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Biology: Genetics and Neuroscience

In the various fields of scientific psychology, there has been a significant amount
of attention paid to recent advances in biology, neuroscience and genetics. More spe-
cifically, modern science has allowed for a more in-depth examination of the role of
genes and brain structure and function in behavioral development. For example, re-
sults of studies using gene mapping have led to the widespread acceptance that nearly
all behavioral variation reflects some genetic influence. In addition, advances in neu-
roscience have increased our understanding of the relations between the brain and cog-
nitive, emotional and behavioral development.

The articles in this section represent some of the most recent findings from biolo-
gy, neuroscience, and genetics, and together show that the combined influences of
both biology and environment on behavior and development are complex. In the article
by Danielle Dick and Richard Rose, we see how new research designs are allowing for
the exploration of the developmental changes in the nature and magnitude of genetic
and environmental effects. These new approaches can also help to shed light on the
extent to which different behaviors are influenced by common genes, as well as differ-
ent forms of gene-environment correlation and interaction. The authors also present
their view of how the integration of behavioral and molecular genetics will enhance our
knowledge of behavioral variation in the future.

In the article by Brian Kolb, Robin Gibb and Terry Robinson, a new view of the
organization of the brain is presented. While we have been aware that the brain shows
plasticity ( changing constantly as a function of experience), recent research shows
that both brain plasticity and behavior can be influenced by a variety of both prenatal
and postnatal factors. Drugs, hormones, diet, stress and aging are only some of the

factors that can influence brain organization and lead to changes in behavior and de-
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velopment. This new research will not only provide a deeper understanding of develop-
ment, but will also inform prevention and treatment efforts.

In the article by John Columbo, we are introduced to the recent changes in the
study of attention in infancy. Attention has been regarded as a major tool for studying
the development of cognitive skills in infancy and early childhood, and had been
guided by comparator theory (i.e. simple encoding). However, more recent integra-
tions of the theory and methods involved in the study of attention with models in the
field of cognitive neuroscience have led to important implications for this area. Re-
searchers in cognitive neuroscience use both behavioral and cardiac indices of atten-
tion or adapt tasks that have been shown with adults to be associated with the brain
pathways that control or mediate attention. Using a similar approach, Columbo and his
colleagues were able to better understand variations in infant attention ( more specific-
ally, infant looking) as being linked to the maturation of lower-order visual pathways.
Columbo asserts that much of the extant research may need to be interpreted within a
new framework that relies on a cognitive neuroscience approach.

In the last article by Linda Patia Spear, the link between adolescent characteris-
tics and brain changes is discussed. Some typical behaviors of the adolescent period
(increased risk-taking, for example) have been thought to be influenced by the hor-
monal changes of puberty. New brain research is emerging that elucidates the link be-
tween the alterations in the prefrontal cortex during adolescence and behavior. Specif-
ically, the adolescent brain undergoes a transformation in the limbic brain areas and
their dopamine input—systems that are sensitive to stressors. These systems also form
part of the neural circuitry that modulates the motivational value of drugs and other re-
inforcing stimuli. This research has led to a recognition that the brain of the adolescent
is markedly different from the younger or adult brain, and therefore the behaviors that
are specific to adolescents are not surprising. This avenue of research can lead to im-
portant insights into the factors that precipitate and maintain both adolescent and adult
drug and alcohol use. Overall, multidisciplinary research efforts need to be undertak-
en in controlled settings for a true understanding of the brain/behavior link.

Taken together, these articles make it clear that the fields of biology, genetics
and neuroscience are critical in informing scientists and should be integrated into fu-

ture research in developmental psychology.

4



[&iE]

frohistef: Bl sy

BRI A ABNE T BEE “HRMIIT A ZREZ R ER LR X —W
SAGEIEEINE, ARTHOTRIEESEARNE N R, BE 5T A /NG R
B, RIS BRI AN 94T W AE AR b 32 S I R A, o B 5 P98 22 (i) R [ ) 36 2R
AL EAERE M FH st amaa i it s, —RxHRERERRBEERE
R %R RILEHA T ; “RAEMRMAREREERNEIT P RAKEER, @
P, BATAT IR TR AHR BRI T 7= A R

