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In threatening environments, the short (S) allele of 5-HTTLPR is proposed to augment risk for depression.
However, it is unknown whether 5-HTTLPR variation increases risk for depression in environments of
deprivation, lacking positive or nurturant features. Two independent longitudinal studies (n = 681 and 176,
respectively) examined whether 5-HTTLPR moderated associations between low levels of positive parenting
at 11–13 years and subsequent depression at 17–19 years. In both studies only LL homozygous adolescents
were at greater risk for depression with decreasing levels of positive parenting. Thus, while the S allele has
previously been identified as a susceptible genotype, these findings suggest that the L allele may also confer
sensitivity to depression in the face of specific environmental challenges.

Depression is a common and debilitating disorder
with a complex etiology that frequently has its ini-
tial onset during adolescence (Merikangas et al.,
2010). The aggregation of depression within fami-
lies has led to a focus on understanding how
genetic contributions may interact with other fac-
tors to affect risk for the emergence of this disorder

(Sullivan, Neale, & Kendler, 2000). One widely
studied genetic risk factor for depression is a
variable number tandem repeat located within the
promoter of the serotonin transporter gene (5-
HTTLPR), which has been shown to modify the
effectiveness of the serotonin transporter enzyme in
clearing the synaptic cleft (Heils et al., 1996).

The field is unclear, however, about the extent to
which 5-HTTLPR modifies overall serotonin neuro-
transmission in vivo, and the extent to which this
creates risk for, or protects against, depression. A
seminal study by Caspi et al. (2003) found that
individuals carrying the “low expression” short (S)
5-HTTLPR allele (associated with reduced transcrip-
tional efficiency and lower serotonin uptake
activity) were more vulnerable to the depressogenic
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effects of childhood maltreatment or multiple nega-
tive stressful life events than were individuals
homozygous for the long (L) allele. Attempts to
replicate Caspi and colleagues’ seminal findings
have yielded mixed results, with two large
meta-analyses showing no support for this Gene 9

Environment (G 9 E) interaction (Culverhouse
et al., 2017; Risch et al., 2009) and two providing
support for the G 9 E effect (Karg, Burmeister,
Shedden, & Sen, 2011; Sharpley, Palanisamy,
Glyded, Dillingham, & Agnew, 2014).

The largest of these meta-analyses by Sharpley
et al. (2014), however, also noted that while the
majority of studies in their analysis (65%) sup-
ported an association between the S allele, adver-
sity, and depression, nearly 26% of the included
studies failed to show a significant interaction, and
approximately 10% found opposite results to those
expected, implicating the L allele as conferring risk
for depression in the presence of adversity. The
authors suggested that these mixed findings do not
necessarily deny a moderating role for this poly-
morphism; rather, they suggest that interactive
effects may be more complex than originally con-
ceptualized. Interestingly, a similar conclusion was
reached in a recent meta-analysis by Weeland,
Overbeek, de Castro, and Mattys (2015) that
included 12 studies examining the interaction
between the serotonin transporter gene, family
adversity, and externalizing behaviors. Four studies
found S carriers to be more vulnerable to the dele-
terious effect of family adversity, whereas four
studies found L-allele homozygous individuals to
be more at risk as a result of adverse family envi-
ronments, and a further four studies obtained null
results. Both Sharpley et al. (2014) and Weeland
et al. (2015) raised the possibility that the L allele
may too be associated with psychopathology in cer-
tain environmental contexts.

