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Genetics and Psychology: 
Beyond Heritability 
Robert Plomin and Essi Colledge 
Social, Genetic and Developmental Psychiatry Research Centre, Insfftute of Psychiat~ London, UK 

The questions whether and how much genetic factors affect psychological 
dimensions and disorders represent important first steps in understand- 
ing the origins of individual differences. Because it is now widely accepted 
that genetic influences contribute importantly to individual differences 
throughout psychology, genetic research is moving beyond merely esti- 
mating heritability to asking questions about how genetic mechanisms 
work. We focus on two examples of ways in which genetic research is 

going beyond heritability. The first is to use genetically sensitive designs 
to identify specific environmental influences, taking into account two of 
the most important findings from behavioral genetics: nonshared envi- 
ronment and genotype-environment correlation. The second is to use the 
new tools of molecular genetics to identify specific genes responsible for 
the substantial heritability of a variety of behavioral traits. 

Keywords: Genetics, nonshared environment, genotype-environment correlation, DNA. 

The controversy that swirled around human behavioral 
genetics research on individual differences in psycholo- 
gy during the 1970s has largely faded. During the 1980s 
and especially the 1990s, psychology became much 
more accepting of genetic influence on individual differ- 
ences, as can be seen in the increasing number of behav- 
ioral genetic articles in mainstream psychology journals 
and the number of research grants awarded for behav- 
ioral genetic research. One symbol of this change was the 
1992 centennial conference of the American Psychologi- 
cal Association, in preparation for which a committee 
selected two themes that best represented the past, pre- 
sent, and future of psychology. One of the two themes 
chosen was behavioral genetics (Plomin & McClearn, 
1993). Indeed, the wave of acceptance of genetic influ- 
ence throughout psychology threatens to engulf a sec- 
ond, equally important message coming from behavior- 
al genetic research: that individual differences in com- 
plex psychological traits are due at least as much to 
environmental influences as they are to genetic influenc- 
es. Behavioral genetics research provides the best avail- 
able evidence for the importance of the environment, 
and as explained later, some of the most important find- 
ings from genetic research involve the environment. 

So far, the fundamental accomplishment of behav- 
ioral genetic research in psychology has been to demon- 
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strate the ubiquitous importance of genetics throughout 
psychology. Rather than asking whether particular areas 
of psychology show genetic influence, the question now 
is whether there are any areas of psychology that do not 
show genetic influence! No psychological measure has 
reliably shown zero heritability. By heritability behav- 
ioral geneticists mean the proportion of phenotypic dif- 
ferences among individuals that can be attributed to ge- 
netic differences in a particular population. The evi- 
dence for genetic influence for human behavior consists 
of twin studies that compare the similarity of identical 
and nonidentical twins and adoption studies that con- 
sider for example the resemblance of adopted-away 
children to their biological parents. These methods and 
the theory that underlies them are called quantitative ge- 
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netics in contrast to molecular genetic studies that at- 
tempt to identify specific genes. Behavioral genetics in- 
cludes both quantitative and molecular genetic ap- 
proaches to investigate genetic influences on individual 
differences in behavior. 

This paper does not discuss background or method- 
ological issues, nor does it review quantitative genetic 
results showing genetic influence for all areas of psy- 
chology (see Plomin, DeFries, McClearn, & McGuffin, 
2001, for a review of the area). However, as an example 
of heritability research, consider schizophrenia. Until 
the 1960s, schizophrenia was thought to be environmen- 
tal in origin, with theories putting the blame on poor 
parenting to account for the fact that schizophrenia 
clearly runs in families. The idea that schizophrenia 
could run in families for genetic reasons was not serious- 
ly considered by most psychologists. Twin and adoption 
studies changed this view. Twin studies showed that 
identical twins are much more similar than nonidentical 
twins, which suggests genetic influence. If one member 
of an identical twin pair is schizophrenic, the chances are 
45% that the other twin is also schizophrenic. For non- 
identical twins, the chances are 17%. Adoption studies 
showed that the risk of schizophrenia is just as great 
when children are adopted away from their schizo- 
phrenic parents at birth as when children are reared by 
their schizophrenic parents, which provides dramatic 
evidence for genetic transmission. There are now intense 
efforts to identify some of the specific genes responsible 
for genetic influence on schizophrenia. 

In nearly every area of psychology that has been 
studied, quantitative genetic research has shown genetic 
as well as environmental influence (Plomin, DeFries, 
McClearn, & McGuffin, 2001). For example, genetic in- 
fluence has consistently been shown in many traditional 
areas of psychological research such as psychopatholo- 
gy, personality, cognitive disabilities and abilities, and 
substance use and abuse. Some areas showing strong 
genetic influence are even more surprising such as 
school achievement, self-esteem, interests, and atti- 
tudes. Nonetheless, it is important to remember that 
these partitions of the genetic and environmental sourc- 
es of individual differences pertain to the specific popu- 
lations and environmental conditions in which they are 
ascertained. 

Most importantly, genetic research in psychology is 
moving beyond heritability. The questions whether and 
how much genetic factors affect psychological dimen- 
sions and disorders represent important first steps in un- 
derstanding the origins of individual differences. But 
these questions about heritability are only first steps. 
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The next steps involve the question how, that is, the 
mechanisms by which genes have their effects. Exam- 
ples of going beyond heritability for quantitative genetic 
research in psychology include the use of genetic re- 
search to understand the environment, genetic links be- 
tween the normal and abnormal, genetic analysis of de- 
velopmental change as well as continuity, and multivar- 
iate genetic analysis of the covariance between traits in 
contrast to univariate analysis of each trait considered 
by itself (Plomin, DeFries, McClearn, & McGuffin, 2001). 
Such quantitative genetic research will become increas- 
ingly important as it guides molecular genetic research 
toward the most heritable components and constella- 
tions of disorders and dimensions as they interact and 
correlate with the environment throughout develop- 
ment. Conversel3~ finding specific genes associated with 
behavior will greatly enhance our ability to address 
quantitative genetic issues such as those just mentioned. 
In addition, finding specific genes associated with be- 
havior will provide unambiguous evidence for the influ- 
ence of genes on behavior and thus resolve some of the 
controversies in the field. Greater understanding of the 
genetic contribution to disorders may also come to influ- 
ence how diagnostic criteria are formulated in the fu- 
ture, as well as for predicting and preventing disorders, 
as discussed later. 