ENLZRIAE, RIPAVZMEENEBBEREN, AHESRER, #2FR
FRAT R EZMENERES . MNBREIFRIAXNLERAE, EARLEEF, &
R T RE R IR A B A L . MARERN SABE IR T SAALEM, X~
ARG, AR LM — D AN EE 2 R AGE M IS, i, ERENAR, A
IR R TR AMTEYCM A SARRIA, R ER XA 75 [F B R 2 i B
EERPL, FRNAT ARG A P B W B PSR, T4, Horsigsfg s e
BEAIREERS, WM ATIRFFEIR IR it fiedt rdfa k. 55, Ax
YR BRI 11 ~ 12 % [R5 A DU A A5 48— RUIRLAR £ 7 DS B 19 ] T 4% ) 4 % ) A 31 1)
B gk, XMBUEMBZE (co-twin) . H—PXUMIGET S HILERFE (T—C), #W
AMFREEREZEE (C—C) BEATHB, AR LLEIRR . G0 DL KB JLEAT R B2 e

YEH

| oA R B SR ERIYE? DT TR R AT Mg e R AT ik, 1
S BUAR AT R AR H) By S PR RIS FRAT A 22 53 0 G B (R o A5 D A% 22 M0y T IR 24 O 45
&, AMTRIZWFETHNERNEN, FHFEFEREMEANERE, OBE2REARE
X SRR E SRR M EEM Y ERNA G, RO T B AT AT 8 5 4E 28 A
AT



Behavior Genetics: What’s New? What’s Next?
Danielle M. Dick and Richard J. Rose'
Department of Psychology, Indiana University, Bloomington, Indiana

Abstract

What’ s new in behavior genetics? With widespread acceptance that nearly all behavioral vari-
ation reflects some genetic influence, current studies are investigating developmental changes in the
nature and magnitude of genetic and environmental effects, the extent to which different behaviors
are influenced by common genes, and different forms of gene-environment correlation and interac-
tion. New designs, focused on assessment of unrelated children in the same households or neigh-
borhood environments, and use of measured environmenta] variables within genetically informative
designs, are yielding more incisive evidence of common environmental effects on behavior. What
will be next? Behavior genetic techniques and analyses will be used to inform efforts to find genes
altering susceptibility for disorder and dispositional genes affecting behavioral variation. The devel-
oping integration of behavioral and molecular genetics will identify genes influencing specific behay-
ioral variation and enhance understanding of how they do so. Psychologists will play a pivotal role
in communicating that understanding to the public and in facilitating consideration of the inevitable

ethical issues then to be confronted.

Keywords

behavior genetics; molecular genetics; development; gene-environment interaction

Through most of its brief history, behavior genetics had a single and simple goal ;
to demonstrate that some of the variation in behavior is attributable to genetic vari-
ance. Now, a diverse array of behaviors has been investigated with twin and adoption
designs, yielding evidence that genetic variation contributes to individual differences
in virtually all behavioral domains ( McGuffin, Riley, & Plomin, 2001). Is behavior
genetics, then, a thing of the past, a field whose success makes it obsolete? Not at
all: never has behavior genetic research held more promise. Investigators now possess
analytic tools to move from estimating latent, unmeasured sources of variance to speci-
fying the genes and environments involved in behavioral development, and the ways in

which they interact. Our modest aim in this essay is to describe the questions now
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asked by behavior geneticists and to sketch the role that the field will assume in the

merging era of behavioral genomics.

A DEVELOPMENTAL PERSPECTIVE

Traditional behavior genetic analyses divide observed behavioral variance into
three unobserved (latent) sources: variance attributable to genetic effects, that due to
environmental influences shared by siblings (e. g. , family structure and status) , and
that arising in unshared environmental experience that makes siblings differ from one
another. Estimates of the magnitude of these genetic and environmental effects are
usually obtained 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 genetic dispositions and environmental contexts in accounting for in-
dividual differences in behavior. Such changes can be dramatic and rapid. For exam-
ple, we assessed substance use in a sample of adolescent Finnish twins on three occa-
sions from ages 16 to 18 1/2; we found that genetic contributions to individual differ-
ences in drinking frequency increased over time, accounting for only a third of the var-
iation at age 16, but half of it just 30 months later (Rose, Dick, Viken, & Kaprio,
2001). Concurrently, the effects of sharing a common environment decreased in im-
portance. Interestingly, parallel analyses of smoking found little change in the impor-
tance of genetic and environmental effects, illustrating the trait-specificity of gene-en-
vironment dynamics: some effects are stable across a developmental period; others

change.

DIFFERENT BEHAVIORS, SAME GENES?