The interplay between allelic variation in the
serotonin transporter gene and the environment in
predicting outcomes such as depression has most
commonly been discussed from a diathesis–stress,
or vulnerability, perspective. This framework has
often designated the S allele as a “risk” allele that
confers greater sensitivity to stress, which in turn
increases susceptibility to disorder in contexts of
high adversity (Caspi, Hariri, Holmes, Uher, &
Moffitt, 2010). However, an alternative conceptual-
ization has been suggested that proposes that the S
allele may be a “plasticity” allele that exhibits
differing levels of adaptive fitness depending
on the environmental context (Belsky & Pluess,
2009; Belsky et al., 2009). In this “differential

susceptibility hypothesis,” S carrier status is not
simply a risk factor for hypersensitivity to adver-
sity, and hence psychiatric disorder, but is rather
associated with a greater sensitivity to environmen-
tal influences more generally. In propitious environ-
ments, this sensitivity may promote well-being or
competence, while in adverse environments it may
increase risk for negative outcomes.

The differential susceptibility hypothesis thus
encompasses the notion of diathesis–stress, as well
as the notion of vantage sensitivity, the term that has
been used to describe the potential for some
individuals to derive more benefit from positive
environmental experiences than others (Pluess &
Belsky, 2013). Importantly, capturing the vantage
sensitivity component of differential susceptibility
phenomenon involves a consideration of the adap-
tive spectrum rather than simply the maladaptive
spectrum, as the absence of negative outcomes (i.e.,
no psychopathology) may not be the same as the
presence of positive outcomes that would character-
ize thriving or optimal functioning. A smaller body
of research has focused on the influence of positive
environments, and a recent meta-analysis has sug-
gested that S carriers show a greater ability to capi-
talize on positive, supportive contexts to achieve
positive developmental outcomes (van Ijzendoorn,
Belsky, & Bakermans-Kranenburg, 2012), a finding
consistent with the notion that the S allele may con-
fer differential susceptibility.

The research focusing on the interaction between
5-HTTLPR and adversity, where significant varia-
tion in findings has been noted, has considered a
broad set of exposures including physical or sexual
abuse, institutional rearing, natural disasters, bully-
ing victimization experiences, marital conflict,
divorce, chronic poverty, and unresponsive or puni-
tive parenting (Sharpley et al., 2014). Emerging evi-
dence suggests that experiences of threat, involving
the presence of experiences characterized by actual
or threatened harm, versus deprivation, involving
impoverished expressive environments or the
absence of expected environmental inputs and
learning opportunities in cognitive, social, or emo-
tional domains, may have distinct influences on
neurodevelopment and associated psychological
outcomes (McLaughlin, Sheridan, & Lambert, 2014).
In particular, McLaughlin (2016) and McLaughlin
et al. (2014) have argued that experiences of threat
may alter the development of emotional processing
by serving as potent learning experiences that may
ultimately bias attention toward potential danger,
increase reactivity to negative emotional informa-
tion, and decrease automatic downmodulation of
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emotional responses. In contrast, the authors have
proposed that more deprived environments may
adversely influence the development of other
aspects of emotional processing, such as emotion
recognition and discrimination as well as hamper
development of executive functioning.

It is plausible that the serotonin transporter gene
might be a marker of characteristics such as emo-
tion processing and executive functioning that inter-
act with these two forms of environmental
experience in different ways. Interestingly, the
strongest evidence for an interaction between the
serotonin transporter gene and adversity appears to
come from studies that have considered a single,
specific exposure, such as childhood abuse or medi-
cal illness (Caspi et al., 2010). Although these stud-
ies may have considered different types of
exposures, they are arguably united by their focus
on threatening events, involving either the experi-
ence or anticipation of significant harm. In contrast,
findings appear to be more mixed among the group
of studies that have employed composite or count
measures of adverse experiences, particularly based
on checklists. This approach, which often includes
experiences of both threat and deprivation, possibly
obscures the distinct ways that the serotonin trans-
porter gene interacts with particular environmental
experiences to influence development.

