1994).

In humans, transcriptional activity of the 5-HTT gene is modulated by
a polymorphic repetitive element (5-HTT gene–linked polymorphic re-
gion [5-HTTLPR]) located upstream of the transcription start site. Addi-
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tional variations have been described in the 5� untranslated region due to
alternative splicing of exon 1B (Bradley and Blakely 1997), in intron 2
(variable number of a 16/17-bp tandem repeat) (Lesch et al. 1994), and
in the 3� untranslated region (Battersby et al. 1999). Comparison of dif-
ferent mammalian species confirmed the presence of the 5-HTTLPR in
platyrrhini and catarrhini (hominoids, cercopithecoids) but not in prosim-
ian primates and other mammals (Lesch et al. 1997). The 5-HTTLPR is
unique to humans and simian primates. In humans, the majority of alleles
are composed of either 14- or 16-repeat elements (short and long allele,
respectively), whereas alleles with 15, 18, 19, 20, or 22 repeat elements,
and variants with single-base insertions/deletions or substitutions within
individual repeat elements are rare. Great apes, including the orangutan,
gorilla, and chimpanzee, display a high prevalence of 18- and 20-repeat
alleles. A predominantly Caucasian population displayed allele frequen-
cies of 57% for the long (l) allele and 43% for the short (s) allele, with a
5-HTTLPR genotype distribution of 32% l/l, 49% l/s, and 19% s/s (Lesch
et al. 1996); different allele and genotype distributions are found in other
populations (Gelernter et al. 1997; Ishiguro et al. 1997; Kunugi et al. 1997).

The unique structure of the 5-HTTLPR gives rise to the formation of a
DNA secondary structure (cation-dependent tetrastrands aggregation) that
has the potential to regulate the transcriptional activity of the associated
5-HTT gene promoter. The secondary structure of the 5-HTTLPR is also
likely to precipitate a 381-bp somatic deletion in the 5-HTT gene’s pro-
moter region [del(17)(q11.2)], observed in 20%–60% of genomic DNA iso-
lated from human brain and mononuclear cells (Lesch et al. 1999). The
localization of the deletion breakpoints adjacent to identical putative sig-
nal sequences (CAGCC) suggests a V(D)J recombinase-like rearrangement
event. This suggests that mosaicism of the 5-HTT gene promoter-
associated del(17)(q11.2) is likely to be regulated by brain region–selective
and possibly 5-HTTLPR-dependent mechanisms. For example, prelimi-
nary data from our laboratory indicate a decrease of recombination in
recurrent unipolar depression. Moreover, cross-species analysis revealed
a similar recombination event in rhesus monkeys (Macaca mulatta). Al-
though this feature is additional evidence for unique 5-HTT gene orga-
nization and regulation, it remains to be elucidated whether it is related
to reports that the pericentric region of chromosome 17 is highly unstable
in humans (Park et al. 1998).

When fused to a luciferase reporter gene and transfected into human
5-HTT expressing cell lines, the short (s) and long (l) 5-HTTLPR variants
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differentially modulate transcriptional activity of the 5-HTT gene promoter
(Lesch et al. 1996). The effect of 5-HTTLPR length variability on 5-HTT
function was determined by studying the relationship between 5-HTTLPR
genotype, 5-HTT gene transcription, and 5-HT uptake activity in human
lymphoblastoid cell lines. Cells homozygous for the l variant of the
5-HTTLPR produced higher concentrations of 5-HTT mRNA than cells
containing one or two copies of the s form. Membrane preparations from
l/l lymphoblasts showed higher inhibitor binding than did s/s cells. Fur-
thermore, the rate of specific 5-HT uptake was more than twofold higher
in cells homozygous for the l form of the 5-HTTLPR than in cells carrying
one or two copies of the s variant of the promoter. Further evidence from
studies of 5-HTT promoter activity in other cell lines (Mortensen et al.
1999), mRNA concentrations in the raphe complex of human postmortem
brain (Little et al. 1998), platelet 5-HT uptake and content (Greenberg et
al. 1999; Hanna et al. 1998; Nobile et al. 1999), and in vivo single photon
emission computed tomography imaging of human brain 5-HTT (Heinz
et al. 1999) confirmed that the s form is associated with lower 5-HTT gene
expression and function.

5-HTT and Personality: Searching for
Genotype-Phenotype Correlations

Virtually all work in the area of personality supports the idea that there is
a substantial heritable component to temperament and personality, typi-
cally accounting for between 30% and 60% of the observed variances (for
overview see Loehlin 1992). This is convincingly illustrated by the striking
similarity of identical twins adopted out and reared apart (Minnesota Twin
Study [Bouchard et al. 1990]), some of whom had not known each other
prior to the study. On measures of interests, skills, and personality traits,
these twins had correlations between 34% and 78%, whereas fraternal
twins showed correlations between 7% and 39%.

Anxiety-related traits are a fundamental, enduring, and continuously
distributed dimension of normal human personality, with a substantial
heritability of 40%–60%, and therefore very likely result from the interplay
of genetic variations with environmental influences (Loehlin 1992). This
possibility has encouraged many investigators to pursue dimensional ap-
proaches to neurobehavioral genetics (Plomin et al. 1994). Functional ge-
netic variants affecting components of brain monoamine neurotransmitter
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systems are a logical starting point for this research. The contribution of
5-HTTLPR variability to individual phenotypic differences in personality
traits was explored in two independent population/family genetics stud-
ies. Anxiety-related and other personality traits were assessed by the NEO
Personality Inventory, Revised (NEO-PI-R), a self-report inventory based
on the five-factor model of personality (Big Five) (Costa and McCrae 1988,
1992), and by the 16PF Personality Inventory (Cattell 1989). The five fac-
tors assessed by the NEO-PI-R are Neuroticism (emotional instability), Ex-
traversion, Agreeableness (cooperation, reciprocal alliance formation),
Openness (intellect, problem solving), and Conscientiousness (will to
achieve).

In our initial study, we found population and within-family associations
between the low-expressing s allele and Neuroticism, a trait related to
anxiety, hostility, and depression, on the NEO-PI-R in a primarily male
population (n � 505), and that the s allele was dominant (Lesch et al.
1996). Individuals with either one or two copies of the short 5-HTTLPR
variant (group S) had significantly greater levels of neuroticism, defined
as proneness to negative emotionality, including anxiety, hostility, and
depression, than those homozygous for the long genotype (group L) in
the sample as a whole and also within sibships. Individuals with
5-HTTLPR S genotypes also had significantly decreased Agreeableness as
measured by the NEO-PI-R. In addition, the group S subjects had in-
creased scores for Anxiety on the separate 16PF Personality Inventory, a
trait related to NEO-PI-R Neuroticism. Recently, we reassessed this asso-
ciation in a new sample (n � 397, 84% female, primarily sib pairs). The
findings robustly replicated the 5-HTTLPR-Neuroticism association and
the dominance of the s allele. Combined data from the two studies (n �

902) gave a highly significant association between the s allele and higher
NEO-PI-R Neuroticism both across individuals and within families (Tables
6–1 through 6–3), reflecting a genuine genetic influence rather than an
artifact of ethnic admixture.

Another association encountered in the original study between the s
allele and lower scores of NEO-PI-R Agreeableness was also replicated
and was stronger in the primarily female replication sample (Tables 6–1
and 6–3). Gender-related differences in 5-HTTLPR–personality trait asso-
ciations are possible because several lines of evidence demonstrate
gender-related differences in 5-HT system functioning in humans and
in animals (Fink et al. 1999; McQueen et al. 1997). These findings show
that the 5-HTTLPR influences a constellation of neuroticism- and
agreeableness-related traits; the associations were strongest for traits de-
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TABLE 6–1 Population association between 5-HTTLPR and NEO Personality
Inventory, Revised, personality traits: t scores by genotype (mean � SD)

l/l l/s � s/s
L S

(n � 277) (n � 625) F S
L P P*

N Neuroticism 54.4 � 11.7 58.0 � 11.8 17.8 3.6 0.0000 0.0008
E Extraversion 55.0 � 10.6 53.9 � 11.3 1.8 NS 0.180 0.054
O Openness 57.7 � 11.7 58.0 � 11.4 0.2 NS 0.696 0.860
A Agreeableness 49.2 � 10.5 46.1 � 11.7 13.2 �3.0 0.0003 0.0007
C Conscientiousness 45.6 � 10.3 43.5 � 12.3 5.6 �2.1 0.018 0.077

Neuroticism facets
N1 Anxiety 54.2 � 12.0 56.1 � 11.6 4.9 2.9 0.028 0.137
N2 Angry Hostility 51.7 � 11.0 55.3 � 11.8 19.4 3.7 0.0000 0.0005
N3 Depression 53.1 � 11.0 56.7 � 11.6 18.9 3.6 0.0000 0.0002
N4 Self-Consciousness 53.0 � 11.1 54.5 � 11.7 3.3 NS 0.070 0.127
N5 Impulsiveness 54.6 � 11.1 57.0 � 11.1 8.9 NS 0.003 0.009
N6 Vulnerability 53.0 � 10.3 54.9 � 11.9 5.0 1.9 0.025 0.178

Note. Mean scores for the five major traits in the combined populations (n � 902)
reported by Lesch et al. (1996) and Greenberg et al. (1999), stratified by genotype and
genotype group. F is the one-way ANOVA statistic, S�L is the mean score for the S
genotypes (s/s and l/s) minus the mean score for L genotypes (l/l), P is the two-tailed
significance, P * is the two-tailed significance level after including sex, age, and ethnic
group as covariates in ANCOVA. Significant P values are in bold typeface; t scores are raw
scores adjusted to a mean of 50 and a standard deviation of 10. NS � not significant.

TABLE 6–2 Population association between 5-HTTLPR and 16 Personality
Factor Inventory: t scores by genotype (mean � SD)

l/l l/s � s/s
L

(n � 269)
S

(n � 616) F S 
 L P P*

Extraversion 5.3 � 2.1 5.3 � 2.3 0.3 NS 0.557 0.202
Anxiety 6.1 � 1.8 6.5 � 1.7 9.7 0.40 0.002 0.002
Tough-Mindedness 5.1 � 1.9 5.2 � 2.0 0.3 NS 0.599 0.399
Independence 6.5 � 2.1 6.9 � 2.3 4.2 0.33 0.041 0.090
Self-Control 4.8 � 1.9 4.6 � 1.9 2.3 NS 0.137 0.177

Note. Mean scores for the five second-order personality factors measured in the combined
populations (n � 902) reported by Lesch et al. (1996) and Greenberg et al. (2000),
stratified by genotype and genotype group. For symbols see Table 6–1.

fined by the NEO-PI-R. Analysis of the NEO-PI-R subscales helps to define
the specific aspects of personality that are reproducibly associated with
5-HTTLPR genotype. For the NEO-PI-R Neuroticism subscales, the com-
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TABLE 6–3 Within-family association between 5-HTTLPR and personality
traits: standardized scores in genotype-discordant sib pairs (n �125, mean
� SD)

L sibling S sibling S 
 L t*a P

NEO-PI-R Neuroticism 54.8 � 11.8 58.5 � 12.2 3.7 2.3 0.012
NEO-PI-R Agreeableness 49.7 � 9.8 48.1 � 10.5 �1.6 1.2 0.115
16PF Anxiety 6.3 � 1.8 6.7 � 1.8 0.4 1.7 0.045

Note. For symbols see Table 6–1.
at score conservatively corrected for nonindependence of sib pairs from a single family.

bined samples from Lesch et al. (1996) and Greenberg et al. (2000) dem-
onstrated significant associations between 5-HTTLPR S genotypes and the
facets of increased Depression and Angry Hostility, two of the three facets
that showed the most significant associations in the initial sample (Lesch
et al. 1996). In contrast, the NEO-PI-R Neuroticism Anxiety facet, which
was associated with genotype in the first study at a weaker significance
level, was not significantly associated with 5-HTTLPR genotype in the new
cohort. With regard to the NEO-PI-R Agreeableness subscales, the previ-
ously observed associations of 5-HTTLPR s genotypes with decreased
Straightforwardness and Compliance were robustly replicated. It there-
fore appears more accurate to state that the 5-HTTLPR is associated with
traits of negative emotionality related to interpersonal hostility and
depression. The relationship between these two aspects of negative
emotionality is not unexpected in view of the previously observed neg-
ative correlation between Angry Hostility, a facet of Neuroticism, and
Agreeableness (r � �0.48) (Costa and McCrae 1992), indicating that both
measures assess a behavioral predisposition toward uncooperative inter-
personal behavior.

The effect sizes for the 5-HTTLPR-personality associations, which were
comparable in the two samples, indicate that this polymorphism has a
moderate influence on these behavioral predispositions of approximately
0.30 standard deviation units. This corresponds to 3%–4% of the total var-
iance and 7%–9% of the genetic variance, based on estimates from twin
studies using these and related measures. Additive contributions of com-
parable size or epistatic interaction have been found in studies of other
quantitative traits. Thus, the results are consistent with the view that the
influence of a single, common polymorphism on continuously distributed
traits is likely to be small in humans (Plomin et al. 1994).
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At first sight, association between the high-activity 5-HTTLPR l allele
and lower Neuroticism and related traits seemed inconsistent with the
known antidepressant and antianxiety effects of 5-HTT inhibitors (sero-
tonin reuptake inhibitors). Likewise, Knutson et al. (1998) reported that
long-term inhibition of the 5-HTT by the serotonin reuptake inhibitor par-
oxetine reduced indices of hostility through a more general decrease in
negative affect, a personality dimension related to neuroticism. The same
individuals also demonstrated an increase in directly measured social co-
operation after paroxetine treatment, an interesting finding in view of the
replicated association between 5-HTTLPR genotype and agreeableness.
However, because both 5-HT and 5-HTT play critical roles in brain de-
velopment that differ from their functions in regulating neurotransmission
and neurogenesis in the adult (Azmitia and Whitaker-Azmitia 1997; Gould
1999), this inconsistency may be more apparent than real.

The conclusion that the 5-HTT may affect personality traits via an
influence on brain development is strongly supported by recent findings
in rodents and nonhuman primates. Studies in rats confirmed that the
5-HTT gene is expressed in brain regions central to emotional behavior
during fetal development but not later in life (Hansson et al. 1998, 1999);
hence enduring individual differences in personality could result from
5-HTTLPR-driven differential 5-HTT gene expression during pre- and peri-
natal life. Mice with a targeted disruption of the 5-HTT displayed en-
hanced anxiety-related behaviors in two animal models of anxiety, the
light-dark box and the elevated zero maze (Wichems et al. 1998). Transient
5-HTT gene expression in thalamocortical neurons is required for barrel
pattern formation in neonatal rodents, presumably by maintaining extra-
cellular 5-HT concentrations. The somatosensory cortex of 5-HTT�/� mice
displays no 5-HT-stained barrels at P7 and only very few cytochrome
oxidase–stained whisker barrels both at P7 and adulthood (Persico et al.
2001). Heterozygous (5-HTT�/�) mice develop all cortical barrel fields,
but frequently present irregularly shaped barrels and septa. The confir-
mation that a 50% decrease of 5-HTT availability and subtle changes in
the dynamics of 5-HT transport in 5-HTT�/� mice (the model that most
closely resembles the impact of the s 5-HTTLPR variant on functional
5-HTT gene expression) exerts long-term effects on cortical development
and adult brain plasticity may be an important step forward in establishing
a neurobiological groundwork for the neurodevelopmental hypothesis of
neuroticism-associated personality and affective spectrum disorders.

Additional pertinent evidence comes from studies of rhesus macaques,
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a higher nonhuman primate species that like humans has a functional
5-HTTLPR polymorphism (Lesch et al. 1997). When tested early in life at
postnatal days 7–30, rhesus monkey infants with the low-expression rh-
5-HTTLPR s allele displayed higher behavioral stress-reactivity compared
with infants homozygous for the l allele (Champoux et al. 1999) (discussed
later). Thus, both animal models are consistent with the finding in humans
that it is the low-activity s allele that is associated with increased negative
emotionality. The findings are intriguing in light of speculations that the
recent appearance of the 5-HTTLPR-associated genetic variation may have
helped permit more sophisticated modulation of social behaviors during
the evolution of higher-order primates (Lesch et al. 1997). The 5-HTT-
personality association data also emphasize the advantage of the five-
factor NEO-PI-R and the lexical tradition of personality theory on which
it is based. This model of personality is consistent with evolutionary per-
spectives on personality, and the trait terms in natural language may best
reflect individual behavioral differences important to group survival and
reproductive success (Buss 1991, 1995).

Among a series of subsequent studies, only two attempts to replicate
the original finding have been reported using large populations (Jorm et
al. 1998; Mazzanti et al. 1998) (Table 6–4). Two of the three available large
studies found evidence congruent with an influence of the 5-HTTLPR on
Neuroticism and related traits (Lesch et al. 1996; Mazzanti et al. 1998),
whereas a large population study not employing a within-family design
(Jorm et al. 1998) did not. Smaller population-based studies have had
variable but generally negative results. Interpretation of these studies is
complicated by their use of relatively small or unusual samples, and the
lack of within-family designs to control for population stratification arti-
facts. This notion is supported by our recent study, which used rigorous
family-based protocols.

An additional issue, which applies to both the large and smaller sample
studies, is that the personality trait measures have often differed. For ex-
ample, the most recent large studies (Jorm et al. 1998; Mazzanti et al. 1998)
used the Harm Avoidance scale of the Temperament and Character In-
ventory and the Neuroticism scale of the Eysenck Personality Question-
naire (EPQ), respectively. Given that the magnitude of 5-HTTLPR-
personality association is expected to be small, it appears to be critical
that attempts to replicate that finding use the same phenotypic definitions.
Although the NEO-PI-R and the EPQ Neuroticism scales are correlated in
the range of 0.75 (McCrae and Costa 1985), differences in these measures
leave a large proportion of the variance measured by one questionnaire



TABLE 6–4 Overview of published data on the association between 5-HTTLPR and anxiety-related traits in general
populations and patient samples

n
Population and

study design

Trait
assessment/
inventorya

Association of
s allele,

P

Family-based
studies,

P

Lesch et al. 1996 505 General, U.S. American, males,
two subsamples

NEO-PI-R,
16PF

0.023–0.002 0.03–0.004

Ebstein et al. 1997 120 General, Israeli TPQ 0.75, NS —
Ball et al. 1997 106 General, German, 5% of highest

vs. lowest Neuroticism scores
NEO-FFI 0.89, NS —

Nakamura et al. 1997 203 General, Japanese, females NEO-PI-R, TCI s increased,
l is rare

—

Mazzanti et al. 1998 655 Controls, alcoholic violent
offenders, Finnish

TPQ NS 0.45,
but 0.003 for
HA1 � HA2

Ebstein et al. 1998 81 General, Israeli,
neonates (2 weeks old)

NBAS Interaction with
DRD4

—

Ricketts et al. 1998 84 Controls, Parkinson’s disease,
U.S. American

TPQ 0.04–0.003 —

Gelernter et al. 1998 185
322

Controls, substance dependence,
personality disorder, U.S.

NEO-PI-R
TPQ

0.47, NS
0.87, NS

—

Jorm et al. 1998 759 General, European Australian EPQ-R NS —
Seretti et al. 1999 132 Depression, bipolar disorder HAMD,

anxiety
0.01 —

Continued
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TABLE 6–4 Overview of published data on the association between 5-HTTLPR and anxiety-related traits in general
populations and patient samples (Continued)

n
Population and

study design

Trait
assessment/
inventorya

Association of
s allele,

P

Family-based
studies,

P

Murakami et al. 1999 189 General, Japanese SRQ-AD 0.05 —
Flory et al. 1999 225 General, U.S. American NEO-PI-R 0.97, NS —
Kamakiri et al. 1999 144 General, Japanese NEO-PI-R,

TPQ
NS —

Katsuragi et al. 1999 101 General, Japanese TPQ 0.007 —
Auerbach et al. 1999 76 General, Israeli, infants

(2 months old), follow-up of
Ebstein et al. 1998

IBQ 0.05–0.005,
interaction

with
DRD4

—

Menza et al. 1999 32 Parkinson’s disease HAMD 0.05 —
Dreary et al. 1999 204 General, Scottish, 20% of highest

vs. lowest Neuroticism scores
NEO-FFI NS —

Gustavsson et al. 1999 305 General, Swedish KSP NS —
Osher et al. 1999 148 General, Israeli NEO-PI-R,

TPQ
— 0.06

0.07
Greenberg et al. 1999 397 General, U.S. American, females NEO-PI-R,

16PF
0.03—0.01 0.01

Note. NS � not significant; — � not determined.
aNEO-PI-R and NEO-FFI � Costa and McCrae’s NEO Personality Inventory; TPQ � Cloninger’s Tridimensional Personality Questionnaire; TCI �
Cloninger’s Temperament and Character Inventory; 16PF � Catell’s 16 Personality Factor Inventory; EPQ-R � Eysenck Personality Questionnaire; KSP
� Karolinska Scales of Personality; SRQ-AD � Self-Rating Questionnaire for Anxiety and Depression; HAMD � Hamilton Depression Rating Scale;
IBQ � Rothbart’s Infant Behavior Questionnaire; NBAS � Brazelton’s Neonatal Behavioral Assessment Scale.

120



Serotonin Transporter, Personality, and Behavior 121

unexplained by the other. This amount of variance, approximately 40%,
which is very close to estimates of the entire heritable component of neu-
roticism (Jang et al. 1996; Loehlin 1992), could be critical in assessing the
influence of genetic variants of small effect such as the 5-HTTLPR. An
additional difference between the five-factor NEO-PI-R and the three-
factor EPQ is that the NEO-PI-R Agreeableness domain, which shows a
replicated association to 5-HTTLPR genotype, is not measured separately
by the EPQ but is instead a component of the Psychoticism dimension
(Goldberg 1993). It is possible that the use of a composite trait such as
psychoticism might obviate detection of a small 5-HTTLPR influence on
traits related to hostility and social cooperation. A final major concern is
the lack of a within-family design in that study, raising the possibility of
artifacts due to ethnic admixture.

5-HTT Gene-Gene Interaction: Minimizing
Environmental Influences by Studying Neonates
The dissection of epistatic gene-gene interaction in the development of
personality and behavioral traits is a pertinent and exciting avenue of
research. In the evaluation of complex genetic effects it seems to be
essential to control for environmental factors. Recent studies have there-
fore focused on the neonatal period, a time in early development when
environmental influences may be minimal and least likely to confound
associations between temperament and genes. In this context the term
temperament is used to refer to the psychological qualities of infants that
display considerable variation and have a relatively, but not indefinitely,
stable biological basis in the individual’s genotype, even though different
phenotypes may emerge as the child grows (Kagan 1989; Kagan et al.
1988).

Ebstein and coworkers (1998) investigated the behavioral effects of the
variable number tandem repeat polymorphism in exon 3 of the dopamine
D4 receptor (DRD4), which had previously been linked to the personality
trait of novelty seeking, and of 5-HTTLPR, which seems to influence NEO-
PI-R Neuroticism scores and Tridimensional Personality Questionnaire
(TPQ) Harm Avoidance scores, in 2-week-old neonates (n � 81). Neonatal
temperament and behavior were assessed using the Brazelton Neonatal
Behavioral Assessment Scale (NBAS). In addition to a significant associ-
ation of the DRD4 polymorphism across four behavioral clusters relevant
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to temperament (orientation, motor organization, range of state, and regu-
lation of state), an interaction was observed between the DRD4 polymor-
phism and 5-HTTLPR. The presence of the 5-HTTLPR s/s genotype
decreased the orientation score for the group of neonates lacking the long
variant of DRD4. The DRD4 polymorphism–5-HTTLPR interaction was
also assessed in a sample of adult subjects. Interestingly, there was no
significant effect of the long DRD4 genotype in those subjects homozy-
gous for 5-HTTLPR s, whereas in the group without the homozygous ge-
notype the effect of a long DRD4 allele was significant and represented
13% of the variance in novelty seeking scores between groups.

Temperament and behavior of the infants were reexamined at 2 months
using Rothbart’s Infant Behavior Questionnaire (Auerbach et al. 1999).
There were significant negative correlations between neonatal orientation
and motor organization as measured by the Brazelton Neonatal Assess-
ment Scale at 2 weeks and negative emotionality, especially distress in
daily situations, at 2 months. Furthermore, grouping of the infants by
DRD4 and 5-HTTLPR polymorphisms revealed significant main effects for
negative emotionality and distress. Infants with long DRD4 alleles had
lower scores on Negative Emotionality and Distress to Limitations than
infants with short DRD4 alleles. In contrast, infants homozygous for the
5-HTTLPR s allele had higher scores on Negative Emotionality and Distress
than infants with the l/s or l/l genotypes. Infants with the s/s genotype
who also were lacking the novelty seeking–associated long DRD4 alleles
showed most negative emotionality and distress, temperament traits that
possibly contribute to the predisposition for adult neuroticism.

In addition, an interaction between the 5-HTT gene and the catechol
O-methyltransferase gene has been shown to influence the trait of Persis-
tence (RD2), a subscale of TPQ major personality factor Reward Depen-
dence. Persistence is considered to be highly adaptive in the presence of
stable intermittent reward patterns. Persistent individuals are eager, am-
bitious, and determined overachievers (Cloninger 1994). In the presence
of catechol O-methyltransferase Val/Val or Met/Met homozygosity, the
low-activity 5-HTTLPR s allele significantly raises TPQ RD2 scores, in-
cluding perfectionism, in a sample of 577 healthy subjects (Benjamin et
al. 2000). Because a large number of epistatic interactions could be antic-
ipated with a considerable potential of false positive findings that may
lead to meaningless conclusions, gene-gene interaction analyses should
at this stage be limited to polymorphisms known to be functional, pref-
erentially within a single neuronal system, or demonstrated to be associ-
ated with behavioral phenotypes of interest.
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Gene-Environment Interaction:
A Nonhuman Primate Model

Influenced by the sociobiological hypothesis of Edward O. Wilson (Wilson
1975, 1978), there has also been an increasing interest in human person-
ality, particularly the Big Five personality dimensions, from the evolution-
ary perspective (Buss 1991, 1995). These five dimensions may define the
framework for adapting to other people, a crucial task in long-term re-
productive success. Extraversion and agreeableness are important to the
formation of social structures ranging from pair bonds to coalitions of
groups; emotional stability and conscientiousness are critical to the en-
durance of these structures; and openness may reflect the capacity for
innovation. Because the genetic basis of present-day personality dimen-
sions may reflect selective forces among our remote ancestors (Loehlin
1992), we have recently focused our research efforts on rhesus macaques.
In this nonhuman primate model, environmental influences are probably
less complex, can be more easily controlled, and are thus less likely to
confound associations between temperament and genes.

Human and nonhuman primate behavior are similarly affected by def-
icits in 5-HT function. In rhesus monkeys, 5-HT turnover, as measured by
5-hydroxyindoleacetic acid (5-HIAA) concentrations in cerebrospinal fluid
(CSF), has a strong heritable component and is traitlike, with demon-
strated stability over an individual’s life span (Higley et al. 1991, 1992b,
1993; Kraemer et al. 1989). Moreover, CSF 5-HIAA concentrations are sub-
ject to the long-lasting influence of deleterious events early in life as well
as by situational stressors. Monkeys separated from their mother and
reared in absence of conspecific adults (peer-reared) have altered sero-
tonergic function and exhibit behavioral deficits throughout their lifetimes
when compared with their mother-reared counterparts.

Comparison of different mammalian species indicates that the 5-HTTLPR
is unique to humans and simian primates. In hominoids, all alleles origi-
nate from variation at a single locus (polymorphic locus 1 [PL1]), whereas
an alternative locus for a 21-bp length variation (PL2) was found in the
5-HTTLPR of rhesus monkeys (rh-5-HTTLPR) (Lesch et al. 1997). The fact
that the 5-HTTLPR is encountered in hominoids and the cercopithecoids,
represented by the macaques, indicates remarkable conservation of this
part of the 5-HTT gene promoter throughout the different lineages of these
two superfamilies and suggests that a progenitor 5-HTTLPR sequence pos-
sibly representing viral DNA may have been introduced into the genome
some 40 million years ago. Appearance of the 5-HTTLPR is therefore an
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example of a one-time event in the evolutionary history of a species.
Although the intervening 5-HTTLPR sequence displays intraspecies and
interspecies variability, the 5-HTTLPR-associated insertion/deletion event
has been detected at identical positions in humans [del(17)(q11.2)] and
rhesus monkeys. The 5-HTTLPR sequence may be informative in the com-
parison of closely related species and reflects the phylogeny of the old
world monkeys, great apes, and humans. The presence of an analogous
rh-5-HTTLPR and resulting allelic variation of 5-HTT activity in rhesus
monkeys provides a unique model to dissect the relative contribution of
genes and environmental sources to central serotonergic function and
related behavioral outcomes.

In order to study this genotype-environment interaction, association be-
tween central 5-HT turnover and rh-5-HTTLPR genotype was tested in rhe-
sus monkeys with well-characterized environmental histories (Higley et al.
1998). This sample of rhesus monkeys (n � 177) showed allele frequencies
of 83% for the 24-repeat allele (long [l]) and 16% for the 23-repeat (short
[s]) rh-5-HTTLPR variant with a genotype distribution of 68% l/l, 31% l/s,
and 1% s/s; one individual was heterozygous for a rare allele with an ad-
ditional repeat unit (xl) similar to longer alleles found occasionally in hu-
mans (Lesch et al. 1997). The monkeys’ rearing fell into one of the following
categories: mother-reared, either reared with the biological mother or cross-
fostered; or peer-reared, either with a peer group of 3–4 monkeys or with
an inanimate surrogate and daily contact with a playgroup of peers. Peer-
reared monkeys were separated from their mothers, placed in the nursery
at birth, and given access to peers at 30 days of age either continuously or
during daily play sessions. Mother-reared and cross-fostered monkeys re-
mained with the mother, typically within a social group. At roughly 7
months of age, mother-reared monkeys were weaned and placed together
with their peer-reared cohort in large, mixed-gender social groups. The
frequency of the l/l genotype was 70% for mother-reared (n � 79) and
68% for peer-reared monkeys (n � 95); subjects with the rare genotypes
s/s and l/xl were excluded from subsequent analyses.

Because the monkey population comprised two groups that received
dramatically different social and rearing experience early in life, the in-
teractive effects of environmental experience and the rh-5-HTTLPR on
cisternal CSF 5-HIAA levels and 5-HT-related behavior were assessed. CSF
5-HIAA concentrations were significantly influenced by genotype for
peer-reared, but not for mother-reared subjects (Bennett et al. 2001). Peer-
reared rhesus monkeys with the low-activity rh-5-HTTLPR s allele had
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significantly lower concentrations of CSF 5-HIAA than their homozygous
l/l counterparts. Low 5-HT turnover in monkeys with the s allele is con-
gruent with in vitro studies that show reduced binding and transcriptional
efficiency of the 5-HTT gene associated with the 5-HTTLPR s allele (Heils
et al. 1996; Lesch et al. 1996). This suggests that the rh-5-HTTLPR genotype
is predictive of CSF 5-HIAA concentrations, but that early experiences
make unique contributions to variation in later 5-HT functioning. This
finding is the first to provide evidence of an environment-dependent as-
sociation between a polymorphism in the 5� regulatory region of the
5-HTT gene and a direct measure of 5-HT functioning, and cisternal CSF
5-HIAA concentration, thus revealing an interaction between rearing en-
vironment and rh-5-HTTLPR genotype. Similar to the 5-HTTLPR’s influ-
ence on NEO-PI-R Neuroticism in humans, however, the effect size is
small, with 4.7% of variance in CSF 5-HIAA accounted for by the rh-5-
HTTLPR–rearing environment interaction.

Intriguingly, the biobehavioral results of deleterious early experiences
of social separation are consistent with the notion that the 5-HTTLPR may
influence the risk for affective spectrum disorders. Evolutionary preser-
vation of two prevalent 5-HTTLPR variants and the resulting allelic vari-
ation in 5-HTT gene expression may be part of the genetic mechanism
resulting in the emergence of temperamental traits that facilitate adaptive
functioning in the complex social worlds most primates inhabit. Accu-
mulating evidence demonstrates the complex interplay between individ-
ual differences in the central 5-HT system and social success. In monkeys,
lowered 5-HT functioning, as indicated by decreased CSF 5-HIAA levels,
is associated with lower rank within a social group, less competent social
behavior, and greater impulsive aggression (Higley et al. 1992a, 1996;
Mehlman et al. 1994, 1995). It is well established that although subjects
with low CSF 5-HIAA concentrations are no more likely to engage in com-
petitive aggression than other monkeys, when they do engage in aggres-
sion it frequently escalates to violent and hazardous levels.

Association between the rh-5-HTTLPR genotype and aggressive be-
havior was studied by analyzing the joint effects of genotype and early
rearing environment on competition-elicited aggression. Socially domi-
nant mother-reared monkeys were more likely than their peer-reared
counterparts to engage in competitive aggression. Moreover, under both
rearing conditions, monkeys with the low-activity s allele exhibited more
aggressive behaviors than their l/l counterparts. The lack of a genotype
by rearing interaction for competitive aggression indicates that subjects
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with the s allele, although unlikely to win in a competitive encounter, are
more inclined to persist in aggression once it begins. A role of s allele–
dependent low 5-HTT function in nonhuman primate aggressive behavior
is in remarkable agreement with the association in humans between NEO-
PI-R subscales Neuroticism (increased Angry Hostility) and Agreeableness
(decreased Compliance equals increased aggressiveness and hostility) and
5-HTTLPR s genotypes.

As the scope of human studies has been extended to the neonatal
period, a time in early development when environmental influences are
modest and least likely to confound gene-temperament associations, com-
plementary approaches have recently been applied to nonhuman pri-
mates. Rhesus macaque infants heterozygous for the s and l variants of
the rh-5-HTTLPR (l/s) displayed higher behavioral stress-reactivity com-
pared with infants homozygous for the long variant of the allele (l/l)
(Champoux et al. 1999). Mother-reared and peer-reared monkeys (n �

36 and n � 83, respectively) were assessed on days 7, 14, 21, and 30 of
life, on a standardized primate neurobehavioral test designed to measure
orienting, motor maturity, reflex functioning, and temperament. Main ef-
fects of genotype, and, in some cases, interactions between rearing con-
dition and genotype, were demonstrated for items indicative of orienting,
attention, and temperament. In general, heterozygous animals demon-
strated diminished orientation, lower attentional capabilities, and in-
creased affective responding relative to l/l homozygotes. However, the
genotype effects were more pronounced for animals raised in the neonatal
nursery than for animals reared by their mothers. These results demon-
strate the contributions of rearing environment and genetic background,
and their interaction, in a nonhuman primate model of behavioral devel-
opment.

Taken together, these findings provide evidence of an environment-
dependent association between allelic variation of 5-HTT gene expression
and central 5-HT function (Figure 6–2) and illustrate the possibility that
specific genetic factors play a role in 5-HT-mediated social competence
in primates. The objective of further studies will be the elucidation of the
relationship between the rh-5-HTTLPR genotype and sociability in mon-
keys, because this behavior is expressed with characteristic individual dif-
ferences both in daily life and in response to challenge. Because rhesus
monkeys exhibit temperamental and behavioral traits that parallel anxiety,
depression, and aggression-related personality dimensions associated in
humans with the low-activity 5-HTTLPR variant, it may be possible to
search for evolutionary continuity in this genetic mechanism for individual
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Figure 6–2 The influence of 5-HTT gene–environment interaction on central
5-HT homeostasis in humans and nonhuman primates and its consequences for
cortical plasticity, personality, behavior, and the development of affective disorders.

differences. Nonhuman primate studies may also be useful to help identify
environmental factors that either compound the vulnerability conferred
by a particular genetic makeup or, conversely, act to improve the behav-
ioral outcome associated with that genotype.

In line with this notion our findings encouraged ongoing research ex-
ploring possible associations between the 5-HTTLPR or 16/17 variable
number tandem repeat variants and categorically defined neuropsychiat-
ric disorders, including depressive syndromes and bipolar affective illness,
panic disorder, obsessive-compulsive disorder, autism, schizophrenia,
Alzheimer’s disease, and substance abuse including alcoholism (for re-
view see Lesch 2000).

Conclusion and Perspective
Converging lines of evidence suggest that allelic variation in functional
5-HTT gene expression plays a critical role in synaptic plasticity, thus
setting the stage for expression of complex traits and their associated be-
havior throughout adult life. Moreover, genetically driven variation of
5-HTT function, in conjunction with other predisposing genetic factors
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and with inadequate adaptive responses to environmental stressors, is also
likely to contribute to the etiopathogenesis and treatment response of
affective spectrum disorders emerging from compromised brain devel-
opment and from neuroadaptive processes.

Several lessons can be learned from past misconceptions in personality
and behavioral genetics. First, to detect a small genetic influence, one
needs standardized personality behavioral trait assessment with invento-
ries that are characterized by high retest reliability, longitudinal stability,
a factor structure that is valid in different populations and cultures, and
reasonable correlation between self report and observer ratings. Second,
more functionally relevant polymorphisms in genes within a single neu-
rotransmitter system, or in genes that comprise a functional unit in their
concerted actions, need to be identified and assessed in both large-
population and family-based association studies to avoid stratification ar-
tifacts and to elucidate complex epigenetic interactions of multiple loci.
Third, genetic influences are not the only pathway that leads to individual
differences in personality dimensions, behavior, and psychopathology.
Complex traits are most likely to be generated by a complex interaction
of environmental and experiential factors with a number of genes and
their products. Even pivotal regulatory proteins of neurotransmission,
such as the 5-HTT, will have a modest impact, although ‘‘noise’’ from
nongenetic mechanisms may seriously hinder identification of relevant
genes. Although current methods for the detection of gene-environment
interaction in behavioral genetics are largely indirect, the most relevant
consequence of identifying genes for personality and behavioral traits may
be that it will provide the tools required to systematically clarify the effects
of gene-environment interaction (McGue and Bouchard 1998).

The current state of the art of this field illustrates how progress in neu-
ropsychiatric genetics might be accelerated by closer integration of neu-
roscience and genetic approaches and a dimensional, semiquantitative
approach to behavioral phenotypes drawn from a large body of psycho-
metric research. Further studies of the genetics of human behavioral traits
using association techniques, linkage strategies, and newer methods in
development, such as single nucleotide polymorphism analysis, may be
especially useful in refining concepts of the heritable components of per-
sonality. Finally, investigating possible genetic differences associated with
variation along behavioral dimensions within neuropsychiatric diagnoses
may be a useful complement to the traditional strategy of looking for
genetic differences between categorically defined neuropsychiatric diag-
nostic entities.
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C H A P T E R S E V E N

Dopamine D4 Receptor and Serotonin
Transporter Promoter Polymorphisms
and Temperament in Early Childhood

Richard P. Ebstein, Ph.D.
Judith G. Auerbach, Ph.D.

Background

Normal Personality Traits and Their Association
With DRD4 and 5-HTTLPR
Only recently has an association between a specific genetic polymorphism
and a specific personality trait been reported (Benjamin et al. 1996; Ebstein
et al. 1996). Our seminal study catalyzed many investigations by others
and ourselves aimed at validating these first reports and identifying other
genes contributing to personality factors (see reviews by Baron [1998] and
Ebstein and Belmaker [1997]).

The two initial studies (Benjamin et al. 1996; Ebstein et al. 1996) ex-
amined the role of the exon III 48-bp repeat polymorphism in the dopa-
mine D4 receptor (DRD4) gene (Lichter et al. 1993; Van Tol 1996, 1998;
Van Tol et al. 1992) in personality. This gene has a highly polymorphic
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16–amino acid repeat region in the putative third cytoplasmic loop, which
varies between 2 and 10 repeats in most populations and changes the
length of the receptor protein. Some evidence for a moderate functional
significance to the long and short forms of this protein has been shown
(Asghari et al. 1994, 1995).