It is well known that certain behaviors tend to co-occur, as do certain disorders,
but the causes of such covariance are much less understood. Behavior genetic models
assess the degree to which covariation of different disorders or behaviors is due to com-
mon genetic influences, common environmental influences, or both. An example can
be found in the significant, albeit modest, correlations observed between perceptual
speed (the minimum time required to make a perceptual discrimination, as assessed

with computer display methods) and standard IQ test scores ( Posthuma, de Geus, &
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Boomsma, in press) ; those correlations were found to be due entirely to a common ge-
netic factor, hypothesized to reflect genetic influences on neural transmission. Another
example is found in our study of behavioral covariance between smoking and drinking
during adolescence. Genes contributing 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 drink-
ing was initiated, genes influencing the frequency with which an adolescent smoked or

drank were quite substance-specific, correlating only about 0. 25.

GENE-ENVIRONMENT INTERACTION AND CORRELATION

The interaction of genes and environments has been difficult to demonstrate in
human behavioral data, despite consensus that interaction must be ubiquitous. New
behavior genetic methods are demonstrating what was long assumed. These methods
use information from twins who vary in specified environmental exposure to test direct-
ly for the differential expression of genes across different environments. For example,
genetic effects played a larger role in the use of alcohol among twin women who had
been reared in nonreligious households than among those who had been reared in re-
ligious households ( Koopmans, Slutske, van Baal, & Boomsma, 1999 ). Similarly,
we found greater genetic effects on adolescent alcohol use among Finnish twins living
in urban environments than among those living in rural environments ( Rose, Dick,
et. al. , 2001).

These demonstrations of gene-environment interaction used simple dichotomies of
environmental measures. But subsequently, we explored underlying processes in the
interaction effect of urban versus rural environments by employing new statistical tech-
niques to accommodate more continuous measures of the characteristics of the munici-
palities in which the Finnish twins resided. We hypothesized that communities spend-
ing 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 enhances expression of individual differences in ge-
netic predispositions. 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, & Koskenvuo, 2001) , suggesting that the in-
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fluence of genetic dispositions can be altered dramatically by environmental variation
across communities.

Analysis of gene-environment interaction is complemented by tests of gene-envi-
ronment correlation. Individuals’ genomes interact with the environmental contexts in
which the individuals live their lives, but this process is not a passive one, for genetic
dispositions lead a person to select, and indeed create, his or her environments. Per-
haps the most salient environment for an adolescent is found in the adolescent” s peer
relationships. In a study of 1,150 sixth-grade Finnish twins, we ( Rose, in press) ob-
tained evidence that they actively selected their friends from among their classmates.
This result is consistent with the inference that people’ s genetic dispositions play
some role in their selection of friends. People like other people who are like them-
selves, and genetically 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 inferred from latent models fit to data.
- Such designs understandably received much criticism. Now behavior geneticists can
incorporate specific environmental measures into genetically informative designs and,
by doing so, are demonstrating environmental effects that latent models failed to de-
tect. Thus, we have studied effects of parental monitoring and home atmosphere on
behavior problems in 11-to 12-year-old Finnish twins; both parental monitoring and
home atmosphere contributed significantly to the development of the children’s behav-
ior 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
neighborhood deprivation influenced behavior problems, too., accounting for about 5%
of the effect of shared environment. Incorporation of specific, measured environments
into genetically informative designs offers a powerful technique to study and specify
environmental effects.

In other work, new research designs have been used to directly assess environ-

mental effects in studies of unrelated children reared in a common neighborhood or
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within the same home. We have investigated neighborhood environmental effects on
behavior in a large sample of 11-to 12-year-old samesex 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 Finland. 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-control dyads; fitting models to the double-dyads formed by twins and
their controls documented significant contributions to behavioral variation from nonfa-
milial environments—schools, neighborhoods, and communities ( Rose, Viken,
Dick, Pulkkinen, & Kaprio, 2001).

A complementary study examined 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 0.29 was reported for 50 such dyads, 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 de-
signs can demonstrate effects of familial and extrafamilial environmental variation for

some behavioral outcomes at specific ages of development.

INTEGRATING BEHAVIOR AND MOLECULAR GENETICS®

Where do the statistical path models of behavior geneticists fit into the emerging
era of behavioral genomics ( the application of melecular genetics to behavior) ? In the
same way that specific, measured environments can be incorporated into behavior ge-
netic models, specific 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 susceptibility genes. Many efforts to replicate studies identif-
ying genes that influence clinically defined diagnoses have failed. Those failures have
stimulated the study of alternatives to diagnoses. When several traits are influenced by

the same gene (or genes) , that information can be used to redefine (or refine) alter-
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