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Abstract

 

What’s new in behavior ge-
netics? With widespread ac-
ceptance that nearly all behav-
ioral variation reflects some
genetic influence, current stud-
ies are investigating develop-
mental changes in the nature
and magnitude of genetic and
environmental effects, the ex-
tent to which different be-
haviors are influenced by com-
mon genes, and different forms
of gene-environment correla-
tion and interaction. New de-
signs, focused on assessment
of unrelated children in the
same households or neighbor-
hood environments, and use of
measured environmental vari-
ables within genetically infor-
mative designs, are yielding
more incisive evidence of com-
mon environmental effects on
behavior. What will be next?
Behavior genetic techniques
and analyses will be used to in-
form efforts to find genes alter-
ing susceptibility for disorder

and dispositional genes affect-
ing behavioral variation. The
developing integration of be-
havioral and molecular ge-
netics will identify genes influ-
encing specific behavioral
variation and enhance under-
standing of how they do so.
Psychologists will play a piv-
otal role in communicating
that understanding to the pub-
lic and in facilitating consider-
ation of the inevitable ethical
issues then to be confronted.
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Through most of its brief his-
tory, behavior genetics had a single
and simple goal: to demonstrate
that some of the variation in behav-
ior is attributable to genetic vari-
ance. Now, a diverse array of be-
haviors has been investigated with
twin and adoption designs, yield-

ing evidence that genetic variation
contributes to individual differ-
ences in virtually all behavioral do-
mains (McGuffin, Riley, & Plomin,
2001). Is behavior genetics, then, a
thing of the past, a field whose suc-
cess makes it obsolete? Not at all:
Never has behavior genetic re-
search held more promise. Investi-
gators now possess analytic tools
to move from estimating latent, un-
measured sources of variance to
specifying the genes and environ-
ments involved in behavioral de-
velopment, and the ways in which
they interact. Our modest aim in
this essay is to describe the ques-
tions now asked by behavior genet-
icists and to sketch the role that the
field will assume in the emerging
era of behavioral genomics.

 

A DEVELOPMENTAL 
PERSPECTIVE

 

Traditional behavior genetic
analyses divide observed behav-
ioral variance into three unob-
served (latent) sources: variance at-
tributable to genetic effects, that
due to environmental influences
shared by siblings (e.g., family
structure and status), and that aris-
ing in unshared environmental ex-
perience that makes siblings differ
from one another. Estimates of the
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magnitude of these genetic and en-
vironmental effects are usually ob-
tained from statistical path models
that compare identical twins, who
share all their genes, with fraternal
twins, who like ordinary siblings,
on average, share one half their
genes. Behavior genetic research
now identifies developmental
changes in the importance of ge-
netic dispositions and environmen-
tal contexts in accounting for indi-
vidual differences in behavior.
Such changes can be dramatic and
rapid. For example, we assessed
substance use in a sample of ado-
lescent Finnish twins on three occa-
sions from ages 16 to 18 1/2; we
found that genetic contributions to
individual differences in drinking
frequency increased over time, ac-
counting for only a third of the
variation at age 16, but half of it
just 30 months later (Rose, Dick,
Viken, & Kaprio, 2001). Concur-
rently, the effects of sharing a com-
mon environment decreased in im-
portance. Interestingly, parallel
analyses of smoking found little
change in the importance of ge-
netic and environmental effects, il-
lustrating the trait-specificity of
gene-environment dynamics: Some
effects are stable across a develop-
mental period; others change.

 

DIFFERENT BEHAVIORS, 
SAME GENES?

