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Introduction

Developmental scientists have long acknowledged that genetically-based characteristics of the

child contribute to developmental processes associated with risk and resilience. For example,

quantitative behaviour-genetic (e.g., twin and adoption) studies have highlighted genetic

influences on children's behaviour and development, increasingly with a focus on resilience-

related outcomes.1 However, such studies often assume that genetic and environmental

influences operate independently of one another. Recently, focus has shifted towards the idea

that development is shaped by ongoing, reciprocal influences across multiple levels of analysis,

spanning from the child’s sociocultural context to molecular and cellular processes.2-5 Studying

the complex interplay between genetic and environmental influences has increasingly focused

the field on the contributions of molecular variations within specific genes. 

Subject
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One class of gene-environment interplay is the interactions between measured genetic variations

and environmental experiences. Gene-by-environment interaction (G×E) refers to the idea that

genetic variations might not shape development outcomes directly but rather confer

vulnerabilities and protections against the effects of adverse experience.6 Research on G×E

processes has implications for our understanding of risk and resilience because these studies

have the potential to explain children’s heterogeneous responses to adversity. Indeed, recent

advances in our understanding and measurement of molecular genetic variations have ushered

in a growing number of genetically informed investigations of risk and resilience in children’s

development.

Research Context

To date, research on G×E processes has focused on a relatively small but expanding number of

genetic variations. Moreover, nearly all of the genetic markers investigated to date transcribe

proteins that regulate the availability and functioning of neurotransmitters such as serotonin,

dopamine, and norepinephrine. In this way, current G×E research has emphasized the idea that

the effects of adverse experiences on later adaptation and functioning may be, at least partially,

accounted for by neurobiological processes.7,8

Key Research Questions

Although children may experience many kinds of adversity, maltreatment is one that has been

observed to overwhelm the child’s adaptive capacities, therefore leading to a host of problematic

developmental outcomes.9,10 However, not all maltreated children develop maladaptively. Some

abused and neglected youth function in a competent manner despite the pernicious experiences

they have encountered. Recent investigations have begun to shed light on how G×E processes

may account for the variability in outcomes associated with child maltreatment.11-16

Recent Research Results

In a groundbreaking study, Caspi and colleagues reported that a functional variation in the gene

encoding the neurotransmitter-metabolizing enzyme monoamine oxidase A (MAOA) moderated

the consequences of child maltreatment on later antisocial behaviour.11 More specifically,

individuals who experienced maltreatment were at an increased risk for antisocial behaviour if

their genotype conferred low levels of MAOA expression. There were no associations between

MAOA genetic variation and antisocial behaviour in the absence of maltreatment. Thus, the
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combination of genetic vulnerability and childhood maltreatment posed the greatest risk for

antisocial outcomes. In a second study, Caspi and colleagues observed that individuals carrying

one or two copies of the less efficient version of a serotonin related genetic marker exhibited

more depressive symptoms following childhood maltreatment compared to maltreated

individuals with the more efficient version.12 Once again, genetic variations were not associated

with mental health outcomes among individuals who had not experienced maltreatment earlier in

development.

Subsequent attempts to replicate these findings in independent samples have not produced a

uniform body of evidence, thus sparking a debate about the magnitude and replicability of G×E

effects for children’s development.17-20 However, consensus is building around the possibility that

measurement issues play a critical role in researchers’ ability to detect G×E effects.21 For

example, recent longitudinal studies that include prospectively collected information about child

maltreatment have supported the hypotheses that MAOA and serotonin transporter genetic

variations moderate the associations between child maltreatment and antisocial and depression

outcomes, respectively.13-16 For both developmental outcomes, the maladaptive consequences of

child maltreatment are most pronounced among genetically susceptible individuals. These

results have ushered in a wave of research interest in the possibility of G×E effects involving

other child development outcomes and other types of stressors.22 However, the findings from

many of these studies have not yet been thoroughly replicated, so the prevalence of G×E effects

for children’s development remains uncertain.

One exciting new avenue for research on genetic contributions to risk and resilience is the

possibility that children’s genetic characteristics moderate the effectiveness of preventive

interventions. For example, Bakermans-Kranenburg and colleagues reported that children’s

genotype moderated their responses to an intervention designed to reduce children’s behaviour

problems by training parents to provide responsive care and sensitive discipline.23 Children who

were randomly assigned to the intervention showed significant reductions in externalizing

behaviour problems compared a control group only if they carried the less efficient version of a

dopamine-related genetic marker. This finding, among others, points to the possibility that

genotypic differences may contribute to children’s differential responses to positive interventions

as well as adversities.24,25 Future research in this area may uncover avenues of tailoring

prevention and intervention efforts to the needs of the individual.

Research Gaps
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Altogether, the studies of gene-by-environment interactions are beginning to shed light on

genetic factors that might moderate the impact of early adverse experiences for children’s

behavioural and mental health. However, this is still a new research area and several gaps

remain. First, many of the findings still await thorough replication. This is important because

molecular genetic investigations have generally been difficult to replicate in both the biomedical

and psychological sciences.26,27 Corroborating evidence from diverse samples is vital to the

development of empirically supported interventions and preventions. Second, it has been argued

that some genetic variations confer increased susceptibility to all contextual influences, not only

adversity.22 According to this perspective, genetic variants formerly viewed as vulnerability

factors may actually heighten susceptibility to positive environments as well. If confirmed, this

would have far-reaching implications for our understanding of genetic contributions to risk or

resilience.

Conclusions

Increased knowledge about the genome promises to elucidate how children’s resilience in the

face of adversity is shaped by the complex interplay between their genetic makeup and

experiences. In particular, the research on gene-by-environment interactions indicates that

genetic variations may not have direct associations with children’s developmental outcomes but

instead predispose individuals to be especially susceptible to the harmful effects of adversities

such as child maltreatment. Although the available evidence is still limited in some respects, this

area of research has already begun to enhance our understanding of children’s heterogeneous

responses to their experiences. Still, it is important to remember that the processes of resistance

and recovery from adversity are shaped by multiple factors, not just the child’s genetic makeup.

As such, the risks associated with an individuals’ genome or early childhood experiences may be

buffered by experiences later in life.28 Also, the interplay between genetic and environment

factors involves more than just gene-by-environment interactions. Another type of interplay that

is receiving increased attention among developmental researchers is the environmental

regulation of genomic functioning, a phenomenon referred to as epigenetics.29 Although research

in this area is still in its infancy, investigations of epigenetic modification may shed light on

neurobiological mechanisms by which early adverse experiences exert a detrimental influence on

children’s adaptation across the life-course. 

Implications
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The hope for many involved in research on gene-environment interplay is that increased

knowledge of genetic contributions to risk and resilience will eventually yield practical

applications for prevention and intervention programs aimed at reducing the burden of mental

illness and improving the quality of life for individuals in higher risk contexts. For example,

genetic information could potentially be used to identify and selectively target individuals who

are at the greatest risk for problematic outcomes. In addition, it may be possible in the future for

intervention and prevention programs to customize their treatment protocols based on each

individual’s genotype. However, scientific understanding remains a long way from being able to

make suggestions about how to tailor interventions to specific groups of children on the basis of

genotype. Nonetheless, advances in our conceptual understanding of the factors (genetic and

otherwise) that account for individuals’ varied responses to their environments will provide clues

for aiding efforts that treat the wide range of problems associated with childhood adversity.
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