This paper describes two examples of going beyond 
heritabilityuusing genetically sensitive designs to iden- 
tify environmental influences and using molecular ge- 
netic analysis to identify specific genes. Before begin- 
ning, one preliminary issue needs to be considered. 

Individual Differences 

The single greatest source of confusion and controversy 
involves differences in perspectives or levels of analysis. 
Behavioral genetics focuses on individual differenc- 
e s - w h y  individuals within a species differ in behavior. 
For example, why  do some children have bigger vocab- 
ularies than others? Behavioral genetic methods decom- 
pose behavioral differences among individuals (vari- 
ance) into genetic and environmental sources of vari- 
ance. The focus is on naturally occurring sources of 
variance, that is, genetic and environmental factors that 
make a difference in the real world. 

In contrast, most psychological research comes from 
a different perspective that focuses on species-typical or 
normative behavior rather than on individual differences 
within the species--means rather than variances. For 
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example, children use two-word sentences on average at 
18 months. How can you go beyond such mean descrip- 
tions of spedes-typical behavior to explanation? One way 
is to compare cultures or species but this does not take us 
very far. For example, if children in all cultures use two- 
word sentences at 18 months of age, this suggests (but 
does not prove) that the phenomenon might be evolu- 
tionarily engrained in the species. Converse134 average 
differences between cultures are not necessarily "cultur- 
a l ' - - they might be due to genetic differences between 
cultures. Evolutionary psychologists tend to compare av- 
erage differences between species, assuming that such 
species differences are due to genetic differences. 

The explanatory workhorse of normative psychol- 
ogy has been the experiment. The experimental method 
manipulates a variable in order to create differences be- 
tween groups of randomly assigned individuals. In oth- 
er words, it creates differences rather than studies natu- 
rally occurring differences. For example, one group of 
17-month-old children could be given extensive expo- 
sure to language in order to compare their use of two- 
word sentences at 18 months to the performance of a 
control group. If at 18 months the experimental group 
uses more two-word sentences than the control group, 
we can infer that such "hot housing" can make a differ- 
ence. We cannot infer that it does make a difference in the 
real world of parents and their children. To generalize to 
the real world, we would need to study naturally occur- 
ring individual differences, looking at the association 
between parents' vocalizations and their children's use 
of two-word sentences (which cannot be assumed to be 
an environmental association, as discussed later). An- 
other example comes from within-subject experiments 
such as studies that compare neuroimaging results for 
different tasks. When a certain part of the brain lights up 
on average for one type of task as compared to another 
task, one cannot necessarily conclude that individual 
differences in the performance on that task are a result 
of functional differences in that part of the brain. Recent 
functional imaging studies are beginning to address in- 
dividual differences for example by comparing clinical 
cases and controls (McCror~ Frith, Brunswick, & Price, 
2000) and by studying personality as a moderator of 
brain activation (Canli, Zhoa, Desmond, Kang, Gross, & 
Gabrieli, 2001). In the domain of genetics, much current 
research involves experiments that knock out a gene in 
mice by changing the gene so that it no longer works. 
Showing that mice with the knockout differ behavioral- 
ly from a control group of mice does not mean that that 
gene has anything to do with individual differences in 
those behaviors (Plomin & Crabbe, 2000). An example is 
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leptin, a gene that when knocked out in mice resulted in 
obesity. However, this gene shows no DNA variation in 
mice or humans and thus this gene cannot be a cause of 
the substantial genetic influences on individual differ- 
ences in body weight in humans. 

In summary, experimental studies address what can 

be whereas studies of individual differences focus on 
what is. These are different perspectives and perspec- 
tives in themselves are neither right nor wrong, just 
more or less useful to address particular questions. 
However, much misunderstanding about the results of 
behavioral genetics comes from a failure to recognize the 
differences between these perspectives. Knowing what 
can be (experiments) does not necessarily tell us what is 
(individual differences) and vice versa. That is, success- 
ful experimental manipulation, showing that an envi- 
ronmental manipulation has an effect on behavioral out- 
come, does not imply that heredity is unimportant, nor 
does heritability imply immutability. For example, 
showing that expert training improves performance on 
average says nothing about whether individual differ- 
ences in performance are influenced by genetic factors. 
Conversely, showing that heritability is substantial does 
not imply that behavior is immutable. The most dramat- 
ic example is a recessive single-gene disorder, phenylke- 
tonuria, which if untreated causes severe mental retar- 
dation. Newborn infants throughout the world are 
screened for this genetic disorder because administering 
a diet low in phenylalanine prevents the occurrence of 
mental retardation. 

Some areas of psychology have traditionally fo- 
cused on individual differences--most notably, person- 
ality and psychopathology--and it is no coincidence 
that most behavioral genetic research has focused on 
these two areas. Cognition is an interesting case. Most 
theories of cognition are normative and much of the re- 
search is experimental. This species-typical work goes 
on almost in complete isolation from genetic research on 
individual differences in cognitive abilities which shows 
substantial genetic influence. Some of the oldest areas of 
psychology---c}assical learning research and research on 
perception, for example have scarcely considered indi- 
vidual differences and as a result have scarcely been con- 
sidered by behavioral genetics. 