Three recent studies appear to confirm the relevancy of the DRD4 gene
to novelty seeking. A Japanese group has characterized several polymor-
phisms in the upstream promoter region of the DRD4 gene, and one of
these was associated with higher novelty seeking scores in a group of
Japanese subjects (Okuyama et al. 2000). This particular promoter region
polymorphism is functionally significant, and the T variant of the C-521T
polymorphism reduces transcriptional efficiency. In a second study, a
Finnish group showed an association between the DRD4 exon III two-
and five-repeat alleles and high novelty seeking scores in a very large and
homogeneous Finnish birth cohort of more than 4,700 subjects (Ekelund
et al. 1999). Both of these studies suggest the possibility that our original
observation of an association between the DRD4 48-bp repeat region and
Tridimensional Personality Questionnaire (Cloninger 1991) Novelty Seek-
ing scores may have been due to linkage disequilibrium between this
polymorphism and another polymorphism within the DRD4 gene (per-
haps the promoter region?) or in a neighboring gene. Finally, the first
genomewide scan in personality genetics in a group of alcoholic families
(Cloninger et al. 1998), which reported a linkage between anxiety-related
traits and a region on chromosome 8p, also revealed a linkage between
novelty seeking and the region on chromosome 11 where the DRD4 gene
is located.

Our report of an association between DRD4 and novelty seeking was
followed by Lesch and his colleagues who showed an association be-
tween a newly discovered 44-bp deletion in the promoter region of the
serotonin transporter promoter region (5-hydroxytryptamine transporter
gene–linked polymorphic region [5-HTTLPR]) that affects transcription of
the gene (Heils et al. 1996) and neuroticism and harm avoidance (Lesch
et al. 1996).

Studies in Neonates and Infants
Assessment of Temperament and Behavior in Neonates

Individual differences in temperament, that is, individual differences in
emotional, motor, and attentional reactivity, are apparent from the first
days of life. One of the most widely used methods to assess temperament
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in the first weeks of life is the Neonatal Behavioral Assessment Scale
(NBAS) (Brazelton 1990; Brazelton and Nugent 1995).

The NBAS assesses the behavioral repertoire of infants from birth to 1
month. It attempts to capture individual differences in the complexity of
behavioral responses to environmental stimuli as the neonate moves from
sleep states to alert states to crying states. NBAS scores are a reflection of
the baby’s capacity to organize his or her autonomic and central nervous
system in order to respond to stimuli (both animate and inanimate), and
the exam is used to predict the environment’s response to the baby as an
individual. The NBAS is also related to concurrent and later measures of
temperament in infancy and early childhood (Field et al. 1978; Jones and
Parks 1983; Tirosh et al. 1992).

Heritability of the NBAS

The heritability of the NBAS-defined clusters has not to our knowledge
been directly examined in twin studies. However, the role of genes in
determining infant temperament at a somewhat later developmental age
has been studied using other testing instruments that measure related be-
havioral clusters similar to those assessed by the NBAS. For example, in
an sample of 604 monozygotic and dizygotic twins ages 3 to 16 months,
co-twin similarity in fear and anger and activity level as measured by the
Infant Behavior Questionnaire (IBQ) (Rothbart 1981) were best accounted
for by additive genetic effects, with genetic and environmental effects best
explaining co-twin similarity for interest and persistence (Goldsmith et al.
1999). Similarly, another study of twins (Cyphers et al. 1990) showed high
estimates of heritability (0.44–0.65) for eight of the nine temperament
scales measured by the New York Longitudinal Study instrument.

More direct evidence for a genetic explanation of the variance in NBAS
clusters is provided by a controlled, laboratory study of temperament dif-
ferences between rhesus monkeys from genetically diverse backgrounds
who significantly differed in NBAS cluster scores (Champoux et al. 1994).
Temperament characteristics were measured in rhesus monkeys of Indian
and Chinese stocks. All infants experienced identical rearing conditions
in a neonatal nursery facility. Significant differences were found between
Chinese-Indian hybrid and Indian-derived infants on orientation and state
control but not on activity and motor maturity clusters.

Similarly, variance in NBAS scores has also been observed between
human infants from different cultural and racial backgrounds (Eishima
1992; Nugent et al. 1989; Tronick and Winn 1992). Such differences may
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be partially determined by diversity in allele frequency of putative tem-
perament genes among these populations. The study by Eishima (1992)
is of particular interest because the cross-cultural differences in NBAS
scores between British and Japanese neonates were assessed by the same
observer. Interestingly, British infants showed better orientation scores,
which the current results suggest may be partially determined by the pres-
ence of the seven-repeat allele of the DRD4 gene, an allele which is very
infrequently encountered in Japanese and Chinese populations (Ono et
al. 1997). We believe these studies also suggest that neonatal temperament
clusters measured by the NBAS may have some genetic basis. It should
be noted, however, that the only twin study of neonates found no evi-
dence for genetic influences (Riese 1990).

Effect of DRD4 and 5-HTTLPR Polymorphisms
on Neonatal Temperament Assessed

by the NBAS

Experimental Findings
In a first study of its kind (Ebstein et al. 1998), we examined the role of
two common polymorphisms on neonatal behavior, evaluated at 2 weeks
of age, in 81 neonates (40 males and 41 females) using the NBAS. We note
that this initial investigation is the first in a longitudinal study of neonate,
infant, and toddler behavior that we have initiated. In the next section of
this review we discuss the results obtained at 2 months of age with this
same group of children (Auerbach et al. 1999).

The effect of the DRD4 short (s) versus DRD4 long (l) (see Chapter 5,
DRD4 and Novelty Seeking) and 5-HTTLPR short/short (s/s) versus
5-HTTLPR long/short (l/s) and long/long (l/l) (see Chapter 6, Serotonin
Transporter, Personality, and Behavior) alleles on four of the NBAS tem-
perament clusters (Orientation, Range of State, Motor Organization, Reg-
ulation of State) was compared by multivariate analysis. A significant
association of DRD4 across the NBAS clusters was observed. Univariate F
tests showed significant effects of DRD4 on all four of the temperament
clusters. Overall, the effect of the presence of the long forms of the DRD4
exon III repeat region is to raise the mean score for all four of the tem-
perament clusters.
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Figure 7–1 NBAS Orientation scores in 2-week-old infants sorted by the
dopamine D4 receptor exon III repeat polymorphism and the serotonin transporter
promoter region polymorphism. Error bars represent mean values � SEM.

Source. Reprinted from Benjamin J, Osher Y, Kotler M, et al.: ‘‘Association Between
Tridimensional Personality Questionnaire Traits and Three Functional Polymorphisms:
Dopamine Receptor D4 Serotonin Transporter Promoter Region and Catechol-O-
Methyltransferase.’’ Molecular Psychiatry 5:96–100, 2000. Used with permission.

A significant multivariate interaction was observed between DRD4 and
5-HTTLPR, and univariate F tests showed a significant interaction between
the two polymorphisms on orientation. The interaction between the do-
pamine and serotonin polymorphisms was further examined as shown in
Figure 7–1. The effect size of DRD4 on orientation was much larger in
those neonates homozygous for the short (s/s) 5-HTTLPR genotype com-
pared with infants with either the s/l or l/l genotype. Moreover, no sig-
nificant effect of the DRD4 long repeat on orientation was observed in
neonates grouped by the 5-HTTLPR l/l or l/s alleles, whereas the effect
of DRD4 long repeat alleles was significant in neonates with the s/s
5-HTTLPR genotype. The effect of 5-HTTLPR s/s was to lower the orien-
tation score for the group of neonates lacking the DRD4 long repeat.
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In summary, the results presented in Figure 7–1 indicate that infants
with one or more long alleles of 5-HTTLPR, which is associated with less
anxious traits in adults, show no further enhancing effect of the long DRD4
alleles, which also promote approach-type behaviors in adults. However,
in infants with the inhibiting form (at least in adults) of 5-HTTLPR, long
DRD4 alleles, but not short DRD4 alleles, oppose this inhibition.

Temperament Genes and Developmental Stages:
Is NBAS Orientation an Antecedent Behavior of Adult
Novelty Seeking?
The longitudinal assessment of temperaments is difficult, especially be-
cause the phenotype may subtly and continually change as development
evolves. The early antecedents of later novelty seeking behavior that is
characterized in adults as impulsive, exploratory, fickle, excitable, quick-
tempered and extravagant behavior may not easily be recognizable in
earlier stages of development. Our findings on neonates suggest that stud-
ies based on examining the genotypic basis of these observed phenotypes
may help to unravel the complex temporal expression of temperament.

Only a modest correlation (r � 0.3 to 0.4) is generally observed be-
tween neonate and infant temperaments across development (reviewed
in Ebstein et al. 1998). Such correlations are weak and explain only about
9%–16% of the variance, so that such temperament assessments, although
they partially predict group behaviors, may not allow very accurate indi-
vidual behavioral predictions. Overall, these results suggest, not surpris-
ingly, that much more change than stability is observable from infancy to
adulthood. Nevertheless, neonate and infant behavioral assessment in-
struments apparently tap into some core temperaments that persist, albeit
in ever changing expression, into later developmental stages.

Effect of DRD4 and 5-HTTLPR Polymorphisms on
Temperament Assessed at 2 Months of Age

We examined the association of DRD4 and 5-HTTLPR and temperament
in 76 2-month-old infants (39 boys and 37 girls) who had participated in
the neonatal assessment. Mothers completed the IBQ, which is a 94-item,
parent questionnaire assessing infant temperament in the first year of life.
IBQ scores reflect the ease of elicitation of a given reaction and the inten-
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sity of that reaction. Both the stability and validity of the IBQ have been
documented (Rothbart 1986; Worobey and Blajda 1989).

Stability of Temperament From 2 Weeks to 2 Months
Temperament stability was examined by calculating bivariate correla-
tion coefficients for the NBAS scales of Orientation, Motor Organization,
Regulation of State, and Range of State and the IBQ scales. There were
significant negative correlations between Orientation and Negative Emo-
tionality (r � �0.29, P � 0.006), Orientation and Distress to Limitations
(r � �0.30, P � 0.004), Motor Organization and Negative Emotionality
(r � �0.28, P � 0.009), and Motor Organization and Distress to Limita-
tions (r � �0.34, P � 0.001).

DRD4 and 5-HTTLPR and 2-Month Temperament
We next considered the effect of the DRD4 and 5-HTTLPR genotypes on
the IBQ scales. Two-way ANOVAs (DRD4 and 5-HTTLPR) were computed
for each of the IBQ scales. Significant main effects were observed for
Negative Emotionality and Distress to Limitations scores when the infants
were grouped by the DRD4 (short vs. long alleles) and 5-HTTLPR (s/s vs.
l/l and l/s) polymorphisms. Infants with long DRD4 alleles had signifi-
cantly lower scores on Negative Emotionality and Distress to Limitations
than infants with the short DRD4 alleles. In contrast, infants with the s/s
5-HTTLPR genotype had higher scores on Negative Emotionality and Dis-
tress to Limitations than infants with the l/s or l/l genotypes. A DRD4 main
effect of Distress to Sudden or Novel Stimuli approached significance.
Infants with the long DRD4 alleles were less distressed by sudden or novel
stimuli than were infants with the short alleles. Similar results were ob-
tained if the DRD4 genotype was inventoried by either presence or ab-
sence of the seven-repeat allele or the two most common genotypes
(4/7 and 4/4). In those infants lacking the DRD4 long-repeat alleles, the
effect of the short homozygous form (s/s) of the 5-HTTLPR gene on Neg-
ative Emotionality and Distress to Limitations was significant, whereas no
effect of this polymorphism was observed in infants possessing the long
DRD4 alleles. In the absence of the long form of the DRD4 allele, the
effect of the s/s form of the 5-HTTLPR gene was to significantly raise the
scores for Negative Emotionality and Distress to Limitations.

There was a trend in the same direction for Distress to Sudden or Novel
Stimuli. Overall, infants with the s/s form of 5-HTTLPR gene who were
lacking the long form of the DRD4 allele were reported as expressing
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more negative emotionality, in particular distress to daily situations but
also distress when presented with sudden or novel stimuli. No significant
effects were found for gender by multivariate or univariate analysis of the
temperament scales.

Relationship of NBAS, IBQ, and Genotype
Our findings of significant negative correlations between the NBAS scales
of Orientation and Motor Organization and the IBQ scales of Negative
Emotionality and Distress to Limitations are in accord with the findings of
other studies (Covington et al. 1991; Risholm-Mothander 1989; Worobey
and Blajda 1989) that have also examined longitudinally the association
of temperament measured neonatally and subsequently through the first
year of life. The weak but significant correlation coefficients observed in
these studies are similar (r � 0.3–0.4) to what we currently report. In
particular, it is worth noting that Tirosh and his colleagues (Tirosh et al.
1992) found significant correlations between the NBAS Orientation and
Motor clusters and fussy/difficult and unpredictable temperament dimen-
sions at 3 months. In addition, our findings support the suggestion that
attention may serve to regulate negative reactivity in various situations
(Kochanska et al. 1998).

The findings at 2 months extend our findings on neonates (Ebstein et
al. 1998) discussed in the previous section in which we observed a sig-
nificant multivariate main effect of the DRD4 polymorphism and a signifi-
cant interaction with 5-HTTLPR across four NBAS temperament clusters.
A significant main effect of the DRD4 and 5-HTTLPR genotypes was also
observed in our assessment of these infants at 2 months. However, at 2
months the effect of these two polymorphisms was limited to the IBQ
scales of Negative Emotionality and Distress to Limitations. Negative emo-
tionality and its components can perhaps be construed as an early pre-
cursor of anxiety. Several studies have found a relationship between the
temperament dimensions of difficultness and unadaptability, of which
negative emotionality is a prime component, and anxiety and inhibition
at a later age (Bates and Bayles 1988). The effect of the DRD4 long alleles
was more pervasive on neonatal temperament (and was observed across
all four core temperament clusters) than was the effect of this polymor-
phism on temperament at 2 months of age.

The relationships we are elucidating between the earliest manifesta-
tions of temperament in neonates and young infants demonstrate the non-
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linear development of these traits. Later temperament dimensions may
have little face validity or intuitive relation to the content of earlier man-
ifestation of such temperament. Such relationships, however, are made
clearer when it is possible to define the underlying genetic mechanisms.
For example, in our longitudinal child study there appears to be a devel-
opmentally stable relationship between a gene that is purportedly related
to brain activation (DRD4) and a gene that is purported to modulate brain
inhibition (the 5-HTTLPR gene). In neonates, orientation, which we sug-
gest is an active exploratory activity, is partially determined by the DRD4
long alleles. In the absence of the long-repeat DRD4 alleles, the short
alleles of 5-HTTLPR are inhibitory and reduce Orientation scores. At 2
months, scores for Negative Emotionality and Distress to Limitations, tem-
perament traits perhaps akin to adult neuroticism, are influenced by both
the DRD4 and 5-HTTLPR polymorphisms. Similarly, the s/s 5-HTTLPR
polymorphism significantly raises Negative Emotionality and Distress to
Limitations scores especially in the absence of the long allele of DRD4.
Thus, genes contributing to brain activation and brain inhibition may
jointly modulate the expression of developmentally dependent behaviors.
Our findings are compatible with Cloninger’s suggestion (Cloninger 1986)
that these systems are functionally interconnected and give rise to integrated
patterns of differential responses to punishment, reward, and novelty.

Summary
Using a candidate gene approach, we have been studying the genetic
components of temperament spanning human development from neo-
nates to adults. In particular, two common genetic polymorphisms, in
DRD4 (a dopaminergic receptor) and 5-HTTLPR (a serotonin transporter),
that were initially shown by self-report personality tests to be respectively
associated with novelty or sensation seeking traits and harm avoidance or
neuroticism, appear to mutually interact from early infancy to adulthood.
Our provisional findings are consistent with both human and animal stud-
ies that activation of dopaminergic pathways promotes exploratory and
impulsive behavior, whereas serotonergic pathways are generally inhibi-
tory and advance avoidance behavior. Similarly, our studies suggest that
throughout human development, with temperament as a measure of
dopaminergic-serotonergic interactions, the behavioral phenotype con-
ferred by the long DRD4 alleles that furthers exploratory and impulsive
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behavior is opposed by the 5-HTTLPR polymorphism that acts to constrain
this activity.
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Background

Addictive Drugs as Positive Reinforcers in the Brain
Dopaminergic Reward System
In the early history of addiction research the predominant concept of
addiction was that compulsive drug self-administration was due to the
drug’s ability to alleviate aversive withdrawal symptoms, the so-called
negative reinforcement model. More recently, theories of addiction have
underscored the role of drugs in positive reinforcement and euphoria.
The mesolimbic dopamine system is strongly implicated in the habit-
forming properties of several classes of abused drugs, suggesting a com-
mon ground for addictions. Addictive drugs would then appear to mimic
aspects of natural reinforcers and interact with identical brain reward
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mechanisms (Kalivas and Nakamura 1999; Robbins and Everitt 1996;
Schultz 1997; Wise 1996a, 1996b).

Reward Mechanisms in Humans: Relationship
to Personality Traits and Cognition
The motivational and reinforcement value that people attribute to partic-
ular environmental events and stimuli clearly differs among individuals.
Such personality traits combine with situational manipulations to produce
motivational states that in turn affect cognitive performance (Revelle
1989). The encoding of environmental demands reflects differences in
biological sensitivities to cues for rewards and punishment, as well as the
prior contents of memory. In the past two decades it has become possible
to assess such differences and attribute them to underlying neural mech-
anisms.

Novelty or Sensation Seeking
Zuckerman, in his book Behavioral Expressions and Biosocial Bases of
Sensation Seeking (Zuckerman 1994), cogently discusses the notion that
sensation seeking (sometimes referred to as novelty seeking) is a primary
drive in both animals and humans. Sensation seeking has its expression
in human personality and furthermore is closely linked to brain reward
mechanisms.

Self-Report Personality Questionnaires Measure
Novelty Seeking
Impulsive, unsocialized sensation seeking or novelty seeking is a major
factor discovered in factor analyses of scales used in psychobiological
research and appears as a higher-order factor in most self-report ques-
tionnaires (Zuckerman 1994). As Zuckerman has noted (1994), Zucker-
man’s Sensation Seeking scale is strongly convergent with Eysenck’s P
dimension, Conscientiousness in the Big Five model of personality (Costa
and McCrae 1997), (Impulsiveness in the Big Five is a subscale of Neu-
roticism), and Cloninger’s Tridimensional Personality Questionnaire
(TPQ) (Cloninger 1987) trait of Novelty Seeking. Factor analyses suggest
that sensation seeking (or novelty seeking) together with impulsivity and
asocial tendencies constitute the dimension of personality that the
Eysencks called psychoticism. Risk taking for the sake of novel experience
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is part of the definition of sensation seeking or novelty seeking and in-
cludes both physical risk taking and a broader concept of legal, social,
and financial risk taking.

Genes and Personality
A large number of twin studies demonstrate firstly that personality traits
measured by self-report questionnaires show moderate heritability and
secondly that almost all the environmental variance is nonshared, al-
though environmental influence is also important (Loehlin 1992). Herita-
bilities in the 30%–50% range are typical. Extraversion, a trait akin to
novelty seeking or sensation seeking, is one of the most highly heritable
categories (�50%), closely followed by neuroticism, akin to Harm Avoid-
ance on the TPQ, or emotional stability (the converse trait name) on some
instruments (�40%).

Dopamine D4 Receptor and Novelty Seeking
Only recently has an association between a specific genetic polymorphism
and a specific personality trait, novelty seeking, been reported (Benjamin
et al. 1996; Ebstein et al. 1996). Our seminal study catalyzed many inves-
tigations by others, and we aimed at validating these first reports and
identifying other genes that contribute to personality factors. The two ini-
tial studies examined the role of the exon III 48-bp repeat polymorphism
of the dopamine D4 receptor (DRD4) (Lichter et al. 1993; Van Tol 1996,
1998; Van Tol et al. 1992) in personality. The DRD4 gene codes for a highly
polymorphic 16–amino acid repeat region in the putative third cytoplas-
mic loop that varies between 2 and 10 repeats in most populations and
changes the length of the receptor protein. There is some evidence that
differences between the long and short forms of this protein have a mod-
erate functional significance (Asghari et al. 1994, 1995).

Novelty Seeking and Psychopathology
Two DSM-IV-TR (American Psychiatric Association 2000) disorders in par-
ticular, substance abuse and attention-deficit/hyperactivity disorder
(ADHD), show exaggerated elements of impulsive and excitable behavior
somewhat akin to TPQ Novelty Seeking. Most interesting is that adult
ADHD subjects score higher on Novelty Seeking and are often comorbid
for substance abuse, antisocial personality disorder, and depressive dis-
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orders (Downey et al. 1996, 1997). Novelty Seeking scores are also higher
in substance abusers than in control subjects (Cloninger et al. 1988).

Studies

Substance Abuse and DRD4
The role of dopamine in mediating TPQ Novelty Seeking scores in humans
and this neurotransmitter’s importance in mediating drug reinforcement
and reward mechanisms as discussed earlier prompted us to examine a
group of Israeli heroin addicts for prevalence of the DRD4 repeat poly-
morphism. We demonstrated that the seven-repeat allele is significantly
overrepresented in the opioid-dependent cohort (Kotler et al. 1997). To
our knowledge this was the first report of an association between a spe-
cific genetic polymorphism and opioid addiction. A subsequent study we
conducted confirmed an excess of the seven-repeat allele in another
group of heroin addicts (Mel et al. 1998).

Similar results showing an excess of the long alleles (�5) of DRD4 were
obtained in a group of Chinese heroin addicts and Japanese alcoholics (Li
et al. 1997; Muramatsu et al. 1996). Although the seven-repeat allele is
quite rare in Asian populations, the only two seven-repeat alleles observed
were among the addicts in the Chinese study. The DRD4 polymorphism
has also been examined in a study of alcoholism that illustrated the im-
portance of gene interactions in determining such phenotypes. A point
mutation in the aldehyde dehydrogenase 2 (ALDH2) allele is considered
a genetic deterrent for alcoholism. Nevertheless, 80 of 655 Japanese al-
coholics had the protective ALDH2 allele (Muramatsu et al. 1996). Ge-
notype factors that might increase susceptibility by overriding the
deterrent included a higher frequency of a five-repeat allele of the DRD4
polymorphism in alcoholics with ALDH2 than in 100 other alcoholics and
144 controls. Alcoholics with the five-repeat allele also abused other drugs
more often than did those without this polymorphism.

Shields and his colleagues found an association between the DRD4
genotype and smoking (Shields et al. 1998). These results are consistent
with a study in a DRD4 knockout mouse that was characterized as su-
persensitive to ethanol, cocaine, and methamphetamine (Rubinstein et al.
1997). However, in three studies with Caucasian populations (Geijer et al.
1997; Sander et al. 1997; Vandenbergh et al. 1997b) and one study in
Taiwan (Chang et al. 1997), no evidence for an association between DRD4
and substance abuse was found.
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Substance Abuse and the Serotonin Promoter Region
and Dopamine D3 Receptor Bal I Polymorphisms
We have examined two other polymorphisms, the serotonin transporter
promoter region polymorphism (5-HTTLPR) and the dopamine D3 recep-
tor (DRD3) Bal I polymorphism (linked to the personality traits of harm
avoidance or neuroticism [Lesch et al. 1996] and reward [Ebstein et al.
1997], respectively) in a group of Israeli heroin addicts (Kotler et al.
1999a). DRD3 has also been linked in one study to novelty seeking in a
small group of bipolar disorder patients (Duaux et al. 1998) and in two
studies to substance abuse in schizophrenia (Duaux et al. 1998; Krebs et
al. 1998). We failed to replicate the relationship between DRD3 and sub-
stance abuse in our sample of 186 heroin addicts and 217 gender- and
ethnically matched controls. DRD3 has also been examined in alcoholism,
again with conflicting results (Dobashi et al. 1997; Higuchi et al. 1996;
Parsian et al. 1997). Nor did we observe an association between 5-HTTLPR
polymorphism and heroin addiction (Kotler et al. 1999a).

DRD4 and Attention-Deficit/Hyperactivity Disorder
Several studies have examined the DRD4 polymorphism in ADHD (Cas-
tellanos et al. 1998; Eisenberg et al. 2000; LaHoste et al. 1996; Rowe et al.
1998; Smalley et al. 1998; Swanson et al. 1998). With the exception of a
family-based study from our own group (Eisenberg et al. 2000) and a
single case-control report (Castellanos et al. 1998), these investigations
show an excess of the seven-repeat allele in ADHD. Overall, these results
strengthen the notion that DRD4 contributes modestly to impulsive and
novelty seeking behaviors presenting in children as ADHD and in adults
as substance abuse. The dopamine transporter polymorphism has also
been examined in ADHD and a positive association reported (Comings et
al. 1996; Cook et al. 1995; Gill et al. 1997). Recently the dopamine trans-
porter has also been shown to be associated with novelty seeking and
cigarette addiction (Sabol et al. 1999).

Catechol O-Methyltransferase
Another polymorphism we have examined in ADHD (Eisenberg et al.
1999), violent schizophrenia (Kotler et al. 1999b), personality traits (Ben-
jamin et al. 2000; Kotler et al. 1999a), studies of executive function (hyp-
notizability) (Lichtenberg et al. 2000), and heroin addiction (Horowitz et
al. 2000) is catechol O -methyltransferase (COMT). A common COMT
polymorphism coding for a thermolabile low-activity enzyme has been
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recognized for two decades (Lotta et al. 1995; Weinshilboum and Dunnette
1981). Lachman and his colleagues (Lachman et al. 1996) found a common
biallelic polymorphism (Val/Met) that results in high (Val/Val), low (Met/
Met), and intermediate (Val/Met) levels of enzyme activity. COMT con-
tributes to the clearance of dopamine and norepinephrine but not sero-
tonin.

Using the case-control design, Vandenbergh and his colleagues (Van-
denbergh et al. 1997a) showed an association between the high-activity
COMT polymorphism and polysubstance abuse in a group of North Amer-
ican subjects. We confirmed these results by genotyping 38 Israeli heroin
addicts and both parents, using the haplotype relative risk strategy (Ho-
rowitz et al. 2000).

COMT and Personality: Multiple Gene Interactions
We examined three functional genetic polymorphisms, in DRD4, 5-
HTTLPR, and catechol O -methyltransferase (COMT Val r Met), for asso-
ciation with TPQ personality factors in N � 455 subjects, and significant
interactions were observed (Benjamin et al. 2000).

In the absence of the short 5-HTTLPR allele and in the presence of
COMT homozygosity especially for the high-enzyme Val/Val genotype,
Novelty Seeking scores are higher in the presence of the DRD4 seven-
repeat allele than in its absence (Figure 8–1).

These results are consistent with two earlier reports in which we dem-
onstrated an interaction between the 5-HTTLPR and DRD4 seven-repeat
allele in 2-week-old neonates and in the same children assessed again at
2 months of age (Auerbach et al. 1999; Ebstein et al. 1998). In both infants
and adults, short alleles of 5-HTTLPR and long alleles of DRD4 oppose
each other’s effects; that is, approach behaviors (orientation to environ-
mental stimuli in infants and novelty seeking in adults) are promoted by
long DRD4 alleles, whereas short alleles of 5-HTTLPR increase avoidance
behaviors.

Summary
In our review we discuss the concept of reward, as understood from ani-
mal experiments, and extend these concepts to humans. We also examine
some recent human genetic studies suggesting that common dopami-
nergic polymorphisms contribute to individual differences in personality
traits and the propensity for substance abuse, kindred phenomena
grounded in the mesolimbic motive circuit.
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Figure 8–1 Marginal mean value of Tridimensional Personality Questionnaire
Novelty Seeking (adjusted for age and sex covariates) scores grouped by three types
of polymorphisms: COMT, DRD4, and 5-HTTLPR. The left y axis groups subjects with
the long/long 5-HTTLPR and the right y axis with the short genotypes.
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We discuss a number of recent genetic studies including many from
our own laboratory suggesting that common dopaminergic polymor-
phisms account for some of the variance in personality traits such as nov-
elty seeking and harm avoidance. Novelty seeking is a personality trait
that seems to govern how much stimulation we need from environmental
events to reach each individual’s optimal level of arousal. Thrill or sen-
sation seekers clearly need more stimulation than the average, and some
of these thrill seekers obtain their stimulation by bungee jumping and
others in less socially acceptable ways such as substance use and abuse.
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Dopaminergic neurons in humans play a major role in a wide range of
behaviors including impulsivity, aggression, sexual behavior, appetite, re-
ward, and regulation of pituitary hormones. The dopamine D2 receptor
is part of a superfamily of G-protein-coupled receptors having seven
membrane-spanning domains (Civelli et al. 1991). The five dopamine re-
ceptors can be placed into two subgroups: D1 and D5 stimulate the pro-
duction of cyclic AMP; and D2, D3, and D4 inhibit the production of cyclic
AMP. The interaction between the D1 and D2 receptors has been empha-
sized in a wide range of behaviors including schizophrenia, cataplexy,
cocaine abuse, and others (Spealman et al. 1992; Waddington 1990). The
gene for the rat and human dopamine D2 receptor was cloned and se-
quenced by Civelli and colleagues (Bunzow et al. 1988; Grandy et al.
1989), and a Taq I polymorphism located 3� to the gene was described by
Grandy et al. (1989).
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Foundation.
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DRD2 and Alcoholism
The first molecular genetic association studies in psychiatric genetics were
performed with the dopamine receptor D2 (DRD2) gene using the Taq I
polymorphism and reported in 1990 by Blum and colleagues. Of 22 Cau-
casian alcoholics studied, 64% carried the A1 allele compared with 17%
of 24 controls (P � 0.003). This report was widely publicized as having
identified a ‘‘gene for alcoholism.’’ However, some subsequent reports
refuted this finding. The first was by Bolos et al. (1990). They reported
that 38% of 40 ambulatory Caucasian alcoholics carried the A1 allele com-
pared with 30% of 127 controls (P � 0.369). In addition, there was no
evidence for linkage between the DRD2 A1 allele and alcoholism in two
families. The next two reports, published in 1991 in the same issue of the
Journal of the American Medical Association, were by Comings et al.
(1991) and Gelernter et al. (1991). Comings et al. (1991) reported the
presence of the A1 allele in 43.4% of 104 alcoholics with and without
comorbid drug abuse versus 24.5% of 314 controls (P � 0.001). They also
reported a significant increase in the prevalence of the A1 allele (45% to
55%) in a range of impulsive behaviors including Tourette syndrome and
attention-deficit/hyperactivity disorder (ADHD) (see the section ‘‘DRD2
in Tourette Syndrome and Attention-Deficit/Hyperactivity Disorder’’).
Gelernter et al. (1991) reported the presence of the A1 allele in 43.2% of
44 ambulatory alcoholics versus 35.3% of 68 random controls. Although
the prevalence of the A1 allele in alcoholism was similar to that reported
by Comings et al., the frequency in their controls was sufficiently higher
such that the difference was not significant (P � 0.40). However, this
report was complicated by the fact that many of these controls were from
Tourette syndrome families.

In the ensuing years many reports of the association of the DRD2 Taq I
A1 allele with alcoholism were published (Blum et al. 1995; Noble 1993).
About half were confirmatory. These early studies of the role of the DRD2
gene in alcoholism took the brunt of the learning curve in our knowledge
of how to undertake studies of polygenic disorders and with it came a
great deal of skepticism about the DRD2 gene. However, the difficulties
in uniform replication of the results for the DRD2 genes were subse-
quently seen in all association studies of single genes in polygenic dis-
orders. Like alcoholism, personality is a polygenic trait (Plomin et al.
1994). Thus before progressing to examine the potential role of the DRD2
gene in personality and other traits, it is critical to understand the unique
nature of polygenic disorders.
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Single-Gene Versus Polygenic Inheritance
Because single-gene disorders have been the focus of attention by human
geneticists for the past century, much of the thinking about the role of
genes in polygenic behavioral disorders has been based on these single-
gene concepts. This has led to a number of misperceptions about poly-
genic disorders and what to expect of association studies of the genes
involved in polygenic disorders. Some of these misperceptions are as fol-
lows: 1) To provide valid information the polymorphisms studied must
be inside the reading frame of the gene, in the promoter, or located where
they can directly affect the function of the gene. 2) Polygenic disorders are
similar to single-gene disorders except that a few more genes (oligogenic
inheritance) are involved. 3) The type of mutations that are associated with
single-gene disorders are similar to those involved in polygenic disorders.
4) When a gene is found to be significantly associated with a given poly-
genic disorder, it is legitimate to claim that a so-called major gene for that
disorder has been found. 5) As with single-gene inheritance, lod score
linkage and sib-pair analysis are the most accurate ways of identifying the
genes for polygenic disorders. 6) If an initial association study is not rep-
licated by most or all of the subsequent studies, the initial claims are
probably invalid. 7) If only half or fewer of the replication studies confirm
an initial result, all the studies are probably in error. 8) If the frequency
of a given allele is higher in the relatives than in the probands, that gene
is not associated with the disorder. 9) The variability from study to study
in population-based association studies is most likely due to ethnic strat-
ification of the sample, that is, differences in the ethnic composition be-
tween the subjects and the controls. 10) Because of the latter, family-based
studies such as the haplotype relative risk (Falk and Rubinstein 1987) or
transmission disequilibrium test (Spielman and Ewens 1996) are uniformly
better than population-based association studies. 11) The genotypes of
specific genes that are associated with a given behavior tend to be con-
stant for similar behaviors.

Some of these subjects have been discussed in more detail elsewhere
(Comings 1996, 1998a, 1998b, 1999c; Comings et al. 2000, 2001), and it is
not our purpose to have this chapter be a dissertation on polygenic in-
heritance. On the other hand, if some of the unique aspects of polygenic
inheritance are not understood, it is impossible to understand the role of
the DRD2 gene or other genes in personality traits. Thus, before progress-
ing we will review some basic aspects of polygenic inheritance. Because
some of these issues are still not totally resolved, what we are presenting
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are in part our personal views. Also, instead of individually discussing
each of the misperceptions we present a general review of polygenic
inheritance.

The key characteristic of polygenic inheritance is that traits and disor-
ders are caused when an individual inherits a critical number of variants
of genes that affect a given function. In the case of behavioral disorders,
the variants affect genes involved in the synthesis, degradation, transport,
and binding of neurotransmitters, neuropeptides, and hormones. One of
the most enlightening observations to come out of our studies over the
past 10 years on 70 different genes and a range of behavioral phenotypes
is that each gene on average accounts for less than 5.0% and usually less
than 1.5% of the variance of a trait (Comings 1996, 1998a, 1998b; Comings
et al. 2000). Risch and Merikangas (1996) and Risch (2000) have shown
that when genes account for such a small percentage of the variance (low
k), lod score and sib-pair linkage analyses lack the power to identify these
genes. Thus, when a classical linkage study purports to have ruled out
the role of a given gene in a polygenic disorder, such a statement instead
means that a major effect of the gene has been ruled out.

A second characteristic of polygenic disorders is that they are geneti-
cally heterogeneous. For example, if variants at 100 different genes can
contribute to a disorder but only 10 such variants are required to produce
the disorder in a given individual, it is very likely that if one group of
investigators reports a significant association with a specific gene, that
association may not be replicated in a second study. Although the failure
of replication of different population-based association studies can be due
to hidden ethnic stratification, it is much more likely to be due to the very
small percentage of the variance contributed by each gene, and genetic
heterogeneity. Variable results have also been reported in series of studies
using transmission disequilibrium test analyses.

A third characteristic is that the genetic variants involved in polygenic
disorders are likely to be fundamentally different from those involved in
single-gene disorders. For example, if common diseases require the ad-
ditive effect of multiple genes, the variants of those genes must be very
common. By contrast, the mutations that cause single-gene disorders are
usually present in less than 0.01% of the population, and all the single-
gene disorders combined affect less than 2% of the population. We have
argued elsewhere (Comings 1998a) that the common microsatellite poly-
morphisms have a modest effect on gene regulation and may be respon-
sible for a significant proportion of the variation for polygenic disorders.
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Because the effect of these polymorphisms extends over the domain of
more than one gene (Paquette et al. 1998), and because each gene is often
associated with multiple microsatellites, it is likely that each gene is pres-
ent in a wide range of hypo- and hyperfunctional variants (Comings
1999b). This also makes it likely that any common single-nucleotide poly-
morphism, whether directly affecting gene function or not, tends to divide
the population into groups varying in the function of the gene with which
they are associated (Comings 1999b).

A fourth characteristic is that because the key feature in polygenic in-
heritance is that an individual possesses a certain threshold number of
genetic variants to produce a given phenotype, the relatives can actually
show a higher frequency for a given allele but still be unaffected because
they do not carry the threshold number.

Fifth, in polygenic disorders, similar genes but different alleles or ge-
notypes of those genes may be involved in different traits (Comings et al.
2000).

In conclusion, polygenic inheritance is much more complex than
single-gene inheritance, and the rules of single-gene inheritance do not
hold. Before reviewing the specific role of DRD2 and other dopamine
genes in personality traits, we review the role of DRD2 in a range of
impulsive, compulsive, and addictive behaviors, using the observations
just stated to help interpret the results.

DRD2 in Tourette Syndrome and
Attention-Deficit/Hyperactivity Disorder

When we first observed the variability in the results in the studies of DRD2
and alcoholism, we wondered if part of the problem might have been that
only a subset of alcoholics, such as Cloninger’s type II alcoholics associ-
ated with childhood ADHD (Cloninger et al. 1988; Tarter et al. 1977) and
antisocial behavior (Cadoret et al. 1987; Earls et al. 1988), might be as-
sociated with the DRD2 gene. Thus, the variable results might have been
due to the inclusion of alcoholism resulting from other causes. In 1991
we reported our studies of the association of the DRD2 Taq I A1 allele and
Tourette syndrome, ADHD, and related disorders. The prevalence of the
A1 allele in 314 controls screened to exclude alcoholism and drug abuse
was 24.5%. In subjects with Tourette syndrome, ADHD, autism, substance
abuse, and posttraumatic stress disorder (PTSD), the prevalence ranged
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from 42.3% to 54.6%, and P values were less than or equal to 0.005.
Viewed from the perspective of single-gene disorders these results were
unimpressive because in most cases fewer than 50% of the subjects carried
the A1 allele. However, viewed from the perspective of a polygenic dis-
order they suggested the DRD2 gene was one of a set of genes contrib-
uting to a range of impulsive, compulsive, and addictive behaviors.

Supportive of a role of the DRD2 gene in behavioral disorders are stud-
ies of Noble et al. (1991) showing that the presence of the A1 allele was
associated with a lower Bmax for the dopamine D2 receptors in brain tissue.
Using positron emission tomography and 18F-deoxyglucose, Noble et al.
(1997) also found that A1 carriers showed a significantly lower relative
glucose metabolism in the putamen, nucleus accumbens, frontal and tem-
poral gyri, and medial prefrontal, occipitotemporal, and orbital cortices
than those with the A22 genotype. These studies are important because
glucose metabolism is a measure of blood flow, and blood flow is a mea-
sure of function. Thus, the DRD2 gene was playing a direct role in the
function of these portions of the brain.

Heterosis and Physiological
Correlates With DRD2

Heterosis appears to play a role in the interpretation of DRD2 Taq I A1/
A2 association studies. Heterosis, or overdominance, refers to a situation
in which the heterozygous phenotype is more robust than either homo-
zygous phenotype. Heterosis is termed positive when the value of the
phenotype is higher in heterozygotes and is termed negative when the
value is lower in heterozygotes. Although heterosis is most often used to
described plant or animal hybrids that are more robust than the parental
strains (hybrid vigor), it can also apply at the level of individual molecular
genetic polymorphisms (Comings 1999a; Comings and MacMurray 1997a,
1997b). We have reviewed the subject of molecular heterosis for many
genes, including the DRD2 gene, elsewhere (Comings and MacMurray
2000).