 

It is well known that certain be-
haviors tend to co-occur, as do cer-
tain disorders, but the causes of
such covariance are much less un-
derstood. Behavior genetic models
assess the degree to which covaria-
tion of different disorders or be-
haviors is due to common genetic
influences, common environmental
influences, or both. An example
can be found in the significant, al-
beit modest, correlations observed
between perceptual speed (the
minimum time required to make a

 

perceptual discrimination, as as-
sessed with computer display
methods) and standard IQ test
scores (Posthuma, de Geus, &
Boomsma, in press); those correla-
tions were found to be due entirely
to a common genetic factor, hy-
pothesized to reflect genetic influ-
ences on neural transmission. An-
other example is found in our
study of behavioral covariance be-
tween smoking and drinking dur-
ing adolescence. Genes contribut-
ing to the age when teens started
smoking and drinking correlated
nearly 1.0 (suggesting that the
same genes influence an adoles-
cent’s decision to begin smoking
and to begin drinking), but once
smoking or drinking was initiated,
genes influencing the frequency
with which an adolescent smoked
or drank were quite substance-spe-
cific, correlating only about .25.

 

GENE-ENVIRONMENT 
INTERACTION AND 

CORRELATION

 

The interaction of genes and en-
vironments has been difficult to
demonstrate in human behavioral
data, despite consensus that inter-
action must be ubiquitous. New
behavior genetic methods are
demonstrating what was long as-
sumed. These methods use infor-
mation from twins who vary in
specified environmental exposure
to test directly for the differential
expression of genes across differ-
ent environments. For example, ge-
netic effects played a larger role in
the use of alcohol among twin
women who had been reared in
nonreligious households than
a m o n g  t h o s e  w h o  h a d  b e e n
reared in religious households
(Koopmans, Slutske, van Baal, &
Boomsma, 1999). Similarly, we
found greater genetic effects on
adolescent alcohol use among
Finnish twins living in urban envi-

ronments than among those living
in rural environments (Rose, Dick,
et al., 2001).

These demonstrations of gene-
environment interaction used sim-
ple dichotomies of environmental
measures. But subsequently, we
explored underlying processes in
the interaction effect of urban ver-
sus rural environments by employ-
ing new statistical techniques to ac-
commodate  more continuous
measures of the characteristics of
the municipalities in which the
Finnish twins resided. We hypoth-
esized that communities spending
relatively more money on alcohol
allow for greater access to it, and
communities with proportionately
more young adults offer more role
models for adolescent twins, and
that either kind of community en-
hances expression of individual
differences in genetic predisposi-
tions. And that is what we found:
up to a 5-fold difference in the im-
portance of genetic effects among
twins residing in communities at
these environmental extremes
(Dick, Rose, Viken, Kaprio, & Ko-
skenvuo, 2001), suggesting that the
influence of genetic dispositions
can be altered dramatically by en-
vironmental variation across com-
munities.

Analysis of gene-environment
interaction is complemented by
tests of gene-environment correla-
tion. Individuals’ genomes interact
with the environmental contexts in
which the individuals live their
lives, but this process is not a pas-
sive one, for genetic dispositions
lead a person to select, and indeed
create, his or her environments.
Perhaps the most salient environ-
ment for an adolescent is found in
the adolescent’s peer relation-
ships. In a study of 1,150 sixth-
grade Finnish twins, we (Rose, in
press) obtained evidence that they
actively selected their friends from
among their classmates. This result
is consistent with the inference that
people’s genetic dispositions play
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some role in their selection of
friends. People like other people
who are like themselves, and ge-
netically identical co-twins make
highly similar friendship selections
among their classmates.

 

MEASURING EFFECTS OF
THE ENVIRONMENT

IN GENETICALLY 
INFORMATIVE DESIGNS

 

In traditional behavior genetic
designs, environmental influences
were modeled, but not measured.
Environmental effects were in-
ferred from latent models fit to
data. Such designs understand-
ably received much criticism. Now,
behavior geneticists can incorpo-
rate specific environmental mea-
sures into genetically informative
designs and, by doing so, are dem-
onstrating environmental effects
that latent models failed to detect.
Thus, we have studied effects of
parental monitoring and home at-
mosphere on behavior problems in
11- to 12-year-old Finnish twins;
both parental monitoring and
home atmosphere contributed sig-
nificantly to the development of
the children’s behavior problems,
accounting for 2 to 5% of the total
variation, and as much as 15% of
the total common environmental
effect .  Recent research in the
United Kingdom found neighbor-
hood deprivation influenced be-
havior problems, too, accounting
for about 5% of the effect of shared
environment. Incorporation of spe-
cific, measured environments into
genetically informative designs of-
fers a powerful technique to study
and specify environmental effects.