Eventually we need to understand behavior both at 
the species-typical level of analysis (means) and at the 
level of analysis of individual differences (variances). 
Nonetheless, it is important to emphasize the differences 
between these perspectives and the fact that quantita- 
tive genetic research discussed in this paper comes from 
the individual differences level of analysis. 
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Using Genetically Sensitive Designs 
to Identify Specific Environmental 
Influences 

Genetic research is changing the way we think about the 
environment. Two of the most important discoveries 
from genetic research in psychology are about nurture 
rather than nature and these findings are the best exam- 
ples of using genetic research to go beyond heritability. 
The first discovery is that environmental influences do 
not make children growing up in the same family simi- 
lar. Because environmental influences that affect psy- 
chological development are not the same for different 
children in the same family, they are called nonshared 
environment. The second topic, genotype-environment 
correlation, is discussed in the next section. 

It should be emphasized that behavioral genetic re- 
search provides the best available evidence for the im- 
portance of the environment. Returning to schizophre- 
nia again as an example, in the 1960s when schizophre- 
nia was thought to be caused environmentally, it was 
important to emphasize the evidence for genetic influ- 
ence such as the concordance of 45% for identical twins. 
Now that evidence for the importance of genetic influ- 
ence throughout psychology has largely been accepted, 
it is important to make sure that the pendulum stays in 
the middle, between nature and nurture. We need to em- 
phasize that identical twins are only 45% concordant for 
schizophrenia which means that in about half of the 
cases these pairs of genetically identical clones are dis- 
cordant for schizophrenia. This discordance cannot be 
explained genetically--it must be due to environmental 
factors. It should be noted that the word environment in 
genetic research really means nongenetic, which is a 
much broader definition of environment than is usually 
encountered in psychology. That is, environment de- 
notes all nonheritable factors, including possible biolog- 
ical events such as prenatal and postnatal illnesses, not 
just the psychosocial factors that are usually considered 
in psychology. The point is that genetics can often ex- 
plain half of the variance of psychological traits but this 
means that the other half of the variance is not due to 
genetic factors. 

The Importance of Nonshared Environment 

From Freud onward, most socialization theories implic- 
itly assumed that offspring resemble their parents be- 
cause parents provide the family environment for their 
offspring and that siblings resemble each other because 

they share that family environment. Twin and adoption 
research during the past two decades has dramatically 
altered this view. The reason why genetic designs such 
as twin and adoption methods were devised was to ad- 
dress the possibility that some of this widespread famil- 
ial resemblance may be due to shared heredity rather 
than to shared family environment. The surprise is that 
genetic research consistently shows that family resem- 
blance is almost entirely due to shared heredity rather 
than to shared family environment. The message is not 
that family experiences are unimportant, but  that the ef- 
fects of environmental influences are specific to each 
child, not general to an entire family. 

How do genetic designs estimate the net effect of 
nonshared environment? In terms of the components-of- 
variance approach of quantitative genetics, environ- 
mental variance is variance not explained by genetics. 
The effect of shared family environment is estimated as 
family resemblance not explained by genetics. Non- 
shared environment is the rest of the variance, variance 
not explained by genetics or by shared family environ- 
ment. The conclusion that environmental variance is 
largely nonshared refers to this residual component of 
variance. Although the nonshared environment compo- 
nent of variance is usually estimated by model-fitting 
analyzes, simple tests of shared and nonshared environ- 
ments make it easier to understand how they can be es- 
timated (Plomin, Chipuer, & Neiderhiser, 1994). A direct 
test of shared family environment is resemblance among 
adoptive relatives. For personality, adoptive "siblings" 
(genetically uncorrelated children adopted into the 
same adoptive family) correlate near zero, a value im- 
plying that shared environment is unimportant and that 
environmental influences, which are substantial for per- 
sonality, are of the nonshared var ie~  

Just as genetically unrelated adoptive siblings pro- 
vide a direct test of shared family environment, identical 
twins reared together provide a direct test of nonshared 
environment. Because they are identical genetically, dif- 
ferences within pairs of identical twins can only be due 
to nonshared environment plus error of measurement. 
For example, for self-report personality questionnaires, 
identical twins typically correlate about .40. This value 
means that about 60% of the variance is due to non- 
shared environment plus error of measurement. For self- 
report personality questionnaires, genetics typically ac- 
counts for about 40% of the variance, shared family en- 
vironment for 0%, and nonshared environment plus 
error for 60% of the variance. Such questionnaires are 
usually at least 80% reliable, which means that about 
20% of the variance is due to error of measurement. In 

European Psychologist, Vol. 6, No. 4, December 2001, pp. 229-240 
2 3 2 �9 2001 Hogrefe & Huber Publishers 



other words, systematic nonshared environmental vari- 
ance excluding error of measurement accounts for about 
40% of the variance (i. e., 60% minus 20%). 

For most psychological traits, genetic research 
shows that environmental influence is important, usual- 
ly accounting for about half of the variance. However, 
the salient environmental influences are not shared by 
family members. This remarkable finding means that 
environmental influences that affect development oper- 
ate to make children growing up in the same family no 
more similar than children growing up in different fam- 
flies. Shared and nonshared environment are not limited 
to family environments. Experiences outside the family 
can also be shared or not shared by siblings, such as peer 
groups, life events, and educational and occupational 
experiences. 