In summary, a number of studies provide evidence that the Taq I A1/
A2 polymorphism is in linkage disequilibrium with a locus that regulates
DRD2 function (possibly a microsatellite polymorphism), and that half of
heterozygotes show significantly lower receptor density in the striatum
and lower blood flow in many areas of the brain. Given the importance
of the dopamine D2 receptor in a range of central nervous system func-
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tions, DRD2 becomes an important candidate gene in behavioral disor-
ders and personality traits.

DRD2 and Posttraumatic Stress Disorder
Because Tourette syndrome and ADHD are stress-related disorders, and
because dopamine is released in the mesolimbic system following stress
(Thierry et al. 1976), we postulated the DRD2 gene would be involved in
PTSD. To test this we examined ‘‘battle-hardened’’ non-Hispanic Cauca-
sian Vietnam veterans for the presence of DSM-III-R (American Psychiatric
Association 1987) criteria of PTSD. There were 32 subjects in the initial
study (Comings et al. 1996a). Of the 24 that met criteria for PTSD, 58%
carried the DRD2 A1 allele compared with 12.5% of the 8 without PTSD
(P � 0.041). In a replication study we examined an additional 24 subjects.
Here, of the 13 that met criteria for PTSD, 61.5% carried the DRD2 A1
allele compared with 0% of the 11 without PTSD (P � 0.002). For the
combined set, P � 0.0001. In this study we also found that the DRD2 A1
allele was significantly associated with a history of childhood conduct
disorder and imprisonment for violent behaviors as an adult. Gelernter et
al. (1999) found no increase in the prevalence of the A1 allele in subjects
with PTSD compared with controls. However, he did not compare the
prevalence in battle-hardened veterans with or without PTSD as was done
in our study.

DRD2 in Pathological Gambling
Pathological gambling has often been referred to as the perfect addiction
to study for research purposes because it is not confounded by the prob-
lems of ingestion of an addicting drug. We found that 50.9% of 171 patho-
logical gamblers carried the DRD2 A1 allele compared with 25.9% of the
714 known non-Hispanic Caucasian controls screened to exclude drug
and alcohol abuse (P � 0.000001, odds ratio � 2.96). The DRD2 gene
was associated with severity in that the DRD2 A1 allele was present in
63.8% of those in the upper half of severity (odds ratio vs. controls �

5.03) compared with 40.9% in the lower half of severity. Of those who
had no comorbid substance abuse, 44.1% carried the DRD2 A1 allele,
compared with 60.5% of those who had comorbid substance abuse. These
results suggest that genetic variants of DRD2 play a role in pathological
gambling and support the concept that variants of this gene are a risk
factor for impulsive and addictive behaviors.
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DRD2 in Smoking
We also examined the role of the DRD2 A1 allele in smoking. The DRD2
A1 allele was present in 48.7% of 317 non-Hispanic Caucasians who had
attempted to stop smoking and could not, compared with 25.9% in 714
controls (P � 0.0001). Studies by Noble et al. (1994b), Spitz et al. (1998),
and Lerman et al. (1999) have shown very similar results. Some studies
have been negative (Bierut et al. 2000; Singleton et al. 1998).

DRD2 in Obesity
Compulsive eating with obesity can also be considered an addictive be-
havior. We examined the role of the DRD2 gene in obesity using DRD2
haplotypes based on two other polymorphisms of the DRD2 gene (Com-
ings et al. 1993). Different alignments of these two polymorphisms pro-
duced four different haplotypes. This showed a significant association
between body mass index and height with the fourth haplotype. Noble
et al. (1994b) and Blum et al. (1996) have independently also observed
an association between the DRD2 A1 allele and obesity.

DRD2 and Personality
Given the number of positive associations between the DRD2 gene and
a range of impulsive, compulsive, and addictive behaviors, it would be
anticipated that this gene might also be associated with various personality
traits, especially those relating to novelty seeking, impulsivity, aggression,
and externalizing traits. We divide this section into two parts, prior studies
presenting published or in press studies completed prior to this review,
and new studies presenting studies we carried out specifically for this
chapter.

Prior Studies
Defense Style Questionnaire (DSQ): immature defenses. The first study of
the role of the DRD2 gene in personality traits was reported by Comings
et al. (1995) using DRD2 haplotypes. The DSQ was originally developed
by Bond et al. (1990) to evaluate a subject’s style of dealing with conflict.
The final version (Andrews et al. 1993) is a 40-item instrument with two
questions to evaluate each of 20 different defense styles. These are divided



Role of DRD2 and Other Dopamine Genes in Personality Traits 173

into Mature Defenses (sublimation, humor, anticipation, and suppres-
sion), Neurotic Defenses (undoing, pseudoaltruism, idealization, and re-
action formation), and Immature Defenses (projection, passive
aggression, acting out, isolation, devaluation, autistic fantasy, denial, dis-
placement, dissociation, splitting, rationalization, and somatization). We
observed a significant association of the DRD2 gene with the Immature
Defenses scores.

Millon Personality Inventory: schizoid avoidant behavior. In a study of a
range of personality traits based on the Millon Personality Inventory, Blum
et al. (1997) found the DRD2 A1 allele to be associated with high scores
for Schizoid Avoidant Behavior.

Neuroticism. Eley et al. (1998) examined polymorphisms at a number of
dopamine genes (DRD1, DRD2, DRD3, DRD4, and DAT1) and found no
association with either high or low neuroticism scores. They concluded
the dopamine genes were more likely to be associated with externalizing
than internalizing disorders.

Novelty seeking. In a review of the DRD2 alcoholism data, Cook and Gur-
ling (1996) suggested the gene was associated with spontaneity and im-
pulsiveness. In a study of the DRD2 gene in cocaine abusers, Compton et
al. (1996) reported an association between the DRD2 Taq I A1 allele and
Novelty Seeking using the Tridimensional Personality Questionnaire (Clo-
ninger 1987b; Cloninger et al. 1991) with 40 cocaine abusers. There was
no association with Harm Avoidance, Reward Dependence, or with Ex-
traversion or Introversion scales of the Eysenck Personality Inventory
(Eysenck and Eysenck 1996). Noble et al. (1998) examined the association
between the DRD2 and DRD4 genes in 119 healthy Caucasian boys who
were administered the Tridimensional Personality Questionnaire. They
found that the Novelty Seeking scale was significantly associated with
boys carrying all three DRD2 alleles A1, B1, and intron 6 1 compared with
boys without any of these alleles. Boys with the seven-repeat allele of
DRD4 also had significantly higher Novelty Seeking scores. The greatest
difference was in those carrying both the three DRD2 alleles and the DRD4
seven-repeat allele, indicating an additive effect of the two genes. Neither
DRD2 nor DRD4 differentiated the total Harm Avoidance scale. DRD2 but
not DRD4 differentiated subjects with high scores on the Persistence sub-
score of the Reward Dependence scale. In an unpublished study from
our group, Saucier et al. (G. Saucier, P. F. Collins, D. E. Comings, et al.,
personal communication, February 2000) found no association between
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the DRD2 A1 allele and the Novelty Seeking scale of the Temperament
and Character Inventory (TCI) but did find an association with the Ex-
travagance (vs. Reserve) subcomponent of Novelty Seeking.

New Studies
As part of our ongoing studies of the role of a number of genes in addictive
and other behaviors, we collected DNA samples and performed extensive
personality testing on a series of students from a local university (Califor-
nia State University of San Bernardino) and subjects from a Veterans Ad-
ministration hospital addiction treatment unit. Combining the two groups
provided a wider range of scores than examining either group alone. Al-
though both genders were represented in the control group, because vir-
tually all of the subjects in the addiction treatment unit were males, to
avoid gender as a confounding variable we examined only males in both
groups. To avoid the confounding variable of race, we also restricted this
study to non-Hispanic Caucasians. This produced a final group of 81 con-
trol subjects and 123 addiction treatment unit subjects, 204 in all. Although
we genotyped these individuals for polymorphisms associated with 59
different genes, these are part of a subsequent, more complete study
(Comings et al. 2001). Because this set of genes included six different
dopamine genes (DRD1, DRD2, DRD3, DRD4, DRD5, and DAT1) includ-
ing two different polymorphisms for the DRD2 gene, we felt it would
provide a more useful report to include all six genes rather than restrict
this report to the DRD2 gene.

Since our initial study of the interactive role of three different dopamine
genes (DRD2, DAT1, and DBH) on an ADHD score in our Tourette syn-
drome probands (Comings et al. 1996b), we have been interested in the
role of the interaction of multiple genes in polygenic disorders. The tech-
nique we found to be most useful is to assign each of the three major
genotypes of each gene a score of 0, 1, or 2 based on results in the prior
literature showing which genotypes are most associated with addictive,
compulsive, and impulsive behaviors. The genes and the polymorphisms
used and the literature on which the scoring was based are given else-
where (Comings et al. 2000). Each gene is scored on the basis of 1 of 12
different modes of inheritance. The scores for all six dopamine genes were
then included in a multivariate linear regression analysis with backward
elimination to identify the genes that contributed most to the traits. The
pin was set at 0.10 and the pout at 0.30. This conservative setting is more
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likely to retain genes that have previously been found to be associated
with various personality traits. Those genes that were included in the
equation were considered to play a role in the personality trait in question.
The final r, r 2, F ratio, and P value for the combined set provided the
correlation coefficient, fraction of the variance, F ratio, and significance
for the entire set of dopamine genes. The printout also provided the in-
dividual r, r 2, and P values for each gene included in the equation. The
SPSS statistical package for Macintosh, 1995 was used (SPSS, Inc. 1995).

These subjects were assessed with the following tests: Cloninger’s TCI
(Cloninger et al. 1993), the NEO Five Factor Personality Inventory, (NEO-
FFI) (Costa and McCrae 1992), the Brown Attention-Deficit Disorder Scales
(BADDS) (Brown 1996), the Buss-Durkee Hostility Inventory (Buss and
Durkee 1957), the IPC Locus of Control Inventory (IPC-LOCI) (Levenson
1981; Sadowski and Wenzel 1982), and the DSQ (Andrews et al. 1993).
Because Cloninger et al. (1993) found a significant effect of age on the
traits in the TCI, and because substance abuse itself could be a confound-
ing factor, we used residual scores of the different traits after controlling
for age and sample group. The results for each of these tests using the
literature-based gene scores are given in Tables 9–1 through 9–6. A caveat
of these studies is that they were limited to males. The results with females
might be different.

For the seven summary TCI traits, the genes were also scored on the
basis of examining by ANOVA the magnitude of the different continuous
personality traits for the three genotypes of each gene. Because this was
done on the same database used to examine the effect of multiple genes,
the absolute values of the total r, r 2, and P are optimized. This approach
is valid for examining the relative influence of different genes, and the
relative importance of different genotypes of those genes, for the traits in
question. Table 9–7 illustrates the results obtained when the optimized
gene scores were used for the seven variables of the TCI. The gene scores
used are also listed. Four dopamine receptor genes, DRD1, DRD2, DRD4,
and DAT1, contributed to 5.25% of the variance of the Novelty Seeking
score (P � 0.032). DRD1 contributed the most, 2.95% of the variance.
Three genes, DRD2, DRD3, and DRD4, contributed to 5.14% of the vari-
ance of Reward Dependence (P � 0.015) with DRD4 contributing the
most, 4.04%. Four genes, DRD1, DRD2, DRD5, and DAT1, contributed to
8.84% of the variance of Harm Avoidance, with DRD5 contributing the
most, 6.86% (P � 0.0002). Three to five genes contributed to 2.45% to
9.64% of the variance of the remaining four traits. Interestingly, the do-
pamine genes made a greater contribution to Self-Transcendence (9.64%



176 Molecular Genetics and the Human Personality

TABLE 9–1 Temperament and Character Inventory: dopamine genes
(DRD1–DRD5 and DAT1) included in the multivariate regression equation
using literature-based gene coding and residuals of personality scores after
controlling for age and sample

Scale Genes included r r2 P

Novelty Seeking DRD1 0.131 0.017 0.064
DRD2 ins/del �0.092 0.0085 0.190
Total 0.163 0.0265 0.071

Harm Avoidance DRD5 0.268 0.0718 0.0001
DRD1 �0.084 0.0071 0.211
Total 0.280 0.0784 0.0003

Reward Dependence DRD4 �0.213 0.0453 0.0024
DRD2 0.091 0.0083 0.189
Total 0.228 0.0522 0.005

Persistence DRD2 0.096 0.0092 0.174
DRD1 �0.077 0.0059 0.271
DRD3 �0.076 0.0058 0.276
Total 0.142 0.0202 0.252

Cooperativeness DRD2 0.098 0.0096 0.16
DRD4 �0.088 0.0077 0.21
DRD5 �0.085 0.0072 0.23
Total 0.152 0.0233 0.19

Self-Directedness DRD5 �0.186 0.0345 0.0091
DRD4 �0.093 0.0086 0.189
Total 0.203 0.0411 0.018

Self-Transcendence DRD4 0.167 0.0279 0.018
DAT1 �0.119 0.0142 0.091
DRD3 0.102 0.0104 0.15
DRD5 0.078 0.0061 0.27
Total 0.233 0.0543 0.028

Note. pin � 0.10, pout � 0.30.

of the variance) than any other trait, with DRD4 contributing to 5.43% of
the variance (P � 0.0008).

Rather than comment on the results for each trait, we instead list the
conclusions we have reached based on these results.

1. Each gene accounts for only a small percentage of the variance.
Using literature scoring, the percentage of the variance explained
based on r 2 for the included genes ranged from 0.55% to 7.18%,
with the majority accounting for less than 2%. The following genes
and scores accounted for 2% or more of the variance:
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TABLE 9–2 NEO Five Factor Personality Inventory: dopamine genes
(DRD1–DRD5 and DAT1) included in multivariate regression equation using
literature-based gene coding and residuals of the personality scores after
controlling for age and sample

Scale Genes included r r2 P

Agreeableness DRD4 �0.133 0.0176 0.072
DRD5 �0.099 0.0098 0.176
Total 0.157 0.0248 0.100

Conscientiousness DRD3 �0.110 0.0121 0.137
DRD5 �0.098 0.0096 0.185
DRD4 �0.094 0.0088 0.205
Total 0.175 0.0307 0.134

Extraversion DRD5 �0.149 0.0222 0.043
DRD2 0.089 0.0079 0.223
DRD1 0.084 0.0070 0.253
Total 0.199 0.0395 0.063

Neuroticism DRD5 0.255 0.0645 0.0004
DRD4 0.100 0.0100 0.16
DRD3 0.097 0.0094 0.17
DRD2I 0.096 0.0092 0.175
DRD1 �0.081 0.0066 0.252
DAT1 0.076 0.0058 0.280
Total 0.322 0.1034 0.0028

Openness DRD2 0.101 0.0102 0.172
DRD3 0.077 0.0059 0.294
Total 0.127 0.0162 0.228

Note. pin � 0.10, pout � 0.30.

DRD5 7.18% TCI Harm Avoidance
DRD5 6.45% NEO-FFI Neuroticism
DRD5 6.10% DSQ Immature Defenses
DRD2I 5.93% BADDS diagnosis
DRD4 4.53% TCI Reward Dependence
DRD5 3.45% TCI Self-Determination
DRD3 3.15% DSQ Neurotic Defenses.
DRD4 2.79% TCI Self-Transcendence
DRD4 2.49% BADDS diagnosis
DRD3 2.31% DSQ Immature Defenses
DRD5 2.22% NEO-FFI Extraversion
DRD5 2.04% BADDS diagnosis
DRD2 2.02% IPC-LOC Chance
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TABLE 9–3 Brown Attention-Deficit Disorder Scales: dopamine genes
(DRD1–DRD5 and DAT1) multivariate regression equation using literature-
based gene coding and residuals of the personality scores after controlling
for age and sample

Scale Genes included r r2 P

Attention DRD5 0.108 0.0117 0.12

Energy DRD5 0.099 0.0098 0.16
DRD4 0.091 0.0083 0.19
Total 0.129 0.0168 0.18

ADHD Diagnosis DRD4 �0.158 0.0249 0.021
(yes � 1, no � 2) DRD5 �0.143 0.0204 0.039

DRD2I 0.077 0.0593 0.264
Total 0.219 0.0482 0.019

Irritability No genes included

Memory No genes included

Organization DRD3 0.107 0.0114 0.126
DRD5 0.074 0.0055 0.291
DRD4 0.073 0.0053 0.300
Total 0.148 0.0221 0.213

Total DRD5 0.112 0.0125 0.109
DRD4 0.096 0.0092 0.171
Total 0.142 0.0202 0.128

Note. pin � 0.10, pout � 0.30.

The genes that were most often included were DRD5 (six times), DRD4
(three times), DRD2 (two times), and DRD3 (two times). When optimized
gene scoring for the TCI was used (Table 9–7, Figure 9–1), each gene
accounted for 0.52% to 6.86% of the variance. The following genes and
scores accounted for 2% or more of the variance, listed in descending
order:

DRD5 6.86% Harm Avoidance
DRD4 5.43% Self-Transcendence
DRD4 4.04% Reward Dependence
DRD3 3.96% Self-Transcendence
DRD5 3.34% Self-Directedness
DRD1 2.95% Novelty Seeking

The major difference was that when optimized gene scoring was used,
the scoring for Self-Transcendence for DRD4 changed from 002 to 012,
indicating that differentiating the four-or-fewer-repeat alleles from the
4/4 genotype increased the percentage of the variance. The scoring also
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TABLE 9–4 Buss-Durkee Hostility Inventory: dopamine genes
(DRD1–DRD5 and DAT1) included in the multivariate regression equation
using literature-based gene coding and residuals of the personality scores
after controlling for age and sample

Scale Genes included r r2 P

Assault DRD5 0.083 0.0069 0.239

Feelings of Guilt DRD5 0.128 0.0163 0.069
DRD2I 0.077 0.0059 0.269
Total 0.148 0.0220 0.110

Indirect Hostility No genes included

Irritability No genes included

Negativism DRD4 0.093 0.0086 0.188

Resentment DRD2 �0.120 0.0144 0.087
DRD5 0.093 0.0086 0.188
Total 0.153 0.023 0.093

Suspicion DRD5 0.098 0.0096 0.165
DRD1 �0.095 0.0090 0.179
DAT1 �0.082 0.0067 0.244
Total 0.156 0.0244 0.181

Verbal Hostility DRD4 0.095 0.0090 0.180

Total No genes included

Note. pin � 0.10, pout � 0.30.

TABLE 9–5 Locus of Control Scale: dopamine genes (DRD1–DRD5 and
DAT1) included in the multivariate regression equation with residual scores
for age and sample

Scale Genes included r r2 P

Chance DRD2 �0.142 0.0202 0.043
DAT1 0.099 0.0098 0.154
DRD2I 0.092 0.0084 0.189
Total 0.187 0.0352 0.066

Internal DRD1 0.135 0.0182 0.052
DRD5 �0.126 0.0158 0.068
DRD3 �0.113 0.0127 0.102
DRD2 0.091 0.0083 0.190
DRD2I �0.078 0.0061 0.256
Total 0.253 0.0639 0.022

Powerful Others DRD1 �0.102 0.0104 0.147
DRD3 0.074 0.0055 0.294
Total 0.125 0.0156 0.205

Note. pin � 0.10, pout � 0.30.
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TABLE 9–6 Defense Style Questionnaire: dopamine genes (DRD1–DRD5
and DAT1) included in the multivariate regression equation

Scale Genes included r r2 P

Immature Defenses DRD5 0.247 0.0610 0.0004
DRD3 0.152 0.0231 0.027
DRD4 0.119 0.0141 0.083
DRD1 �0.091 0.0082 0.188
DRD2 �0.090 0.0081 0.191
Total 0.339 0.115 0.0003

Neurotic Defenses DRD3 0.177 0.0315 0.011

Mature Defenses DRD3 0.122 0.0148 0.084
DRD5 �0.082 0.0070 0.259
Total 0.147 0.0218 0.115

Note. pin � 0.10, pout � 0.30.

changed for DRD4 from 002 to 210 for Self-Directedness, again indicating
the potentially important role of the four or fewer repeats. This is consis-
tent with our studies showing that for some traits or disorders, the four-
or-fewer-repeat alleles (especially the two-repeat allele) were more
important than the seven-repeat allele (Comings et al. 1999).

2. The inclusion of substance abuse subjects did not alter the results.
Because we used a combination of normal controls and individuals
with different types of substance abuse, we were concerned that the
results would be driven more by the substance abuse than the per-
sonality traits themselves. To correct for this we partialed age and
sample group out of the dependent variable to correct for the effects
of age and sample group. However, to further determine if sub-
stance abuse played a role we compared the results for of the TCI
scales using the residual scores instead of the raw scores. The results
for the two sets of scores were remarkably similar.

3. Sets of dopamine genes also account for a small percentage of the
variance. Despite examining the additive effect of several dopamine
genes, they still accounted for only 1.56% to 10.34% of the variance
of the respective traits. The highest values were 11.5% for five genes
for DSQ Immature Defenses and 10.34% for five genes for the
NEO-FFI Neuroticism scale. Using optimized gene scoring, three
dopamine genes accounted for 9.64% of the TCI Self-Transcendence
scale.
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TABLE 9–7 Temperament and Character Inventory: dopamine genes
(DRD1–DRD5 and DAT1) included in the multivariate regression equation
using optimized scoring with residual scores from age and sample group

Scale
Genes
included

Gene
score r r 2 P

Novelty Seeking DRD1 200 0.172 0.0295 0.0145
DAT1 201 0.104 0.0108 0.137
DRD2 021 0.083 0.0069 0.234
DRD4 201 0.076 0.0058 0.275
Total 0.229 0.0525 0.032

Reward Dependence DRD4 120 0.201 0.0404 0.0042
DRD2 120 0.090 0.0081 0.198
DRD3 201 0.081 0.0066 0.228
Total 0.227 0.0514 0.015

Harm Avoidance DRD5 210 0.262 0.0686 0.0002
DRD1 021 0.081 0.0066 0.231
DAT1 012 0.076 0.0058 0.265
DRD2 012 0.072 0.0052 0.291
Total 0.297 0.0884 0.001

Persistence DAT1 021 0.104 0.0108 0.076
DRD2 021 0.115 0.0132 0.097
DRD3 120 0.112 0.0125 0.106
DRD5 002 0.104 0.0108 0.134
DRD1 021 0.095 0.0090 0.171
Total 0.243 0.0592 0.032

Cooperativeness DRD2 120 0.102 0.0104 0.151
DRD4 210 0.093 0.0086 0.191
DRD5 012 0.085 0.0072 0.226
Total 0.156 0.0245 0.179

Self- DRD5 012 0.183 0.0334 0.010
Directedness DRD4 210 0.108 0.0116 0.128

DAT1 210 0.078 0.0061 0.271
DRD2 210 0.074 0.0055 0.299
Total 0.231 0.0534 0.032

Self- DRD4 012 0.233 0.0543 0.0008
Transcendence DRD3 210 0.199 0.0396 0.0038

DAT1 120 0.108 0.0117 0.116
Total 0.310 0.0964 0.0002

Note. pin � 0.10, pout � 0.30.

4. Many other genes are involved in personality traits. The small per-
centage of the total variance explained by the dopamine genes
means that the dopamine genes represent just a portion of the total
genes involved. Many other genes including those for serotonin,
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Figure 9–1 Summary of results. Fraction of the variance, r 2, on the ordinate,
and the dopamine genes for the seven Temperament and Character Inventory traits
on the abscissa.

norepinephrine, GABA, and other neurotransmitters, as well as neu-
ropeptides, hormones, and the genes involved in secondary mes-
sengers, are also involved. Our studies examining the role of these
other genes in personality traits are now complete (Comings et al.
2001). As described later (p. 184), they modify some of the conclu-
sions based on examining only dopamine genes.

5. Many personality traits have genes in common. Even the most cur-
sory glance at Tables 9–1 through 9–7 shows that all of the different
personality traits have genes in common. Thus, in marked contrast
to single-gene disorders, where each disorder is due to a different
gene, in polygenic disorders, many traits and disorders have genes
in common. Different combinations of DRD5, DRD4, and DRD2
were especially common, but the other three were also utilized.

6. Genotype variation is as important as gene variation. With
literature-based gene scoring, many of the genes listed showed neg-
ative correlation coefficients, or r values. This means that in these
cases the optimized gene scoring was different from that based on
the literature. Because there are 12 different ways to score each
gene, a negative value does not necessarily mean a precise inverse
coding was used, but it does indicate a variation from the literature
coding. This was especially common for DRD4. Although the seven-
repeat alleles, or the four-or-more-repeat alleles, have been widely
emphasized in the literature, we have previously shown that for
some traits the two-repeat allele, or the four-or-fewer-repeat alleles,
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are more important (Comings et al. 1999). Because DRD4 was
scored as 002 (�4/�4 � 0, 4/4 � 0, �4/�4 � 2), a negative r
indicates that for that trait the four-or-more-repeat alleles were not
the ones associated with the phenotype. This was the case in 6 of
the 13 times (46%) DRD4 was involved in a trait. The four-or-more-
repeat alleles have been especially implicated in novelty seeking
and ADHD (Benjamin et al. 1996; Comings et al. 1999; Epstein et al.
1996; Faraone et al. 2001; Grice et al. 1996; Lahoste et al. 1996; Rowe
et al. 1998). Our observations of a positive, but not necessarily sig-
nificant, correlation with the ADHD diagnosis of the BADDS (where
a negative score is a positive correlation with the diagnosis because
yes � 1 and no � 2), and the Impulsiveness versus Reflection sub-
score for TCI Novelty Seeking (not shown) for the four-or-more-
repeat alleles are consistent with these findings. However, in our
series DRD4 was not one of the genes included in the total TCI
Novelty Seeking score. It was of interest that the four-or-more-repeat
alleles of DRD4 were significantly involved in the TCI Self-
Transcendence scores. Using 012 scoring it accounted for 5.43% of
the variance of the total score (P � 0.0008). Of interest, Svrakic et
al. (1993) reported a modest positive correlation (r � 0.20) between
Novelty Seeking and Self-Transcendence. Some of the variability be-
tween DRD4 and Novelty Seeking may be related to variations in
different groups in the association of Novelty Seeking with Self-
Transcendence.

The same results of a mixture of positive and negative r values were
seen for the other genes as well. We found that the same principle held
for our studies of ADHD, oppositional defiant disorder, and conduct dis-
order (Comings et al. 2000a, 2000b). We term this phenomenon genotype
variability. Because it was based on optimal gene scores, Table 9–7 pro-
vides the best evidence for genotype variability in that scoring of the same
gene was often different for each trait. This is understandable if each gene
comes in a wide range of hypo- and hyperfunctional variants (Comings
1999b) and different traits and disorders are due to the critical combination
of different hypo- and hyperfunctional alleles.

7. Personality and behavioral traits are polygenic. Many of the same
conclusions reached above also applied to our studies of ADHD,
oppositional defiant disorder, conduct disorder (Comings et al.
2000a, 2000b), pathological gambling, and other behavioral disor-
ders, indicating all are polygenic, each gene contributes to a small
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percentage of the total variance, many genes are involved, different
traits have genes in common, and the variation in the genotypes is
as important as the variation in the genes.

8. Personality traits are not due to specific functional types of genes.
Cloninger proposed that novelty seeking was predominately regu-
lated by dopaminergic genes, reward dependence by serotonergic
genes, and harm avoidance by noradrenergic genes (Cloninger
1987a). The present studies show that for each of these traits, even
using optimized gene scores, dopamine genes accounted for only
5.25% of the variance of TCI Novelty Seeking. If more than 25% of
the variance of these traits is genetic, genes other than the dopamine
genes account for most of the variance. In addition, dopamine genes
accounted for even more of the variance for Harm Avoidance
(8.84%), Persistence (5.92%), Self-Directedness (5.34%), and Self-
Transcendence (9.64%). These results are summarized in Figure
9–1. However, a major caveat is that when many other nondopa-
mine genes were added to the regression equation, the results were
somewhat different (Comings et al. 2001). With these additional
genes, dopamine genes played a greater role in novelty seeking than
in harm avoidance and reward dependence, and as Cloninger pre-
dicted, norepinephrine genes were more involved in reward de-
pendence than in novelty seeking or harm avoidance. These studies
also showed that the different functional groups of genes were in-
volved in all of the traits, that all traits have these genes in common
just as they share dopamine genes, that genotype variability is as
important or more important than the utilization of different genes,
and that genes other than dopamine genes play a significant role in
novelty seeking. Again, these findings are consistent with the earlier
discussion of polygenic inheritance, suggesting that each gene
comes in a range of hypo- and hyperfunctional variants, and it is
the unique combination of a wide range of genes and genotypes of
genes involved in neurotransmitter and hormonal function that is
crucial, rather than a predominant role of a few specific genes.
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C H A P T E R T E N

Genetics of Sensation Seeking

Marvin Zuckerman, Ph.D.

History of the Construct
The first sensation seeking scale (SSS) was developed to predict responses
to the experimental situation of sensory deprivation (Zuckerman et al.
1964). The scale was based on an earlier construct called optimal level of
stimulation (Eysenck 1967; Hebb 1949; Wundt 1893; Yerkes and Dodson
1908). The theory was that too little stimulation or too much stimulation
led to inefficient performance and negative affect, whereas at some op-
timal level people functioned and felt better. Other theories put the em-
phasis on the arousal or excitement produced by stimulation and
suggested optimal levels of arousal (Berlyne1960; Breuer and Freud 1895/
1937; Hebb 1955). All of these theories, including Freud’s, based the con-
struct on the characteristics of the cerebral cortex, and Hebb added the
feedback regulation of the cortex by the reticular activating system.

Development of Sensation Seeking Scales
The optimum level of stimulation and optimum level of arousal ideas were
incorporated in a theory that attempted to explain individual differences
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in responses to sensory deprivation (Zuckerman 1969). The first form of
the SSS was developed partly from Berlyne and Madsen’s (1973) theory
of the qualities of stimulation that create their concept of arousal potential,
such as novelty, intensity, complexity, incongruity, and change. The items
of the SSS translated these qualities into life behaviors, or intentions for
future behaviors. The first published form (form II) of the SSS contained
only a General scale consisting of items most highly related to the Total
score and to the first unrotated factor derived from factor analysis. At first
we applied the SSS to the limited goal of predicting responses to sensory
deprivation.

Results Using the Sensation Seeking Scale
We were surprised to find that high sensation seekers were overrepre-
sented among those volunteering for sensory deprivation and hypnosis
experiments being done at that time in our lab (Zuckerman et al. 1967).
Broader studies of volunteering revealed that high sensation seekers are
likely to volunteer for any kind of experiment promising some type of
novel or arousing experience, even if the experiments are regarded as
risky. In the sensory deprivation experiment high sensation seekers
(highs) became more restless than low sensation seekers (lows) during
8-hour sensory deprivation or monotonous confinement situations (Zuck-
erman et al. 1966). Restlessness was measured by recording random
movements on the bed to which they were confined. Lows maintained a
low level of movement throughout the experiment.

Over the years the SSS has shown concurrent and predictive validity in
a broad variety of experiments and life behaviors including various kinds
of risky behaviors such as fast and reckless driving, gambling, risky finan-
cial activities, smoking, alcohol and drug use, sex with many partners, and
risky sports. The trait was also shown to be involved in vocational choices
and preferences, job satisfaction, social and sexual premarital and marital
relationships, eating habits and food preferences, media and art prefer-
ences, humor, fantasy, creativity, and social attitudes. These behavioral
expressions of sensation seeking are not described in this chapter except
where they are directly relevant to the genetics of the trait by virtue of a
common genetic factor involved in both. Interested readers can find de-
scriptions in two major books on sensation seeking (Zuckerman 1979,
1994).

Soon after the appearance of form II of the SSS it was suggested that
there might be more than one general factor describing the trait and its
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different kinds of expression. Additional items were written, and item
factor analyses were conducted. Four factors were defined and used as
the bases for subscales in forms IV (Zuckerman 1971) and V (Zuckerman
et al. 1978). The factor structure has been fairly well replicated in English
and translated forms around the world (Zuckerman 1994). Form V has
been the one most widely used in genetic research, so a description of its
subtests is important for understanding the results of this research.

The four factors in forms IV and V of the SSS are described here in
terms of the content of their items, but construct validity requires a study
of the research using these forms, and of the results relating specifically
to one or two rather than to all of the subscales. Results relating to all or
most of the subscales provide construct validity for the broad sensation
seeking factor represented by the Total score on form V or the General
score in forms II and IV.

• Thrill and Adventure Seeking. The items in this subscale describe
a desire to engage in various somewhat risky sports or activities
involving speed, adventure, defiance of gravity, or unusual sen-
sations in general. None of the items ask about actual experience
in these activities.

• Experience Seeking. The items in this subscale cover a broad range
of experience or desired experience through the mind and the
senses, through travel, art, food, dress, and nonconformist friends
and groups.

• Disinhibition. The items in this subscale describe experiences or
attitudes relating to seeking sensation through other exciting peo-
ple, disinhibited parties, and sexual variety.

• Boredom Susceptibility. These items concern boredom and an in-
tolerance for repetition of any kind, monotonous conditions or
boring people, and restlessness when alone in familiar surround-
ings for any length of time.

The SSS form V contains 10 items for each of these four subscales. The
Total score is the sum of the sensation seeking choices on all 40 items or
all four scales. A new form of the SSS was recently developed based on
factor analyses of many personality scales and items in these scales (Zuck-
erman et al. 1991, 1993). One of the five major factors that consistently
emerged from these analyses combined impulsivity and sensation seeking
items and therefore was called impulsive sensation seeking (Impulsive
Sensation Seeking scale [ImpSS]). One advantage of this new scale over
the General or Total score forms of the older SSS is that the items are
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stated in general form and do not refer to specific activities such as sports,
drinking, drugs, or sex. The SSS form V did contain such items, and in-
vestigators had to remove them to avoid confounding when using the SSS
to predict the specific activities.

Correlations With Other Scales
Personality test constructors have a tendency to give different names to
tests measuring the same thing. Scales may be based on different con-
structs, but correlations with other scales may reveal strong similarities.
Examples of scales that are near equivalents of the SSS General or Total
scales are the Change Seeker Index, Stimulus Variation Seeking Scales,
Need for Change, Venturesomeness, Monotony Avoidance, Reducing-
Augmenting, Arousal Seeking, and Arousal Avoidance (reviewed in Zuck-
erman 1994).

Cloninger (1987) developed a temperament inventory that includes a
scale called Novelty Seeking. This scale is of particular interest in this book
because the Novelty Seeking scale has been significantly related several
times to alleles of the D4 dopamine receptor (DRD4) gene (see Chapter
5, DRD4 and Novelty Seeking). Zuckerman and Cloninger (1996) corre-
lated their personality questionnaires and found a correlation of 0.68 be-
tween Cloninger’s Novelty Seeking scale and Zuckerman and Kuhlman’s
ImpSS. If corrected for attenuation due to unreliability of both scales, this
would approach perfect correlation, so that the Novelty Seeking scale may
be considered as a near equivalent of the ImpSS. Apart from the phenom-
enal similarity in the content of the scales, they are related to the same
kinds of dysfunctional behavior, such as drug and alcohol abuse, and have
a similar postulated biochemical basis, but with some differences as is
described later.

Genetics of Sensation Seeking

Animal Models
I initially suggested that the open-field test might be a good animal model
for sensation seeking (Zuckerman 1984). The evolutionary theory of sen-
sation seeking points out the adaptive value of exploration in the spread
of our species over the entire globe and in willingness to take risks in
hunting large animals and seeking mates from outside of the primary band
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(Zuckerman 1990, 1994). Simmel (1984) argued that the open-field test is
merely a test of exploration of open spaces and does not measure ap-
proach reactions to novelty, which lie at the heart of the definition of
sensation seeking. However, responses to the open-field test are not en-
tirely situation specific because strains of mice that are most active in the
initial trials in the open-field test also show reactivity to novelty in other
types of situations (McClearn 1959). Explorativeness, as assessed by the
tendency to enter the novel arms of a maze rather than remain in the
familiar ones, is related to the readiness of rats to ingest addictive drugs
such as cocaine, again suggesting a link with sensation seeking in humans
because the latter is predictive of substance use and abuse (Bardo et al.
1996). A strain of rats that shows a link with human sensation seeking
through a common psychophysiological marker is also likely to develop
a taste for alcohol in tests of tolerance for this substance (Siegel et al.
1993). The C57 strain of mice, notable for their activity in the open-field
test, is a strain that readily takes to ingesting alcohol, and the BALB strain,
which is inhibited and fearful in the open-field test, rarely gets beyond
the first lick of an alcohol solution. We can never be entirely sure of the
validity of animal models for human individual differences, but the ones
discussed show some promise in this regard and suggest that sensation
seeking is an evolved trait with some genetic basis. However, only studies
of humans can assess the strength of the genetic basis of this trait in our
species.

Human Behavior Genetic Studies of Sensation Seeking
The first study of the genetics of sensation seeking used SSS data from
422 pairs of twins residing in the London area (Fulker et al. 1980). Using
the Jinks and Fulker (1970) method of analysis, 58% of the variance in the
Total score could be attributed to heredity, and the remainder of the var-
iance was due to the specific or nonshared environmental influence and
error of trait measurement. There was no evidence of an influence of
shared environment. The heritability was raised to 0.69 if corrected for the
unreliability of the trait measure. This is a high heritability for personality
traits, where uncorrected heritabilities usually fall between 0.22 and 0.46
and average 0.40 (Bouchard 1994; Loehlin 1992). About 70% of the genetic
variation in sensation seeking was due to a general additive genetic factor
common to both genders, but the remaining 30% reflected an interaction
of gender and the genetic factor suggesting that sex-linked genetic factors
might control the specific patterns among the subtests, particularly on the
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Table 10–1 Proportions of genetic (G) and environmental (E) variance in
the subscales of the Sensation Seeking Scale

Eysenck
(1983)

Koopmans et al.
(1995)

Hur and
Bouchard

(1997)

Males Females Males Females

Males and

females

All

fivea

SSS G E G E G E G E G E G
Dis 0.51 0.49 0.41 0.59 0.62 0.38 0.60 0.40 0.46 0.54 0.50
TAS 0.45 0.55 0.44 0.56 0.62 0.38 0.63 0.37 0.54 0.46 0.54
ES 0.58 0.42 0.57 0.43 0.56 0.44 0.58 0.42 0.55 0.45 0.57
BS 0.41 0.59 0.34 0.66 0.48 0.52 0.54 0.46 0.40 0.60 0.43

Note. SSS � Sensation Seeking Scales; Dis � Disinhibition; TAS � Thrill and Adventure
Seeking; ES � Experience Seeking; BS � Boredom Susceptibility.
aAverage of genetic (G) proportions among the five groups in the three studies.

Thrill and Adventure Seeking and Disinhibition subscales. These are the
two subscales that show the largest gender differences in the SSS, men
scoring higher than women. The interaction of genotype and gender
could indicate that different genes may be operating in men and women,
or that the same genes may be operating but with different effects in each
gender. The authors concluded that the former possibility is more likely
than the latter, although the issue could not be fully resolved with the
data.

Eysenck (1983) further analyzed the data from this study for the pro-
portions of common and specific variance of the four subscales due to
genetic and environmental factors. His results for the total genetic and
nonshared environmental factors are shown in Table 10–1 for men and
women separately. The table also shows data from two other studies to
be discussed shortly.