Importantly, a component of the relationship
between the serotonin transporter gene and envi-
ronmental factors that has received relatively little
systematic attention is whether 5-HTTLPR geno-
types might interact with environments of depriva-
tion to influence subsequent maladaptive
psychological outcomes. It is well established that
parenting and parent–child interactions have an
impact on young people’s risk of developing
depressive disorders during adolescence (Yap, Pilk-
ington, Ryan, & Jorm, 2014). While negative, harsh,
or aggressive parenting behavior and positive,
warm, or nurturing behavior could be conceived as
falling on opposite ends of a single spectrum,
research suggests that they represent distinct, albeit
correlated, dimensions that make opposite and
independent contributions to depression (Barrera,
Chassin, & Rogosch, 1993; Dallaire et al., 2006).
Indeed, although most parents are likely to be
aware that critical or hostile parenting behaviors
can be detrimental for children, there is some indi-
cation that failure to engage in positive, nurturing,
and affirming interactions with children may also
have adverse effects (Schwartz et al., 2017).

Parents low in positivity may be offering their
children fewer opportunities to learn about the

nature of different positive emotions, the ways in
which these emotions might be elicited by various
stimuli, and the contextual appropriateness of emo-
tional expression (Eisenberg et al., 2005; Morris,
Silk, Steinberg, Myers, & Robinson, 2007). They
may also be modeling poor emotion regulation
strategies or a lack of emotion regulation strategies
to their children. Reduced positive caregiving
behaviors and less secure child attachment have
been linked to less developed child executive func-
tion and related constructs such as self-regulation
and effortful control (Bernier, Carlson, Deschenes,
& Matte-Gagne, 2012; Eisenberg et al., 2005), which
have been associated with greater risk of psycho-
logical disorders such as depression. Intriguingly
the limited available literature suggests that in these
more deprived environments, the L allele might be
associated with a range of poor outcomes. For
example, Sulik et al. (2012) reported a relationship
between low levels of supportive parenting and
noncompliance in young children that was evident
only in the group of children with an LL genotype.
Davies and Cicchetti (2014) found that maternal
unresponsiveness predicted greater externalizing
problems, such as aggression and defiance, in chil-
dren with the homozygous L genotype.

It is less clear whether this pattern of findings
extends to internalizing disorders. Two studies pro-
vide evidence of an interaction between the sero-
tonin transporter gene and the broader family
climate that suggests L homozygous individuals
may be vulnerable to depression in less positive
environments. Laucht et al. (2009) found that ado-
lescents homozygous for the L allele, but not ado-
lescents with an S allele, showed increased
vulnerability to depression and anxiety when they
belonged to families that experienced a number of
chronic adversities, such as early parenthood, low
parental education, sole parenting, or parental psy-
chiatric disorder. Lavigne et al. (2013) found that
LL homozygous 4-year-old children showed greater
increases in depressive and anxiety symptoms in
the context of greater caretaker depression and fam-
ily conflict and lower socioeconomic status (SES), as
well as greater increases in symptoms of opposi-
tional defiant disorder in the context of increases in
family stress. Although these factors are known to
impact on parenting behaviors (e.g., Lovejoy, Grac-
zyk, O’Hare, & Neuman, 2000; Rao & Chen, 2009),
and indeed, were correlated with measures of par-
ental support/engagement and parental hostility in
this study of much younger participants in early
childhood, parental support/engagement and hos-
tility did not interact significantly with 5-HTTLPR
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genotype. Moreover, Li, Berk, and Lee (2013) found
a marginally significant interaction in girls, such
that reduced family support predicted greater
depression symptoms only among girls with the LL
genotype. In contrast, they obtained a significant
interaction for boys that conformed to a differential
susceptibility model.

There is therefore some indication in the litera-
ture to suggest that possession of an L allele may
confer increased vulnerability to adverse effects of
more deprived family environments characterized
by low support and nurturance. However, a sys-
tematic consideration of the differential effects of
different genotypes in interaction with deprivation
or threat has not been conducted within the same
gene–environment study. Studies focusing on speci-
fic types of experiences (e.g., parenting lacking in
warmth and nurturance) without adjusting for rele-
vant co-occurring exposures (e.g., more punitive
parenting) are limited in their conclusions regarding
specific mechanisms that might underpin gene–en-
vironment interactions involving these different
dimensions of adverse experiences to psychopathol-
ogy. Rather, studies able to measure and model
both of these dimensions of experience are required
to identify whether such specificity exists.