Current research is trying to identify specific sourc- 
es of nonshared environment and to investigate associ- 
ations between nonshared environment and psycholog- 
ical traits (Plomin, Asbury, & Dunn, 2001). That is, the 
components-of-variance approach of quantitative ge- 
netics described above assesses the net effect of shared 
and nonshared environment on behaviour rather than 
using specific measures of the environment, just as 
quantitative genetic designs estimate the net effect of ge- 
netic influence without assessing specific DNA markers. 
In order to identify nonshared environmental factors, it 
is necessary to begin by assessing aspects of the environ- 
ment specific to each child, rather than aspects shared by 
siblings. Many measures of the environment used in 
studies of psychological development are general to a 
family rather than specific to a child. For example, ask- 
ing whether or not their parents have been divorced 
gives the same answer for two children in the famil3a 
Assessed in this family-general way, divorce cannot be a 
source of differences in siblings' outcomes, because it 
does not differ for two children in the same family. 
However, research on divorce has shown that divorce 
affects children in a family differently (Hetherington & 
Clingempeel, 1992). If divorce is assessed in a child-spe- 
cific way (for example, asking about the children's dif- 
ferent perceptions about the stress caused by the di- 
vorce), divorce could well be a source of differential sib- 
ling outcome. 

Even when experiences are assessed in a child-spe- 
cific manner, they can be shared by two children in a 
family. For example, to what extent are maternal vocal- 
izing and maternal affection toward their children 
shared by siblings in the same family? Observational re- 
search on maternal interactions with siblings assessed 
separately when each child was one and two years old 
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indicates that mothers' spontaneous vocalizing corre- 
lates substantially across the siblings (Chipuer & Plo- 
min, 1992). This research implies that maternal vocaliz- 
ing is an experience shared by siblings. In contrast, 
mothers' affection yields negligible correlations across 
siblings, indicating that maternal affection is not shared 
and is thus a better candidate for nonshared influence. 

Some family structure variables, such as birth order 
and sibling age spacing, are by definition nonshared en- 
vironmental factors. However, these have generally 
been found to account for only a small portion of vari- 
ance in psychological outcomes, although birth order 
has been resurrected as a possible nonshared environ- 
mental influence for personality (Sullowa~ 1996). Re- 
search on more dynamic aspects of nonshared environ- 
ment such as parenting has found that children growing 
up in the same family lead surprisingly separate lives 
(Dunn & Plomin, 1990). 

A decade-long study called the Nonshared Envi- 
ronment and Adolescent Development (NEAD) project 
systematically explored family environment as a source 
of nonshared environment (Reiss, Neiderhiser, Hether- 
ington, & Plomin, 2000). During two 2-hour visits to 720 
families with same-sex sibling offspring ranging in age 
from 10 to 18 years, a large battery of questionnaire and 
interview measures of the family environment was ad- 
ministered to both parents and offspring, and parent- 
child interactions were videotaped during a session 
when problems in family relationships were discussed. 
Sibling correlations for children's reports of their family 
interactions (for example, children's reports of their par- 
ents' negativity) were modest, as they were for observa- 
tional ratings of child-to-parent interactions and parent- 
to-child interactions. This finding suggests that these ex- 
periences are largely nonshared. In contrast, parent 
reports yielded high sibling correlations, for example, 
when parents reported on their own negativity toward 
each of the children. Although this may be due to a rater 
effect in that the parent rates both children, the high sib- 
ling correlations indicate that parent reports of chil- 
dren's enviroaments are not good sources of candidate 
variables assessing nonshared environmental factors. 

Once child-specific environmental factors are iden- 
tiffed, the next question is whether these nonshared ex- 
periences relate to psychological outcomes. For example, 
to what extent do differences in parental treatment ac- 
count for the nonshared environmental variance known 
to be important for personality? Although research in this 
area only began a decade ago, some success has been 
achieved in predicting differences in adjustment from 
sibling differences in their experiences (Turkheimer & 
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Waldron, 2000). An example from the NEAD project is 
that negative parental behavior directed specifically to 
one adolescent sibling (controlling for parental treatment 
of the other sibling) is highly correlated with that child's 
antisocial behavior (Reiss, Neiderhiser, Hetherington, & 
Plomin, 2000). Most of the associations found in NEAD 
and other studies involve negative aspects of parenting 
such as conflict and negative outcomes such as antisocial 
behavior. Associations are generally weaker for positive 
parenting such as affection and positive outcomes such 
as prosocial behaviour. 

When associations are found between nonshared en- 
vironment and outcome, the question of direction of ef- 
fects is raised. That is, is differential parental negativity 
the cause or the effect of sibling differences in antisocial 
behavior? Genetic research is beginning to suggest that 
most differential parental treatment of siblings is in fact 
the effect rather than the cause of sibling differences. One 
of the reasons why siblings differ is genetics. Siblings are 
50% similar genetically, but that means that siblings are 
also 50% different. Research on nonshared environment 
needs to be embedded in genetically sensitive designs in 
order to distinguish true nonshared environmental ef- 
fects from sibling differences due to genetics. For this rea- 
son, the NEAD project included identical and fraternal 
twins, full siblings, half siblings, and genetically unrelat- 
ed siblings. Multivariate genetic analysis of associations 
between parental negativity and adolescent adjustment 
yielded an unexpected finding: Most of these associations 
were mediated by genetic factors (Reiss, Neiderhiser, He- 
therington, & Plomin, 2000). In other words, the apparent 
nonshared environmental associations between differen- 
tial parental treatment of siblings and differential out- 
comes largely disappear when genetic mediation is taken 
into account in a genetically sensitive design. This finding 
implies that differential parental treatment of siblings to 
a substantial extent reflects genetically influenced differ- 
ences between the siblings, such as differences in person- 
ality. This is an example of genotype-enviroument corre- 
lation, which is the topic of the next section. 

No matter how difficult it may be to find specific 
nonshared environmental factors within the famil~ it 
should be emphasized that nonshared environment is 
generally the way the environment works. Although 
NEAD focused on the family environment, it seems rea- 
sonable that experiences outside the family such as expe- 
riences with peers and other life events might be richer 
sources of nonshared environment as children make their 
own way in the world (Harris, 1998). It is also possible 
that chance contributes to nonshared environment in the 
sense of random noise, idiosyncratic experiences or the 
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subtle interplay of a concatenation of events (Dunn & 
Plomin, 1990; Turkheimer & Waldron, 2000). Francis Gal- 
ton, the founder of behavioral genetics, suggested that 
nonshared environment is largely due to chance: "The 
whimsical effects of chance in producing stable results 
are common enough. Tangled strings variously twitched, 
soon get themselves into tight knots" (Galton, 1889). 
Compounded over time, small differences in experience 
might lead to large differences in outcome. 