The genetic component of the variation in all of the subscales was
relatively high, and particularly so for Experience Seeking (57%–58%).
Heritability of Disinhibition was higher in men (0.51) than in women
(0.41). Nearly all of the genetic effects of Experience Seeking were due
to a genetic factor common to all the subscales, but the predominant
genetic effects of each of the other subscales came from genetic factors
specific to each factor. For Thrill and Adventure Seeking, Experience Seek-
ing, and Boredom Susceptibility, environmental effects were largely due
to specific factors, but for Disinhibition the environmental factor was a
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common one. Eysenck applied the same method of analysis to data from
impulsivity scales given to the same population. The total genetic effects
were less than found for sensation seeking scales, ranging from 15 to 40%
compared with 34% to 58% for the sensation seeking scales.

Table 10–1 shows the results of a semireplication study by Koopmans
et al. (1995) using a Dutch version of the SSS form IV containing the same
four factors but using a Likert-type item format instead of the forced-
choice form used in the SSS forms IV and V. The subjects were 1,591 twin
pairs from cities throughout the Netherlands. A model with only additive
genetic variance and unique environmental factors best described the
pattern of variances and covariances in monozygotic and dizygotic twins.
The genetic variances for all subscales were higher in this study than in the
previously described one: 48%–62% for men and 54%–63% for women.
There was no calculation of heritability for the total score, but the heri-
tabilities for the four individual scales lead to an estimate of about the
same (0.58) or even higher heritability for the total score than found by
Fulker et al. (1980). The highest heritabilities in this study for both men
and women were for Disinhibition and Thrill and Adventure Seeking
(0.60, 0.63), whereas the heritabilities for Experience Seeking were just
about the same as in the previous study (0.56, 0.58). Boredom Suscepti-
bility had the lowest proportions of genetic variance in all studies, prob-
ably because of its lower reliability (Zuckerman 1979). Unlike the previous
study, this one found no evidence that different genes influence sensation
seeking in men and women. The genetic correlations among subscales
were substantial, but an attempt to fit a genetic common factor model was
not successful, and the authors concluded that they could find no evi-
dence for one genetic common factor underlying all four subfactors. The
highest genetic correlations were between Experience Seeking and Thrill
and Adventure Seeking (0.51) and Disinhibition and Boredom Suscepti-
bility (0.54) for men, and between Disinhibition and Boredom Suscepti-
bility (0.54) for women. It may be that there are actually two genetic
factors among the subscales rather than four discrete ones: one involving
Disinhibition and Boredom Susceptibility and the other Thrill and Adven-
ture Seeking and Experience Seeking. The first of these could correspond
to what is now called impulsive sensation seeking in our new scale.

The third study shown in Table 10–1, by Hur and Bouchard (1997),
was conducted on 106 twins of both genders separated at or near birth
and raised in different families. The twins took the SSS form V and the
Control scale of the Multidimensional Personality Questionnaire, a reverse
measure of impulsivity. As in many other studies age was negatively re-
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lated to all sensation seeking scales, and men scored higher than women
on all but the Experience Seeking subscale. All scores were adjusted for
gender, age, and their interactions. The analysis was by Cholesky model-
fitting, similar to the method in the Koopmans et al. study. The Control
scale was negatively correlated with all of the sensation seeking subscales,
and the covariance between the SSS and the Control scale was determined
largely by shared genetic influences. Although the published study did not
provide the results for the Total score, a personal communication (June
1992) by David Lykken gave a separated monozygotic twin correlation of
0.54 and a separated dizygotic twin correlation of 0.32, based on a slightly
lower sample size than in the published results. Because the correlation
between separated monozygotic twins is a direct measure of the genetic
portion of the variance, this gives a heritability of 0.54, which is very close
to the 0.58 in the Fulker et al. (1980) study. Doubling the separated dizygotic
correlation of 0.32 would give a heritability of 0.64. The mean of these two
estimates is 0.59, almost exactly the heritability from the Fulker et al. (1980)
study based on twins reared together. Shared family environment does not
seem to be important in the sensation seeking trait.

Looking at the results for the subscales, the strongest genetic heritabil-
ities are for the Thrill and Adventure Seeking and Experience Seeking
subscales (54%–55%). The Control scale, not shown in the table, had a
genetic variance estimate of 49%. Of this variance, 45% was specific to
the Control scale and the rest of the variance was attributed to the genetic
variance in common with the SSS. This finding is supportive of our new
measure of sensation seeking (the ImpSS), which combines impulsivity
with sensation seeking items. Although the genetic correlation with Bore-
dom Susceptibility, Disinhibition, and Experience Seeking ranged from
0.46 to 0.53, the genetic correlation of Thrill and Adventure Seeking with
the Control scale was only 0.23. It could be that the genetic basis of ImpSS
scores is not the same as that for Thrill and Adventure Seeking scores,
although the phenomenal correlations between ImpSS and Thrill and Ad-
venture Seeking, Experience Seeking, and Disinhibition are all about the
same (Zuckerman et al. 1993).

Looking across the five groups (male and female groups were reported
separately in the first two studies) in the studies in Table 10–1, the average
heritability is highest for Experience Seeking (0.57) followed closely by
Thrill and Adventure Seeking (0.54) and Disinhibition (0.50). Boredom
Susceptibility has a lower heritability (0.40), but this is probably because
of the larger error variance for this scale, which is added in with the spe-
cific environmental component. Except for Boredom Susceptibility, all the
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sensation seeking subscales have higher heritabilities than the majority of
personality traits in the literature.

Specific Genes for Sensation Seeking
The molecular genetics of sensation seeking or novelty seeking is treated
in Chapter 5 (DRD4 and Novelty Seeking) in this volume so I only briefly
describe the topic in this chapter. Ebstein et al. (1996) first reported the
association between the trait of novelty seeking and the DRD4 exon III
genotypes. The longer, seven-repeat form of the allele was associated with
high scores on Cloninger’s Novelty Seeking scale from his Tridimensional
Personality Questionnaire. Because Novelty Seeking scores correlate very
highly with ImpSS scores, it is likely that a similar association between
DRD4 and ImpSS will be found, although this remains to be demonstrated.

An immediate replication was reported in the same issue of Nature
Genetics using both the Tridimensional Personality Questionnaire Novelty
Seeking scale and the NEO Personal Inventory, Revised scale (Benjamin
et al. 1996). Novelty or impulsive sensation seeking are not primary factors
in the latter, but they resemble some of the subscales of its major factors.
Among the five primary factors, Extraversion and Conscientiousness were
associated with DRD4. Among the subscales of the broad Extraversion
factor, Warmth, Excitement Seeking, and Positive Emotions were signifi-
cantly associated with the long allele of DRD4. Within the Conscientious-
ness factor only Deliberation was associated with DRD4. Those with the
shorter form of DRD4 allele were more deliberate and less impulsive.

Within a year Ebstein and Belmaker (1997) summarized the literature,
including two more replications and three failures to replicate the original
two positive findings. Baron (1998) took a negative view of these out-
comes, even though four positive results out of seven studies is quite
remarkable given the record of replication in the field of psychiatric dis-
orders.

Other Correlates of DRD4 Relevant to Sensation Seeking
Opiate Abuse

In Chapter 8 (Personality, Substance Abuse and Genes) Ebstein and Kotler
discuss the findings of association between DRD4 gene and opiate abuse.
Sensation seeking has been shown to be associated with and predictive
of drug use and abuse in many studies in many countries (Zuckerman
1994). Delinquents with a history of heroin abuse in a youth detention
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center scored higher than prisoners who had not used heroin on the Gen-
eral and Experience Seeking scales of the SSS (Platt and Labatte 1976).
Sensation seeking is correlated with all types of drugs that are abused,
and although there is some indication of higher scores in stimulant users
than in opiate users, the major finding is that sensation seeking is related
to the number of drugs used (polydrug use) rather than the specific drug
of greatest use. Users of any illegal drugs are higher sensation seekers
than alcohol-only users, and the latter are higher than abstainers. Nearly
all drugs that are used recreationally release dopamine from the reward
centers in the medial forebrain bundle (nucleus accumbens, ventral teg-
mental area, lateral hypothalamus) of the mesolimbic brain, where D4
receptors are most dense.

Pathological Gambling Disorder

Pathological Gambling Disorder has been associated with the long allele
of D4DR (Castro et al. 1997). Although certain forms of gambling in the
community have been associated with sensation seeking, pathological
gamblers in treatment do not exhibit high levels of self-reported sensation
seeking. Recently Breen and Zuckerman (1999) reported an association
between the impulsivity component of the ImpSS and a laboratory ana-
logue of pathological gambling.

Attention-Deficit/Hyperactivity Disorder

The DRD4 long allele is associated with attention-deficit/hyperactivity dis-
order (ADHD) (Swanson et al. 1998). One might think that ADHD is a
prototype of high sensation seeking, particularly the boredom suscepti-
bility factor, in children. The greater restlessness of high sensation seekers
during sensory deprivation or sensory restriction (Zuckerman et al. 1966)
is also reminiscent of ADHD, but levels of sensation seeking in ADHD,
using children’s forms of the SSS (Russo et al. 1991), are mixed and in-
consistent. Russo et al. (1991) found that children with conduct disorders
scored higher on sensation seeking than did a group with anxiety disor-
ders, and the group with ADHD scored lower than did the group with
anxiety disorders, even on the Boredom Susceptibility scale. A second
study with a revised child-SSS that included a Disinhibition scale produced
similar results; children with conduct disorder scored high and those with
ADHD and anxiety scored low (Russo et al. 1993).

Shaw and Brown (1990) developed another child-SSS, which more
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closely resembles the adult SSS, by directly adapting items from the adult
scale to the child scale and found that children with ADHD scored higher
than controls and also recalled fewer focally presented objects than con-
trols, possibly because they were distracted by peripherally presented ob-
jects, which they had been instructed to ignore. Shaw and Giambra (1993)
studied college students with histories of hyperactivity during childhood
and found that they did score higher than controls on the adult SSS and
had a higher incidence of task-unrelated thoughts during a vigilance task.
Because the results on children with ADHD seem to depend on the spe-
cific SSS scales used, no definitive statement can be made about the re-
lation between ADHD and sensation seeking, unless the latter is defined
by behavioral rather than self-report responses.

Infant Behavior

In Chapter 7 (Dopamine D4 Receptor and Serotonin Transporter Promoter
Polymorphisms and Temperament in Early Childhood) Ebstein and Auer-
bach discuss the association of DRD4 with infant behavior. Auerbach et
al. (1998) took DNA from cord blood at birth and studied infants at 2
weeks, 2 months, and 1 year of age. At 2 weeks of age the infants with
the long allele of DRD4 were rated higher on orientation, motor organi-
zation, regulation of state, and range of state than infants with short alleles.
At 2 months of age infants with the long DRD4 allele showed less negative
emotionality and less distress to limitations during daily care situations
and to suddenly presented novel stimuli. At 1 year of age the infants with
the long allele showed less negative emotionality, less distress to novel
and sudden stimuli, and less social inhibition.

Of course, studies with the SSS have not been extended to infancy
because of the impossibility of self-report at these ages. But some of the
characteristics of the infants with the long DRD4 allele resemble those of
adult sensation seekers. For instance the interest in novel stimuli and
strong orienting responses to such stimuli are characteristic of adult sen-
sation seekers.

A study of newborn infants observed during the first 3 days of life
showed that infants with low platelet monoamine oxidase B (MAO B)
levels were more active, showed better motor integration, and were more
aroused and cried more than infants with high MAO B levels (Sostek et
al. 1981). Low levels of MAO B are found in high sensation seekers (Zuck-
erman 1994). It would be interesting to do a study of infant behavior
assessing DRD4 alleles, the genes for MAO B, and platelet MAO B levels.
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Another Dopamine Receptor Gene Associated
With Sensation Seeking
DRD4 accounts for only a small percentage of the trait of sensation seek-
ing, so it is likely that other major genes are also involved. The dopamine
D5 receptors are expressed in parts of the limbic system, particularly the
hippocampus, and therefore may be involved in the response to novelty
and the positive emotional arousal it produces in high sensation seekers.
Vanyukov et al. (1998) found that one allele of DRD5 gene was more
commonly found in substance abusers than in controls, and that this allele
was also associated with the Experience Seeking subscale from the SSS.
As an example of the candidate gene approach, a recent study has found
an association between smoking and two alleles of the MAO B gene
(Checkoway et al. 1998). Young sensation seekers are more likely to be
smokers and have low levels of platelet MAO B (Zuckerman 1994). Young
smokers also have low levels of MAO B. Given the trait and behavioral
associations with the biochemical marker, the MAO B gene was a good
candidate for association with smoking. No one has as yet studied the
association between the MAO B gene and sensation seeking. DRD2 has
also been associated with substance abuse, but so far it has not been
related to novelty seeking.

Implications for Future Research in Molecular
Genetics and Personality

The animal studies suggest that more than one monoamine is involved in
sensation seeking. Evidence certainly exists for the involvement of sero-
tonin receptors as well as dopamine receptors. Other genetic factors in-
volving the noradrenergic and hypothalamus–pituitary–adrenal cortex
(stress hormonal pathway) systems must also be considered. Noradrena-
line and cortisol obtained from cerebrospinal fluid in humans showed that
both the catecholamine and the hormone were negatively correlated with
sensation seeking (Ballenger et al. 1983). Endorphin levels were also
negatively related to sensation seeking in one study (Johansson et al.
1979), and other studies have shown relationships between sensation
seeking and gonadal hormones (Daitzman and Zuckerman 1980). Plomin
(1995) has criticized the one gene, one disorder idea. Considering the
variety of biological correlates of a trait such as sensation seeking, it would
be unlikely that only one neurotransmitter or one hormone would control
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one trait. Even within a single neurotransmitter system we must look at
different genes for different receptors. DRD2, for instance, has been re-
lated to substance abuse in many studies. Neurotransmitters such as do-
pamine, noradrenaline, and serotonin interact at the neuronal level as well
as the behavioral level. Effects of a gene interaction (between D4DR and
the gene for the serotonin 2C receptor) on reward dependence have been
reported by Benjamin et al. (1997). Once we get away from single-gene
studies such interactions may become commonplace. At the behavioral
level we could analogize that dopamine is the accelerator and serotonin
is the brakes for reward-directed behavior. The interaction between the
two determines approach versus inhibition.

The model I have proposed for the trait of impulsive sensation seeking
incorporates all three monoamines as well as enzymes, such as MAO and
dopamine b-hydroxylase, and other neurotransmitters, such as GABA,
which regulate the monoamines (Zuckerman 1994, 1995). Between the
levels of personality traits and biological systems lie the mechanisms me-
diated by the biological systems. Here we may find more one-to-one spec-
ificity, with one neurotransmitter for one mechanism. The tendency to
approach rather than withdraw from novel or threatening stimuli may be
involved in many personality traits, including extraversion, impulsivity, sen-
sation seeking, and aggression. My model proposes that dopamine under-
lies the approach, serotonin the inhibition, and norepinephrine the arousal
mechanisms. Impulsive sensation seekers are characterized by strong ap-
proach, weak inhibition, and weak arousal (related to fear). Therefore, we
would expect impulsive sensation seekers to have highly reactive dopa-
minergic, and weakly reactive serotonergic and noradrenergic systems in
response to stimuli associated with both reward and punishment.

Conclusions
Sensation seeking is a trait that has evolved in the mammalian line in the
form of a readiness to approach novel stimuli or to explore new situations
or places. It is probably an important component of adaptive foraging and
hunting behaviors. It is highly heritable, being at the upper limits of her-
itability in personality traits. As with most other personality traits, the non-
heritable component is almost entirely due to nonshared environment
and/or errors of measurement. The subfactors of sensation seeking are
influenced by a common genetic factor, or perhaps two major factors,
plus some specific narrower factors. Although the Experience Seeking
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subscale is the best representative of the common genetic factor, the Dis-
inhibition subscale shows a stronger or more consistent relationship to
some of the biological correlates of sensation seeking such as testosterone
levels, augmentation versus reduction of the cortical evoked potential, and
MAO B activity. This latter relationship, as well as many direct brain stud-
ies in other species, suggests the involvement of the monoamine systems
in sensation seeking. The discovery of a specific dopamine receptor gene
(DRD4) associated with novelty seeking further reinforces the hypothesis
of the involvement of the mesolimbic dopamine system in the trait. The
other correlates of sensation seeking in humans and reactions to novelty
in other species suggest additional candidate genes. A genomewide
search may find the genes accounting for the other 90% of the genetic
variance in novelty seeking.

Molecular genetics could provide the foundation for a science of per-
sonality. In a bottom-up approach we can move from the genes to their
biological functions, to behavioral mechanisms mediated by these func-
tions, and finally to the traits representing different combinations of these
mechanisms. If we persist in this great gene hunt we may even find the
gene that makes some believe that there is a gene for everything or that
everything is due to genes. Or we may discover the gene that makes
dogmatists on the social end believe that personality is entirely shaped by
parents.
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C H A P T E R E L E V E N

Quantitative Trait Loci and
General Cognitive Ability

Robert Plomin, Ph.D.

What Is g?
I refer to g rather than intelligence because intelligence means too many
different things to different people (Jensen 1998). g is operationally de-
fined as a general cognitive ability factor that represents what diverse tests
of general cognitive ability have in common. That is, one of the most
important facts about cognitive abilities, unlike noncognitive areas of per-
sonality, is that all reliable tests of cognitive ability intercorrelate. g is best
assessed as an unrotated principal component among diverse cognitive
tests—such as tests of spatial ability, verbal ability, processing speed, and
memory—that weights the tests according to how highly they load on this
general factor, which usually accounts for more than 40% of the variance
of the tests. g is also indexed reasonably well by a total score on a diverse
set of cognitive measures, as is done in IQ tests. It is less clear what g is,
whether g is the result of a single general process such as executive func-
tion or a speedy brain, or whether it represents overlap among compo-
nents of more specific cognitive processes (Mackintosh 1998). Whatever
it is, g is one of the most stable, reliable, and predictive behavioral traits
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(Gottfredson 1997). It is also one of the most heritable, as discussed in
the section ‘‘Is g Heritable?’’

Is g Personality?
Although psychology textbooks invariably have separate chapters on per-
sonality and intelligence, g fits under the rubric of trait theories of per-
sonality that focus on behavioral dimensions that are stable across time
and situations. Cattell’s 16 Personality Factor Inventory system (Cattell
1982) explicitly includes intelligence. In the Five Factor Model of person-
ality (Costa and McCrae 1992), Openness to Experience is more than g in
disguise in a self-report questionnaire, however; Openness correlates
about 0.40 with g (McCrae 1996). For these reasons, it seems reasonable
to include a chapter on g in a volume on personality.

Is g Heritable?
Although the genetic contribution to g has produced controversy in the
media, especially following the publication of The Bell Curve (Herrnstein
and Murray 1994), there is considerable consensus among scientists that
g is substantially heritable—even among those who are not geneticists
(e.g., Brody 1992; Mackintosh 1998). More data support the genetics of g
than the genetics of any other human characteristic. Correlations for first-
degree relatives living together average 0.43 for more than 8,000 parent-
offspring pairs and 0.47 for more than 25,000 pairs of siblings. However,
g might run in families for reasons of nurture or of nature. In studies
involving more than 10,000 pairs of twins, the average g correlations are
0.85 for identical twins and 0.60 for same-sex fraternal twins. These twin
data suggest a genetic effect size (heritability) that explains about half of
the total variance in g scores. Adoption studies also yield estimates of
substantial heritability. For example, in two studies, identical twins reared
apart are almost as similar for g as are identical twins reared together, with
an average correlation of 0.78 for 93 such pairs (Bouchard et al. 1990;
Pedersen et al. 1992). Adoption studies of other first-degree relatives also
indicate substantial heritability, as illustrated by results from the longitu-
dinal 25-year Colorado Adoption Project (Plomin et al. 1997).

All the data converge on the conclusion that the heritability of g is about
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50%, that is, genes account for about half of the variance in g scores
(Bouchard and McGue 1981; Plomin et al. 2001). Even an attempt to ex-
plain as much of the variance of g as possible in terms of prenatal effects
nonetheless yielded a heritability estimate of 48% (Devlin et al. 1997;
McGue 1997). Although heritability could differ in different cultures, mod-
erate heritability of g has been found, not only in twin studies in North
American and western European countries, but also in Moscow, former
East Germany, rural India, urban India, and Japan.

Additional Relevant Questions
Genetic research has moved beyond the rudimentary questions of
whether and to what extent genetic differences are important in the ori-
gins of individual differences in g (Plomin and Petrill 1997). Rather than
reviewing in detail the research already mentioned that converges on the
conclusion that g is about 50% heritable, I believe it is of greater relevance
to molecular genetic research to discuss three findings that go beyond
merely estimating heritability.

Development
Research during the past decade has shown that the heritability of g in-
creases steadily from infancy (20%) to childhood (40%) to adulthood
(60%). For example, a recent study of twins aged 80 years and older re-
ported a heritability of about 60% (McClearn et al. 1997). Studies of iden-
tical twins reared apart suggest that heritability may be as high as 80% in
adulthood.

Why does heritability of g increase during the life span? It is possible
that completely new genes come to affect g as more sophisticated cog-
nitive processes come on line. However, a hypothesis that I prefer is that
relatively small genetic effects early in life snowball during development,
creating larger and larger phenotypic effects as individuals select or create
environments that foster their genetic propensities. During the past de-
cade, genetic research has pointed to such genotype-environment corre-
lation for g in the sense that associations between environmental measures
and cognitive development are mediated genetically to some extent
(Plomin 1994). Another developmental finding of great importance con-
cerns environmental influences on g: Shared family environments, which
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make siblings in a family similar, are important only until adolescence. In
other words, in the long run, environmental influences on g, whatever
they may be, make two children growing up in the same family different
from one another. This type of environmental influence is called non-
shared environment (Plomin and Petrill 1997).

This first finding suggests that adulthood might be a better target than
childhood for attempts to identify genes. However, longitudinal genetic
analyses indicate that although heritability of g is lower in childhood than
in adulthood, the same genes largely operate in both childhood and adult-
hood (Plomin et al. 1997). In other words, although genes have a greater
effect after childhood, the same genes can be expected to be associated
with g in childhood and adulthood.

Additive Genetic Variance and Assortative Mating
A second finding about g that deserves to be better known, especially in
relation to molecular genetics, concerns additive genetic variance and as-
sortative mating. Most of the genetic variance for g is additive, that is,
genetic effects add up rather than interact across loci. A hallmark of non-
additive genetic variance is that identical twins (who are similar for all
genetic effects no matter how complexly interactive the genes happen to
be) are more than twice as similar as fraternal twins. Fraternal twins are
said to be 50% genetically similar, but this is only in relation to additive
genetic effects—they are not at all similar for epistatic effects (higher-order
interactions among multiple genes). In contrast to g, noncognitive per-
sonality traits, especially the Big Five factor Extraversion, show some non-
additive genetic influence (Loehlin 1992). The issue of additive versus
nonadditive genetic variance is important in relation to attempts to identify
specific genes responsible for genetic influence (see Chapter 18, Genes
for Human Personality Traits).

The additivity of genetic effects on g may be due to the fact that there
is far greater assortative mating for g than for any other behavioral trait.
Correlations between spouses are only about 0.10 for other personality
traits and about 0.20 for height and weight, but assortative mating for g is
about 0.40. Assortative mating increases additive genetic variance cumu-
latively generation after generation (Plomin et al. 1997). If bright women
mate with bright men, their offspring receive a double dose of genes for
high g, and this spreads out the distribution of additive genetic effects in
the population because parents share only additive genetic effects with
their offspring.
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Substantial Genetic Correlations Among
Cognitive Abilities
The third quantitative genetic finding about g is of great importance for
neurogenetic research on learning and memory. Specific cognitive abili-
ties show substantial genetic influence, although less than for g (Plomin
and DeFries 1998). To what extent do different sets of genes affect these
different abilities? A technique called multivariate genetic analysis exam-
ines covariance among specific cognitive abilities and yields a statistic
called the genetic correlation. The genetic correlation is an index of the
extent to which genetic effects on one trait correlate with genetic effects
on another trait independent of the heritability of the two traits. That is,
although cognitive abilities are moderately heritable, the genetic correla-
tions between them could be anywhere from zero, indicating complete
independence of their genetic effects, to 1.0, indicating that the same
genes are involved. Multivariate genetic analyses have consistently found
that genetic correlations among specific cognitive abilities are very high—
close to 1.0 (Petrill 1997). These quantitative genetic results make the
strong molecular genetic prediction that genes found to be associated with
one cognitive ability such as spatial ability will also be associated just as
strongly with other cognitive abilities such as verbal ability or memory.

These multivariate genetic results also indicate a genetic reality to g.
That is, genetic effects on cognitive abilities are general. A related inter-
esting finding is that the g loadings of cognitive tests on a first unrotated
principal component are highly correlated with their heritabilities. That is,
the most highly loaded tests are the most heritable. In addition to indi-
cating that g is a good target for molecular genetic research, this finding
also has important implications for understanding the brain mechanisms
that mediate genetic effects on cognitive ability. In contrast to the preva-
lent modular view of cognitive neuroscience that assumes that cognitive
processes are specific and independent, these results suggest that genetic
effects are general.

Can We Find Genes Associated With g?
Finding genes that affect personality broaches the same issues as molec-
ular genetic research on any complex dimension or disorder influenced
by multiple genes as well as by multiple environmental factors. The issues
are more stark for personality than for disorders such as psychopathology
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because personality traits are clearly quantitative traits and the genes we
are looking for are quantitative trait loci (QTLs) (Plomin et al. 1994b).
Unlike single-gene effects, as in PKU, which are necessary and sufficient
for the development of rare disorders, QTLs contribute interchangeably
and additively, analogous to probabilistic risk factors. If multiple genes
affect a trait, it is likely that the trait is distributed quantitatively as a di-
mension rather than qualitatively as a disorder; this was the essence of
Fisher’s classic 1918 paper on quantitative genetics (R. A. Fisher 1918).
From a QTL perspective, there are no disorders, just the extremes of quan-
titative traits caused by the same genetic and environmental factors re-
sponsible for variation throughout the dimension. In other words, the QTL
perspective predicts that genes found to be associated with complex dis-
orders will also be associated with normal variation and vice versa.

Other chapters in this volume review the issues involved in finding
QTLs for complex traits. My personal view is that far too many unknowns
exist in this area at this time for anyone to be dogmatic about what will
and will not work. I believe that the issues will be resolved empirically.
For example, a few years ago, linkage was deemed to be the only ac-
ceptable approach, but now allelic association is widely accepted. Can-
didate gene approaches came and went as the flavor of the year. Today
some argue that only within-family association designs are acceptable, but
I think that worrying about ethnic stratification is like the tail wagging the
dog. I would prefer to find replicable associations using more powerful
case-control designs, matching cases and controls as epidemiologists have
done for decades. After we have found replicable associations, we can
explore whether ethnic stratification makes a difference.

My premise is that if additive genetic factors are important for complex
traits, then we can identify the genes responsible if we have sufficient
power to detect QTLs of small effect size. The critical question is the
distribution of effect sizes of these QTLs: what is the average effect size
of QTLs and how are QTL effect sizes distributed? My bet is that the dis-
tributions of QTL effect sizes for complex traits are positively skewed,
with few QTLs accounting for more than 5% of the variance and having
very long tails that fade out with QTL effect sizes so small that we will
never detect them. If the average effect size is 1% we will eventually detect
many QTLs given a heritability of at least 50%. However, if the average
QTL effect size is 0.1%, we will detect very few QTLs, and they will be
difficult to replicate. Time and much more empirical research will tell. The
research described in this chapter begins to chart this territory by provid-
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ing a systematic genome scan using more than 2,500 DNA markers
throughout the genome.

It is interesting that the two best-replicated QTLs are both in the cog-
nitive domain. Apolipoprotein E was first reported in 1993 to be related
to late-onset dementia using allelic association (Corder et al. 1993), and
this has since been replicated in scores of studies (Rubinstein et al. 1997).
QTL sib-pair linkage designs were used to identify a linkage between
chromosome 6p21 and reading disability (Cardon et al. 1994), a linkage
that has been replicated in several subsequent studies (e.g., S. E. Fisher et
al. 1999; Gayán et al. 1999; Grigorenko et al. 1997). The QTL perspective
suggests that both dementia and reading disability are likely to be the
quantitative extremes of continuous distributions.

In 1990, I decided that quantitative genetic research had gone about as
far as it could in documenting genetic influence on g. Although quanti-
tative genetics had much more to offer in terms of developmental, mul-
tivariate, and environmental analyses, as already mentioned, the most
exciting prospect was to try to identify some of the QTLs responsible for
the heritability of g. This led to a project called the IQ QTL Project.

The IQ QTL Project
The IQ QTL Project provides the first systematic genome scan for asso-
ciation using a new technique called DNA pooling. To my knowledge it
is also the first molecular genetic study to focus on ability rather than
disability. The goal is not to find genes for genius but to use very high
functioning individuals to identify QTLs that operate throughout the entire
distribution, including the low (mental retardation) end of the ability dis-
tribution. This is based on the simple hypothesis that, although any one
of many genes can disrupt normal development, to be very high func-
tioning requires most of the positive alleles and few of the negative alleles.
This is just a hypothesis, but one that can be tested when QTLs are found
because it predicts that QTLs found for high ability will have a similar
effect throughout the rest of the distribution, including the low end of the
distribution.

We chose to use an association design rather than linkage because we
thought that association would be more powerful in detecting QTLs of
small effect size (Plomin et al. 1994a; Risch and Merikangas 1996; Risch
and Teng 1998). The major strength of linkage is that it is systematic in
the sense that a few hundred DNA markers can be used to scan the ge-
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nome. In contrast, because allelic association with a quantitative trait can
be detected only if a DNA marker is itself the QTL or is very close to it,
thousands of DNA markers would need to be genotyped in order to scan
the genome. For this reason, allelic association has been used primarily to
investigate associations with candidate genes. In earlier work on the IQ
QTL Project, we genotyped high- and low-g individuals for 100 DNA mark-
ers in or near genes involved in brain functioning, primarily neurotrans-
mitters, but no replicated associations were found (Plomin et al. 1995). We
now make DNA from the IQ QTL Project available to other researchers who
wish to test candidate genes so that we can focus on a systematic genome
scan for association. The problem with the candidate gene approach is that
any of the tens of thousands of genes expressed in the brain could be
considered as candidate genes for g.

In summary, linkage is systematic but not powerful, and allelic asso-
ciation is powerful but not systematic. However, allelic association can be
made more systematic by using a dense map of markers. In the IQ QTL
Project, we used a dense map of markers on the long arm of chromosome
6 in an attempt to apply a more systematic association scan for QTL as-
sociations with g (Chorney et al. 1998). We found a replicated association
for a marker that happened to be in the gene for the insulin-like growth
factor 2 receptor (IGF2R), which has been shown to be especially active
in brain regions most involved in learning and memory (Wickelgren 1998).
We have subsequently genotyped another polymorphism in the IGF2R
gene and found similar results (Hill et al. 1999b).

The problem with using a dense map of markers for a genome scan is
the amount of genotyping required. In order to scan the entire genome
at 1 million DNA base-pair intervals (1 Mb), about 3,500 DNA markers
would need to be genotyped. This would require 700,000 genotypings in
a study of 100 high-g individuals and 100 controls. With markers at 1 Mb
intervals, no QTL would be farther than 500,000 (500 kb) from a marker.
However, empirical data indicate that at least 10 times as many markers
would be needed in order to detect all QTLs (e.g., Cambien et al. 1999).
Despite the daunting amount of genotyping for such a systematic genome
scan, there has recently been a sharp swing in favor of genome scans
using association approaches that have the power to detect genes of small
effect size operating throughout the distribution, as suggested by the QTL
perspective. This change in attitude has been fueled by the promise of
‘‘SNPs on chips’’—single-nucelotide polymorphisms (SNPs, often called
snips) formatted as arrays of oligonucleotide primers on solid substrates
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(DNA chips) that can quickly genotype thousands of DNA markers of the
SNP variety.

DNA Pooling
As part of the IQ QTL Project, we developed a technique based on DNA
pooling that provides a low-cost and flexible alternative to SNPs on chips
for screening the genome for the simplest, largest, and oldest QTL asso-
ciations, although it cannot detect all QTLs. DNA pooling greatly reduces
the need for genotyping by pooling DNA from all individuals in each
group and comparing the pooled groups so that only 7,000 genotypings
are required to scan the genome in the previous example (Daniels et al.
1998). Unlike DNA chips and other high-throughput approaches, geno-
typing costs for DNA pooling are independent of sample size. The essence
of our approach to DNA pooling is that comparison of two groups requires
only an estimate of relative allelic frequencies in which individual errors
are expected to cancel out. We focus on the difference in allele image
patterns (DAIP) for the two groups seen when the AIPs for the two groups
are overlaid (Daniels et al. 1998).

Proof of Principle for Chromosomes 4 and 22
The IQ QTL Project is applying DNA pooling to scan the genome for QTLs
for g. Preliminary proof-of-principle papers have been published for a
systematic search of chromosome 4 (P. J. Fisher et al. 1999) and chro-
mosome 22 (Hill et al. 1999a). We use a three-stage strategy that seeks to
balance false positive and false negative errors by permitting a more le-
nient significance criterion in the first stage (which reduces false nega-
tives) and then removing false positives in later replications. In the first
stage, DAIPs were assessed for 147 markers on chromosome 4 and 66
markers on chromosome 22 for DNA pooled from one group of children
of high g (51 children with a mean IQ of 136) and from another group of
controls of average g (51 children with a mean IQ of 105).

In the second stage, markers that yielded significant DAIPs in the first
stage were replicated using DNA pooling in independent samples of chil-
dren of extremely high g (50 children with IQs exceeding 160) and con-
trols (50 children with a mean IQ of 101). In the third stage, markers that
yielded significant DAIPs in both the original and replication samples were
individually genotyped for all subjects in order to confirm the results of
DNA pooling using traditional statistics.
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Figure 11–1 DNA sequencer–generated allele image patterns (AIPs) for D4S2943
for the original control group (middle), the original high-g group (bottom), and
their overlaid images (top). The numbers represent peak heights representing the six
alleles for this DNA marker expressed in fluorescence units. Although fluorescence
units differ between the two groups because of polymerase chain reaction (PCR)
differences in the amount of amplification and differences in loading the wells for
the DNA sequencer, the overlaid AIPs calibrate for the AIPs for the two groups by
equating their greatest peak heights.

Figure 11–1 illustrates DNA pooling results in the first stage for one of
the markers (D4S2943) that showed a significant DAIP. Because the DNA
is pooled, the AIPs generated by the DNA sequencer show all six alleles
for D4S2943 rather than just the one or two alleles that would be seen
when individuals rather than pools of individuals are genotyped. The rela-
tive height of each allele (each bump in Figure 11–1) is taken as a measure
of its frequency. The overlaid AIPs for the original high g group and the
original control group indicate that differences between the AIPs for the
two groups are due primarily to the fourth allele.

Of the 213 markers on chromosomes 4 and 22, 17 yielded DAIPs with
simulated P values less than 0.05 for the high-g and control groups in the
original sample. With P set at less than 0.05, only 10 markers were ex-
pected to be significant by chance alone. Of the 17 markers with signifi-
cant DAIPs in the original sample, 8 showed a significant difference for a
specific allele. In addition, D4S2943 and D22S1170 showed trends (P �
0.07) that warranted further exploration in the replication sample.

These 10 markers were tested for replication using DNA pooling in
stage 2 DNA where none of the markers would be expected to be signifi-
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cant by chance alone. Four of the 10 markers yielded a significant allele-
specific difference in the replication sample that was in the same direction
as the original sample.

These four markers were selected for the third stage of the design in
which each high-g and control individual was genotyped separately.
Three of the four markers showed significant differences between the
groups in the original sample for the same alleles in the same direction as
identified by DNA pooling. For these three markers (MSX1, D4S1607,
D4S2943), the individual genotyping allele-specific directional test
reached significance in the original sample. All three of these markers
were also significant in the replication sample for the allele-specific di-
rectional test. These published results used original pools of 51 high-g and
51 control subjects and replication pools of 50 high-g and 50 control sub-
jects, because we were still in the process of completing our new repli-
cation samples. However, our full genome scan has combined these
subjects in a high-g pool of 101 subjects and a control pool of 101 subjects.

Ongoing Research
Rather than publishing results for other chromosomes, we have concen-
trated on finishing our three-stage genome scan. We have purchased 2,652
simple-sequence repeat (SSR) markers covering all 22 autosomes (the X
chromosome requires sex-segregated pools), which represents the best 1
Mb SSR map that we can currently construct given gaps in the map. Cov-
erage at 1 Mb is about 80% except for teleomeres, which show only about
30% coverage at 1 Mb. We plan to publish our genome scan results using
the 2,652 SSR markers. However, SNPs are being identified at a fast rate,
and we will be able to use SNPs to move closer to the planned 1 Mb
density genome scan, now that it is possible to apply DNA pooling to
SNPs (Hoogendoorn et al. 1999). Although it is generally accepted that 10
times more markers are needed to create a net sufficiently fine grained to
scoop up most QTLs, our goal is more modest: to catch some, certainly
not all, QTLs associated with g.

Because replication is critical for QTL associations, we are collecting
several additional replication samples to test QTLs that survive our three-
stage design. These include within-family comparisons using parents of
our high-g children, which will remove the possibility that our QTL as-
sociations are due to ethnic stratification. These replication studies also
extend the QTLs in several new directions. For example, we are obtaining
large unselected samples of subjects assessed on g in order to test the
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hypothesis that QTLs identified at the high extreme of the distribution
have similar effects throughout the distribution, including the low end of
the distribution that represents mild mental retardation. One of these un-
selected samples involves older subjects, which will make it possible to
test the hypothesis that the magnitude of genetic effects on g increases
throughout the life span.

Once replicable QTLs are found and localized, the big question will
concern functional genomics: what are the pathways between genes
and g?

Behavioral Genomics: Top-Down
Functional Genomics

Replicated QTL associations with g provide discrete windows through
which to view pathways between genes and g. Functional genomics—
understanding how genes affect traits—is generally viewed in terms of
bottom-up molecular biological analyses of cellular function in which the
gene product is identified and its effects studied at a molecular and cellular
level. However, other levels of analysis are also likely to be useful in
understanding how genes affect g, such as anatomical neuroimaging,
functional neuroimaging, electrophysiology, psychophysiology, cognitive
processing, and psychometrics (Deary 1999). As an antidote to the ten-
dency to define functional genomics at the cellular level of analysis, the
term behavioral genomics has been proposed (Plomin and Crabbe 2000).

The IQ QTL Project
Future plans for the IQ QTL Project include a top-down behavioral gen-
omics approach to investigate how genes affect g at the psychological
level of analysis. Although our QTL associations are identified in relation
to g, the associations might be brought about by a gene’s involvement in
several component processes rather than by a single general process such
as reasoning or speed of information processing (Mackintosh 1998). Are
certain genes associated with g because they affect a core general process,
or do they primarily affect specific cognitive processes that together con-
tribute to individual differences in performance on tests of g? This issue
will be explored in a cost-effective manner by collecting DNA from two
samples from which collaborators have already obtained data for relevant
information processing and electroencephalogram measures. We also
plan to obtain new data that systematically address these issues.
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Neurogenetics
The brain is where bottom-up molecular levels of analysis will eventually
meet top-down behavioral levels of analysis. A highly productive area of
cognitive neuroscience is neurogenetic research on learning and memory
using animal models. This work largely uses artificially created mutations
and targeted gene mutations (knockouts and conditional knockouts) in
Drosophila (Dubnau and Tully 1998) and mice (Wahlsten 1999) to dissect
the brain pathways that lie between genes and learning and memory. For
example, one of the first knockout studies for mouse behavior was re-
ported in 1992 (Silva et al. 1992). A gene (Camk2) was knocked out that
normally codes for a protein (�-Ca2�-calmodulin-dependent kinase II)
that is expressed postnatally in the hippocampus and other forebrain areas
critical for learning and memory. Mutant mice homozygous for the knock-
out gene learned a spatial task significantly more poorly than control mice,
although otherwise their behavior seemed normal.