In other work, new research de-
signs have been used to directly as-
sess environmental effects in stud-
ies of unrelated children reared in a
common neighborhood or within
the same home. We have investi-
gated neighborhood environmental

 

effects on behavior in a large sam-
ple of 11- to 12-year-old same-sex
Finnish twins. For each twin, we
included a control classmate of the
same gender and similar age, thus
enabling us to compare three kinds
of dyads: co-twins, each twin and
his or her control classmate, and the
two control classmates for each pair
of co-twins. These twin-classmate
dyads were sampled from more
than 500 classrooms throughout Fin-
land. The members of each dyad
shared the same neighborhood,
school, and classroom, but only the
co-twin dyads shared genes and
common household experience. For
some behaviors, including early
onset of smoking and drinking, we
found significant correlations for
both control-twin and control-con-
trol dyads; fitting models to the
double-dyads formed by twins and
their controls documented signifi-
cant contributions to behavioral
variation from nonfamilial envi-
ronments—schools, neighborhoods,
and communities (Rose, Viken,
Dick, Pulkkinen, & Kaprio, 2001).

A complementary study exam-
ined genetically unrelated siblings
who were no more than 9 months
apart in age and who had been
reared together from infancy in the
same household. An IQ correlation
of .29 was reported for 50 such dy-
ads, and in another analysis, 40 of
these dyads were only slightly less
alike than fraternal co-twins on a
variety of parent-rated behaviors
(Segal, 1999). Clearly, appropriate
research designs can demonstrate
effects of familial and extrafamilial
environmental variation for some
behavioral outcomes at specific
ages of development.

 

INTEGRATING BEHAVIOR 
AND MOLECULAR

GENETICS

 

2

 

Where do the statistical path
models of behavior geneticists fit

into the emerging era of behavioral
genomics (the application of mo-
lecular genetics to behavior)? In the
same way that specific, measured
environments can be incorporated
into behavior genetic models, spe-
cific information about genotypes
can be included, as well, to test the
importance of individual genes on
behavior. Additionally, the kinds
of behavior genetic analyses we
have described can be informative
in designing studies that maxi-
mize the power to detect suscepti-
bility genes. Many efforts to repli-
cate studies identifying genes that
influence clinically defined diag-
noses have failed. Those failures
have stimulated the study of alter-
natives to diagnoses. When several
traits are influenced by the same
gene (or genes), that information
can be used to redefine (or refine)
alternatives to study, to enhance
gene detection. For example, be-
cause heavy smoking and drinking
frequently co-occurred in the Col-
laborative Study of the Genetics of
Alcoholism sample, combined
smoking and alcohol dependence
was studied (Beirut et al., 2000).
The combined dependency yielded
greater evidence of linkage with a
chromosomal region than did ei-
ther tobacco dependence or alcohol
dependence alone.

This approach is not limited to
co-occurring behavioral disorders.
It applies to normative behavioral
differences, as well: A multidisci-
plinary international collaboration
(Wright et al., 2001) has initiated a
study of covariation among tradi-
tional and experimental measures
of cognitive ability and will em-
ploy the correlated measures, once
found, in subsequent molecular ge-
netic analyses. And in a comple-
mentary way, behavior genetic
methods can be useful to identify
behavioral  outcomes that  are
highly heritable, because these out-
comes are most likely informative
for genetic studies: When the defi-
nition of major depression was
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broadened, genetic factors as-
sumed a larger role in women’s
susceptibility to this disorder
(Kendler, Gardner, Neale, & Pres-
cott, 2001), and, interestingly, this
broader definition of depression
suggested that somewhat different
genes may influence depression in
men and women.