As difficult as it is to identify specific genes operating 
in multiple-gene systems (as described later), it may be 
even more difficult to identify specific environmental in- 
fluences responsible for nonshared environment. With 
genes, we at least know the unit of transmission and how 
transmission occurs, but for the environment, especially 
nonshared environment, we know neither. More research 
is needed to understand these nonshared environmental 
mechanisms. The price of admission to research on non- 
shared environment is to study more than one child per 
famil~ This is not difficult because more than 80% of fam- 
ilies have more than one child and it gives researchers two 
children for little more than the price of one. Siblings add 
synergistically to any research design: You can study 
whatever you were going to study in the traditional be- 
tween-family way and then look at the data from a with- 
in-family perspective, which can clarify the interpreta- 
tion of any between-family findings. Any study of sib- 
lings can be used to investigate the first two steps in the 
programme of research mentioned earlier: documenting 
differential experiences and documenting the association 
between differential experiences and differential out- 
comes. Longitudinal studies can begin to address the 
third step, interpreting the direction of effects for the as- 
sociation between for example parenting (X) and chil- 
dren's development (Y)--whether X causes Y or Y causes 
X or a third factor is responsible for the association be- 
tween X and Y. Behavioural genetic studies of twins or 
adoptees are useful to investigate genetics as a possible 
third factor mediating such associations. 

Answers to the question why children in the same 
family are so different pertain not only to sibling differ- 
ences. Investigating sibling differences is a key to un- 
locking the environmental origins of psychological de- 
velopment for all children. 

The Nature of Nurture: Genotype-Environment 
Correlation 

Another direction for quantitative genetic research that 
goes beyond estimating heritability addresses a fascinat- 
ing finding: Environmental measures widely used in 
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psychological research show genetic influence. An ex- 
ample mentioned in the previous section was that the 
relationship between parental negativity and adoles- 
cents' antisocial behaviour was largely mediated genet- 
icall)a This implies that parental negativity as well as 
adolescents' antisocial behaviour are both influenced by 
genetic factors. Genetic research consistently finds that 
measures of the environment show genetic influence 
when they are analyzed as dependent measures in twin 
and adoption studies. Indeed, measures of family envi- 
ronment, peer groups, social support, and life events of- 
ten show as much genetic influence as behavioral mea- 
sures (Plomin, 1994). Most of this research involves par- 
ent and child ratings on self-report questionnaires 
assessing family environment. However, a few observa- 
tional studies suggest that genetic effects on family in- 
teractions are not solely in the eye of the beholder. For 
example, a twin and step-family study of videotaped 
parent-child interactions found significant heritability 
for all measures (O'Connor, Hetherington, Reiss, & Plo- 
min, 1995; Reiss, Neiderhiser, Hetherington, & Plomin, 
2000). A widely used measure of the home environment 
relevant to cognitive development that combines obser- 
vations and interviews is called the Home Observation 
for Measurement of the Environment (HOME; Caldwell 
& Bradle)9 1978). In an adoption study of the HOME, 
correlations for nonadoptive and adoptive siblings were 
compared when each child was one year old and again 
when each child was 2 years old (Branngart, Plomin, 
DeFries, & Fulker, 1992). HOME scores were significant- 
ly more similar for nonadopfive siblings than for adop- 
tive siblings at both one and two years, suggesting ge- 
netic influence on the HOME. Other observational stud- 
ies of mother-infant interaction in infancy using the 
adoption design (Dunn, Plomin, & Daniels, 1986) and 
the twin design (Lytton, 1977, 1980) also indicate genetic 
influence. 

This research suggests that people create their own 
experiences in part for genetic reasons. Although this 
topic has been labeled the nature of nurture (Plomin & 
Bergeman, 1991), it is better described by the term geno- 
type-environment correlation because it refers to experi- 
ences that are correlated with genetic propensities (Plo- 
min, DeFries, & Loehlin, 1977). These findings are not as 
paradoxical as it might seem at first: How can the envi- 
ronment be influenced by DNA? The answer of course 
is that the environment independent of the individual is 
not heritable--what is heritable is the extent to which 
individuals are involved in their experiences. DNA in- 
fluences psychological traits of individuals, who in turn 
influence their environment. Three types of genotype- 
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environment correlation have been identifiedmpassive, 
evocative and active L and analytic methods are avail- 
able to assess their effects (Plomin, 1994). 

Measures of psychological environments in part as- 
sess genetically influenced characteristics of the individ- 
ual such as personality and cognitive abilities. For exam- 
ple, genetic influence on perceptions of life events can be 
accounted for by the Five-Factor Model of personality 
(Saudino, Pedersen, Lichtenstein, McClearn, & Plomin, 
1997). That is, using multivariate genetic model fitting, 
there is no residual genetic variance on perceptions of 
life events once the genetic variance of the Five-Factor 
Model is taken into account. Genetic influence on per- 
sonality has also been reported to contribute to genetic 
influence on parenting in two studies (Chipuer, Plomin, 
Pedersen, McClearn, & Nesselroade, 1993; Losoya, Cal- 
lor, Rowe, & Goldsmith, 1997; Losoya, Callor, Rowe, & 
Goldsmith, 1997), although another study failed to find 
this (Vernon, Jang, Harris, & McCarthy, 1997). These 
findings are not limited to self-report questionnaires. For 
example, genetic influence found on the HOME men- 
tioned earlier can be explained entirely by genetic influ- 
ence on a tester-rated measure of attention called task 
orientation (Saudino & Plomin, 1997) and by children's 
general cognitive ability (Braungart, Fulker, & Plomin, 
1992). 