A recent summary lists 22 knockout mutations now known to affect
learning and memory in mice (Wahlsten 1999), and scores of other knock-
out studies are in progress. For example, N-methyl D-aspartate (NMDA)
gene products serve as a switch for memory formation by detecting co-
incident firing of different neurons. Overexpression of one particular
NMDA gene (for NMDA receptor 2B) enhanced learning and memory in
various tasks (Tang et al. 1999). A new type of targeted mutation called a
conditional knockout was used to limit the mutation to a particular area
of the brain, in this case the forebrain. Normally, expression of this gene
is slowed down by adulthood, which may contribute to decreased mem-
ory in adults. In this research, the gene was altered so that it continued to
be expressed in adulthood, which enhanced learning and memory in
adulthood.

Naturally Occurring Genetic Variation
A future direction for neurogenetic research on learning and memory is
to consider naturally occurring genetic variation rather than artificially cre-
ated mutations. The two worlds of quantitative genetics and molecular
genetics are coming together in the study of complex quantitative traits
and QTLs. The new field of neurogenetics is largely an extension of mo-
lecular genetics, which has traditionally focused on artificially created
single-gene mutations, in contrast to quantitative genetics, for which nat-
urally occurring genetic variation is the center of attention. Although the
advances made in neurogenetic mutational analyses of behavior during



224 Molecular Genetics and the Human Personality

the 1990s have been extraordinary in the areas of circadian rhythms, learn-
ing and memory, and drug responses, this research is just beginning to
consider naturally occurring genetic variation (Crusio 1999).

Work on naturally occurring genetic variation in learning and memory
will be stimulated by recent research on mouse models of g (Locurto and
Durkin, in press; Locurto and Scanlon 1998). We are beginning a study to
test large numbers of mice from outbred stock derived from the cross of
eight inbred strains on a diverse g battery of tests of learning and memory.
Heterogeneous stock provide finer resolution for QTL mapping than the
use of inbred strains or F2 crosses (Talbot et al. 1999) with other genetic
variation randomized. DNA from these mice will be used as a resource
for analyses of functional variants found to be associated with cognitive
processes in human or mouse research. We also hope to test mice selected
genotypically for candidate QTLs or selected phenotypically from the ex-
tremes of the g dimension on brain slice measures of long-term potentia-
tion and long-term depression of hippocampal neurons, which are widely
accepted as models of the synaptic events underlying the storage and
erasure of associative memory information (Malenka and Nicoll 1999).

When neurogenetics turns to human cognition, the field will be con-
fronted more starkly with naturally occurring genetic variation simply be-
cause it will not be possible to create mutations.

Human Neurogenetics
The 1990s were christened the ‘‘Decade of the Brain,’’ and an enormous
amount has been learned about the brain during the past 10 years. How-
ever, our knowledge about the brain has focused primarily on two distinct
levels of analysis. On the one hand, the molecular basis of neural activity,
including genetics, is understood today far better than one could have
hoped 10 years ago. The mouse has become the favorite organism for
such work (Battey et al. 1999). On the other hand, dramatic developments
in neuroimaging technologies have illuminated the functions of specific
areas of the human brain, primarily using positron emission tomography
and functional magnetic resonance imaging as mentioned earlier. But an
enormous gulf exists between these two domains of vigorous activity and
rapid progress. Although there has been progress in understanding how
simple genetic abnormalities underlie various types of diseases and cog-
nitive disorders, remarkably little is known about the links between ge-
netic mechanisms and the neural mechanisms that underlie normal human
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cognition. Bridging this gulf is the goal of human neurogenetics (Kosslyn
and Plomin 2001).

Is the Sky Falling?
Finding QTLs for g has important implications for society as well as science
(Plomin 1999). The grandest implication for science is that the functional
(behavioral) genomics of g will serve as an integrating force across diverse
disciplines with DNA as the common denominator, opening up new sci-
entific horizons for understanding learning and memory. In terms of im-
plications for society, it should be emphasized that no policies necessarily
follow from finding genes associated with g because policy involves val-
ues. For example, finding genes for g does not mean that we ought to put
all of our resources into educating the brightest children. Depending on
our values, we might worry more about children falling off the low end
of the bell curve in an increasingly technological society, and decide to
devote more public resources to those who are in danger of being left
behind.

Many ethical issues related to DNA are being broached at the level of
single-gene disorders that are hardwired in the sense that a single gene is
necessary and sufficient for the development of the disorder. This will
benefit ethical deliberations about the genetics of g, which seems less
pressing because genetic effects on g are probabilistic rather than deter-
ministic for two reasons. First, heritability is closer to 50% than to 100%,
which means that nongenetic factors make a major contribution. Second,
because many genes contribute to the heritability of g, the system is in-
herently probabilistic. Potential problems related to finding genes asso-
ciated with g have been discussed, such as prenatal and postnatal
screening, discrimination in education and employment, and group dif-
ferences (Newson and Williamson 1999; Plomin 1999).

The fear lurks in the shadows of such discussions that finding genes
for g will limit our freedom and our free will. In large part such fears
involve misunderstandings about how genes affect complex traits such as
g (Rutter and Plomin 1997). Finding genes for g will not automatically
open a door to a genetic version of Huxley’s brave new world where
babies are sorted out at birth (or before birth) into alphas, betas, gammas,
and epsilons. Although the balance of risks and benefits to society of
finding genes for g is not clear, basic science has much to gain from func-
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tional genomic studies of brain functions related to learning and memory.
We need to be cautious and to consider carefully societal implications and
ethical issues, but we need not take up the cry of Chicken Little that the
sky is falling. There is much to celebrate here in terms of the increased
potential for understanding our species’ nonpareil ability to think and learn.
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Genetic Polymorphisms and
Aggression

Antonia New, M.D., Marianne Goodman, M.D.,
Vivian Mitropoulou, M.A., and Larry Siever, M.D.

Impulsive aggressive behavior presents a critical challenge in the treatment
of patients with personality disorders. It accounts for a substantial portion
of the morbidity and mortality associated with these disorders, as mani-
fested by self-injurious behavior, domestic violence, assault, substance
abuse, destruction of property, and suicide attempts. Furthermore, person-
ality disorders (especially borderline and antisocial personality disorders)
may be associated with an even greater risk for violent criminal behavior
than Axis I diagnoses such as schizophrenia or substance abuse. It has
become clear that genetic factors play a role in the development of impul-
sive aggressive symptoms, in that impulsive aggression has been shown to
be partially heritable. The identification of genetic factors predisposing to
impulsive aggression may prove a critical step in better understanding eti-
ology and in developing new treatments for impulsive aggression.

Personality Disorders and Impulsive Aggression
Impulsive aggressive behavior in clinical populations of patients with per-
sonality disorders is a common clinical phenomenon and contributes to
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much of the dysfunction associated with these diagnoses. In particular, a
high rate of repeated self-mutilation and episodic dyscontrol have been
reported in patients with borderline, antisocial, and histrionic personality
disorders, reflecting impulsive aggression (Pattison and Kahan 1983; Virk-
kunen 1976). This is not surprising because in DSM-IV-TR (American Psy-
chiatric Association 2000), assaultiveness is one of the diagnostic criteria
for antisocial personality disorder, and repetitive suicide attempts, self-
mutilation, and impulsivity are among the diagnostic criteria for borderline
personality disorder. Impulsive behaviors, which often lead to overt physi-
cal aggression, can also disrupt family relationships.

Certain forms of aggression, such as spousal abuse, are especially as-
sociated with personality disorders and are a frequent problem among
individuals seeking psychiatric care (Hamberger and Hastings 1986; Mi-
kolajczak and Hagen 1978). Suicidal behavior is common in patients with
personality disorders, and in fact 9% of patients with borderline person-
ality disorder die by suicide (Paris et al. 1987; Stone 1989). Data from our
ongoing studies of individuals with personality disorders suggest that 51%
of patients with personality disorder meet criteria for intermittent explo-
sive disorder, revised research version; of these patients, 64% meet criteria
for borderline or antisocial personality disorders (New et al. 1999). As
pharmacological and other treatments for mood disorders and psychotic
disorders have improved, an increasing proportion of patients requiring
psychiatric hospitalization carry a primary personality disorder diagnosis
(Breslow et al. 1993; Hansson 1989; Molinari et al. 1994). A common pre-
cipitant for psychiatric hospitalization in patients with personality disor-
ders is an actual or threatened act of aggression directed toward self or
others.

Further evidence of the significance of impulsive aggressive symptom-
atology in patients with personality disorders is demonstrated by the fre-
quency of personality disorders in the forensic population. In one study
of violent offenders and impulsive fire setters, 47% of the subjects were
found to have a personality disorder diagnosis, especially borderline and
antisocial personality disorders (Virkkunen et al. 1996). In a sample of
wife batterers, higher scores on a measure of borderline personality or-
ganization (similar to scores seen in a sample of borderline patients di-
agnosed by DSM-III [American Psychiatric Association 1987] criteria) were
found compared with controls (Dutton et al. 1996). Prison inmates in Que-
bec with antisocial personality disorder were found to have more convic-
tions and an earlier onset of criminal activity than those without antisocial
personality disorder (Hodgin and Cote 1993). Furthermore, the presence
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of antisocial personality disorder has been found to increase the likelihood
of homicidal violence 10-fold in men and 50-fold in women (Eronen et
al. 1996).

Evidence for Heritability of Impulsive
Aggression and Suicidality

A partially heritable basis for impulsive aggression has been demonstrated
by a number of observations from both twin (Coccaro et al. 1993) and
adoption (Bohman et al. 1984) studies, suggesting heritability estimates
from 20% to 62% (Coccaro et al. 1993). Preliminary data from
monozygotic-dizygotic twin studies suggest that although the personality
disorder diagnoses are not heritable, the traits of impulsive aggression or
assertive aggressiveness are significantly heritable (Alnaes and Torgersen
1989; Coccaro et al. 1993; Torgersen 1994). Studies of adoptees with bio-
logical parents with antisocial personality disorder demonstrated a genetic
contribution to the development of antisocial personality disorder char-
acterized by antisocial aggressive behavior (Cadoret et al. 1985; Crowe
1974), and this heritable tendency appeared to be brought out by adverse
home environment (Cadoret et al. 1995). Twin studies of suicide also
demonstrate a greater concordance for suicidal behavior in monozygotic
versus dizygotic twins, and adoption studies also suggest a heritable com-
ponent to suicide that is independent from risk for affective illness itself
(Egeland and Sussex 1985; Mitterauer 1990; Roy et al. 1997).

Impulsive Aggression and Serotonergic Studies
Abnormalities in central serotonergic activity have consistently been
found to be associated with measures of impulsive aggression in patients
with personality disorders (Coccaro et al. 1989; O’Keane et al. 1992; Siever
and Trestman 1993). Studies of cerebrospinal fluid have shown a decrease
in 5-hydroxyindolacetic acid (5-HIAA), a metabolite of serotonin, to be
associated with impulsive aggression in patients with personality disorders,
as well as in depressed patients, normal volunteers, and violent alcoholic
offenders (Linnoila et al. 1989, 1994; Virkkunen et al. 1994). The prolactin
response to fenfluramine, a serotonin releasing agent, can be viewed as a
measure of net central serotonergic activity (Coccaro et al. 1989), and a
blunted response has been associated with impulsive aggression in pa-
tients with personality disorders compared with normal controls (Coccaro



234 Molecular Genetics and the Human Personality

et al. 1989, 1996). A blunted response to fenfluramine has also been dem-
onstrated in patients with antisocial personality disorder, a diagnosis
highly associated with impulsive aggression (O’Keane et al. 1992). Studies
of serotonergic activity in relation to suicide demonstrate low cerebrospi-
nal fluid 5-HIAA concentrations in patients with a history of violent suicide
attempts (Asberg 1977; Asberg et al. 1976). Postmortem studies have dem-
onstrated decreased imipramine binding in the brains of suicide victims
and, more specifically, increases in 5-hydroxytryptamine A1 (5-HT1A) au-
toreceptors in the midbrain of suicide victims (Stockmeier et al. 1998), and
alterations in binding to the serotonin transporter and to the 5-HT1A and
5-HT2A receptors in postmortem brains of suicide victims compared with
controls (Arango et al. 1997). A blunted neuroendocrine response to se-
rotonin stimulating agents has been found in patients with a history of
suicide (Coccaro et al. 1989; Weiss and Coccaro 1997).

The relationship between reduced serotonergic function and impulsive
aggression is, in fact, one of the most robust and replicable findings in
biological psychiatry. The apparently heritable component of impulsive
aggression, including suicidal behavior, compels the investigation of the
role of genetic differences in determinants of serotonergic function (such
as synthesis, metabolism, and receptor sensitivity or regulation) in the
development of different susceptibilities to impulsive aggression. Indeed,
studies demonstrate 1) an association between a polymorphism in the
5-HT1B gene (HTR1B) and antisocial alcoholics (Huang et al. 1999), 2)
an association between a polymorphism in the tryptophan hydroxylase
gene and suicide and particularly with violent suicide attempts (Nielsen
et al. 1998), and 3) an association between allelic variation in the serotonin
transporter gene (SLC6A4) (designated ‘‘5-HTTLPR’’ elsewhere in this vol-
ume) and variations in anxiety-related personality traits (Lesch et al. 1996).
These studies demonstrate that genetic differences in the serotonin system
may be associated with behavioral traits related to impulsive aggression.
Further support for this hypothesis is found in the animal studies by Brun-
ner et al. (1993) showing that a mutation in the MAO A gene can cause a
syndrome including violence and impulsivity. In addition, enhanced ag-
gressive behavior has been demonstrated in mice lacking the 5-HT1B re-
ceptor, which is comparable to the human 5-HT1B (Saudou et al. 1994).

Preliminary Studies From Our Research Group
We have elected to focus on the serotonin system in selecting candidate
genes corresponding to the abnormalities most consistently associated
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with impulsive or aggressive behavior (Siever and Trestman 1993). The
following candidate genes are discussed because they include polymor-
phisms in serotonin-related genes that are potentially functionally impor-
tant:

Serotonin 1B receptor gene (HTR1B): G, C
Tryptophan hydroxylase gene (TPH): 779A/218A (U), 779C/218C (L)
Serotonin transporter gene (SLC6A4) promoter l: s

HTR1B was chosen because it controls the synthesis and release of
serotonin from the terminals. TPH was selected because it codes for the
first enzyme involved in the synthesis of serotonin, and an association
between the L (218C/779C) allele and suicidal behavior, at times a form
of impulsive behavior, has been described (Nielsen et al. 1994). The sero-
tonin transporter (SLC6A4) promoter polymorphism was chosen because
allelic variation has been associated with variations in the personality traits
of harm avoidance and impulsivity (Lesch et al. 1996).

Polymorphisms in Serotonin-Related Genes

Serotonin 1B Receptor
The serotonin 1B receptor (previously called 5-HT1Db) is a terminal au-
toreceptor involved in regulating serotonin synthesis and release. A com-
mon polymorphism in the coding region of the gene locus, HTR1B, has
been described. The variant is caused by a G to C substitution (coding for
the same amino acid) and has frequencies of 0.72 G and 0.28 C in a mixed
population of controls and alcoholics (Lappalainen et al. 1995). The more
common allele (G) lacks a site for HincII restriction endonuclease cleav-
age. Enhanced aggressive behavior has been demonstrated in mice lack-
ing the 5-HT1B receptor, comparable to human 5-HT1B (Saudou et al.
1994). In a study of Finnish alcoholics and southwestern American Indi-
ans, antisocial alcoholism showed significant evidence of sib-pair linkage
to HTR1B*G816C in both populations (Lappalainen et al. 1998). A func-
tional significance for this polymorphism has not been established.

In preliminary data from our lab on 89 Caucasian patients with per-
sonality disorder, the G allele of HTR1B was associated with a history of
suicide attempts (G alleles constituted 91% of the alleles in the 23 patients
with suicide history, compared with 67% of the alleles in 66 patients with-
out suicide history: v2 � 9.3, df � 1, P � 0.01). In the sample to date,
there is no significant association between the HTR1B genotype and self-
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reported measures of impulsive aggression as determined by Buss-Durkee
Hostility Inventory irritability-assaultiveness subscale scores (Buss and
Durkee 1957)(BDHIirr-ass GG � 11.7 � 4.2, n � 52; GC � 9.9 � 4.7, n
� 31; CC � 11.3 � 4.0, n � 6, P � not significant).

Tryptophan Hydroxylase
TPH is the first enzyme involved in the synthesis of serotonin. A biallelic
intronic polymorphism in the gene on chromosome 11 coding for TPH
has been identified, and the two alleles originally designated L and U
(Nielsen et al. 1992) are found with frequencies of 0.40 and 0.60, respec-
tively, in unrelated Caucasians. Subsequent sequencing of the TPH gene
demonstrated two polymorphic sites: A218C and A779C; A779A/A218A
corresponds to U and A779C/A218C corresponds to L (Nielsen et al.
1997). In two separate cohorts of Finnish violent alcohol offenders, the L
TPH allele was associated with reduced cerebrospinal fluid 5-HIAA con-
centrations and a history of suicide attempts (Nielsen et al. 1994, 1995,
1998). Another study, however, reported that in patients with major de-
pression, those with the U allele had a higher incidence of suicide attempts
(particularly violent attempts) (Mann et al. 1997), whereas in a Japanese
cohort no association between TPH genotype and suicide was found (Ku-
nugi et al. 1999).

Preliminary evidence of an association between the L allele and aggres-
sive behavior in a polymorphism in the TPH gene in primates has also been
demonstrated (M. J. Raleigh, personal communication, May 1998). We have
reported increased measures of impulsive aggression in 21 Caucasian men
with personality disorders with the LL genotype as compared with the UL
and UU genotypes (New et al. 1998). The LL genotype was associated with
significantly higher total scores on the BDHI compared with Caucasian
males with the UL or UU genotypes, as well as significantly higher scores
on the BDHI Irritability/Assaultiveness Composite subscale. No significant
association was found between the LL genotype and a history of suicide
attempt or impulsive borderline personality disorder traits in this sample.
Females with the LL genotype did not demonstrate higher BDHI scores nor
a blunted prolactin response to fenfluramine (New et al. 1998).

This is in contrast to a recent study that reported an association between
the U allele and measures of aggression and anger (Manuck et al. 1999).
It should be noted, however, that the functional significance of this poly-
morphism has yet to be proven. Because it is an intronic polymorphism,
the two alleles do not code for a different gene product. However, the
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association with clinical symptoms raises the possibility of linkage dis-
equilibrium or a change in a regulatory region close to the TPH gene, and
in fact another polymorphism closely linked to the 779A polymorphism
has been identified (Nielsen et al. 1997).

Serotonin Transporter
The serotonin transporter is important in serotonergic functioning in that
it plays a central role in the termination of 5-HT neurotransmission by the
presynaptic reuptake of 5-HT and represents a site of antidepressant ac-
tivity (Amara and Kuhar 1993). Furthermore, twin studies suggest that
platelet 5-HT uptake, mediated by the serotonin transporter, may be par-
tially genetically controlled (Meltzer and Arora 1986). The serotonin trans-
porter on the human platelet has been shown to be identical to the
serotonin transporter in the human brain (Lesch et al. 1993).

A polymorphism in the promoter region of the serotonin transporter
gene (SLC6A4) has been identified; this polymorphism has demonstrated
functional significance in coding for high and low transporter production.
Evidence suggests that the s allele may be associated with increased mea-
sures of harm avoidance and impulsivity, as measured by the NEO Per-
sonality Inventory (Costa and McCrae 1997), although other studies did
not replicate this finding (Ebstein et al. 1997; Gelernter et al. 1998). An-
other study has reported that the s allele may confer susceptibility to se-
vere alcohol abuse (Sander et al. 1997). Although one study demonstrated
an association between the s allele and ‘‘dissocial alcoholics’’ (Sanders et
al. 1998), another study did not demonstrate this association (Edenberg
et al. 1998). Anxiety traits have been associated with the s allele (Naka-
mura et al. 1997), but no difference in allele frequency of the two common
variants were found in patients with and without panic disorder (Deckert
et al. 1997).

Conclusion
The well-established serotonergic abnormalities associated with aggres-
sion and the apparent heritable contribution to these behaviors compel
genetic studies of serotonin-related genes and impulsive aggression. The
approach of identifying the relationship between candidate genes and
impulsive aggressive behavior is promising in that it may elucidate the
mechanism underlying the susceptibility to impulsive aggression. Impul-
sive aggression in personality disorders is undoubtedly a complex behav-
ior with a multifactorial etiology. This approach allows us to identify genes
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each with modest contributions to behavior. Including biological parents
of probands in a subset of patients allows us to control for ethnic vari-
ability in allele frequencies. Because allelic variation in serotonin-related
genes has been associated with impulsive aggressive behavior, the iden-
tification of behavioral differences by genotype in a specific receptor sub-
type may provide one tool to elucidate the specific pathophysiology
underlying impulsive aggression. The clarification of the contribution of
both inherited and environmental factors in the development of aggres-
sion could lead to a better understanding of treatment approaches. The
identification of specific serotonin-related genes might lead to more-
specific pharmacological strategies as an additional tool in the treatment
of aggression. It is premature at this time to posit specific pharmacological
interventions directed at receptor subtypes, but data on serotonergic ab-
normalities in impulsive aggression have already led to a successful trial
of a selective serotonin reuptake inhibitor in the treatment of impulsive
aggression (Coccaro and Kavoussi 1997). At this time, the observed rela-
tionships between specific serotonin-related genes and aggression by our
group and others are preliminary. Our pilot data suggest an association
between the HTR1B- G allele and suicide history, although another group
has suggested an association between the C allele and impulsivity in an-
tisocial alcoholic patients (Lappalainen et al. 1998). Our data also suggest
an association between the L allele and impulsive aggression in Caucasian
male patients with personality disorders, although this finding also differs
from the findings of other groups (Manuck et al. 1999).

It is important to recognize that impulsive aggression is a complex
behavior that is likely to be determined by multiple genetic factors as well
as environmental factors. To date, association studies have demonstrated
a relationship to specific serotonin-related genes, but these findings have
been difficult to replicate between research groups. It is likely that the
influence of genes of small effect is masked by factors such as ethnic
variability in haplotype frequency. The employment of family-based as-
sociation studies and the use of techniques such as the transmission dys-
equilibrium test coupled with the screening of larger samples will be
helpful in resolving some of the ambiguity in results to date.
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Molecular Genetics of Temperamental
Differences in Children
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The study of individual differences in childhood temperament has re-
ceived much attention over the last 30 years. Much of the focus surround-
ing research in this area was sparked by a change in the zeitgeist that
occurred some three decades earlier in terms of how personality devel-
opment was viewed. There was a movement away from the radical be-
havioral approaches of Watson and Skinner and a return to ideas of
pragmatists such as James and Dewey. In the view of behaviorists, chil-
dren were passive recipients of stimuli from the environment. Contextual
factors were a major contributing source for personality formation. Prag-
matists, such as James and Dewey, on the other hand, viewed individual
differences in personality in children as emerging from innate predispo-
sitions, and these dispositions served to act on the environment. Temper-
amental differences, in this view, are rooted in biology, have a genetic
basis, and serve important adaptive functions. Such notions are clearly

The longitudinal studies reported on in this chapter were supported in part by a
grant from the National Institutes of Health (HD 17899) awarded to Nathan A.
Fox.
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evident in today’s research on personality (see e.g., Cloninger et al. 1996;
and the chapters contained in this volume).

In this chapter, we review evidence from longitudinal research con-
cerned with the study of the origins of individual differences in temper-
ament and social behavior. We have been following several cohorts of
children from the opening months of postnatal life to the preschool years.
To date, we have noted that children are of least two temperamental types:
shy/socially withdrawn and bold/exuberant. We have found that these tem-
peramental types are modestly preserved over the first 4 years of devel-
opment; each is associated with distinct behavioral and physiological
correlates during resting and emotionally challenging situations; and each
is differentially affected by environmental experiences in the formation of
personality. We review behavioral and physiological evidence of temper-
amental differences among children and recent molecular genetic data
collected in our laboratory from these several cohorts of children.

Ongoing Longitudinal Studies
of Childhood Temperament

Overview
One of the most striking features of individual differences in infant be-
havior is the manner with which infants react to novel sensory stimuli:
some infants react immediately to the presentation of a novel stimulus
whereas others do not. These individual differences, possibly in percep-
tual thresholds, are seen across species and appear to be clearly heritable
(e.g., Blizard 1989). The two temperament types we have studied each
differ in the pattern of their reactive response to sensory stimuli. Infants
who exhibit a high degree of motor activity and distress in response to
the presentation of novel auditory and visual stimuli during the first 4
months of postnatal life are likely to exhibit social withdrawal during the
preschool and early school-age years. On the other hand, infants who
exhibit a high degree of motor activity and positive affect in response to
the presentation of novel auditory and visual stimuli during the first 4
months of postnatal life tend to display a high degree of exuberant and
outgoing behavior during the preschool- and early school-age years.
There is, in addition, at least some evidence to suggest that there may be
a genetic etiology to shy behavior and social withdrawal. Kagan (DiLalla
et al. 1994), for example, noted in an observational study of the behavior
of 157 twenty-four-month-old twin pairs that monozygotic twins showed
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stronger intraclass correlations of shy/inhibited behavior to unfamiliar
stimuli than did dizygotic and nontwin siblings.

We have been following four separate cohorts of children as part of a
research program in which the focus is on the origins and development
of temperament and social behavior in children. One cohort (1) was re-
cruited 48 hours after birth and unselected for individual differences; two
other cohorts (2, 3) were selected at 4 months of age for reactivity differ-
ences in motor activity and affect thought to predict shy or exuberant
behavior in early childhood; and another cohort (4) was also unselected
for individual differences in personality at age 4 (5). The children from
cohorts 1, 3, and 4 were seen in our laboratory at ages 9, 14, 24, and 48
months, at which time their behavioral reactions to the presentation of
novel social and nonsocial stimuli and regional brain electrical activity
(electroencephalogram [EEG]) were collected during baseline and emo-
tionally evocative conditions. The children were all healthy (i.e., without
pre-, peri-, or postnatal complications), primarily Caucasian, and of
middle-class background. All of the parents had completed high school,
and a majority of the mothers and fathers were college graduates. The
children were, for the most part, living with their families in or near Col-
lege Park, Maryland.

Behavioral and Physiological Findings
To date, we have found a number of distinct patterns of behavioral, en-
docrine, and physiological activity during baseline and emotionally evoc-
ative situations in the two temperamental types (i.e., shy/socially withdrawn
and bold/exuberant) of children, and these behavioral and physiological
patterns tend to remain modestly preserved across the first 4 years of
development (e.g., Fox et al. 2001). For example, we have found that
infants who were easily distressed by the presentation of novel auditory
and visual stimuli at age 4 months tended to exhibit greater relative right
frontal EEG activity (a marker of a disposition toward avoidance) at 9
(Calkins et al. 1996) and 24 months (Fox et al. 1994) greater fear-
potentiated startle at 9 months (Schmidt and Fox 1998) and were behav-
iorally inhibited at 14 months (Calkins et al. 1996) and shy at age 4
(Schmidt et al. 1997). On the other hand, infants who were easily aroused,
but exhibited a greater degree of positive affect in response to the pre-
sentation of novel auditory and visual stimuli at age 4 months tended to
exhibit greater relative left frontal EEG activity (a marker of a disposition
toward approach) at 9 and 24 months and an attenuated startle response
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at 9 months and were outgoing and sociable at 14 and 48 months (Fox et
al. 1995, 2001). In sum, the early appearance of temperamental differences
among infants, in combination with the preservation of behavior and
physiology in relation to these temperamental styles across development,
raises the possibility that there may be a genetic basis to some tempera-
mental traits in normal development.

Molecular Genetics Findings
In a recent collaboration with Dean Hamer at the National Institutes of
Health, we have examined the molecular genetic basis of individual dif-
ferences in temperament and social behavior in these four cohorts of chil-
dren. In addition to the behavioral and physiological findings already
noted, 244 (108 males, 136 females) children, comprising the four cohorts
who we have been following as part of a larger longitudinal project, do-
nated cheek cells that were subsequently genotyped. The genotyped data
were examined in relation to behavioral and maternal report measures
collected on the children during the preschool years. We were particularly
interested in examining the associations of genes that regulate serotonin
and dopamine with children’s temperament and individual differences in
social behaviors, given that these two key neurotransmitters have previ-
ously been implicated in individual differences in personality in adults
(see chapters in this volume). Our study of the molecular genetics of child
temperament and social behavior focuses on relevant candidate genes.
The dopamine D4 receptor gene (DRD4), which contains a functional
repeated sequence polymorphism within its coding sequences, was orig-
inally studied for its role in personality traits related to novelty seeking.
The initial two studies (Benjamin et al. 1996; Ebstein et al. 1996) found
that adults with longer versions (6–8 repeats) self-reported higher novelty
seeking scores compared with adults with shorter versions (2–5 repeats)
of the coding sequence polymorphism. Dopamine has been implicated
as a major neuromodulator of novelty seeking because of the role it plays
in inducing euphoria in humans and approach behavior in animals (Clon-
inger 1987). The shorter alleles code for a receptor that is more efficient
in binding dopamine compared with the larger alleles (see Plomin and
Rutter 1998 for a review). Subsequently, the association between the
DRD4 polymorphism and novelty seeking has been replicated in some
populations (Ebstein et al. 1997; Noble et al. 1998; Ono et al. 1997; Strobel
et al. 1999; Tomitaka et al. 1999). However, several other studies have
found either no association (Gelernter et al. 1997; Goldman et al. 1996;
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Jonsson et al. 1997; Pogue-Geile et al. 1998; Sander et al. 1997; Sullivan
et al. 1998; Vandenbergh et al. 1997) or an association in the ‘‘wrong’’
direction relative to the initial reports (Malhotra et al. 1996).

The serotonin transporter gene was chosen as the second candidate
locus for this study because of its role in anxiety-related personality traits
in adults. Lesch et al. (1996) reported that adults carrying one or two
copies of a short allele of a regulatory DNA sequence polymorphism in
the serotonin transporter (5-HTTLPR) gene self-reported higher levels of
neuroticism, anxiety, and depression compared with individuals homo-
zygous for the long allele of this polymorphism. In vitro and in vivo ex-
pression studies have shown that the short allele leads to less gene
transcription and protein production than does the long allele (Greenberg
et al. 1999; Heils et al. 1996; Lesch et al. 1996; Little et al. 1998). Moreover,
serotonin has been implicated as a major neurotransmitter of anxiety and
withdrawal because of its effects on regulating mood and emotional states
(see Westernberg et al. 1996 for a review). Subsequently the association
between the serotonin transporter gene and anxiety-related states has
been replicated in populations in the United States, Europe, Israel, and
Japan, (e.g., Greenberg et al. 1999 and references therein), but still other
studies have failed to find any association (Ball et al. 1997; Kumakiri et al.
1999).

There have been relatively few studies of the molecular genetics of
complex human traits in children. Two recent studies (LaHoste et al. 1996;
Swanson et al. 1998) noted an association of the DRD4 gene with
attention-deficit/hyperactivity disorder (ADHD). Children with ADHD dif-
fered from controls in that the sevenfold repeat form of the DRD4 occurred
more frequently in them than in the control group. Another recent study
has noted a gene-gene interaction in determining neonatal temperament
(Ebstein et al. 1998). Neonates with the short serotonin transporter pro-
moter and who lack the long form of DRD4 had a lower orientation score
on the Brazelton Neonatal Assessment Scale compared with other neo-
nates. In addition, a recent study (Auerbach et al. 2001) found that 1-
month-old infants with seven-repeat DRD4 allele showed less sustained
attention and novelty preference than did infants without the seven-repeat
DRD4 allele.

To date, we have focused specifically on the associations of DRD4 and
5-hydroxytryptamine genes with behavior based largely upon the extant
clinical and adult literatures implicating these genes in complex human
traits (see chapters in this volume). We examined two questions: 1) is there
an association of the DRD4 gene with bold/exuberant behavior and 2) is
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there an association of the serotonin transporter gene with shy/inhibited
behavior?

We found modest support for the first hypothesis. We (Schmidt et al.,
in press) noted associations between the DRD4 receptor gene and a con-
ceptually and statistically derived aggregate measure of exuberant behav-
ior at age 4. The aggregate measure of exuberant behavior was derived
using the sum of observed disruptive behavior (e.g., goofing-off) during
peer play and problems with aggressive and delinquent behaviors as re-
ported at age 4 by the subjects’ mothers on the widely used Child Behavior
Checklist (Achenbach and Edelbrock 1981). Children who scored high on
the aggregate measure were likely to be impulsive—high in sensation
seeking and novelty seeking behaviors. Children with long instead of
short allelic repeats of the DRD4 receptor gene scored significantly higher
on the aggregate measure of exuberant behavior at age 4. Overall, this
finding is consistent with other studies in which relations between the
DRD4 receptor gene and novelty seeking have been noted in adults (e.g.,
Benjamin et al. 1996; Ebstein et al. 1996) and suggests that children car-
rying the long version of the DRD4 allele may be at risk for externalizing-
related problems during the school-age years.

We did not find support for the second hypothesis. Contrary to our pre-
diction, there was no significant association between the serotonin trans-
porter gene and shy behavior in children at age 4. Here, we computed a
conceptually and empirically derived aggregate measure of shyness at age
4. This aggregate measure comprised onlooking and unoccupied behaviors
during free play with unfamiliar same age and gender peers plus a Child
Behavior Checklist report of social problems. These behaviors are anal-
ogous to the anxious behaviors noted in studies of adults—studies that
found an association between the serotonin transporter gene and anxiety.

A third question that we have recently begun to address concerns the
role of the DRD4 gene in attention. Emerging evidence suggests a link
between DRD4 and attention-related problems in children clinically di-
agnosed with ADHD (LaHoste et al. 1996; Swanson et al. 1998). Given the
critical role that sustaining attention plays in the regulation of behavior
and ultimately personality development, we were particularly interested
in knowing whether there was an association of DRD4 with attention-
related problems in normally developing children. We have found support
for this hypothesis. We (Schmidt et al. 2001) have most recently noted an
association of the DRD4 gene with attention problems in children. Chil-
dren with long rather than short allelic repeats of the DRD4 gene scored
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Table 13–1 Differences between short and long DRD4 genotype on Child
Behavior Checklist attention problems at ages 4 and 7 in normal children

Measure DRD4 short group DRD4 long group

Age 4

Z score
Child Behavior Checklist
attention problems

�0.14
(n � 97)

0.21
(n � 64)

Age 7

�0.15
(n � 67)

0.25
(n � 40)

Source. Adapted from Schmidt et al. 2001.

significantly higher on attention problems at ages 4 and 7 (Table 13–1). This
is consistent with recent work by LaHoste et al. (1996) and Swanson et al.
(1998) with children diagnosed with ADHD and extends their data to at-
tention problems in normally developing children, suggesting that DRD4
may play a role in a continuous range of attentional processes rather than
a discrete category such as ADHD. This finding is also consistent with recent
work that has implicated the long rather than short allelic repeats of the
DRD4 gene in the ability of 1-month-old human infants to exhibit sustained
attention to novel stimuli (Auerbach et al. 2000).

Conclusions
A major component of our research program has been devoted to under-
standing the origins of temperamental differences in normal childhood
development. We have noted at least two temperamental types of chil-
dren: shy/socially withdrawn and bold/exuberant. The origins of these
two temperamental categories appear linked to infant reactivity. Given
1) the early appearance of these behavioral and physiological patterns,
2) their stability across development, 3) the substantive evidence for their
importance from comparative, behavioral, and physiological studies, and
4) the emerging molecular genetics data reviewed in this chapter, the
possibility is raised that there may be a genetic basis to some tempera-
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mental features. Because genes stay the same while environment changes,
the type of longitudinal studies described in this chapter may be useful to
identify and analyze other genes and gene-gene combinations involved
in normal variation in personality development, childhood behavioral
problems, and ultimately psychiatric diseases.
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C H A P T E R F O U R T E E N

Genetics of Sexual Behavior

Dean H. Hamer, Ph.D.

Human sexual behavior is wondrously variable. Probably no two people
on the planet have exactly the same sexual desires, much less the same
notion of how to consummate them. People differ greatly in terms of how
frequently they have sex, how many different sexual partners they have
had, and whether they prefer to have sex with members of the opposite
sex, the same sex, or both.

Such individual differences in sexual behavior have many different
causes. Some differences are purely cultural, others are due to particular
circumstances, and yet others are developmental. However, some indi-
vidual differences in sexual thoughts and behaviors appear to be more
intrinsic to the individual.

Might a person’s sexual preferences and peculiarities be influenced by
heredity? In order to explore that possibility, researchers in our laboratory
have been taking a molecular genetic approach to human sexual behavior.
This chapter describes research on three candidate genes for human sex-
ual behavior: a locus on the X chromosome that appears to be involved
in male sexual orientation in some families; a dopamine receptor gene
that may be related to sexual partner diversity; and the serotonin receptor
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gene, which appears to play a role in the frequency of sexual behavior.
Portions of this material have appeared elsewhere (Hamer and Copeland
1994; LeVay and Hamer 1994).

Sexual Orientation
Most men are sexually attracted to women, whereas most women are
sexually attracted to men. However, a significant minority of individuals
prefer members of the same sex, and many others are drawn, to varying
degrees, to both males and females (Bell et al. 1981; Kinsey et al. 1948,
1953). Attitudes to homo- and bisexuality have varied throughout history.
It is only within the last few decades that scientists have begun to empir-
ically explore the origins of sexual orientation using the tools of modern
neurobiology and genetics.

My own laboratory’s interest in sexual orientation began in 1992 as part
of a study on risk factors for certain cancers that are more frequent in HIV-
infected gay men. As we began to collect data, we soon realized that the
men and their families would be a useful resource for examining the role
of genes in sexual orientation. Because our cancer study focused on gay
men, our initial studies were restricted to males (Hamer and Copeland
1994).

Previous twin and family tree studies consistently pointed in a genetic
direction. Since 1985, six systematic studies on the twins and siblings of
gay men have been reported (reviewed in LeVay and Hamer 1994). The
pooled data show that approximately 57% of identical twins, 24% of fra-
ternal twins, and 13% of brothers of gay men are also gay. By comparing
this data to baseline rates of homosexuality, Bailey and colleagues cal-
culated that the heritability of male sexual orientation—that proportion of
the variance in the trait that comes from genetic variation—is roughly 50%.
This considerable and yet incomplete genetic influence is typical of com-
plex personality and behavioral traits (Bailey and Pillard 1991; Hamer and
Copeland 1994).

We therefore initiated a family history study. Our survey included 114
extended families, 72 from random probands and 38 from gay sib-pair
probands. Our data confirmed the sibling results of Pillard and Weinrich
(1985). The brother of a randomly selected gay man had a 14% likelihood
of being gay as compared with 2% for men without gay brothers. (The
low baseline rate was due to the stringent definition of homosexuality
used in this study.) Among more distant relatives, an unexpected pattern
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showed up. Maternal uncles had a 7% chance of being gay, sons of ma-
ternal aunts had an 8% chance, but all other male relatives including fa-
thers, paternal uncles and other types of cousins had just the average rate.
Moreover, in families selected on the basis of having two gay brothers,
the rates of homosexuality increased to 10% in maternal uncles and 13%
in cousins through a maternal aunt. This familial clustering, even in rela-
tives outside the nuclear family, presents an additional argument for a
genetic component to male sexual orientation (Hamer et al. 1993).