Toward a More Nuanced Perspective on Moderation by
the Serotonin Transporter Gene

One potential explanation for findings suggesting
that carriage of either an S allele or an L allele
might confer vulnerability to psychopathology
depending on the environmental context might be
related to potential psychological and behavioral
characteristics associated with these different geno-
types. While these characteristics have not been
conclusively identified, a number of reviews of the
neuropsychological, psychophysiological, hormonal,
and brain imaging correlates of 5-HTTLPR geno-
type have posited that the S allele may confer
greater emotional reactivity and stress-responsivity
(Canli & Lesch, 2007; Caspi et al., 2010; Hariri &
Holmes, 2006; Homberg & Lesch, 2011), which may
be associated with negative or positive outcomes,
contingent on the environment. However, until rela-
tively recently there has been little consideration of
what these same studies might suggest about traits
associated with an L allele, and whether these char-
acteristics might also affect vulnerability to psy-
chopathology. Two reviews of the literature from
this alternative perspective have argued that L
allele may be linked to reduced emotionality (in-
cluding shallow affect, lower levels of fearfulness,

and reduced empathy, guilt, and shame) and lower
stress sensitivity which may potentially increase
risk for higher levels of callous–unemotional traits
or psychopathy in the context of additional genetic
and environmental factors (Glenn, 2011; Yildirim &
Derksen, 2013). For example, compared to those
with the LS or SS genotype, women with an LL
genotype self-reported significantly greater difficul-
ties with identifying feelings on a subscale measur-
ing Alexithymia, a personality construct that
captures problems with recognizing, expressing
emotions, and understanding others’ emotions
(Kano et al., 2012). The L allele may also be associ-
ated with a bias toward positive emotional stimuli
and/or a bias away from negative stimuli (Fox,
Ridgewell, & Ashwin, 2009), a pattern of attention
that may be consistent with the reward-dominant
response style or punishment insensitivity that is
seen in individuals with psychopathy or who are
high in callous–unemotional traits (Dadds & Sal-
mon, 2003). L homozygous individuals have also
been found to display less emotionally expressive
behaviors and reported less amusement, shame,
and anger when watching themselves in embarrass-
ing situations (Gyurak et al., 2013). They also
demonstrated reduced levels of prosocial emotional
empathy and exhibited lower cardiovascular and
electrodermal activity when watching others in seri-
ous distress (Gyurak et al., 2013). Individuals
homozygous for the L allele have been found to
display higher levels of callous–unemotional traits
compared to S carriers (Brammer, Jezior, & Lee,
2016), though one study found this effect to be lim-
ited to the group of individuals brought up in
socioeconomically disadvantaged environments,
which can be a marker of deprived circumstances
more broadly (Sadeh et al., 2010).

The potential link between the L allele and
higher callous–unemotional traits is perhaps partic-
ularly noteworthy given research suggesting that
individuals high in callous–unemotional traits who
receive low levels of parental warmth may be at
particular risk of behavior symptoms (Pasalich,
Dadds, Hawes, & Brennan, 2011) and that greater
parental warmth/involvement predicts a decline in
levels of callous–unemotional traits (Pardini, Loch-
man, & Powell, 2007). Furthermore, while callous–
unemotional traits have typically been thought to
be associated with low levels of anxiety and mood
difficulties (Lykken, 1995), a number of studies
have found that higher levels of callous–unemo-
tional traits can in fact predict higher levels of inter-
nalizing problems (e.g., Hawes et al., 2014; Waller
et al., 2015). One possible explanation for these
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findings is that restricted affect and reduced empa-
thy may pose increased risk for depression via
greater social withdrawal, isolation, and anhedonia
(Waller et al., 2015).