This research does not mean that experience is en- 
tirely driven by genes. Nearly all environmental mea- 
sures studied to date show some significant genetic in- 
fluence, but  most of the variance in these measures is not 
genetic. On the other hand, this research suggests that 
environmental measures cannot be assumed to be en- 
tirely environmental just because they are called envi- 
ronmental measures. Research to date suggests that it is 
safer to assume that measures of the environment in- 
clude some genetic effects. Moreover, especially in fam- 
ilies of genetically related individuals, associations be- 
tween measures of the family environment and chil- 
dren's developmental outcomes cannot be assumed to 
be purely environmental in origin. Taking this argument 
to the extreme, some authors have concluded that social- 
ization research is fundamentally flawed because it has 
not considered the role of genetics (Harris, 1998), but 
these attacks have met with stiff resistance (Collins, 
Maccoby, Steinberg, Hetherington, & Bornstein, 2000; 
Vandell, 2000). 

These findings support a current shift from think- 
ing about passive models of how the environment af- 
fects individuals toward models that recognize the ac- 
tive role we play in selecting, modifying, and creating 
(and re-creating in memory) our own environments. 
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Psychological factors shape both our choice of environ- 
ment and our construal and representation (hence expe- 
rience) of that environment. Progress in this field de- 
pends on developing measures of the environment that 
reflect the active role we play in constructing our expe- 
rience. 

A larger implication of nonshared environment and 
genotype-environment correlation is that they provide 
excellent examples of the point that some of the most 
important questions for genetic research involve the en- 
vironment and some of the most important questions for 
environmental research involve genetics. Genetic re- 
search will profit if it includes sophisticated measures of 
the environment, environmental research will benefit 
from the use of genetic designs, and understanding of 
development will be advanced by collaboration be- 
tween geneticists and environmentalists. These are ways 
in which psychologists are putting the nature-nurture 
controversy behind them and bringing nature and nur- 
ture together in the study of development in order to 
understand the processes by which genotypes become 
phenotypes. 

Using Molecular Genetics to 
Identify Specific Genes 

As discussed above, our first example of going beyond 
heritability is the use of genetically sensitive designs to 
identify specific environmental factors responsible for 
nonshared environment and gene-environment correla- 
tions. The second example is to use the new tools of mo- 
lecular genetics to identify specific genes responsible for 
the substantial heritability of behavioral traits. Details of 
methods such as linkage and allelic association used to 
identify genes for behavioral traits are beyond the scope 
of this paper, but these methods are described elsewhere 
(e. g., Plomin, DeFries, McClearn, & McGuffin, 2001; 
Plomin & Crabbe, 2000). 

The Human Genome Project 

The 20th century began with the re-discovery of Men- 
del's laws of heredity. The word genetics was only in- 
vented in 1903. Fifty years later it was understood that 
DNA was the mechanism of heredity. The genetic code 
was cracked in 1966--the 4-letter alphabet (G, A, T, C) of 
DNA is read as 3-letter words that code for the 20 amino 
acids that are the building blocks of proteins. The crown- 
ing glory of the century and a tremendous start to the 
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new century is the Human Genome Project which is 
identifying the order of the 3 billion letters of DNA in the 
human genome. 

The most exciting development for behavioral ge- 
netics is the identification of the DNA sequences that 
make us different from each other. There is no human 
genome sequence we each have a unique genome. In- 
deed, about one in every thousand DNA letters differs, 
about 3 million variations in total. Half of these DNA 
differences have already been identified. The Human 
Genome Project has spawned new technologies that will 
make it possible to investigate thousands of DNA vari- 
ants as they relate to behavioural traits. These DNA dif- 
ferences are responsible for the widespread heritability 
of psychological disorders and dimensions. That is, 
when we say that a trait is heritable, we mean that vari- 
ations in DNA exist that cause differences in behavior. 

DNA variation has a unique causal status in ex- 
plaining behavior. When behavior is correlated with 
anything else, the old adage applies that correlation does 
not imply causation. For example, as discussed above, 
when parenting is shown to be correlated with chil- 
dren's behavioral outcomes, this does not imply that the 
parenting caused the outcome environmentally. The re- 
search reviewed above suggests that parental behavior 
to some extent reflects genetic effects on children's be- 
havior. This so-called "direction of effects' issue in so- 
cialization has been discussed for a long time (Bell, 
1968). When it comes to interpreting correlations be- 
tween biology and behavior, such correlations are often 
mistakenly interpreted as if biology causes behavior. For 
example, correlations between neurotransmitter physi- 
ology and behavior or between brain activation and be- 
havior are often interpreted as if brain differences cause 
behavioral differences. However, these correlations do 
not necessarily imply causation--behavioral differences 
can cause brain differences. However, in the case of cor- 
relations between DNA variants and behavior, the be- 
havior of individuals does not change their genome. Ex- 
pression of genes can be altered but the DNA sequence 
itself does not'change. For this reason, correlations be- 
tween DNA differences and behavioral differences can 
be interpreted causally: DNA differences cause the be- 
havioral differences and not the other way  around. 

When the working draft of the human genome se- 
quence was published in February 2001, much publicity 
was given to the finding that there are fewer than half as 
many genes (30,000) in the human genome as expect- 
ed- -about  the same number of genes as mice and 
worms. A bizarre spin in the media was that having on- 
ly 30,000 genes implies that nurture must be more 
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important than we thought. The idea that fewer genes 
means more free will is sill)a Do flies have more free will 
than us because they have fewer genes? However, the 
finding that the human species does not have more 
genes than other species is important in suggesting that 
the number of genes is not responsible for the greater 
complexity of the human species. In part the explanation 
is that during the process of decoding genes into pro- 
teins, human genes are spliced in alternative ways to 
create a greater variety of proteins, and this alternative 
splicing occurs more frequently for our species. Another 
possibility is that subtle variations in genes rather than 
having more genes is responsible for differences be- 
tween mice and men. If subtle DNA differences are re- 
sponsible for the differences between mice and men, 
even more subtle differences are likely to be responsible 
for individual differences within the species. 