Why are most of the gay male relatives of gay men on the mother’s
side of the family? As a geneticist, the most obvious and interesting pos-
sibility is X chromosome linkage. Because males always inherit their X
chromosome from their mother, any trait influenced by a gene on the X
chromosome tends to be inherited through the mother’s side and is pref-
erentially observed in brothers, maternal uncles, and maternal cousins,
which was exactly the observed pattern. An alternative possibility, that
subjects somehow knew more about their maternal relatives, could be
excluded because the lesbian relatives of gay male probands were equally
distributed between both sides of the family. However, other possible
explanations, such as female-specific cultural transmission, could not be
ruled out by the family history method alone. It was therefore essential to
look at DNA.

Because we had no strong candidate genes for sexual orientation, we
elected to use the linkage approach. Linkage analysis is based on two
principles. First, if a trait is genetically influenced, then relatives who share
the trait share the gene more often than expected by chance, even if the
gene plays only a small part. Second, genes that are close together on a
chromosome are almost always inherited together. Therefore, if there is a
gene that influences sexual orientation, it should be linked to a nearby
DNA marker that tends to travel along with it in families.

We decided to conduct the linkage analysis on nuclear families with
two gay sons. One advantage of this ‘‘trait expressing sib-pair method’’ is
that individuals who say they are gay are unlikely to be mistaken. By
contrast, individuals who identify as heterosexual might actually have a
same-sex orientation but not realize it yet, or simply not want to acknowl-
edge it because of the continuing social stigmatization of homosexuality.
A second advantage of the method is that it is independent of penetrance.
Therefore, it is especially useful for detecting a single linked gene even
when other genes or nongenetic factors are involved.

Our first study involved 40 families with two gay brothers. Because we
wanted to focus on the role of the X chromosome in males, families with
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obvious paternal or nonmale transmission or with multiple lesbians were
excluded from the study. DNA samples were prepared from the gay broth-
ers and, where possible, their mothers and sisters. The samples were
typed for 22 markers that span the X chromosome from the tip of the short
arm to the end of the long arm. At each marker, a pair of brothers was
scored as concordant if they inherited identical marker alleles from their
mother or as discordant if they inherited different ones. Fifty percent of
the alleles were expected to be identical by chance. Statistical corrections
were made for the possibility of the mother having two copies of the same
marker.

The results of this study were striking (Hamer et al. 1993). Over most
of the X chromosome the markers were randomly distributed between
the gay brothers. But at the tip of the long arm, in region Xq28, there was
a considerable excess of concordant brothers: 33 pairs shared the same
markers whereas only 7 pairs did not. Although the sample size was small,
the result was statistically significant (P � 0.00001).

When this study was published in Science in 1993 (Hamer et al. 1993),
it caused quite a stir. Most of the controversy concerned the political and
social implications of the study, but there were two legitimate questions
about the science: could the results be replicated, and what was the status
of the locus in heterosexual men? To answer these questions, we collected
a new group of families with two gay brothers, and this time obtained
DNA from all available heterosexual brothers as well. The new study rep-
licated the finding of excess DNA marker sharing in the Xq28 region. This
time 22 out of 32 pairs, or 67%, shared alleles. Two independent statisti-
cians examined the data in detail and concluded that there was significant
linkage to Xq28 (P � 0.04) and that the results of the first and second
studies were indistinguishable (Hu et al. 1995).

Examination of the families with heterosexual brothers also gave the
expected result. Most of them had different DNA markers than their gay
siblings. Our statistical experts estimated that the degree of DNA sharing
of the straight brothers with the gay brothers was 22%, significantly less
than the 50% expected by chance (P � 0.05). This was an independent
confirmation that Xq28 was involved in sexual orientation, and strength-
ened the overall linkage findings (P � 0.004).

Since 1995, two other groups of researchers have conducted linkage
studies of male sexual orientation. Sanders and colleagues performed an
X chromosome linkage analysis of 54 pairs of gay brothers. They found
66% Xq28 allele sharing, which had a significance level of P � 0.04 (Sand-
ers et al. 1998). Sander’s results were indistinguishable from our replica-
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Figure 14–1 Summary of linkage studies of male sexual orientation and X
chromosome DNA markers. The percentage of Xq28 allele sharing in four studies of
gay male sib pairs is shown. Meta-analysis (last set of columns) shows overall
estimated allele sharing of 64% at a significance level of 0.0001. N � sample size.
P � statistical significance.

tion study (Hu et al. 1995) both in terms of the degree of allele sharing
(66% vs. 67%) and the precise chromosomal location of maximum sharing
(locus DXS1108). By contrast, Rice and colleagues, working in Canada,
studied 52 pairs of gay brothers and found no evidence for linkage to
Xq28; they reported approximately 46% allele sharing, a nonsignificant
result (Rice et al. 1999).

Given the modest sample sizes of the above studies, the most accurate
estimate of Xq28 linkage can be obtained by combining the data from
each of the four data sets. This meta-analysis gives an estimated level of
allele sharing of 64%, which is significant at the P � 0.0001 level (Figure
14–1). Basically the same result is obtained if one discards the highest and
lowest reported allele sharing values and uses only the Hu et al. (1995)
and Sanders et al. (1998) data, which gives estimated allele sharing of 66%
at a significance level of P � 0.001. A 64% allele sharing level corresponds
to an S value of 1.4, where S is the ratio for homosexual orientation in the
brothers of a gay index subject, as compared with the population fre-
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quency that is attributable to a gene in this region. This modest level of
influence is typical for the effect of a single locus on a complex behavioral
trait such as sexual orientation.

What might be the pertinent differences between the work of Rice et
al. (1999) and the previous three studies, which did find linkage (Hamer
et al. 1993; Hu et al. 1995; Sanders et al. 1998)? One possibility is derived
from the fact that only 48 (26%) of the 182 families originally interviewed
for the Rice et al. (1999) study were actually studied at the DNA level.
Apparently the subset of genotyped families was not a representative sub-
set of the starting population because they displayed an excess of paternal
rather than maternal gay relatives, which was exactly the opposite pattern
found in the total data set. One would not logically expect such a non-
representative subset of the families to display any X-chromosome linkage.

A second possible explanation for the failure of Rice et al. (1999) to
observe linkage is the modest statistical power of their sample. A popu-
lation of 52 sib pairs has 65% power to detect 64% allele sharing at the
0.05 level of significance; thus there was a 35% chance that Rice et al.
would have failed to detect linkage simply by chance.

A third consideration is the lack of defined criteria for homosexuality
in the article by Rice et al. (1999). Instead of using objective criteria, such
as Kinsey scale scores, Rice et al. depended on the investigator’s judge-
ment, in some cases based on a single question to the research subject.

A final difference between the linkage studies is that Rice et al. (1999)
did not methodically exclude families inconsistent with the hypothesis of
X chromosome linkage. The use of defined inclusion and exclusion cri-
teria to select appropriate families for the study of a putative X-linked
locus was a key feature of our two studies. Indeed, Hu et al. (1995)
showed that families that did not meet the defined inclusion criteria failed
to show linkage to Xq28. It is therefore not surprising that Rice et al. were
able to find a subgroup of families that did not display linkage. The idea
that every instance of homosexual orientation is due to Xq28 is nothing
but a straw man hypothesis.

In summary, a meta-analysis of all available DNA linkage data supports
a modest but significant role of the Xq28 region in male sexual orientation.
We do not think that Xq28 is the only source of genetic variability in male
sexual orientation; indeed, we are currently conducting a genomewide
search for additional loci that may contribute to this complex phenotype.
We also understand very little about female sexual orientation; we did not
find any linkage to Xq28 in lesbian sisters, and there is currently some
question about the degree to which female orientation is genetically in-
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fluenced (Hamer and Copeland 1994; Pattatucci and Hamer 1995). Finally,
and most importantly, we have no idea what type of proteins are coded
for by the Xq28 region; our understanding of sexual orientation ultimately
depends on the identification of functionally relevant polymorphisms in
molecularly defined genes rather than on the purely statistical evidence
afforded by linkage analysis. Only when the actual genes are identified
will it begin to be possible to trace the undoubtedly complex pathways
from a person’s genes and proteins to the direction of their sexual desire.

Partner Number and Diversity
There is tremendous variability in the number of sexual partners that men
have or would like to have. The typical American man has six sexual
partners over a lifetime. However, some men have none or one, and oth-
ers claim as many as 20,000. Is there any genetic basis to this variability,
and if so what are the genes?

An important clue for our research came from studying personality,
specifically the trait of novelty seeking. Having a varied sex life is one
way for high novelty seekers, also known as thrill seekers, (see Chapter
10, Genetics of Sensation Seeking) to satisfy their need for change and
variety. Zuckerman and colleagues studied college students during the
so-called sexual revolution during the early 1970s. High novelty seekers
said it was fine to have intercourse with someone they just met, even if
they weren’t sure they liked each other. Low thrill seekers were more
likely to endorse sex only when deeply in love and preferably married.
Novelty seeking even affected the type of sex people have. For example,
in Zuckerman’s college survey, high and low novelty seekers were about
equally likely to engage in kissing, but the high thrill seekers were much
more likely to engage in oral sex and positions other than missionary style
(Hamer and Copeland 1994; reviewed in Zuckerman 1994).

This information led us to hypothesize that genes involved in novelty
seeking would influence sexual partner diversity. We had an opportunity
to test this idea in 1995 when Ebstein and colleagues discovered an as-
sociation between a coding sequence polymorphism in the dopamine D4
receptor gene and the Novelty Seeking scale of the Tridimensional Per-
sonality Questionnaire (Ebstein et al. 1996). Specifically, they found that
individuals carrying the seven-repeat allele of a 48-bp variable number of
tandem repeats sequence in exon III of the DRD4 gene had average Nov-
elty Seeking scores that were approximately 0.5 standard deviations
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higher than individuals carrying only the more common four-repeat ver-
sion of the gene. Although this was exciting news, the evidence was less
than completely convincing. For one thing, this study looked at only one
group of rather modest size (N � 124). A more serious concern was the
possibility of population stratification, that is, that the subject population
included ethnic or racial subgroups that just happened to have different
variations of the gene and different levels of novelty seeking.

In the hope of overcoming these limitations, we attempted to replicate
their findings by studying the association of the DRD4 gene with person-
ality traits in a population of 315 U.S. subjects, most of whom were mem-
bers of sibling pairs (Benjamin et al. 1996). We used this design so that
we could measure association both in the population at large and in sib-
lings with different forms of the gene. This discordant sib-paired t-test is
a test of linkage and association that is immune to population stratification.
This was the first description of using sib pairs to test for linkage and
association in a manner analogous to the use of parent-child trios in the
transmission disequilibrium test. Subsequently, several different statistical
techniques for using sib pairs in this way have been described, but all of
them use the same basic strategy of analyzing genotype-discordant pairs.

Because we did not have Tridimensional Personality Questionnaire
(Cloninger 1991) data on these subjects, we estimated novelty seeking
scores by regression analysis of their data for a different personality instru-
ment, the NEO Personality Inventory, Revised (Costa and McCrae 1992).
When the calculations were complete, the results were supportive of Eb-
stein et al.’s (1996) findings. Individuals with long alleles of the DRD4 gene
(more than five repeats) scored on average 0.4 standard deviations higher
for estimated novelty seeking scores than did individuals with short versions
of the gene, which is a statistically significant difference. Importantly, the
effect of the gene was just as large when the comparison was made between
siblings with different forms of the gene as when it was made between
unrelated individuals, which indicated that the observed association was
not due to population stratification (Benjamin et al. 1996). Subsequent at-
tempts to replicate the association between DRD4 and novelty seeking have
given variable results (reviewed in Chapter 5, DRD4 and Novelty Seeking);
however, there appears to be a more consistent association to the presum-
ably related trait of attention deficit disorder (Chapter 13, Molecular Ge-
netics of Temperamental Differences in Children).

Given that an association between the DRD4 gene and novelty seeking
was observed in the particular population we were studying, we could
ask an interesting question: does the dopamine receptor gene influence
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Figure 14–2 Association between the D4 dopamine receptor gene exon III
polymorphism and number of sexual partners. Shown are the relative numbers of
male and female sexual partners of heterosexual and homosexual males with either
short or long DRD4 genes (N � 251). For genotyping details see Benjamin et al.
(1996). DRD4: S indicates short/short exon III genotypes; L indicates long/short
and long/long exon III genotypes. Mean # � average number of indicated gender of
sexual partners for subjects of both genotypes.

sexual partner diversity? Fortunately, we had obtained detailed sexual his-
tories on many of the participants of the study, including both sexual
orientation and their lifetime number of male and female partners. We
found that men with different forms of the gene had different numbers of
sexual partners, but in an unexpected way (Figure 14–2).

Looking first at the heterosexual men in the study, those with a long
allele of the DRD4 gene (the form associated with high novelty seeking)
had slightly more female partners than those with the short form, but the
difference was small and not significant. Although these subjects classified
themselves as heterosexual, some of them had had sex with another man,
usually just once when they were young. In these cases the DRD4 gene
had a strong and statistically significant effect (P � 0.008). Heterosexual
men with a long allele (the form associated with high novelty seeking)
were sixfold more likely to have had sex with another man than those
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who were homozygous for the short form. About half of the subjects with
the long gene had ever had a male sexual partner compared with only
8% of those with the short gene.

Just the converse was true for gay men. As expected, the gay men had
far more male partners than the heterosexual men did female partners;
most of the subjects in this study were middle aged, and thus had begun
their sexual careers prior to the AIDS epidemic. For these subjects, the
main effect of the DRD4 gene was the number of female partners. Gay
men with a long allele (the form associated with high novelty seeking)
had sex with more than five times as many woman as men carrying only
short alleles, a significant difference (P � 0.02). Although many of these
men may have had sex with women in part because of social pressures,
it appears that a desire for novel experiences also played a role. The long
allele was also associated with having more male partners, but the differ-
ence was less pronounced.

These results suggest that the DRD4 gene does influence male sexual
behavior, but indirectly, through personality, rather than directly. For a
heterosexual man, sex with another man is considered very novel. For a
gay man, sex with a woman is equally unique. The gene is not important
as to whether people prefer males or females, but rather whether they
like novelty.

Frequency
Different people have different ideas about how much sex is enough.
Some people never have sex during their whole lives, whereas for others
once a day is barely enough. Most of us fall somewhere in between these
two extremes.

How often a person has sex depends on many variables, and the fre-
quency also changes. Most people have more sex when they are younger
than when they are older, and when they have a partner than when they
are single. Despite the popular notion of ‘‘swinging singles,’’ married peo-
ple have the most sex; about 40% of married people have sex twice a
week compared with 25% of singles. For married couples, frequency tends
to decrease over time, but on the other hand, bursts of sexual activity can
occur at any stage of a relationship, such as during vacations. But despite
changes that occur as a person ages, marries, divorces, or has periods of
stress, the level of sex drive is a relatively stable part of a person’s makeup.
Might it have a genetic component?
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In this case, serotonin was the logical neurotransmitter to examine.
Experiments in rats showed that alteration of serotonin transmission can
cause hypersexuality. In humans, the best evidence came from side effects
of the drug Prozac, which is a specific serotonin reuptake inhibitor. Al-
though Prozac is a popular and effective antidepressant, it does have a
negative side effect in some individuals: it can inhibit sexuality. A signifi-
cant fraction of people taking the drug report a loss of sexual desire. In
men, Prozac’s effect is not just psychological; it may also cause trouble
getting erections or ejaculating.

Once again, we had a logical gene to look at: the serotonin transporter
gene. The serotonin transporter regulates the brain’s supply of serotonin
by sopping up excess neurotransmitter from the space between nerve
cells. We had previously found that a common DNA sequence polymor-
phism in the control region for the serotonin transporter gene (5-HTTLPR)
influences how well the gene works in people. The evidence came from
both biochemical experiments and from analyzing the effect of the gene
on personality; people with a poorly expressed version of the gene had
increased levels of anxiety, depression, and other traits typically associ-
ated with serotonin (Lesch et al. 1996). This effect of the serotonin trans-
porter gene polymorphism on personality has now been replicated in
many different populations using a variety of personality measures
(Greenberg et al. 2000; see also Chapter 6, Serotonin Transporter, Person-
ality, and Behavior).

The obvious question was whether the serotonin transporter gene in-
fluences sexual desire. It was fairly easy to use our male research subjects
to compare frequency of sex with the version of the gene. There was a
significant correlation: men with the poorly expressed short genotype had
sex more often than those with the better-expressed long genotype (Fig-
ure 14–3). When the population was divided into two types of men—
those who have sex once or more a week and those who have sex less
than once a week—there was a clear-cut relationship to genotype. Ap-
proximately two-thirds of the short genotype group were in the frequent
sex category compared with one-third of the long genotype group, a
highly significant difference (P � 0.0004). The effect of the gene on sexual
frequency was even stronger when age, education level, ethnic group,
and sexual orientation were statistically corrected for (P � 0.0002). To
make sure that the observed association was not an artifact of population
stratification, the analysis was also performed on sib pairs, and again there
was a significant difference between subjects with the short and long ge-
notypes (P � 0.008). Of course there were many exceptions to the rule
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Figure 14–3 Association between the serotonin transporter gene promoter
polymorphism and frequency of sex. Shown are the relative proportions of men with
short and long 5-HTTLPR genotypes having sex at least once a week or less than
once a week (N � 241). For genotyping details see Lesch et al. (1996). 5-HTTLPR
genotype: L indicates long (l/l) genotypes; S indicates short (s/l and s/s)
genotypes.

because the gene accounts for only a small portion of the variability in
sexual frequency, just as it does for anxiety and depression.

Do people with the short gene have more sex because they are anx-
ious, perhaps to relieve stress? This appears not to be the case; there was
no significant correlation between anxiety and sexual frequency in this
population. Furthermore the association between the serotonin trans-
porter gene polymorphism and sexual frequency remained just as strong
after statistically correcting for personality scores. The serotonin trans-
porter must be influencing personality and sexuality by independent
routes, which is not surprising given the many different functions and
localizations of serotonin in the brain.

The role of the serotonin transporter gene in sexual frequency solves
an interesting riddle. Namely, why should nature burden approximately
half of the human population with a genetic polymorphism that causes
people to feel sad, worried, and even miserable? The answer is that evo-
lution couldn’t care less about how you feel. As long as you are having
sex and passing on the gene, it survives.
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Sexual Science
Our work on the genetics of male sexual orientation was one of the first
attempts to identify specific DNA sequences involved in a normal variation
in human behavior. When the linkage results were announced in 1993,
many people seemed shocked that such a complex trait might be swayed
by genes. To biologists, however, the results came as no surprise. Because
sex is the way that genes are passed from one generation to the next,
sexual behavior must certainly be under very intense natural selection and
therefore have a substantial genetic component. And because the human
genome is highly variable, individual differences in sexual behavior are
also likely to be based, at least in part, on genetic variability.

Indeed, there is no logical reason to think that sexual behavior in hu-
mans should be any less biologically or genetically influenced than in any
other species. Although some critics contend that humans can think and
make choices, therefore their sexual behavior is less hardwired than in
other species, they overlook the obvious fact that our thinking devices are
also constructed of and by gene products. One might even make the
counterargument that precisely because we can think, we can control our
own environment, and therefore our behavior should be even more ge-
netically channeled. Suppose that a lab rat had the ‘‘gay gene’’; he might
prefer males to females, but if he were never placed in a cage with other
males, he’d never have a chance to show it. By contrast, consider a human
male with the ‘‘gay gene’’; even if he were born into a strict family in a
remote area, he would have the opportunity to overcome his environment
when he grew up.

This is not the say that genes are the only determinants of human sexual
behavior. The environment also plays an important role, as is most clearly
demonstrated by the large changes in sexual attitudes and practices that
have occurred over just the course of this century, a period far too short
to accommodate any major changes in our genetic makeup. And certainly
no individual gene can either predict or dictate a person’s unique suite of
sexual preferences and peculiarities. Each of the three loci discussed in
this chapter account for only a fraction of the genetic variance, which in
turn is only a portion of total variability.

What I find shocking is the continuing dearth of scientific research on
the genetics of sexual behavior, or indeed on any aspect of human sex-
uality that is not directly related to reproduction or sexually transmitted
disease. In the 7 years since our article on the genetics of male sexual
orientation was published (Hamer et al. 1993), only three experimental
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studies of this topic have been undertaken, and only two of those were
published. By contrast, in the 4 years since the publication of the article
on the serotonin transporter gene and anxiety (Lesch et al. 1996), more
than 100 studies examining role of this gene on various aspects of per-
sonality, behavior, and psychopathology have been published. Anxiety is
not any more important or any easier to study than sexuality; but perhaps
sexuality is still considered too private, too controversial, and too embar-
rassing to be studied scientifically.

Within the next few years, we will know the complete sequence of the
human genome and the 100,000 or so genes it contains. It can confidently
be predicted that many of these genes—perhaps more than half—will be
involved in the development and functioning of the brain and therefore
in behavior. It also seems likely, judging from the information that our
preliminary studies have revealed, that many of these genes either directly
or indirectly influence sexuality, which from an evolutionary standpoint
is one of the most important domains of behavior. It would be sad not to
learn what these genes are doing for reasons as silly as embarrassment or
prudery.
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C H A P T E R F I F T E E N

From Phenotype to Gene and Back

A Critical Appraisal of Progress So Far

David Goldman, M.D.
Chiara Mazzanti, Ph.D.

It has been widely acknowledged that genetic research strategies are critical
to an understanding of the etiology of genetically influenced psychiatric
disorders and behavior. However, only recently have advances in DNA
technology, statistical linkage methods, genome information, phenotype,
and data set collection begun to make it possible to realize this widely
recognized potential. For example, because of the multiyear timeframe of
large genetic studies it is now worthwhile considering study designs suit-
able for a whole-genome linkage disequilibrium analysis, requiring many
thousands of genetic markers, at the conclusion of data collection.

The purpose of this review is to critically summarize progress in identi-
fication of genes and gene variants that play crucial roles in human be-
haviors and common, severe behavioral diseases such as alcoholism,
schizophrenia, and bipolar disorder. We see that in several cases the difficult
step of proving the relationship of a DNA sequence variant to a complex
behavioral trait has actually been completed (proven). On the other hand,
the statistical and functional evidence is incomplete for numerous other
linkages of genes to behavior, and at the opening of the new century these
linkages may be regarded as probable, putative or possible (Table 15–1).



Table 15–1 Genes for human neuropsychiatric diseases and phenotypes by the candidate gene approach

Genea Protein Disease or condition

Proven
ALDH2 ALDH2 Alcoholism Harada et al. 1981
ADH2 ADH2 Alcoholism Harada et al. 1981
APP Amyloid precursor protein Alzheimer’s disease Tanzi et al. 1992
PSEN1 Presenilin Alzheimer’s disease Cruts and Van

Broeckhoven 1998
MAOA MAO A Brunner syndrome Brunner et al. 1993
HPRT1 HPRT Lesch-Nyhan syndrome Rossiter et al. 1991

Probable
SLC6A4 5-HTT Anxiety-related traits Lesch et al. 1996
HTR2A 5-HT2A Anorexia nervosa Collier et al. 1997

Anorexia nervosa Enoch et al. 1998
Obsessive-compulsive disorder Enoch et al. 2001

COMT COMT Cognitive executive function Egan et al. 2001

Putative
TPH TPH Suicidality Nielsen et al. 1994
HTR1B 5-HT1B Antisocial alcoholism Lappalainen et al. 1998
HTR2A 5-HT2A Clozapine response Arranz et al. 1998
HTR5A 5-HT5A Schizophrenia Iwata et al. 2001
SLC6A4 5-HTT Psychosis/schizophrenia Malhotra et al. 1998b

Hranilovic et al. 1999
DRD4 D4 receptor Novelty seeking Benjamin et al. 1996

Attention-deficit/hyperactivity disorder Faraone et al. 1999
SLC6A3 DAT Attention-deficit/hyperactivity disorder Cook et al. 1995

Alcohol withdrawal Sander et al. 1997
COMT COMT Obsessive-compulsive disorder Karayiorgou et al. 1997

Bipolar disorder Kirov et al. 1998
Aggressive behavior Lachman et al. 1996, 1998
Schizophrenia Egan et al. 2001
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MAOA MAO A Panic Deckert et al. 1999
APOE ApoE Schizophrenia Malhotra et al. 1998a
NPY Neuropeptide Y Obesity Bray et al. 1999

Obesity Karvonen et al. 1998
Possible (partial listing)
SLC6A3 DAT Tourette syndrome Rowe et al. 1998

Generalized anxiety Rowe et al. 1998
DRD2 D2 receptor Substance abuse Goldman et al. 1997

Obesity Comings et al. 1996
Alcoholism Goldman et al. 1997
Impulsive, addictive, and compulsive behavior Blum et al. 1995
Schizophrenia Jonsson et al. 1999

DRD3 D3 receptor Schizophrenia Dubertret et al. 1998
DRD4 D4 receptor Tourette syndrome Comings et al. 1999
TH Tyrosine hydroxylase Schizophrenia Meloni et al. 1995

Bipolar disorder Bellivier et al. 1998
HTR1B 5-HT1Db Obsessive-compulsive disorder Mundo et al. 1999
HTR2C 5-HT2C Clozapine response Sodhi et al. 1999
OPRM1 Opioid receptor l Opioid addiction Kranzler et al. 1998
GABRA6 GABAA6 Benzodiazepine sensitivity Iwata et al. 1999
CCKAR Cholecystokinin receptor Alcoholism

Panic
Harada et al. 1998
Kennedy et al. 1999

ARSA Arylsulfatase-A Alcoholism Ricketts et al. 1996
CALLA Neutral endopeptidase Attachment behavior Huss et al. 1999
CCR5 Chemokine receptor Schizophrenia Malhotra et al. 1999
KCNN3 Calcium-activated potassium channel Schizophrenia Cardno et al. 1999
CHRNA7 �7 nicotinic receptor Autism Betancur et al. 1999
INPP1 Inositol polyphosphate 1-phosphatase Lithium response Lovlie et al. 1999
IMPA1 Myo-inositol monophosphatase 1 Bipolar disorder/schizophrenia Birkett et al. 1999
ADRA2C �2C adrenergic receptor Cocaine abuse Feng et al. 1999
PAX6 Paired box gene 6 Bipolar disorder Okladnova et al. 1998a
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The focus of this review is on candidate genes and candidate (func-
tional) alleles, rather than on linkage findings to anonymous markers. This
sequence and sequence-variation-oriented approach has become more
salient because of the impending availability of the sequences of all hu-
man genes and the prospect of knowledge of their expression and func-
tion. As a result of methodological advances it is also now feasible to scan
a set of genes for genetic variation across a large number of affected
subjects, and in this way identify uncommon functional variants that con-
tribute to a phenotype. The information on gene sequences, sequence
variants, and function enables more specific targeting of studies on ge-
netically influenced phenotypes toward the candidate genes and alleles
that are most likely to be etiological. It also enables a more direct and
rapid exploration of whole-genome linkage findings, which generally im-
plicate broad regions of chromosomes.

Finally, it has become recognized that identification of specific gene
variants in behavior has multiple potential implications, and that the di-
vergent examples that are available teach us that we cannot extrapolate
from any one example to the empirical outcome of genetic studies on
each new phenotype. However, the overall impact of identification of
genes in behavior is a scientific revolution in the study of brain and be-
havior in health and disease. Once a disease-causing allele is identified,
1) therapeutic drugs can be designed to target the gene, gene product,
or biochemical pathway; 2) the disease may be redefined, with genetic
markers serving as one new tool to identify subgroups that may differ in
etiology, pathology, treatment response, and other aspects of prognosis;
3) genetic tests for vulnerability to the disease may be found; 4) new
mechanisms in brain function and development may be identified through
correlation of variation with function; and 5) the study of gene-
environment interaction in behavior can essentially begin.

Gene Action Versus Phenotype
Almost all phenotypes reflect the concerted action of many genes, but
complex genetic phenotypes reflect the action and environmental inter-
action of different alleles either alone (creating a pattern of genetic het-
erogeneity) or in concert (creating a pattern consistent with polygenicity).
Unlike classical disease gene variants, which appear to act deterministi-
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cally, many genes for complex behavioral disease are observed to act
probabilistically. When important interactions of gene variant with gene
variant and gene variant with environment have yet to be identified, or
when the genetic phenotype has been imprecisely defined, causal genetic
factors may be better understood as variance components. Later it may
be recognized that a gene variant (say ALDH2 Lys487) that was probabil-
istically related to a broadly defined phenotype (i.e., alcoholism) is
deterministically related to a more precisely defined phenotype, or an en-
dophenotype (i.e., alcohol-induced flushing) (reviewed by Gotteman and
Erlenmeyer-Kimling 2001; see also Chapter 18, Genes for Human Person-
ality Traits) that can also be thought of as an intermdiate phenotype.

Owing to genetic complexity, whether due to heterogeneity or poly-
genicity, methods are required that can identify genes responsible for a
small component of the variance. There are essentially three options:
1) increase the variance component attributable to a particular gene by
redefining (narrowing) the phenotype or by studying a genetic isolate
or family in which phenotype-associated genetic variation is restricted;
2) collect a larger sample; and 3) use candidate gene and candidate (func-
tional) allele approaches, which offer more power to detect small effects.

Positional Cloning (Reverse Genetics) in Psychiatry
A scientific revolution was initiated by the observation by White et al. (Bot-
stein et al. 1980), that in principle the gene for any Mendelian trait might
be chromosomally localized and positionally cloned through the use of a
genetic map comprising a discrete number of genetic markers arrayed
across the human genome. In 1980, these genetic markers were serological
markers, enzyme polymorphisms, and restriction fragment length poly-
morphisms, a human beta-globin restriction fragment length polymorphism
having been discovered by Kan et al. in 1978 (Kan et al. 1978). Positional
cloning was immediately recognized as a potentially universal solution to
the problem of gene identification: the analysis can be conducted with no
prior biological clue to disease origin or chromosomal localization. An ad-
ditional breakthrough was the rediscovery of sib-pair and affected-relative-
pair comparisons as robust, nonparametric linkage approaches for
instances in which the mode of genetic transmission was unknown. One
result of these insights in mapping was that for the first time large genetic
disease data sets suitable for whole-genome identity by descent linkage
were collected for most of the major psychiatric diseases, for example,
schizophrenia, bipolar disorder, alcoholism, and panic disorder.
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The paradigmatic success stories for positional cloning were Hunting-
ton’s disease (Gusella et al. 1993, 1996) and cystic fibrosis (Riordan et al.
1989). An increasing number of promising whole-genome linkage find-
ings are under investigation in diverse psychiatric diseases, especially
schizophrenia (Antonarakis et al. 1995; Kendler et al. 1996), bipolar dis-
order (Berrettini 1998), and alcoholism (Long et al. 1998; Williams et al.
1999). However, for psychiatric diseases and behavioral phenotypes, po-
sitional cloning is characterized by the very large genomic regions that
have been identified and by failures to replicate statistically substantial
linkages including bipolar disorder and schizophrenia (Owen and Crad-
dock 1998; Shaw et al. 1998). Because of these failures, it was realized
that the problems in this area included the need for rigorous methodology
and criteria (Kruglyak 1999; McCarthy et al. 1998) and the low power of
linkage analysis to detect genes of small effect (Risch and Teng 1998).
However, because of the excitement created by the positional cloning
approach, a series of large data sets were collected, which are founda-
tional for candidate gene studies and linkage studies using new technol-
ogy and information resources.

Association Studies: Forward Genetics
The vast majority of disease genes have been identified through a careful
consideration of physiology, pharmacology, and biochemical clues and
comparison of cases and controls at the genes implicated. For the brain,
new targets are arising at an increasing rate because of whole-genome
sequencing (Normile and Pennisi 1999), large-scale detection of sequence
variation (Cargill et al. 1999; Cravchik and Goldman 2000; Haluska et al.
1999), comprehensive mapping and expression studies of genes in brain,
and new methods for multiplex analysis of gene expression (Eisen and
Brown 1999), including expression studies at the single-cell level (O’Dell
et al. 1999). This discussion on the application of these findings in the
candidate gene/allele approach joins other perspectives on progress and
pitfalls in the association approach (Malhotra et al. 1999). Case-control
comparisons are also a final common pathway for positional cloning stud-
ies when a gene is successfully identified. From a genetic perspective, the
essential difference between positional cloning and association studies us-
ing candidate genes and candidate (functional) alleles is that association
studies are identity-by-state analyses. A test of association of a candidate
allele to a phenotype is typical hypothesis testing in that the independent
variable is genotype and the dependent variable is phenotype.
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If the allele is nonfunctional, association may be due to linkage dis-
equilibrium of the marker allele with a functional allele elsewhere. Indeed
large-scale disequilibrium mapping prospectively offers a finer-scale ver-
sion of the whole-genome positional cloning approach (Risch and Meri-
kangas 1993, 1996). The linkage disequilibrium approach has the potential
to identify ancestral chromosomes on which specific alleles were intro-
duced to populations via mutation or migration. A method for objective
phylogenetically informed analysis of combinations of linked genetic
markers has been introduced by Templeton and colleagues (Templeton
et al. 1987), and such cladistic association approaches will be increasingly
applied across combinations of linked loci (Kittles et al. 1999). In addition,
it has become recognized that linkage varies greatly in strength across
populations and is highest and found across larger chromosomal regions
in recently admixed populations (Dean et al. 1994). Differences between
populations in linkage disequilibrium relationships (Goldman et al. 1993)
imply that associations to nonfunctional genetic markers may be particu-
larly vulnerable to nonreplication in other populations.

As in all hypotheses testing, Type I errors (false positive) and Type II
errors (false negative) occur in case-control comparisons. It has come to
be recognized that the likelihood of these errors can be predicted through
a consideration of sample size, expected effect size of genotype on phe-
notype, genotype frequency, and the number of hypotheses tested. Mul-
tiple testing is increasingly the norm because of the availability of multiple
candidate genes, multiple polymorphisms at genes, and the various com-
binations of these, which can be tested against multiple phenotypes. Fail-
ure to correct for multiple testing has led to an underestimation of the
likelihood of Type I errors. Also, although the number of hypotheses that
imaginably could be tested is infinite, we believe that correction should
be made for the number of tests actually made rather than the imaginary
number. Frequently the phenotypes that are evaluated are intercorrelated
or even nested, so that correction is overly conservative. Sometimes a prior
analysis could have objectively narrowed and improved the range of de-
pendent variables. In similar fashion, certain new genotyping methodol-
ogies (e.g., DNA chip) will provide large numbers of marker typings, and
it will be possible to identify certain genotypes as targets and others as
exploratory.

For genetic hypothesis testing, the hidden variable of greatest concern
as a source for systematic positive and negative errors has been popula-
tion stratification, creating or masking differences between patient and
control samples (Goldman et al. 1993). Many approaches to this problem,
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including the use of population isolates and transmission disequilibrium
test (parent-child trios and sib–unaffected sib) structures (Spielman et al.
1993, 1996, 1998), have been proposed. The recent availability of large
numbers of genetic markers, including markers that are relatively popu-
lation specific, may now enable a sufficient test of ethnic matching be-
tween cases and controls (Pritchard and Rosenberg 1999), or the
construction of an ethnically matched control subsample. Finally, evalu-
ation tests of genetic association can be strongly guided by the Bayesian
principle that the post hoc likelihood of a biological association between
gene and phenotype is strongly influenced by the original plausibility of
the hypothesis (Gordis et al. 1990). In Table 15–1, genetic associations are
grouped (approximately) by likelihood of eventual validation. Likelihoods
were assigned in part on the basis of plausibility of the original gene
hypothesis: was the gene involved in a component of the physiological
or pharmacological pathway to the behavior? Likelihoods were also as-
signed based on the gene variant: does the gene variant alter gene ex-
pression or gene product function in vitro or in vivo?

A signal achievement of the last decade has been the discovery of a
panel of genetic variants that are themselves functional in vitro or in vivo.
These have been termed candidate alleles. A partial listing of common
candidate alleles for neurobehavior is presented in Table 15–2, which lists
gene, polymorphism, allele frequency, and the effect of the polymorphism
on function. This table is a precursor of an emerging detailed picture of
neurochemical individuality for the human. For example, polymorphisms
affecting primary amino acid sequence have already been found in 10 of
18 G-protein-coupled dopamine and serotonin receptors, and approxi-
mately 94% of people express at least one structural variant even across
this relatively small subset of brain-expressed genes. The level of genetic
variation is also such that the average level of heterozygosity (genotype
in which two alleles are present at the locus) across these genes is about
15% (Cravchik et al. 1999). Large-scale scanning for sequence variation
using automated sequencing and denaturing high-performance liquid
chromatography is revealing comparable levels of variation at other loci.
Wang and colleagues (Wang and Fan 1998) have systematically searched
for sequence variants in approximately 2.3 Mb of anonymous and 3� un-
translated region (UTR) DNA and report more than 3,200 candidate single-
nucleotide polymorphisms (SNPs). In two other large-scale studies (Cargill
et al. 1999; Haluska et al. 1999) similar results were obtained on different
sets of genes. Halushka et al. reported (Haluska et al. 1999) 874 SNPs in
74 samples over 190 kb of DNA (87 kb of coding, 25 kb of intron, and 77



Table 15–2 A partial listing of common, candidate alleles for neurobehavior

Gene Variant Allele frequency Functional significance

SLC6A3 VNTR (ins/del) 0.40 (del) Transcription Lesch et al. 1996

HTR2A His452Tyr 0.09 Signal transduction Ozaki et al. 1997

HTR2C Cys23Ser 0.13 Ligand affinity Lappalainen et al. 1995

DRD2 Ser311Cys 0.03–0.16 Ligand affinity/signal transduction Cravchik et al. 1999

DRD4 16–amino acid repeat 0.64 (4 repeat) Ligand affinity Asghari et al. 1995
0.20 (7 repeat)
0.08 (2 repeat)

Val194Gly 0.12 Ligand affinity/signal transduction Liu et al. 1996

13-bp del 0.02 Translation Nothen et al. 1994

COMT Val158Met 0.04 Enzyme activity Lachman et al. 1996

PAX6 VNTR 0.5 (26 repeat) Transcription Okladnova et al. 1998b
0.11 (28 repeat)
0.10 (25 repeat)

Note. VNTR � variable number tandem repeat.
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kb of 5� and 3� UTR sequences) with a frequency of 1 SNP per 217 bp.
Of these 874 candidate SNPs, 44% were in coding sequences (cSNPs), 17%
in introns, and 39% in 5� and 3� UTRs. Of the cSNPs, 54% lead to replace-
ment of an amino acid residue and probably affect protein function.

Thus far the functional alleles for genes expressed in brain have been
largely identified by in vitro measures, principally transfection of mam-
malian cell lines or Xenopus oocytes followed by studies of the gene prod-
uct. Examples include studies of receptor ligand affinity (Jovanovic et al.
1999), signal transduction (Ozaki et al. 1997) and downregulation (Ro-
tondo et al. 1997), and differential ability of alleles to drive transcription
of reporter genes (SLC6A4 [serotonin transporter; 5-HTT], PAX6, Table
15–2) or the authentic gene. An advantage of these studies is that allele
function can be compared within a constant genetic and environmental
milieu. However, the role of in vivo measures of gene expression and
gene product function is increasing and is especially important at the point
where the gene has been identified and it is necessary to retrace the path-
way in physiology from gene to behavior.

Phenotype: Tip of a Genetic Iceberg
Genetic redefinition of the behavioral phenotypes has been a major stim-
ulus for genetic research in behavior. Gottesman recognized the utility of
endophenotype, intervening physiological variables, which may more
closely reflect gene action. A paucity of phenotypes is one of the most
notable features of Table 15–1, which provides a summary status of can-
didate gene/allele associations to behavior. Furthermore, an important
element in each validated (proven) relationship of gene to behavior was
phenotypic definition providing clues to physiology (i.e., alcoholism r
flushing response r alcohol metabolism r ALDH2; Brunner syndrome r
chromosomal localization and disturbed monoamine function r MAOA;
self-mutilation r Lesch-Nyhan syndrome r hyperuricemia r HPRT1).
Thus, although human behavioral phenotypes visible in Table 15–1 in-
clude clinical diagnosis, measures of temperament (for example novelty
seeking [Benjamin et al. 1996] and cognitive function), psychophysiolog-
ical differences, and pharmacogenetic differences (clozapine r HTR2A
[Arranz et al. 1998]), the largest obstacle to behavioral genetic research
continues to be a lack of phenotypes.