A second strategy to enhance
the power of molecular genetic
analyses is to more accurately char-
acterize trait-relevant environmen-
tal factors and also incorporate
them more accurately in the analy-
ses. In searching for genes, tradi-
tional genetic research effectively
ignored the interplay of genetic
and environmental influences in
behavioral and psychiatric traits.
Now, new analytic methods are be-
ing developed to incorporate envi-
ronmental  information better
(Mosley, Conti, Elston, & Witte,
2000). But which specific environ-
mental information is pertinent to
a particular disorder? And how
does a specific risk-relevant envi-
ronment interact with genetic dis-
positions? Behavioral scientists
trained in the methods of behavior
genetics will play a key role in an-
swering these questions.

BEYOND FINDING GENES

The traditional endpoint for ge-
neticists is finding the gene (or
genes) involved in a behavior or
disorder. At that point, psycholo-
gists should become instrumental
in using this genetic information.
Applying genetic research on com-
plex disorders to clinical practice
will be complicated, because gene-
behavior correlations will be mod-
est and nonspecific, altering risk,
but rarely determining outcome.
Genes confer dispositions, not des-
tinies. Research examining how
risk and protective factors interact
with genetic predispositions is crit-
ical for understanding the develop-

ment of disorders and for provid-
ing information to vulnerable
individuals and their family mem-
bers. Far from ousting traditional
psychological intervention, ad-
vances in genetics offer opportuni-
ties to develop interventions tai-
lored to individual risks in the
context of individual lifestyles. En-
hanced understanding of the inter-
actions between genetic vulnerabil-
ities and environmental variables
may dispel public misconceptions
about the nature of genetics and
correct erroneous beliefs about ge-
netic determinism. Informed psy-
chologists can play a vital role in
disseminating the benefits of ge-
netic research to families whose
members experience behavioral
and psychiatric disorders, and to
the public in general.

CONCLUSIONS

Research questions now ad-
dressed by behavior geneticists
have grown dramatically in scope:
The questions have expanded into
developmental psychology and so-
ciology, as researchers have em-
ployed measures of the home and
community, and utilized longitu-
dinal designs. And behavior ge-
neticists now study the effect of
measured genotypes, a study tradi-
tionally left to geneticists. These
developments create new and com-
pelling research questions and
raise new challenges. One such
challenge is in addressing the com-
plexity of behavioral development
despite current reliance on meth-
ods that largely assume additive,
linear effects. People who appreci-
ate the complex, interactive, and
unsystematic effects underlying
behavioral development may be
skeptical that the genomic era will
profoundly advance understand-
ing of behavior. But there is a pre-
liminary illustration that advance
will occur, even within the con-

straints of additive models: the
identification of a gene (ApoE) that
increases risk for Alzheimer’s dis-
ease, and the interaction of that
gene with head trauma (Mayeux et
al., 1995). Further, new analytic
techniques are being developed to
analyze simultaneously hundreds
of genes and environments in at-
tempts to understand how gene-
gene and gene-environment inter-
actions contribute to outcome
(Moore & Hahn, 2000). These tech-
niques are beginning to capture the
systems-theory approach long ad-
vocated by many researchers as
an alternative to linear additive
models.

This is not to deny that unre-
solved problems remain. For exam-
ple, we are enthusiastic about in-
cluding measured environmental
information in genetic research de-
signs, but we note, with disap-
pointment, that the magnitude of
shared environmental effects de-
tected to date has been modest.
Equally disappointing are the re-
sults of recent research efforts to
specify nonshared environmental
effects (Turkheimer & Waldron,
2000). Such findings underscore a
problem acutely evident in con-
temporary behavior genetics: an
imperative need for better mea-
sures of trait-relevant environ-
ments. Now that researchers have
tools to search for measured envi-
ronmental effects, what aspects of
the environment should they mea-
sure—and with what yardsticks?
These are questions that psycholo-
gists are uniquely positioned to ad-
dress.

Another set of challenging ques-
tions will arise from the ethical, le-
gal, and social issues to be con-
fronted once genes conferring
susceptibility to disorders are iden-
tified. How should information
about the nature and meaning of
susceptibility genes be conveyed to
the media, the public, and the
courts? How can erroneous beliefs
about genetic determinism be dis-
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cept the challenge to interpret that
understanding to the public.
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