Another interesting finding from the Human Ge- 
nome Project is that only 2% of the 3 billion letters in our 
DNA code involves genes in the traditional sense, that 
is, genes that code for amino acid sequences. This 2% 
figure is similar in other mammals. Mutations are quick- 
ly weeded out from these bits of DNA which are so cru- 
cial for development. When mutations are not weeded 
out, they can cause one of the thousands of severe but  
rare single-gene disorders. It seems increasingly unlike- 
ly that the other 98% of DNA is just along for the ride. 
For example, variations in this other 98% of the DNA are 
known to regulate the activity of the classical genes. For 
this reason, the other 98% of DNA might be the place to 
look for genes associated with behavior. 

Quantitative Trait Loci (QTLs) 

The heritability of complex traits is likely to be due to 
multiple genes of varying, but small, effect size rather 
than one gene or a few genes with major effect. Genes in 
such multiple-gene systems are inherited in the same 
way as any other gene but they have been given a differ- 
ent name--quantitative trait loci (QTLs)--in order to 
highlight some important distinctions. Unlike single- 
gene effects that are necessary and sufficient for the de- 
velopment of a disorder, QTLs contribute interchange- 
ably and additively, analogous to probabilistic risk fac- 
tors. If there are multiple genes that 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 (Fisher, 1918). 

From a QTL perspective, most disorders are just the 
extremes of quantitative traits caused by the same genet- 
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ic and environmental factors responsible for variation 
throughout the dimension. In other words, the QTL per- 
spective predicts that genes found to be associated with 
complex disorders will also be associated with normal 
variation on the same dimension and vice versa (Plomin, 
Owen, & McGuffin, 1994; Deater-Deckard, Reiss, He- 
therington, & Plomin, 1997). Although the QTL perspec- 
tive has some specific implications for design and anal- 
ysis of molecular genetic studies, the general importance 
of a QTL perspective is conceptual. At the most general 
conceptual level, a common mistake is to think that we 
are all basically the same genetically except for a few 
rogue mutations that lead to disorders. In contrast, the 
QTL perspective suggests that genetic variation is nor- 
mal. Many genes affect most complex traits and, togeth- 
er with environmental variation, these QTLs are respon- 
sible for normal variation as well as for the abnormal 
extremes of these quantitative traits. This QTL perspec- 
tive has some implications for thinking about mental ill- 
ness because it blurs the etiological boundaries between 
the normal and the abnormal. That is, we all have many 
alleles that contribute to mental illness but some of us 
are unluckier in the hand that we draw at conception 
from our parents' genetic decks of cards. A more subtle 
conceptual advantage of a QTL perspective is that it 
frees us to think about both ends of the normal distribu- 
t i o n - t h e  positive end as well as the problem end, abil- 
ities as well as disabilities, and resilience as well as vul- 
nerability. It has been proposed that we move away from 
an exclusive focus on pathology toward considering 
positive traits that improve the quality of life and per- 
haps prevent pathology (Seligman & Csikszentmihalyi, 
2000). 

The QTL perspective is the molecular genetic ver- 
sion of the quantitative genetic perspective which as- 
sumes that genetic variance on complex traits is due to 
many genes of varying effect size. The QTL goal is not to 
find the gene for a particular trait, but rather some of the 
many genes that make contributions of varying effect 
sizes to the variance of the trait. Perhaps one gene will 
be found that accounts for 5% of the variance, 5 other 
genes might each account for 2% of the variance, and 10 
other genes might each account for 1% of the variance of 
a behavioral trait. If the effects of these QTLs are inde- 
pendent, together these QTLs would account for 25% of 
the variance, or half of the heritable variance for the trait 
if heritability is 50%. If the genes interact, they would in 
sum control less of the heritable variance. All of the 
genes that contribute to the heritability of the trait 
are unlikely to be identified because some of their ef- 
fects may be too small or too complicated to detect. The 
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problem is that we do not know the distribution of effect 
sizes of QTLs for any complex trait in plant, animal or 
human species. Not long ago, a 10% effect size was 
thought to be small at least from the single-gene per- 
spective in which the effect size was 100%. However, for 
behavioral disorders and dimensions, a 1% effect size 
may be large. If effect sizes are so small, this would ex- 
plain the slow progress to date in identifying genes as- 
sociated with behavior. 

Slow Progress So Far 

Progress in identifying genes associated with behaviour 
has been slower than expected, although the tremen- 
dous advances during the past few years from the Hu- 
man Genome Project warrant optimism for the future. 
For example, although there are several promising leads 
(Baron, 2001), no clear-cut associations with schizophre- 
nia and bipolar affective disorder have been identified 
despite a huge effort during the past decade. However, 
these were the first areas in which molecular genetic ap- 
proaches were applied and they occurred at a time in the 
1980s when large pedigree linkage designs were in 
vogue. We now realize that such designs are only able to 
detect genes of major effect size, such as three genes re- 
sponsible for a rare early-onset form of Alzheimer's dis- 
ease. More recent applications have been more success- 
ful for finding QTLs for complex traits because they 
have employed different designs such as sib pair QTL 
linkage, parent-child trios, and case-control association 
designs that can detect genes of much smaller effect size 
(Plomin, DeFries, McClearn, & McGuffin, 2001). In ad- 
dition to the well-known apolipoprotein E association 
with late-onset dementia, other successes include a well- 
replicated QTL linkage for reading disability on the 
short arm of chromosome 6, associations between 
hyperactivity and dopamine genes (dopamine receptor 
D4 and the dopamine transporter), and associations be- 
tween anxiety and the serotonin transporter. 