As described in the introduction, an important alternative to the more
precise resolution of the phenotype is the use of phenotypes that facilitate
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the collection of extremely large data sets, discarding the collection of
expensive data that will not be utilized. It is important to point out that
the first efforts in this direction, involving for example measures of IQ
(Plomin 1999) across populations and sampling at the extremes (e.g.,
comparison of highly discordant sib pairs [Horvath and Laird 1998; Risch
and Zhang 1996]), are recent in their inception, and therefore the results
of such studies are not represented in Tables 15–1 and 15–2.
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C H A P T E R S I X T E E N

Human Correlative Behavioral Genetics

An Alternative Viewpoint

Evan Balaban, Ph.D.

What Is the Problem?
As someone who has publicly criticized the design, interpretation, pre-
sentation, and rationale of the genre of studies represented in this volume
(Balaban 1996, 1998, 2000; Balaban et al. 1996; Fausto-Sterling and Bal-
aban 1993), I respect the editors’ decision to include at least one dissenting
viewpoint. I do research on behavior and genetics and perceive the
correlative-genetics-of-human-behavior community as being too isolated
from the discourse that has occurred in related fields with similar interests.
I would like to convince my fellow authors and interested readers that
such isolation is scientifically disadvantageous. There is much about hu-
man biology that correlative molecular techniques combined with a rig-
orous study of behavioral variation may teach us. But there must be
willingness to accept the possibility that the lessons gained could have
little to do with the clinical and theoretical reasons why a particular topic

The preparation of this chapter was supported by the Neurosciences Research
Foundation.
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was pursued in the first place. There must also be a willingness to adhere
to the same standards of scientific rigor that prevail in other areas of be-
havioral biology.

I write as a research biologist with training in genetics (classical, molec-
ular, population, and developmental), neurobiology, and behavior, who
studies the evolutionary and developmental neurobiology underlying in-
born species differences in behavior (Balaban 1990, 1997; Balaban et al.
1988; Gahr and Balaban 1996; Long et al. 2001; Park and Balaban 1991).
In the past I have also studied the relationship between population genetic
variation and culturally transmitted behavioral variation in natural popu-
lations (Balaban 1988a, 1988b, 1988c).

My laboratory studies animals (currently chickens and quail) because
one can control the developmental environment subjects experience, both
prenatally and postnatally. By rearing members of two different species
together in particular environments, we find that certain behavioral dif-
ferences are reliably obtained between all individuals of different species,
in spite of the fact that the behaviors involved can show considerable
interindividual variation within a species. We can study the developmental
causation of such reliable differences by performing embryonic brain
transplants between individuals of the two bird species to locate cellular
populations that transfer a behavioral difference from donor to host in-
dividuals. Because these transplants are done before embryonic cells have
decided upon their eventual fate(s), this boils down to studying the mech-
anisms by which genetic differences confer chicken-ness or quail-ness, in
particular, behaviorally relevant, neural circuits. Once the cells are located,
we can study the developmental pathways through which such gene dif-
ferences manifest their effects and identify the gene differences implicated
in the developmental differences.

We study directly measurable differences in physical behavioral acts
such as vocalizations and body movements, as well as differences in less
tangible behavioral attributes such as auditory perception (Long et al.
2001). The perceptual differences can be quite subtle. In a world where
physical stimuli do not have labels that say ‘‘ignore me’’ or ‘‘pay attention
to me,’’ how can an individual brain be prepared to pay more attention
to (and to learn) certain sounds and virtually ignore others? We are also
developing methods for studying neurobiological correlates of auditory
perception in humans using noninvasive brain imaging (Patel and Balaban
2000, 2001).

One can directly learn a great deal about the mechanistic details un-
derlying biases in developmental organization that make chickens pay
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more attention to chicken sounds than to quail sounds. This is because
we can do manipulative developmental, physiological, and molecular ex-
periments using chickens and quail. We will never get such a direct wealth
of knowledge about similar biases in the development of human brains
that may make human fetuses and infants especially responsive to speech
sounds. The knowledge we acquire will come primarily from correlative
data. The question is what should be concluded from such data and how
this knowledge should be represented to others. This question is espe-
cially important when decisions affecting people’s lives and well-being
are involved, as in many of the more medically oriented questions dis-
cussed by the other authors in this volume.

It should by now be clear that 1) I think it is possible to learn something
useful about how genetic differences contribute to the development and
variation of behavior, and 2) that I do not have a knee-jerk reaction against
the value of correlative research in humans. Why, then, do I criticize much
of the work on correlative genetics and human behavioral variation?

Simplistic Assumptions
One reason I am critical of human correlative behavior genetics is that
many investigators make simplifying assumptions about heredity, genet-
ics, development, and behavior that I find biologically questionable.

Heredity
A lot of quantitative-trait-locus (QTL) and linkage-oriented researchers
seem to think that heredity means genetics. It has been a truism in biology
for a long time that biological traits can be passed on from parents to
offspring and not be inherited as independently assorting, chromosomal
factors with intrinsic effects on an organism’s phenotype. That is, famili-
ality does not necessarily equal genetics of the sort envisioned by people
looking for QTLs. There are a few known alternative biological pathways
through which familial effects can be mediated, as shown by recent re-
search in animals.

The first, and least well documented pathway, is via epigenetic modi-
fications of the chemical structure of DNA that can alter the expression of
particular alleles without altering the DNA sequence of the expressed
gene product. A concise introduction to research in this area can be found
in a series of recent reviews (Grunstein 1998; Henikoff and Comai 1998;
Lewin 1998; Panning and Jaenisch 1998; Pirrotta 1998; Surani 1998; Waki-
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moto 1998; Wiens and Sorger 1998). A rigorous demonstration of such an
effect has been provided by Morgan et al. (1999), who documented the
inheritance of an epigenetic modification at the agouti locus of mice,
which affects coat color, obesity, diabetes, and tumor susceptibility. By
ingenious manipulation of embryos, Morgan et al. were able to show that
an effect formerly attributed to metabolic differences in the intrauterine
environment or to factors in the cytoplasm of maternal oocytes is instead
due to a DNA methylation modification that can be transmitted interge-
nerationally. The modification is subsequently erased in male germ lines
but incompletely erased in female germ lines. This phenomenon differs
from parental genetic imprinting in that phenotypic modifications are not
strictly based on parental sex and genotype. Parental genetic imprinting
is being studied by Keverne, Surani, and colleagues, who have examined
differences in neural phenotypes using chimeric mice made up of andro-
genetic and parthenogenetic/gynogenetic cells (Allen et al. 1995; Keverne
et al. 1996). This same group is also examining the effects of mutations in
different parentally imprinted genes on maternal behavior and offspring
growth (Lefebvre et al. 1998; Li et al. 1999).

A second pathway for nongenetic familial effects is the uterine envi-
ronment. It has been classically considered that human twin studies rule
out such effects with analysis-of-variance models. Devlin et al. (1997)
reanalyzed 212 previous twin studies of IQ using an alternative analysis-
of-variance model with different maternal-womb environment terms for
twins and siblings and found evidence for a significant contribution of
maternal-womb effects to phenotypic variance, significantly reducing the
component assigned to genetic variance. However, Devlin et al.’s model
may itself be too simplistic, because it assumes that all twins have the
same maternal-womb environment. As noted previously (Balaban 1998),
twins that share the same chorionic compartment (as do many monozy-
gotic twins) and twins that are in different chorionic compartments (many
dizygotic twins) may have different intrauterine environments. Fetuses
sharing the same chorionic compartment can act as diffusion sources of
developmentally active substances for each other, which would tend to
synchronize their development to a greater extent than in twin pairs that
are diffusionally isolated from each other in separate chorionic compart-
ments.

Recent animal research has shown important maternal effects on be-
havior in mammalian species. Denenberg et al. (1998) placed genetically
identical eight-cell-stage mouse embryos into either same-strain recipient
mothers or into foster mothers of a hybrid strain. They found consistent
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and significant differences in performance of these groups on six standard
laboratory cognitive tests (open-field activity, water escape learning, dis-
crimination learning in a T maze, Lashley type III maze learning, Morris
water maze learning, and shock avoidance learning). The groups did not
differ significantly in noncognitive tests such as paw preference or swim-
ming performance in a cylinder. The exact causal attribution of these be-
havioral differences is problematic, because same-strain and hybrid-strain
foster animals also differed in their mode of birth (caesarian section in
same-strain animals, vaginal birth in hybrid-strain animals). The mice de-
livered through caesarian section appeared to have slightly higher activity
scores, even though the authors presented corollary evidence this had no
effect on the animals’ performance in cognitive tests.

Caldji et al. (1998) and Francis et al. (1999) have examined the biological
effects of subtle postnatal differences in maternal behavior on behavioral
and endocrine responses to stress throughout the life of rat offspring. Off-
spring of mothers who showed differential amounts of licking/grooming
(LG) and arch-backed nursing (ABN) (where the mother’s body is hovering
over, rather than lying on top of her pups) were assayed later in life for
their behavioral and endocrine responses to a novel, stressful situation.
Offspring were classified into two groups, those of high-LG-ABN mothers,
and those of low-LG-ABN mothers. In two different behavioral tests, the
performance of the two groups differed significantly, and there were sig-
nificant correlations across animals between offspring and maternal behav-
ioral measures (Caldji et al. 1998). Adult offspring of the high-LG-ABN
mothers also showed increased central benzodiazepine receptor density in
the amygdala and locus coeruleus, increased hippocampal glucocorticoid
receptor mRNA expression, and decreased corticotropin releasing hormone
mRNA expression in the locus coeruleus (relative to adult offspring from
the low-LG-ABN group) when placed in a stressful situation. Francis et al.
(1999) performed a postnatal cross-fostering study between pups of high-
and low-LG-ABN mothers, carefully monitoring foster mothers to assure
that there was no effect of pup’s origin on maternal behavior. Biological
offspring of low-LG-ABN mothers reared by high-LG-ABN females showed
the same behavioral profile as biological offspring of high-LG-ABN moth-
ers reared by high-LG-ABN mothers, and vice versa.

When the maternal behavior of the female offspring used in the cross-
fostering study was examined, it was found that the biological offspring
of low-LG-ABN mothers raised by high-LG-ABN females showed the ma-
ternal behavior of their foster mother’s type (and vice versa). Francis et
al. (1999) also examined the expression of central benzodiazepine recep-
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tor mRNA, hippocampal glucocorticoid receptor mRNA, and corticotropin
releasing factor mRNA in these animals in response to stress and found
that the patterns corresponded to the behavior shown by the animal (and
its foster mother) rather than to its biological origin. They concluded that
‘‘individual differences in fearfulness to novelty could be transmitted from
parent to offspring through a nongenomic mechanism of inheritance . . .
[that] involves differences in maternal care during the first week of life. In
humans, social, emotional, and economic contexts influence the quality
of the relationship between parent and child and can show continuity
across generations’’ (Francis et al. 1999, p. 1158).

It is notable that the behavioral paradigms used in the Denenberg et
al. (1998), Caldji et al. (1998), and Francis et al. (1999) studies are all used
by research groups looking for QTLs affecting rodent behavior, none of
whom employ the controls that would be necessary to separate an as-
sorting genetic ‘‘factor’’ from one transmitted biologically in the womb or
as a result of postnatal maternal behavior. A genetic effect that manifests
itself indirectly through its effects on a mother’s uterine environment, be-
havior, or physiology can be either incorrectly ascribed to a direct effect
operating within individual offspring, or missed altogether, depending on
the design of the experiment.

Do alternative trait transmission pathways that are not biologically au-
tonomous to individual subjects necessarily create complications for hu-
man correlative behavior genetics? They do if you want to use QTL and
linkage data as facts, for instance, to say that you have located a genetic
contributor to some behavior that can serve as a predictor or risk factor.
The establishment of gene-behavior links in this factual sense depends on
goodness-of-fit arguments that in turn depend on the fair specification
and evaluation of alternative models. Much of the work in human correl-
ative behavior genetics seems to assume that phenotypes that do not show
clear patterns of Mendelian segregation in a study population will yield
evidence for single genes of discernable effect with the application of
more derived statistical averaging techniques. Given the sample size and
quality of most human data sets, evaluating alternative transmission mod-
els fairly may be a challenge that proves difficult or impossible to meet.

If, on the other hand, QTL and linkage results are treated, both in the
laboratory and in print, as highly preliminary preludes to locating a can-
didate gene and studying its role in development (Balaban 1998; Balaban
et al. 1996; Flint 1999), then such considerations may be less important.
If you are willing to gamble on a transmission genetics interpretation by
investing time and money in an attempt to actually locate genes and spec-
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ify their functions, then the eventual results will speak for themselves. If
the putative behavioral linkage does not pan out, you have another po-
tential explanation for why this was the case. This implies that the human
correlative behavior genetics community should be very wary of investi-
gators who regard themselves as ‘‘specialized’’ correlationists whose only
job is to find and publish associations in which they have no further pro-
fessional stake. The real work is not finding correlations, but placing the
functional consequences of DNA sequence variation into some sort of
meaningful biological context.

Genetics
Let us say you have your hands on a putative candidate gene. Let us also
say that you accept the point of view that to make any statement about a
gene’s role in behavioral variation you need to understand something
about its role in the development and function of the nervous system
(Balaban 1998, 2000; Balaban et al. 1996; Flint 1999). There are many
complications to be dealt with when analyzing the contribution of a single
genetic factor to an organism’s phenotype, which have either been ig-
nored or poorly dealt with by the human correlative behavior genetic
community. These include the contributions of genetic background, vari-
ation imposed by developmental regulation, and the importance of doc-
umenting the full, pleiotropic range of phenotypic effects associated with
allelic differences rather than effects on one or a few behavioral pheno-
types (Balaban 1998, 2000; Balaban et al. 1996). A recent animal study
examining locomotor activity in D2 dopamine receptor–deficient mice
illustrates the potential importance of these complicating factors quite
nicely (Kelly et al. 1998). The first point is additionally underscored by a
recent study on the effects of naturally occurring genetic variation in cel-
lular signal-transduction pathways on photoreceptor determination in
Drosophila (Polaczyk et al. 1998). Pleiotropy is still one of the areas most
poorly handled by both the animal and human molecular behavior ge-
netics communities, where investigators continue to tout ‘‘specific’’ effects
of gene variants without advancing sufficient data to support them.

The confounding effects of genetic background should be of special
concern to people conducting studies in humans. Such effects are fre-
quently used as a throwaway explanation for why particular alleles may
have behavioral effects in some lineages and not in others. But they raise
a number of problems for data collection and interpretation that have not
been widely addressed. How robust must the effect of an allele be across
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different human lineages in order for it to be considered significant? Par-
ticular alleles could affect behavior in a particular way in a very small
number of lineages—how can we tell a real but rare effect from a false
positive correlation? What kind of population sampling methods should
one use to test the consistency of an allele’s behavioral effects? Alleles
that have effects on behavior in only some lineages can either be missed
entirely or overinterpreted depending on the design of any particular
study.

As already indicated, many practitioners of human correlative behavior
genetics have claimed that linkage or QTL information is translatable into
risk factors or predictors that may someday be useful for clinical interven-
tion. Problems with such interpretations in the realm of normal pheno-
typic variation are discussed by Balaban (1998), and problems in the realm
of pathological variation are discussed by Templeton (1998). While agree-
ing that some coarse predictive power may be obtained in the realm of
pathologies, both authors were rather pessimistic about the possibility of
fine-scale predictability for reasons each goes into in detail. It is interesting
to note in this regard that recent human studies focusing on psychopa-
thology such as those by Ginns et al. (1998) are casting their phenotypic
nets ever more widely, looking for single-factor linkages associated with
the presence or absence of any psychiatric disorder. At the same time,
increasingly detailed studies correlating molecular variants and pheno-
types for particular, classical monogenic disorders such as PKU are con-
cluding that there is no close correlation between the mutant genotype
and the type or severity of the phenotype. Monogenic disorders are, at a
finer level of phenotypic and genetic resolution, multifactorial and com-
plex (Scriver and Walters 1999).

The difficulties encountered in chasing down the phenotypic effects of
even single ‘‘simple’’ genetic factors need not deter research on human
genetic and behavioral variation. But the kinds of objectives that it is re-
alistic to achieve depend on the direction in which correlative human
behavioral geneticists want to take their studies. If you are looking to
‘‘predict’’ individual variation in personality attributes, novelty seeking,
substance abuse, sexual orientation, or performance on IQ tests, then I
think that effects of genetic background, regulation, and phenotypic spec-
ificity loom quite large and must now be dealt with more effectively. If
you are simply using variation in behavioral phenotypes as a new way of
gaining entry into more subtle cellular developmental or functional path-
ways rather than trying to make immediate statements about behavioral
causation, then these problems are not of immediate concern.
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Development
As far as correlative human behavior genetics is concerned, development
seems to be the love that dare not speak its name (Balaban 1998, 2000).
When people want to explain how gene differences among individuals
are translated into behavioral differences, they are implicitly asking about
developmental and functional processes that go on in those individuals,
and not about average gene effects on an average population phenotype.
Variations in transcribed and nontranscribed regions of the genome (which
can alter gene expression) affect behavior in the context of these pro-
cesses. Because we are talking about behavior, the primary locus for our
attention is the nervous system. In essence, behavior-genetic questions
are questions about the roles that particular gene sequences play in neural
development or ongoing neural function, and how changes in the se-
quences themselves can either compromise those roles or change them
altogether. It is strange that developmental-biological concepts, processes,
and thinking are so conspicuously absent from the discourse of human
correlative behavior geneticists.

One of the consequences of this absence has been a tendency to regard
historic contributions to development that come from sources external to
the organism itself as somehow not a part of biology. They are treated as
a source of uninteresting ‘‘noise,’’ and there is also a tendency to down-
play stochastic components of developmental processes intrinsic to or-
ganisms as sources of interindividual variation. Documenting stochastic
and historical contributions to development will be very difficult in hu-
mans. In animal studies this can be partially accomplished by empirically
assessing norms of reaction for behavioral traits (Balaban 1998, in press).
An exemplary illustration of a behavioral norm-of-reaction was recently
provided in a heroic study by Crabbe et al. (1999). Using mice from seven
inbred strains and one null mutant strain for the 5-HT1B receptor obtained
from the same source colonies, they conducted simultaneous tests of six
mouse behaviors at three separate laboratories (Portland, Oregon, USA;
Edmonton, Alberta, Canada; Albany, New York, USA): locomotor activity
in an open field, exploration of a plus maze, walking and balancing on a
rotating rod, a water maze, locomotor activation following cocaine ad-
ministration, and ethanol preference. They went to a great deal of trouble
to equate test apparatus, protocols, and animal care.

Despite all of these efforts, significant and large ‘‘site’’ effects were
found for six of the eight behavioral measures, and the pattern of strain
differences varied substantially among the test sites. The null-mutant
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5-HT1B strain, previously shown to prefer ethanol more than control mice
in four separate test replications at the Portland site (Crabbe et al. 1996),
did not have a different ethanol preference from controls in all three lab-
oratories (Enserink 1999). Conclusions of this study were that very large,
well-established strain differences in behavior were generally robust, but
that ‘‘for behaviors with small genetic effects, there can be important in-
fluences of environmental conditions specific to individual laboratories.
. . . We further recommend that, if possible, genotypes should be tested
in multiple labs and evaluated with multiple tests of a single behavioral
domain before concluding that a specific gene influences a specific be-
havioral domain’’ (Crabbe et al. 1999, p. 1672).

It will probably never be possible to rigorously document effects of
this sort in human studies. However, the practitioners of human correlative
behavior genetics should take the results of the Crabbe et al. (1999) study
to heart in their thinking (and writing). The genes that correlative studies
evaluate usually have ‘‘small genetic effects’’ on particular behaviors, and
the particular subject pools used in an individual study are rarely, if ever,
‘‘tested in multiple labs and evaluated with multiple tests of a single be-
havioral domain before concluding that a specific gene influences a spe-
cific behavioral domain.’’

There appears to be some variance of opinion in the human correlative
behavior genetics community about the latter issue. When the same lab
looks at a different sample using the same techniques but relying on one-
tailed instead of the two-tailed statistical tests used in their earlier study (Hu
et al. 1995), does this constitute an independent replication? In this case a
recently published study by another group with a larger sample and grossly
similar methods excluded the chromosomal region in question from any
linkage to the same phenotypic trait, male sexual orientation (Rice et al.
1999a). This set off an exchange of letters about purported methodological
differences (Hamer 1999; Rice et al. 1999b) but no apparent change in views
from the head of the original study (Wickelgren 1999). Similarly, Benjamin
(1998) recounts a ‘‘replication’’ of a result by his own laboratory in the face
of at least six external failed attempts at replication, which he seems very
sanguine about. Failed attempts at replication by other labs should be taken
more seriously than they appear to be at present.

Retrospective information about individual developmental environments
will probably never be detailed enough to fully accept or reject the as-
sumption that environmental contributions to behavioral differences have
been either randomized or are unimportant. But more detailed informa-
tion on the way that individuals with the same allele(s) differ from
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each other may provide some kind of rough proxy that can be worked
with. I have yet to find a human correlative behavior genetic study ex-
amining phenotypic differences within an allelic group in detail.

Paying attention to development also means using as much information
as possible about gene effects, be they small or large, behavioral or non-
behavioral, to try to put a DNA sequence’s function into the context of a
whole set of cellular developmental and functional pathways. This is not
well served by the single-behavior-specific or single-clinical-syndrome-
specific mindset of much of the human correlative behavior genetics com-
munity reflected in this volume.

Behavior
Perhaps the biggest conceptual gulf that separates human correlative be-
havior genetic researchers from other behavioral biology researchers exists
in the realm of quantifying behavior to make it appropriate for biological
analyses. Many different training backgrounds divide behavioral research-
ers and heavily influence the ways they choose to measure behavior (Bal-
aban 1998, 2000). In the world of animal research, there has always been
a large difference between researchers from a more psychological back-
ground, who devise controlled situations in which simple measurements
can be taken, and more ethologically oriented researchers, who focus on
measurement of natural behaviors or behavioral attributes (Balaban 2000).
These differences are emphasized in the context of recent work on trans-
genic mice by Gerlai and Clayton (1999), who spiritedly argue for more
ethologically relevant tasks to be used in genetic work on hippocampal
function.

However, these arguments pale when we examine the type of behav-
ioral measures employed in much of the work discussed in this book.
With reference to virtual reality, the term virtual behaviors is an appro-
priate shorthand for human measures such as questionnaires, IQ and per-
sonality tests, and tests that inappropriately apply population behavioral
measures back to individuals (Balaban 1998, 2000). I accept that such tests
can serve a useful purpose in the realms they were originally designed
for—indicating when a particular individual is grossly different in some
way from socially or empirically determined norms of population varia-
tion and in need of some sort of help. What I cannot fathom is their use
in the context of biological research.

If we were trying to relate pig genetics and pig morphology, an ap-
proach that took snout length, added it to the number of kinks in the tail,
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divided this by anus width, multiplied the result by the square root of the
number of peristaltic contractions of the rostral two-thirds of the esoph-
agus during the force-feeding of 1/2 liter of water, and then added the
arcsine transform of the number of papillae in the front third of the tongue
divided by the number of hairs within 1 cm2 of the navel would seem to
require special justification beyond the fact that such a series of operations
gives a reliable result and that the number might roughly agree with some
arbitrary concept such as the subjectively perceived tastiness or cleanli-
ness of the pig. Yet as far as I can tell such measures can fly in human
correlative behavior genetics. A lot of the discussion in the literature seems
to regard the finding of any correlation between a biological variable and
these behavioral tests as some sort of philosophical or scientific triumph.

Spurred by recent work on the molecular genetics of human person-
ality, I delved into one of its main instruments, the NEO Personality In-
ventory (Benjamin 1998; Benjamin et al. 1996; Cloninger et al. 1996;
Ebstein et al. 1996). After struggling through literature on the rationale,
development, and validation of this instrument (Block 1995; Costa 1991;
Costa and McCrae 1986, 1988, 1992a, 1992b, 1995, 1997; Costa et al. 1986,
1991; McCrae and Costa 1987, 1989, 1992; McCrae et al. 1996), I had the
opportunity of looking over the question set itself (the 1992 NEO Person-
ality Inventory, Revise, Form S, 1992), as well as a copy of the Tridimen-
sional Personality Questionnaire (Cloninger 1987, version 4, 10/26/87
revision, scoring key revised February 1, 1988). I presume these tests are
useful in defining individuals who could benefit from therapeutic inter-
vention. Yet there is nothing in their design or construction to indicate
that we should regard a 7% mean change in an ‘‘extraversion’’ score (from
53.4 to 57.3), or a 6% mean change in ‘‘conscientiousness’’ score (from
45.9 to 43.2) between two groups of individuals sorted by their genotype
as differences on which to found a realistic research program looking for
biological effects at the level of individuals. From the construction of the
test, it appears that these differences can result from answers to very few
questions, which have the form of ‘‘I often crave excitement’’ and ‘‘I am
easily frightened.’’

There is an apocryphal story about a well-known evolutionary biolo-
gist, noted for his intolerance of the foibles of others. At the conclusion
of one of his lectures, he asked, ‘‘Are there any questions?’’ and a young
gentleman in the front row proceeded to pose a long, pompous, and
convoluted query, to which the speaker replied, without skipping a beat,
‘‘Are there any pertinent questions?’’ Because even the most derived be-
havioral variables contain measures that depend on the activity of the
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nervous system and bodily organs whose function depends on develop-
mental and ongoing action of gene products, and because there are an
awful lot of A’s, C’s, G’s, and T’s in everyone’s genome and a lot of ways
in which their variation can affect brain and bodily function, correlations
do not mean a lot. Putting DNA variation and behavioral variation into
particular causal pathways does. The trick is not to ask any question, but
to ask the pertinent ones—the ones from which you can hope to learn
something meaningful about the biology of an organism.

Maybe investigators should initially pick more limited, definable as-
pects of human behavior than IQ tests, personality inventory scores, or
even broad clinical disorders or personal attributes—aspects that have a
clearer relationship to biological variables that are already known. An
alternative suggestion would be to consider a variant of the approach
advocated by Dryja (1997), who presented an argument for a gene-based,
rather than a phenotype-based approach to human gene-phenotype cor-
relations. Investigators in this volume who have already settled on can-
didate genes may find this a more scientifically productive course than
limiting their view to allelic correlations in groups of subjects. Investigators
who are wedded to a particular type of behavior or pathology and who
initially want to identify all of the genes that have any impact on their
object of study should consider how unstable a foundation this may pro-
vide for future research. It may be better to concentrate efforts on genes
whose products are involved in a particular biological pathway strongly
implicated in behavioral or pathological causation. It is probably better to
have a few sure bases from which to proceed than a lot of unsure ones.

There is one realm in which I concede that even virtual behaviors can
serve a useful purpose, and that is the case mentioned at the end of each
of the previous sections—using gene effects found by any kind of phe-
notypic screen to provide entry points into some aspect of cellular or
developmental physiology. This requires investigators to be more inter-
ested in understanding an aspect of development than in one particular
phenotypic outcome of that aspect of development.

Simplistic Interpretations
Many authors have spilled a lot of ink disapproving of simple gene-
behavior linkages. Although most practicing biologists agree with Plasterk
(1999) and Scriver and Waters (1999) that genes speak biochemistry and
not phenotypes, labeling genes by particular behaviors or calling them
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genes for particular behaviors shows no signs of vanishing from the lit-
erature. For example, Benjamin (1998) retained these usages even after
admitting that they are essentially meaningless and can be misleading. But
I know from the experience of talking with the people who use these
shorthands that they are much more sophisticated: they do not mecha-
nistically believe that special genes regulate homosexuality or novelty
seeking, and they do not believe in simple pathways from genes to be-
havior. These are not the ‘‘simplistic interpretations’’ that bother me.

What bothers me is more subtle and will require more discussion with
human correlative behavior geneticists than space in this volume permits.
It can briefly be raised by considering the following quote:

The point I wish to make is that if DRD4 really does affect all these
conditions . . . , then it behooves us to try to understand the possible
common psychological consequence of what may be a common
biochemical effect. This psychological consequence may be a com-
mon link in the chains of psychological cause and effect that lead
to these various conditions. A second possibility is that the same po-
tential biochemical consequence of having a long allele for the gene
for this receptor has in reality very different biochemical conse-
quences when the DRD4 polymorphism is inherited in conjunction
with one or another different biochemical conditions [sic] unique to
each of the following: ‘‘normality’’. . . , hyperactivity, Tourette’s dis-
order, and panic disorder; and each of these different biochemical
results leads to different psychological results. But as a research strat-
egy we will presumably first pursue the first possibility. So we must
rethink what we know of the psychology, and seek commonalities
among the conditions described. (Benjamin 1998, pp. 363–364, em-
phases in original)

There are two things here that I have trouble with, which can have an
appreciable impact on the design and interpretation of research. The first
is a sentiment that is expressed with incredible frequency by human cor-
relative behavior geneticists: that both ‘‘normal’’ and ‘‘abnormal’’ behavior
can be somehow better understood, systematized or united by informa-
tion on allelic variation. This seems to be the catechism of many biological
psychiatrists. I understand that the basic notion comes from pathology. In
metabolic ‘‘diseases’’ such as PKU, abnormal function of a single gene
product brings together a bewildering variety of systemic failures in di-
verse bodily systems under one comprehensive explanatory umbrella. I
grant that when we are talking about genes contributing to brain pathol-
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ogies that are causally associated with behavioral ones, this statement may
not be simplistic (but see Templeton 1998). But when talking about patho-
logical conditions with multiple causal components and ‘‘normal’’ varia-
tion, such a view seems as inadvisable as the second thing which bothers
me: the direct link between psychology and genes.

Neural development intervenes between genes and psychology. Here
it is not enough to ‘‘speak biochemistry,’’ because brains are not just bags
of biochemicals. They have anatomy, intracellular and intercellular phys-
iology, and lots of cell-cell signaling. Their development in some cases
can make up for (regulate) changes in biochemical components and
sometimes cannot (for both stochastic and genetic background reasons).
To get from genes to psychology, we need to get from genes to biochem-
ical pathways, from biochemical pathways to cell physiology, from cell
physiology to development and ongoing cell function, from functioning
cells to their anatomical organization and physiological cooperation in
brain structures, and from systems brain function to whole-brain and
whole-organism attributes such as psychology. How about placing DRD4
receptors into particular biochemical pathways that play key roles in par-
ticular cell lineages where the structural differences encoded by different
alleles will influence the development of brain anatomy and physiology
in particular ways, which may bear quite a variable relationship to whole-
organism behavioral attributes, before we start talking about psychology
and how DRD4 changes interact with other gene products?

Misleading Representations and the Dark Side
of Human Correlative Behavior Genetics

Before concluding this chapter, there is one more issue that needs to be
addressed that is potentially very divisive: the conflicts of interest that all
biologically oriented scientists face when communicating our work to
other scientists and the public at large (Balaban 1996, 1998; Balaban et al.
1996). When you work on biological aspects of things that scare, matter
to, or titillate people, there is always a temptation to play to the crowd
for individual gain, which can all too easily be rationalized as playing to
the crowd for collective gain. Whether our work is publicly or privately
funded, publicity usually translates into more funding. Although making
controversial statements and claiming the existence of new revolutions in
understanding and controlling behavior may attract attention and funding
to the field in the short term, it is not a good long-term strategy. Many of
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us tend to ignore the fact that what may be good for conventional career
advancement of particular individuals (not only within science but also in
the realm of personal wealth via popular book contracts and paid public
appearances), may not be good for establishing public and scientific con-
fidence in the veracity and solidity of behavioral biology.

If you believe in what is being promulgated in the press or in popular
writings, then there is no problem: the public and one’s scientific peers
can consider what sort of confidence they want to have in your research
programs. The problem comes about when people want to promulgate
certain ideas for the sake of publicity, yet maintain a respectable distance
from the same ideas for the sake of their scientific credibility.

I believe that most people doing human correlative behavior genetics
do not have a simplistic view about linking genes to behavior. What, then,
accounts for the almost universally simplistic treatment of human correlative
behavior genetic work when its proponents write popular books, and in
press accounts of their work? The unanimous answer of the scientists is that
this is due to the ignorance or willful misrepresentation of their work on
the part of the press, and/or decisions of editors or journalist cowriters who
want to make material more ‘‘accessible’’ to a general audience.

In discussing this problem with science writers at major national news-
papers, I have the idea that they face the same conflicts of interest we
scientists do. Science writers get paid for covering ‘‘important’’ news sto-
ries, and they try to be independent and critical. Yet anything that they
decide to cover for whatever reason needs to have its ‘‘importance’’ jus-
tified. This sets up a common interest with the scientist whose work is
being covered, where journalists become eager conduits for any tidbit that
makes work more revolutionary and more topical. However, they are ad-
amant that they do not put words in people’s mouths, and in hearing what
many scientists actually say to them I believe this is generally true. Some
scientists may have the idea that they can play both sides of the fence:
say or imply things to journalists that they would not say to other scientists
to get more attention, and then deny to other scientists that they said these
things in order to maintain their credibility with their peers.

The only way to combat this is to take some personal responsibility for
how your work is portrayed in the press. If you do not like how it is
portrayed, be very vocal about it. Journalist’s bosses generally listen to
problems scientists have about the portrayal of their work. Any publicity
is not necessarily good publicity. You do a service to all behavioral biol-
ogists when you promote a realistic vision on the part of other scientists
and the public of what behavioral biology is about.
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The Future Is Interdisciplinary
Relating genetics and behavior is an intensely interdisciplinary endeavor,
encompassing different fields and research in both humans and animals.
The more frequently that human correlative behavioral geneticists speak
the language, think the concepts, and appreciate the complexities facing
their brethren in other areas of biology who will help them make linkages
between genetic and behavioral variation, the better it will be for everyone.
I am willing to accept that increased contact with people doing human
correlative behavior genetics may change my opinions and reservations
about a lot of the work. I am also convinced that increased scientific
contact with cellular, developmental, and systems neurobiologists will
have a positive impact on the way that problems are chosen, followed,
and presented by the human correlative behavior genetics community. I
hope that the foregoing remarks will be heard in this spirit.
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Genetics of Human Personality

Social and Ethical Implications
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Grumpy, fearful neurotics appear to be short on a gene.
(Angier 1996)

Research points toward a ‘‘gay’’ gene. (Bishop 1993)

Man’s genes made him kill, his lawyers claim. (Felsenthal 1994)

These headlines reflect the renewed interest in the genetics of human
personality traits that has resulted from the revolution in genetic research
of the last 25 years. This interest parallels events of almost one hundred
years ago that followed the rediscovery of Mendel’s laws of inheritance.
Geneticists moved beyond the simple traits of fruit flies and pea plants to
speculate about the genetic basis of personality traits characteristic of vari-
ous racial and ethnic groups. For example, in ‘‘The Biological Effects of
Race Movements’’ published in the magazine Popular Science Monthly,
David Starr Jordan, evolutionist and Stanford University president, spoke
of ‘‘lower races’’ that were immigrating into the United States from Europe
and Asia and lowering ‘‘our own average’’ (D. S. Jordan 1915). This same
magazine, in 1913 alone, featured articles by J. G. Wilson (1913) and H. E.
Jordan (1913) discussing the genetic inferiority of Jews and ‘‘the Mulatto.’’
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German geneticists Fritz Lenz and Erwin Baur and anthropologist Eu-
gen Fischer also used genetics to explain personality characteristics of
racial and ethnic groups in their widely used 1921 Human Genetics text:
‘‘Fraud and the use of insulting language are commoner among Jews’’
(Bauer et al. 1931, p. 681). ‘‘In general, a Negro is not inclined to work
hard’’ (p. 628). ‘‘The Mongolian character . . . inclines to petrifaction in
the traditional’’ (p. 636). ‘‘The Russians excel in suffering and in endur-
ance’’ (p. 639).

These pronouncements from scientists provided some of the rationale
for oppressive social policies, ranging from eugenic sterilization laws in
the United States and many western European countries to the extermi-
nation programs of the Nazis (Butler 1997; Kevles 1985; Muller-Hill 1988).

As we enter the twenty-first century, the genetics community has
largely moved beyond the stereotyping of groups (except see Herrnstein
and Murray 1994). Scientists and the media no longer attribute particular
personality traits to racial or ethnic minorities. Today, behavioral geneti-
cists are interested primarily in individual and familial characteristics. Nev-
ertheless, just as with the earlier claims put forth by scientists, the ways
in which contemporary findings are communicated to the public can exert
a harmful influence on social policy and public attitudes.

In this chapter, we point out these problems in the context of the sci-
entific approaches that are being used to study the genetics of personality
traits. We describe some of the limitations of the science, contrasting it
with its presentation to the public. We outline some of the social conse-
quences of the public misrepresentation of the significance of new genetic
findings. Finally, we suggest how geneticists in this field might best com-
municate their results to avoid these consequences.

Limitations and Problems in the
Genetics of Personality Traits

In recent years the power of the tools available to geneticists has dramat-
ically increased. Medical researchers using these new approaches have
identified genes associated with both ‘‘simple’’ genetic diseases such as
cystic fibrosis and with complex multifactorial diseases such as breast can-
cer and colon cancer. Yet despite this remarkable progress in human medi-
cal genetics, all the reports to date of genes for mental illnesses have
encountered scientific difficulties. For example, many genetic loci have
been reported to be associated with schizophrenia or manic depression.
None of these associations has, to date, been definitively confirmed, some
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have been retracted and others have been dropped from consideration
when attempts at replication of the original studies failed (Kelsoe et al.
1989; Robertson 1989; Watt and Edwards 1991). Similarly, flaws have been
found in all the reports of genes for normal personality traits (Baron 1998;
Gelernter et al. 1991; Pato et al. 1993; Rice et al. 1999).

Why is the genetics of mental illness and personality traits so difficult?
The problems in studying the genetics of mental illness and personality

traits can be conveniently divided into three categories: the characteriza-
tion of the traits, the complexity of the genetics, and the methods of ge-
netic analysis.

Characterizing Traits
An important assumption underlying genetic studies is that the trait as
defined by its observable or clinical manifestations corresponds to an ac-
tual biological entity that is influenced by genes. In the language of the
social sciences, we must assume that the illness is not simply a reification.
In studying somatic diseases, this assumption is usually, though not al-
ways, correct. However, when studying a mental illness, for example,
schizophrenia, we cannot be certain that the grouping of a set of symp-
toms under the heading schizophrenia corresponds to the same discrete
causal mechanism (possibly involving both genetic and environmental
factors) in all cases. Two people with seemingly identical symptoms may
be suffering from illnesses caused by two entirely different sets of genes.
Or, conversely, the same set of genes operating in different environments
may result in very different sets of symptoms.

Even assuming that there is biological validity to a particular definition
of an illness, it is often difficult to decide whether a specific individual’s
set of symptoms matches the established criteria for the illness. This dif-
ficulty is exaggerated in the study of personality traits because these traits
are measured on a quantitative scale rather than a dichotomous scale
(either/or). Psychological testing is by no means an exact science, and so
we cannot be confident that quantitative tests of personality actually mea-
sure the trait as it has been defined. If we simply define the trait as that
which is measured by the test (e.g., defining intelligence by IQ scores),
then we are in grave danger of reifying the trait.

Genetic Complexity
Even if a trait is well defined and even if the trait runs in families, the
causal mechanism may be so complicated that the task of finding genes
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associated with the trait will prove to be exceedingly difficult. A list of the
difficulties resulting from genetic complexity includes: 1) Several or many
genes may be involved. 2) Environmental factors may be as important as
genes. 3) The contributions of the individual genes and the environment
may not be additive. The nonadditive contributions can take several forms:
synergistic genetic interactions in which the effect of one gene depends on
the presence or absence of other genes; gene-environment covariance in
which certain genes are more likely to be found in certain environments;
and gene-environment interactions in which the effect of a gene depends
on the particular environment in which it is found (Falconer 1989).

These examples of complexity are not hypothetical; all have been well
documented in animal studies (Crabbe et al. 1999; Falconer 1989). Studies
of human somatic diseases such as cancer, diabetes, hypertension and
vascular disease show that these issues cannot be ignored (Sack 1999).
Because it is highly likely that mental illness and personality traits are, if
anything, more complicated than somatic diseases, these mechanisms
must be taken into account in analyzing the genetics of such illnesses and
behaviors.

Methods of Genetic Analysis
These difficulties have led to the publication of numerous review articles
discussing the strengths and weaknesses of the methods being employed
(Baron 1998; Baron et al. 1990; Kidd 1993, 1997; Lander and Kruglyak 1995;
Risch and Botstein 1996; Risch and Merikangas 1996). For example, linkage
studies require an accurate model of the inheritance of a trait and depend
on a more accurate diagnosis of each individual in the study. Association
studies must avoid the problem of population stratification; the sample of
individuals must be random with respect to ethnicity and race.

These reevaluations have included critiques of the statistical methods
used to analyze results. One difficulty in statistical analysis arises from the
use of multiple hypotheses, any one of which might give rise to an as-
sociation between a gene and a behavioral trait. The greater the number
of these hypotheses that are tested, the more likely it is that an association
is due to such an accident. The statistical analysis of the data must correct
for this situation.

The problem of multiple hypotheses arises in at least two guises in the
study of the genetics of human behavior. First, even though a researcher
might restrict her attention to a single chromosome in the search for a
gene associated with schizophrenia, other researchers might focus on
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other chromosomes. Consequently, each researcher is actually testing
multiple hypotheses and so must perform a statistical analysis based on a
genome wide search rather than based on the single chromosome ex-
amined in the study. Second, the criteria for the characterization of a
mental illness or personality trait may vary from study to study. Each
choice of characterizing the trait represents a different possible hypothe-
sis. Clearly the greater the number of possible characterization of the trait
that are available, the more likely it is that one of these characterizations
will result in an association between the trait and a gene. In each of these
examples, a pedestrian use of statistics will result in an overly optimistic
statistical estimate of the degree of confidence in the result. Statistical
errors of these types probably account for the majority of the retractions
and failed replications in human behavioral genetics.

Some Case Studies
In discussing the complex genetics of personality, we point out that even
single-gene conditions such as cystic fibrosis (Desgeorges et al. 1994;
Donat et al. 1997; Meschede et al. 1993; Parad 1996), Huntington disease
(Rubinsztein et al. 1996), and Gaucher’s disease (Sidransky and Ginns
1993) display remarkable complexities. In the case of cystic fibrosis, a
single-gene autosomal recessive disorder, more than 500 mutations have
been found in the gene associated with the disease. Different combina-
tions of altered alleles result in different sets of symptoms some of which
do not seem to be related to the classic set of symptoms for cystic fibrosis
at all. And more surprisingly, given previous impressions, the same pair
of altered alleles can result in cases of cystic fibrosis with dramatically
different degrees of severity or even different sets of symptoms. Although
it now seems probable that the environment does not play a significant
role in cystic fibrosis, it appears that gene-gene interactions play an im-
portant role in the etiology of this disease.

Common multifactorial diseases such as breast cancer are of course
even more complex (Couch et al. 1997; Newman et al. 1998). Even though
genes, e.g., BRCA1 and BRCA2, have been found whose altered forms
significantly increase the probability that a woman will develop breast
cancer, most women who develop the disease do not have altered forms
of these genes. It seems evident, then, that in addition to the genetic
interactions present in ‘‘single-gene’’ diseases, multifactorial diseases in-
volve environmental influences and most likely, gene-environmental in-
teractions (Lichtenstein et al. 2000).
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Given these complexities, it is perhaps not surprising that so little pro-
gress has been made in associating genes with complex mental illnesses.
One explanation for this failure that is rarely considered is that these ill-
nesses are not in fact heritable. The evidence for heritability comes from
behavior genetics familial studies involving, for example, comparisons
between identical and fraternal twins. Perhaps the critics who maintained
that these familial studies were suspect have been right all along (Beck-
with and Alper 1998; Joseph 1998; Kamin 1974; Lewontin et al. 1984; Spitz
and Carlier 1996). These critics have argued that crucial assumptions of
such studies are flawed, including the assumption that both identical and
fraternal twins share environments to the same degree.

The analysis of the genetics of personality traits introduces additional
difficulties. Genetic alterations can clearly influence behavior. Individuals
with PKU (phenylketonuria), a single-gene metabolic disease, have di-
minished IQ scores (Tourian and Sidbury 1983); individuals with Lesch-
Nyhan disease often engage in self-mutilating behavior. But does the
finding that abnormal behavior can be caused by altered genes mean that
normal variations in behavior are caused by genetic variation?

In 1993, a Dutch research team studying a single family discovered a
mutation that inactivated the MAO A (monoamine oxidase A) gene. This
gene was immediately labeled by the media as the ‘‘criminal gene’’ (Brun-
ner et al. 1993a, 1993b; Cowley and Hall 1993; Felsenthal 1994; Mestel
1994). Men in this family who carried the mutation were reported to en-
gage in violent behavior. It is known that this mutation has a significant
impact on biochemical reactions required for the normal functioning of
the nervous system. Consequently, it would not be surprising that this
mutation did indeed affect mental functioning and even contribute to anti-
social tendencies.

The MAO A gene is not a ‘‘criminal gene’’ for the same reason that the
gene in which mutations cause PKU is not an ‘‘intelligence gene.’’ PKU is
a rare disease contributing to only a tiny fraction of cases of mental retar-
dation. No one has suggested that variation in intelligence in populations
can be explained by mutations in this gene. Analogously, a correlation
between mutations in the MAO A gene and antisocial behavior has only
been found in this single family. Extreme cases of this sort are highly
unlikely to contribute to the understanding of variation of such traits in
the general population.

In fact, there is probably no such thing as an ‘‘aggression gene’’ or
‘‘criminal gene.’’ It is certainly true that many of the people who commit
violent crimes such as robbery and murder are much more aggressive
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than the average person and it may even be true that their aggressive
behavior is influenced by their genes. However, it does not follow that
differences in aggression among people can be explained by the presence
or absence of mutations in a few identifiable genes. In view of what we
have learned from psychology and sociology about the complexity of
aggressive behavior, it is most probable that the discovery of any genes
associated with certain cases of aggressive or criminal behavior will be of
little value in explaining or understanding these behaviors, in general.

As with the search for genes associated with mental illness, reports of
linkage studies with normal personality traits have also run into problems.
In 1996, two reports appeared of an association between novelty seeking
behavior and the length of a portion of the D4 dopamine receptor gene
on chromosome 11 (Ebstein et al. 1996). Novelty seeking involves ex-
ploratory, thrill seeking, and excitable behavior. This behavior, which
shows continuous variation, was measured by means of a psychological
test. Despite the definitional issues we have raised, we will assume that
the test does in fact measure a real trait called novelty seeking.

These studies appeared very convincing, as two independent groups
had found the same gene for novelty seeking. However, soon after, other
researchers reported that they were unable to replicate the findings. More-
over, one of the original two groups could not replicate the clear-cut re-
sults they had obtained previously. In fact, in order to obtain a positive
linkage result, they were forced to redefine novelty seeking, restricting it
to an extreme type of thrill seeking behavior (Baron 1998).

How is it possible that two independent studies reaching the same
conclusion might both be wrong? As is the case in the search for genes
for mental illness, the answer lies in the statistics of gene searches. Prob-
ably more than 20,000 genes are involved in the functioning of the human
brain, any one of which could conceivably be associated with a trait such
as novelty seeking. As a result, traditional statistical methods vastly over-
estimate the likelihood that an association between one of these genes
and the trait is a real association rather than merely being the result of a
statistical accident like finding five consecutive heads when tossing a coin.

Even if the two groups of researchers had been correct in their claim
that they had found a ‘‘novelty seeking gene,’’ the existence of this gene,
taken in isolation, would not explain novelty seeking behavior. According
to these researchers, the heritability of novelty seeking is only approxi-
mately 50%, and only 10% of that heritability is attributable to the novelty
seeking gene. Thus this gene, even if it exists, accounts for only a very
small portion of the variation in novelty seeking behavior.
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Is a Science of the Genetics of Mental Illness
and Personality Possible?

All science deals with complex systems. In a science such as physics or
chemistry, progress is made by assuming that the essential features of a
phenomenon can be understood even though the analysis is based on
simplifying assumptions that eliminate much of the complexity of the
problem.

In the case of a single-gene disease, the operation of the single gene
acting in isolation from other genes and the environment is, in some cases,
sufficient to explain the disease. However, in the case of complex diseases
and behavior, genes may be involved in the behavior but may, by them-
selves, be of little use in explaining the behavior.

In order to explain complex diseases and behavior, new paradigms
may be required (Risch and Botstein 1996). The old paradigm, which
restricted attention to genetic explanations for mental illness and person-
ality traits, has not resulted in any increased understanding of the nature
of the illness or behavior. We believe that any new paradigm will need to
incorporate the complexities caused by gene-environment interactions
and covariances in a fundamental manner.

Genetic researchers are not ready to give up the old paradigm, arguing
with justification that it is not dead yet. However, many of these same
researchers are becoming more aware its limitations. The work of Lander,
Kidd, Risch, and others has led to an increased appreciation of the diffi-
culties in concluding from an experimental study that a gene is really
associated with a trait (Kidd 1993; Lander and Kruglyak 1995; Uhl et al.
1997). This appreciation has already led to an increased number of papers
reporting that a particular gene is not associated with a particular trait.
Such reports of negative results are extremely valuable in assessing the
degree of confidence that a gene is associated with a trait.

Genetic Fatalism and the Impact of the
New Behavior Genetics

In 1993, geneticist Dean Hamer and his coworkers from the United States
National Institutes of Health reported that they had found a region of the
human X chromosome that was associated with male homosexual behav-
ior in some families (Hamer et al. 1993). In a press release and elsewhere,
Hamer took care to point out the limitations of the study and the likelihood
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that environment as well as genes play a role in homosexuality (Hamer
and Copeland 1998; Hamer et al. 1993). Dr. Hamer was subsequently
called to testify in the Supreme Court of the state of Colorado, where
plaintiffs were asking that an anti–gay rights amendment to the state con-
stitution be declared unconstitutional. There, after summarizing the evi-
dence for a genetic component of sexual orientation, he ‘‘admit[ted] that
sexual orientation is not completely genetic’’(Bayliss 1993). Despite
Hamer’s cautions, the plaintiffs used the science and other arguments to
‘‘argue that homosexuality is inborn’’(Bayliss 1993). Later, Hamer himself
took a more deterministic position in a Washington Post interview: ‘‘On
the one hand, having a gene is practically useful because you can argue
that it’s an immutable trait’’ (Weiss 1994, p. 12).

Most behavioral geneticists seem to take a more nuanced stance on de-
terminism. Nevertheless, many of them have also adopted a basically de-
terministic position. Instead of espousing a strict sense of determinism
meaning immutability, they present a softened view in which genes limit
the degree of behavioral change possible. Although this limiting position is
reasonable, we have no way of determining what these limits are; we do
not know which environments will allow the greatest change in the man-
ifestation of some particular behavior. Despite this lack of knowledge, both
geneticists and the media often imply that these limits are quite stringent
and even make policy recommendations based on these supposed limits.

For example, a paper in Science proposed a genetic hypothesis to ex-
plain the difference in performance between girls and boys on tests on
mathematics ability (Benbow and Stanley 1980). Because of its social ram-
ifications, this paper received widespread publicity. In their interviews
with the media, the authors often expressed the view, going far beyond
their scientific evidence, that girls were genetically limited in their math-
ematical potential and would be ‘‘better off accepting their differences’’
(Kolata 1980, p. 1235) Subsequent studies showed that the publicity this
paper received influenced the attitudes of both parents and children to-
ward the math ability of girls (Beckwith 1983; Fennema 1981).

One of the largest projects designed to assess the genetic contributions
to human behavior and aptitudes is the study of identical twins led by Dr.
Thomas Bouchard at the University of Minnesota. Published reports from
this group have suggested that a wide range of traits is substantially influ-
enced by genetics, with heritability estimates hovering around 50% (Bou-
chard et al. 1990). Even though heritability estimates are based on the
range of existing environments, some of the researchers associated with
the project seemed to assume that their findings apply to all possible
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environments, and that genes severely limit the range of a wide variety of
human behaviors. In discussing fearlessness, Dr. Nancy Segal stated that
‘‘[p]arents can work to make a child less fearful, but they can’t make that
child brave’’ (Leo 1987). Segal’s colleague, Dr. David Lykken, discussed
the genetic limits on happiness and recommended that one ‘‘find the small
things that you know give you a little high’’ (Goleman 1996). Both of these
prescriptive statements include the recognition that genes do not impose
a fixed limit to the expression of a trait. But, by suggesting how people
should behave in accordance with their genotype, the authors are implic-
itly retaining the deterministic attitude toward genetics.

These genetic deterministic attitudes have already found their way into
the legal system. In July 1996, at Woods Hole on Cape Cod, Massachusetts,
35 judges from both Federal and State courts met with 20 scientists to
discuss the implications of the revolution in genetics for the legal system
(Blakeslee 1996). As reported by Blakeslee, in one discussion on the eth-
ical issues raised by the new genetics ‘‘judges asked what would happen
if science demonstrated that genes controlled behavior or that bad early
environments conspired with genes to turn some people inevitably into
criminals—showing that free will did not exist in these situations.’’

This interest by the legal profession in the role of genes in criminal
behavior and free will did not arise in a vacuum. The MAO A gene studies,
referred to above, played a role in arousing public interest in the social
implications of the findings. This interest was first stimulated by the re-
searchers themselves in the Discussion sections of their papers, where
they suggested that their findings might help explain the larger problem
of aggressive behavior in society (Brunner et al. 1993a, 1993b).

A Science magazine reporter noting these suggestions wrote that ‘‘it
might be possible to identify people who are prone to violent acts by
screening for MAO A gene mutations’’ (Morell 1993, p. 1722). At this point,
the baton passed to the mass media and then even to the courts. News-
week’s article entitled ‘‘The Genetics of Bad Behavior’’ was illustrated with
a photograph of a violent confrontation between Palestinians and Israelis
(Cowley and Hall 1993). A TV news report used films of U.S. street gang
violence in its report on the MAO A study (X. Breakefield, personal com-
munication, December 1994). In a murder trial in Georgia, defense law-
yers called upon Dr. Xandra Breakefield, one of the scientists involved in
the study, to testify on the genetic basis of aggressive and violent behavior.
We have described this sequence of events in some detail in order to
demonstrate how a relatively minor genetic advance can rapidly be trans-
mitted to the public, be misinterpreted, and then be incorporated into the
social fabric.
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To their credit, the scientists involved in the study have shown concern
about the public representations of their reports. Dr. Breakefield was dis-
mayed enough by the publicity to announce that she would no longer
work on links between violence and genes (Breakefield 1994). Dr. Brun-
ner’s statement in a recent article that ‘‘the notion of an ‘aggression gene’
does not make sense ’’ (Brunner 1995, p. 160) clearly reflected concern
for the ways in which the study was interpreted by the media.

Where Do We Go From Here?
The interface between genetics and society is mediated by several differ-
ent social institutions—the scientific community itself, the scientific jour-
nals, and the popular media. Each of these institutions plays a role in
determining whether reports of genes for personality traits accurately re-
flect the significance of the research or whether they misrepresent the
science and its social implications. Because this is an area of genetics that
has historically influenced and continues to influence social policy and
public attitudes, special caution in the research itself, in its interpretation,
and in its presentation to the public is necessary.

As we have shown, some scientists have misstated the implications of
their studies, have generalized from limited data and unreplicated studies,
and have interpreted their results in the context of genetic determinism.
Scientific journals, perhaps to enhance their status and sales, have exag-
gerated the importance of such findings. Finally, the media has far too
frequently accepted these exaggerated claims of scientists and scientific
journals and has often gone beyond these claims by broadening the social
policy implications of the research.

Whereas heretofore, the publicized genetic studies have all been prob-
lematic, there is little doubt that genes will eventually be associated with
personality traits and mental illnesses. However, in view of the historical
record of the uses of behavior genetics research, even if such genes are
found, it will be necessary to exercise great care in publicizing these dis-
coveries.

To conclude this chapter we offer some concrete suggestions for con-
ducting and presenting research in human behavioral genetics.

First, stricter criteria for the performance and evaluation of studies in
behavioral genetics should be implemented. This requires a special
awareness by the granting agencies, journal editors, and referees of both
the technical issues involved and the potential social consequences of
misinformation. Second, because of the complexities of analysis such as
the definition of traits, the possible roles of multiple genes and gene-
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environment interactions and the assumptions underlying statistical meth-
ods, conclusions appearing in both scientific journals and in the popular
media should be worded much more cautiously than they have been in
the past. The media and the public should be made aware of genetic
complexity and of the tentative nature of a reported association between
a gene and a behavioral trait.

Third, in all such reports, the temptation to refer to a ‘‘gene for’’ the
particular behavior or illness should be avoided. The reader should be
reminded that genes operate only in the context of an environment. As a
consequence of gene-environment covariance and interactions inherent
in any complex trait, it seems highly unlikely that it will be possible to
assess the precise contribution of a gene to such traits in isolation from
this environmental context.

This intertwining of genetic and environmental factors involved in the
expression of human behavioral traits leads to our central conclusion: The
social consequences that result from finding a genetic cause of a complex
behavior are no different from those that result from finding an environ-
mental one. Consequently, the question of whether our actions are de-
termined or result from the exercise of free will cannot be transformed
from a philosophical to a genetic question. Disregarding rare single-gene
disorders such as the MAO A deficiency described by Brunner et al.
(1993a), a genetic explanation of a behavior is no more deterministic than
an environmental one. Thus, because contemporary jurisprudence is ex-
tremely wary of admitting environmental excuses for criminal behavior
(‘‘rotten social background’’), for the sake of consistency it should be
equally wary of admitting genetic excuses (Alper 1998). Similarly, finding
a gene associated with male homosexuality has no clear bearing on the
question of whether a man has any choice in his sexual orientation. In
our opinion, the debate about whether society will become more tolerant
of gay men if ‘‘homosexual genes’’ are found is based on a simplistic
picture of the genetics of human behavior as well as a misunderstanding
of the origins of prejudice.

The new genetic technologies and approaches hold the promise of
transforming human behavior genetics into a much more solid and repli-
cable science. The increasing recognition of the complexity of many hu-
man traits with a genetic component presents an exciting opportunity to
researchers to increase their understanding of genes and the interaction
of genes with the environment. There is nothing inherent in genetic
knowledge to be feared. It is only the misuse and misrepresentation of
genetic knowledge that should concern us.
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C H A P T E R E I G H T E E N

Genes for
Human Personality Traits

Endophenotypes of Psychiatric Disorders?

Jonathan Benjamin, M.D.
Richard P. Ebstein, Ph.D.

R. H. Belmaker, M.D.

Given the difficulties inherent in the study of genes and personality traits
(Chapter 1, Principles and Methods in the Study of Complex Phenotypes;
Chapter 15, From Phenotype to Gene and Back; Chapter 16, Human Cor-
relative Behavioral Genetics), we would not have proposed or persevered
in this field unless we believed, and continue to believe, that it also holds
great promise. In this chapter we outline our hypotheses and agenda con-
cerning the molecular genetic study of human personality traits.

Human personality involves biological aspects, and these are partly
inherited. Population genetics cannot prove the contribution of genes to
an individual’s characteristics, but it has convincingly shown that inter-
individual differences in such characteristics are approximately 50% due
to genes. The mechanisms of action of such genes (and the environment)
are complex and nonlinear, but nevertheless amenable to scientific study.
We suggest that some of the genes affecting personality may be heuristic
‘‘endophenotypes’’ for classic psychiatric disorders.
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Human Personality and Behavior
Are Partly Inherited

The reader who has got this far in this volume probably needs little con-
vincing on the basic point that human personality and behavior are partly
inherited. Heritabilities of normal personality traits typically range be-
tween 30% and 60%. We emphasize that heritability is a technical term,
and it does not describe the quantitative contribution of genes to an in-
dividual’s personality (or any other phenotype of interest); it describes the
quantitative contribution of genes to interindividual differences in a phe-
notype studied in a particular population. If we study height in a popu-
lation exposed to very similar environments (nutrition, exercise, and so
on), the relative contribution of genes (i.e., heritability) to differences in
this phenotype in this population may be higher than in a similar study
carried out in a second population, exposed to more varied environments.
Methodology also matters. Twin studies of personality traits yield herita-
bility estimates 10% to 20% higher than studies of whole families, includ-
ing adoptees. But whether heritability is as low as 20% or as high as 80%,
there seems no longer room to doubt the idea that there is a substantial
heritable aspect to normal personality (Loehlin 1992; Plomin 1990; Plomin
et al. 1997).

Personality Is a Phenotype With
Complex Genetics

Certain rare genetic disorders are caused by single-gene mutations. Whether
the mode of inheritance is recessive, dominant, or X linked, these disor-
ders are called simple, or Mendelian, after the traits studied by Gregor
Mendel, the father of modern genetics. However, common diseases with
genetic components, such as diabetes mellitus and myocardial infarction,
are influenced (not caused ) by more than one gene and by environment.
The contribution of any single gene may be very small. Discovering the
genes involved is therefore more complex, and these disorders are called
complex genetic disorders. Quantitative phenotypes with approximately
normal distributions, such as height and intelligence, probably also dis-
play complex genetics, and we propose that this is also true of personality.

As soon as more than one gene is involved, the concept of epistasis,
or gene-gene interactions, also becomes important. The effect of a single
gene may depend radically on the simultaneous presence or absence of
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another gene or genes. The word radically distinguishes this situation
from simple, so-called additive effects of two or more genes, where each
gene contributes incrementally to the phenotype. A good analogy is pro-
vided by a hand of cards in a card game. A two of clubs or diamonds may
be a worthless card, but two twos (a pair in poker) are worth more than
twice as much as one (synergism). The same two of clubs in a game of
bridge, even when clubs are trumps, will be of little value early in the
game; however, when another suit is called for, provided the player has
no cards of that suit, he or she can play the two of clubs and win (negative
interaction with the other suit and synergistic interaction with the contract
stipulating clubs as trumps). The main point about epistasis, then, is that
the leading actor in the drama is not a single gene, but a particular genetic
combination.

Complex genetic disorders and phenotypes are probably influenced by
additive and epistatic gene effects. They are also influenced by environ-
ment. Heritability estimates of only 50% are proof of the importance of
nongenetic factors in personality traits. Paradoxically, one of the great
difficulties of genetic researchers is the paucity of knowledge concerning
nongenetic influences on personality. Were these better defined, we
would be able to construct and test more explicit gene-environment hy-
potheses; in their absence, important genes can easily be missed because
their effects are masked by environmental influences that could otherwise
be allowed for. Turning to a hypothetical example, if exposure to group
activities such as Boy Scouts or Girl Scouts during adolescence is a major
influence on adult sociability, we might subdivide the sample in a genetic
study of sociability into former participants versus nonparticipants in such
activities, and then discover a gene affecting sociability only in those sub-
jects who were also exposed to group activities in adolescence; this gene
might be missed if the subjects were all lumped together.

Labels such as complex and nonlinear need not inspire scientific ni-
hilism; even highly complex interactions may be rigorously modeled and
studied. An example is a computer simulation called a neural network
(Penny and Frost 1996). Neural networks are inspired by neurobiology
and can ‘‘diagnose’’ myocardial infarction, ‘‘recognize’’ handwriting, and
so on. The network is trained on a series of actual cases of the problem
to be solved (typically a few hundred) until a minimum misclassification
rate is reached. Neural networks function as well as experienced cardi-
ologists, handwriting experts, etc. Although personality geneticists have
not yet, to our knowledge, employed neural networks, we (Benjamin et
al. 2000; Ebstein and Auerbach, Chapter 7, Dopamine D4 Receptor and
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Serotonin Transporter Promoter Polymorphisms and Temperament in
Early Childhood; Ebstein and Kotler, Chapter 8, Personality, Substance
Abuse, and Genes) and others (Noble et al. 1998; Comings et al., Chapter
9, Role of DRD2 and Other Dopamine Genes in Personality Traits) have
begun to study interactions with the more familiar and simpler tool of
analysis of variance (ANOVA). Entering two or more genetic polymor-
phisms as independent variables allows one to test for interactions between
them. In studies of newborn babies and very young children (Ebstein and
Auerbach, Chapter 7, Dopamine D4 Receptor and Serotonin Transporter
Promoter Polymorphisms and Temperament in Early Childhood) longer
variants of the dopamine D4 receptor (DRD4) exon III polymorphism
increased approach-type behaviors only in the presence of short variants
of the serotonin transporter promoter–linked polymorphism (5-HTTLPR).
This finding prompted the reexamination of adult subjects previously
typed for DRD4, and similar results were found in the adults (see Chapter
7, Dopamine D4 Receptor and Serotonin Transporter Promoter Polymor-
phisms and Temperament in Early Childhood).

Gene-gene interactions have been demonstrated in clinical disorders,
both medical and psychiatric. Myocardial infarction occurs when a partic-
ular combination of atherosclerosis, turbulent blood flow, emotional ex-
citement (Lown et al. 1973), and/or physical effort result in an acutely
inadequate supply of blood to the myocardium. We restrict further dis-
cussion of this example to two genetic causes of just one of these factors,
namely atherosclerosis. This example is taken from Templeton (1998).
Apolipoprotein E (APOE) is a lipid-transport protein; it combines with
lipids to form apolipoproteins. One of the primary functions of these com-
plexes is to solubilize the lipids so that they may be transported in the
blood. Defective function could conceivably affect buildup of harmful
fatty deposits in coronary arteries. The APOE gene has three alleles, e2,
e3 and e4. The protein products of the e2 and e4 alleles differ by a single
amino acid from that of the e3 allele. Genetic variation at the APOE locus
has been demonstrated to be predictive of coronary artery disease (CAD)
(Stengard et al. 1995); individuals bearing the e4 allele have more than
double the incidence of CAD, and those homozygous for the e3 allele
have less than half the incidence of CAD, relative to the total population
studied (Sing et al. 1995). Another factor influencing the risk for athero-
sclerosis is cholesterol levels. These are partly hereditary (and to compli-
cate matters further, one of the genes affecting them is that for APOE
itself ). When cholesterol levels are considered by themselves, a family
history of high cholesterol levels is associated with more than a doubling
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of the incidence of CAD, whereas low cholesterol levels are associated
with more than a halving of the incidence of CAD (Sing et al. 1995). So
we are accustomed to thinking that a high cholesterol level and the e4
APOE allele are ‘‘bad.’’ However, albeit individuals with the ‘‘good’’ e2
allele and medium cholesterol levels have the lowest risk for CAD, indi-
viduals with the ‘‘good’’ e2 allele and high cholesterol levels have the
highest CAD risks of all (higher, for example, than those of individuals
with high cholesterol levels and e4 alleles). So in the context of high
cholesterol levels the e2 allele is the ‘‘bad’’ allele; with medium or low
cholesterol levels it is a ‘‘good’’ allele. Individuals with e3/e3 genotype
and high cholesterol levels have less CAD than those with other genotypes
and low cholesterol levels. Even before a convincing biological expla-
nation for these complex interactions is available, we can use increasing
knowledge of these APOE–cholesterol level interactions to predict em-
pirical risks for patients with each APOE–cholesterol level combination.
We can also exploit these interactions to construct increasingly cogent
theories of atherosclerogenesis; the more gene effects and gene-gene in-
teractions we discover, the more we can begin to demand of our theory,
and the more closely it can begin to approximate biological reality. Thus
no matter how complex the interplay of events leading up to myocardial
infarction, one aspect of study, namely the genetics of atherosclerosis,
begins to seem tractable.

The APOE e4 allele is associated with increased risk for Alzheimer’s
disease (Strittmatter and Roses 1995) as well as for atherosclerosis. Here
too, the allele is neither necessary nor sufficient for expression of disease.
This prompted Kamboh et al. (1995) to look for other candidate genes that
may be involved in the same biological system. The gene that codes for
�-antichymotrypsin (ACT) binds, like APOE, to b-amyloid peptide in the
filamentous deposits found in the brains of patients with Alzheimer’s dis-
ease and stimulates the formation of amyloid in plaques. Kamboh et al.
found that the ACT threonine-alanine (TA) polymorphism is associated with
the risk for Alzheimer’s disease, in that the odds ratio for the risk of devel-
oping the disease with the AA genotype was 1.5 compared with the TT and
TA genotypes (considered in isolation from the APOE genotype). The odds
ratio for APOE e4 in this study was 3.5 in heterozygotes and 11.1 in ho-
mozygotes, in the presence of the ACT TT genotype; with the ACT TA ge-
notype the odds ratio declined, in e4 heterozygotes, or increased, in e4
homozygotes, to 2.7 and 10.1, respectively. With the ACT AA genotype it
increased to 6.4 and 34.0 respectively. These two polymorphisms therefore
showed both negative and positive synergistic interactions. Concerning the
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synergism, the authors speculated, ‘‘ACT protein containing (hydrophobic)
alanine . . . may be secreted at a higher rate into plasma. . . . Elevated ACT
. . . in conjunction with . . . APOE*4 . . . may induce [b-amyloid peptide] to
form amyloid filaments more rapidly’’ (p. 488).

APOE therefore contains two lessons for psychiatric genetics. Firstly,
the same polymorphism, with the same basic biological function (protein
and lipoprotein binding), has pleiotropic effects (i.e., it acts both in cor-
onary arteries and in brain). Secondly, the effects of the polymorphism,
in both illnesses, are greatly modified by other genetic polymorphisms,
but these are not necessarily the same modifying polymorphisms in the
two systems.

Genes Affecting Personality: Endophenotypes
for Classic Psychiatric Disorders

Concordance rates around 50% for schizophrenia in monozygotic twins
leave little room for doubt that there is an important genetic component
to the illness. Yet the search for a single major gene (Mendelian genetics)
has frustrated even genomewide linkage approaches. The term endo-
phenotype was used by Gottesman (1991) to describe a trait that may be
intermediate on the chain of causality from genes to diseases. Some family
relatives of affected patients also carry the endophenotype, although not
the disease phenotype. This increased penetrance of the endophenotype
compared with the phenotype proper is expected to help genetic studies.
Cholesterol levels and myocardial infarction have been discussed in the
context of gene-gene interactions. Here we point out that cholesterol lev-
els also serve as endophenotypes for myocardial infarction. Different al-
leles of the APOE gene are associated with different cholesterol levels,
and these in turn are associated with different risks for myocardial infarc-
tion. But numerous other factors also influence the risk for myocardial
infarction. In a sense the APOE gene is a gene for myocardial infarction,
but the relationship is closer, and therefore easier to discover, when we
consider it a gene for cholesterol levels. Furthermore, we can include all
family members in our analysis of this relationship, or at least all those
with high cholesterol levels, not just those with myocardial infarction.

Examples of endophenotypes in psychiatry include abnormalities of
eye-tracking movements (Holzman et al. 1988) and the P50 evoked po-
tential (Freedman et al. 1997) in schizophrenic patients and their relatives.
A majority of schizophrenic patients, and 45% of their first-degree rela-



Genes for Human Personality Traits 339

tives, show certain abnormal eye movements on electro-optical record-
ings. A family study of discordant twins was incompatible with simple
Mendelian transmission of schizophrenia. However, when the assessment
included schizophrenia and abnormal eye movements, this phenotype
exhibited a pattern consistent with autosomal dominant transmission.
Plainly, the combination of a gene for this characteristic and another
gene(s), which together may lead to outright illness, may exhibit a more
complicated transmission pattern. However, the simple inheritance of the
endophenotype may permit rapid identification of at least one risk gene
for schizophrenia. Schizophrenic patients also exhibit diminished inhibi-
tion of the response to the second of a pair of identical auditory stimuli,
as measured by the P50 evoked potential. This may be a laboratory ex-
ample of an apparent general difficulty of these patients in filtering irrel-
evant information. The same deficit is seen in about half of the relatives
in families multiply affected with schizophrenia, including in those rela-
tives with no clinical disorder. A linkage analysis of the P50 phenotype,
utilizing existing physiological information implicating a nicotinic recep-
tor, succeeded in linking the trait to chromosome 15 (lod score � 5.3) in
nine families.

Our hypothesis is that personality traits may be heuristic endopheno-
types for psychiatric geneticists. Let us imagine that a certain allele of an
‘‘introversion-extraversion’’ gene increases an individual’s tendency to
prefer to be alone by 10% compared with the commonest allele, and a
rarer allele increases it by 20%. Most individuals with these alleles will still
have introversion scores within the normal range, but an occasional in-
dividual who is homozygous for the rarest allele might be diagnosed with
social phobia. An individual who inherits two of these introversion alleles
and an allele that increases the risk for psychopathology in general may
be more likely to have schizoid personality disorder. Now consider an
individual with this genotype who also inherits a gene that contributes to
unconventional thinking; he may be more liable to schizotypal personality
disorder. Another individual with two of the genes affecting introversion,
plus the gene affecting eccentricity, plus a gene that increases adventur-
ousness, might become an intrepid explorer; his brother might develop
schizophrenia. At the biochemical level a minor change in the dopamine
transporter, reducing the amount of dopamine reuptake, might have strik-
ing consequences when paired with a minor change in a monoamine
oxidase enzyme responsible for dopamine degradation. Cloninger has
presented a detailed model (Cloninger 1987) of how various combinations
of extreme personality traits may lead on to personality disorders.
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Reports of an association between a human personality trait called nov-
elty seeking and a dopamine D4 receptor (DRD4) exon III polymorphism
are discussed elsewhere in this volume. The thinking behind the search
for genes that might influence personality traits (Benjamin et al. 1993) was
not limited to the desire to advance our understanding of normal person-
ality alone; we in fact hypothesized (Belmaker and Biederman 1994) that
such genes, once discovered, might yield new insights into the genetics
and pathological chemistry of psychiatric disorders.

This idea, that individual genes might influence personality traits and
psychopathology, would appear to be partly supported thus far by the
saga of the DRD4 polymorphism (Ebstein and Belmaker 1997). The initial
reports of an association between DRD4 and novelty seeking were fol-
lowed by attempts at replication and also by reports of associations with
attention-deficit/hyperactivity disorder (ADHD) in children (LaHoste et al.
1997), heroin abuse (Kotler et al. 1997), and Tourette’s syndrome (Grice
et al. 1996). Novelty Seeking, a factor on the Tridimensional Personality
Questionnaire (Cloninger 1987), refers to a cluster of risk-taking, distrac-
tible, impulsive, and fickle behaviors. This behavioral tendency bears
prima facie similarity to some features of ADHD and perhaps experiments
with drug-taking and Tourette’s syndrome; these reported associations
have been replicated, especially for ADHD (e.g., Faraone et al. 1999).
These associations encourage us to look afresh at our current understand-
ing of the psychological substrates of these phenotypes (e.g., what is com-
mon to ADHD and novelty seeking?) Thus genetics and psychology can
enrich each other just as genetics and physiology enrich each other in
other disciplines.

An example of a different kind of connection between personality
traits, genes, and pathology is the connection between cessation of smok-
ing and a polymorphism of the dopamine transporter gene (DAT) (Sabol
et al. 1999). This study replicated a previously reported association be-
tween smoking status and DAT and also employed personality testing.
Lower novelty seeking was associated with the ‘‘nine’’ DAT allele and so
was quitting smoking. The authors hypothesized that individuals with this
allele have increased intracellular dopaminergic activity; this makes them
less likely to seek external sources of dopamine stimulation, including
novel situations and nicotine intake. This would be an example of a gene
influencing a personality trait and also influencing behavioral mediation
of an environmental risk for a nonpsychiatric disorder such as lung cancer.

A further contribution of replicable behavioral findings with any gene
is that such a gene can provide the first clue on a trail ultimately leading
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to gene-gene combinations with large effect sizes on behavioral traits, the
kind of effect that would allow for true prediction in clinical psychiatry
and psychology. Just as each of the putative genes ‘‘for’’ schizophrenia,
bipolar disorder, and so on probably has a small effect size (or none at
all) when it acts alone, the same is true of the ‘‘personality’’ genes reported
so far. The DRD4 gene, for example, explained only 4% of the variance
in novelty seeking in the initial reports. A DRD4-serotonin-2C receptor
polymorphism interaction, however, affected another personality trait, Re-
ward Dependence, by about 10 standard errors of the mean in a prelim-
inary analysis (Ebstein et al. 1997), and this interaction (with a smaller
effect size) was later replicated (Kuhn et al. 1999). Such an interaction
would have not have been sought without the prior reports of the DRD4
association; random searches for gene-gene interactions without good hy-
potheses to support them astronomically increase the problem of multiple
comparisons and false-positive findings.

Concluding Remarks
Beckwith and Alper (Chapter 17, Genetics of Human Personality) rightly
point out the social dangers of naive or even evil genetic theory. The past
cannot be forgotten or forgiven in psychiatric genetics. The media re-
quirement for ratings and oversimplification creates a background that
harbors the potential for abuse of every published scientific discovery.

Some gene effects of personality may turn out to be mediated via banal
confounding variables. The sociological literature suggesting that tall men
have more friends, more self-confidence, and more social acceptance is
well known. The effects of female beauty on female social status do not
require proof in the literature. Genetic effects of these physical variables
could appear in behavioral genetic studies as effects of genes on behavior,
but knowledge of the intervening variable would allow us a much more
sober assessment of the process involved.

The past abuses of environmentalism must also not be forgotten. The
concept that individuals are born tabula rasa and that environment can
create total equality led in some circumstances to crimes analogous to mak-
ing all men equal in height by cutting off the heads of tall people. The role
of dogmatic environmentalism in communism’s crimes of this century is
symmetrical to the role of naive geneticism in Nazi crimes. The roles, in
both cases, involved aiding and abetting rather than direct causality.
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It is important for a free society to accept the idea that many individual
differences are innate and not easily malleable. Society is not responsible
for all human faults. Although this argument has been used to try to excuse
crime (the ‘‘genetic defense,’’ see Chapter 17, Genetics of Human Person-
ality), environmental causation has also been used to excuse crime (see
West Side Story, ‘‘Dear Officer Krupky’’ [Wise and Robbins 1961]). Child-
rearing can be unrealistic and perhaps pathogenic if parents overempha-
size their influence and responsibility, just as child-rearing can be distorted
if parents accept no responsibility.

Future molecular genetic studies should allow for a much more sober
and more difficult-to-abuse body of knowledge. When the mechanism of
gene effects on personality traits becomes clearer, the social meaning of
the findings will be more difficult to distort. For instance, genes may affect
novelty seeking via general autonomic arousal level. High novelty seeking
may have a complex set of socially desirable and socially undesirable
consequences such that no employer or insurance company would find
value in using genotyping for unethical reasons. However, parents might
find it very useful to know the genetic tendency for arousal level in their
child, for example, in order to plan appropriate discipline strategies.

Einstein might not have studied relativity if he knew the consequences;
the discoverers of narcotic analgesia could have hidden their discovery
for fear of abuse. More likely, the scientific progress was inevitable and
appropriate; open discussion is the best way to assure its ethical human-
istic application. Molecular personality genetics is both equally promising
and equally dangerous, but we do not have the option to close our eyes
or ignore the field.
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