Breaking the 1% QTL Barrier 

Progress in identifying specific genes may have been 
slower than expected because research to date has been 
underpowered for finding and replicating QTLs of small 
effect size, especially in linkage studies. It is likely that 
many QTLs each make small contributions to the herita- 
bility of most behavioral dimensions and disorders. As 
mentioned above, just a decade ago molecular genetic 
studies of behaviour were limited to large pedigree link- 
age studies that could only detect a linkage for a gene 
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that accounted for most of the variance. QTL linkage 
studies that use many small families (usually siblings) 
rather than a few large families have made it possible to 
detect genes that account for 10% of the variance. Asso- 
ciation studies such as case-control comparisons make it 
possible to detect genes that account for much smaller 
amounts of variance. A daunting target for molecular 
genetic research on complex traits such as behaviour is 
to design research powerful enough to detect QTLs that 
account for 1% of the variance while providing protec- 
tion against false positive results in genome scans using 
thousands of markers. In order to break the 1% QTL bar- 
rier, samples of many thousands of individuals are need- 
ed for research on disorders (comparing cases and con- 
trois) and on dimensions (assessing individual differ- 
ences in a representative sample). 

Using Genes Rather than Finding Genes 

Although attention is now focused on finding specific 
genes associated with complex traits, the greatest impact 
on psychology will come after genes have been identi- 
fied. Few psychologists are likely to join the hunt for 
genes because it is difficult and expensive, but  once 
genes are found, it is relatively easy and inexpensive to 
use them (Plomin & Rutter, 1998). DNA can be obtained 
inexpensively from cheek swabs, rather than blood. 
Cheek swabs yield enough DNA to genotype thousands 
of genes at surprisingly low cost. Although some psy- 
chology departments already have DNA laboratories, it 
is likely that most psychological research with DNA will 
be accomplished through collaborations with molecular 
geneticists or through commercial arrangements. 

It is critical for the future of psychology as a science 
that we be prepared to use DNA in our research and 
eventually in our clinics. What has happened in the area 
of dementia in the elderly will be played out in many 
areas of psychology. As mentioned earlier, the only 
known risk factor for late-onset Alzheimer's dementia 
(LOAD) is a gene, apolipoprotein E, involved in choles- 
terol transport. A'form of the gene called allele 4 quadru- 
ples the risk for LOAD but is neither necessary nor suf- 
ficient to produce the disorder; hence, it is a QTL. Al- 
though the association between allele 4 and LOAD was 
reported less than a decade ago (Corder, Saunders, Stritt- 
matter et al., 1993), it has already become de rigueur to 
conduct research on dementia without genotyping sub- 
jects for apolipoprotein E in order to ascertain whether 
the results differ for individuals with and without this 
genetic risk factor. Genotyping apolipoprotein E will be- 
come clinically routine if this genetic risk factor is found 
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to predict differential response to interventions or treat- 
ments. 

As the recent advances from the H u m a n  Genome 
Project begin to have an impact on behavioral genetic 
research, opt imism is warranted about  f inding more 
QTLs associated with behavioral dimensions and disor- 
ders. The future of genetic research lies in moving from 
finding genes (genomics) to finding out how genes work 
(functional genomics). Functional genomics is usually 
considered in terms of bottom-up molecular biology at 
the cellular level of analysis. However, a top-down psy- 
chological level of analysis may  be even more valuable 
in understanding how genes work at the level of the in- 
tact organism, in understanding interactions and corre- 
lations between genes and environment,  and in leading 
to new treatments and interventions. The phrase "be- 
havioural genomics" has been suggested to emphasize 
the importance of top-down levels of analysis in under- 
standing how genes work (Plomin & Crabbe, 2000). Bot- 
tom-up and top-down levels of analysis of gene-behav- 
iour pa thways  will eventually meet in the brain. The 
grandest implication for science is that DNA will serve 
as an integrating force across diverse disciplines. 

In terms of clinical psychology, DNA may  eventually 
lead to gene-based diagnoses and treatment programs. 
The most exciting potential for DNA research is to be able 
predict genetic risk for an individual and intervening to 
prevent  problems before full-blown disorders emerge 
and create cascades of complications that are difficult to 
counteract. Interventions for psychological disorders, 
and even for single-gene disorders, are likely to involve 
environmental rather than genetic engineering. For ex- 
ample, as mentioned earlier, phenylketonuria (PKU), a 
metabolic disorder that can cause severe mental retarda- 
tion, is caused by a single gene on chromosome 12. A 
particular form of the gene, found in i per 10,000 babies, 
damages the developing brain postnatall~ This form of 
mental retardation has been largely prevented, not  by 
high-tech solutions such as correcting the mutant  DNA 
or by eugenic programs or by drugs, but  rather by a 
change in diet that prevents the mutant  DNA from hav- 
ing its damaging effects. For this reason, newborns have 
been screened for decades for PKU, in order to identify 
those with the disorder so their diet can be changed. The 
example of PKU serves as an antidote to the mistaken 
notion that genetics implies therapeutic nihilism, even for 
a single-gene disorder. This point is even more important 
in relation to complex disorders that are influenced by 
many  genes and by many  environmental factors as well. 

The search for genes involved in behavior has led to 
a number  of ethical concerns. For example, there is fear 
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that the results will be used to justify social inequality, to 
select individuals for education or employment ,  or to 
enable parents to pick and choose among their fetuses. 
These concerns are largely based on misunderstandings 
about how genes affect complex traits (Rutter & Plomin, 
1997), but  it is important  that psychologists knowledge- 
able about DNA be involved in this debate. Students in 
psychology must  be taught  about behavioral genetics in 
order to prepare them for this future. Otherwise, this 
opportuni ty  for psychology will slip away by default  to 
geneticists. 
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