A number of genetic association studies have
additionally suggested possible links between the 5-
HTTLPR L allele and various aspects of executive
functioning, including reduced cognitive flexibility
(Borg et al., 2009; T€ukel et al., 2016) and poorer sus-
tained attention (Strobel et al., 2007). In addition,
two studies provide some indication that the devel-
opment of executive function of LL homozygous
individuals may be impeded by adverse family
environments potentially high in deprivation,
involving higher levels of maternal depressive
symptomatology (Weikum et al., 2013) or lower
levels of parental supervision (Li et al., 2015). Inter-
estingly, LL homozygous individuals also per-
formed better than their S-allele counterparts on
executive function tasks when their mothers
endorsed few depression symptoms (Weikum et al.,
2013).

In environments involving a high degree of
threat, S-allele carriers, who are thought to be more
emotionally reactive and especially sensitive to their
context, may be at greater risk of stress-related psy-
chopathologies, such as depression, than their less
affectively responsive L homozygotes. Moreover, in
certain positive environments, these particular traits
associated with S-allele carriage may promote
certain aspects of well-being, particularly those
associated with socioemotional functioning. By con-
trast, in deprived environments that lack important
nurturing features, the primary affective task may
be to engage and extract nurturance and support
from others in the interpersonal environment, a task
for which S carriers might be better suited than L
homozygous individuals, due to their greater
capacity for affective engagement and social cogni-
tion. In such interpersonal environments where the
primary challenge is to elicit care and support that
is lacking, S carriers’ greater capacity for emotional
responding and engagement with others may offer
a buffer against psychopathology. In these contexts,
it may therefore be the emotionally hyporesponsive
L homozygous individuals who are less adaptive,
placing them at greater risk of psychopathology.
Importantly, deficient emotional experiences, in the
form of reduced emotional reactivity or low emo-
tional responsiveness to changing contexts, have
been associated with depressive disorders (Bylsma,
Morris, & Rottenberg, 2008). Deficits in executive
function have also been linked with depression
(Snyder, 2013).

Thus, consideration of the L allele as simply
insulating individuals from all environments (both
positive and negative), as per the differential sus-
ceptibility hypothesis, may present an incomplete
picture. Instead, it may be that both S-allele and L-
allele individuals possess specific characteristics that
may be advantageous or detrimental, depending on
their environment. In other words, it is the fit (or
lack thereof) between genetic or biological predis-
positions and environmental challenges that deter-
mines functioning and well-being. Importantly, this
perspective does not suggest, for example, that S
carriers do not require positive parenting or that L
homozygous individuals are not hurt by aggressive,
critical parenting, but rather that there may be com-
binations of genotypes and environments that are
particularly adaptive or unfavorable relative to
other combinations. This paradigm has some paral-
lels with Thomas, Chess, and Birch’s (1968) “good-
ness-of-fit” theory, which suggests that the degree
of match or mismatch between a child’s characteris-
tics (temperament, capacities, and motivations) and
the demands and expectations of the caregiving
environment in which he or she functions is an
important determinant of behavioral adjustment.

Our aim in this study was to examine whether
allelic variations in the 5-HTTLPR moderate risk for
depression in the context of low levels of positive
parenting (a form of deprivation), while controlling
for the effect of high levels of negative, hostile par-
enting (a form of threat), in two longitudinal stud-
ies. This approach enabled us to test the same
conceptual model of the relationship between posi-
tive parenting and depression in independent sam-
ples using different methods of measurement.
There is a particular need for such replications
given the inconsistencies in findings to date regard-
ing G 9 E interactions involving the serotonin
transporter gene. Based on previous studies indicat-
ing poor outcomes in LL genotype children and
adolescents exposed to low nurturant environ-
ments, we predicted L-allele homozygous individu-
als would show greater vulnerability to depression
in these contexts, relative to S-allele carriers.

Study 1

Method

Participants and Procedures

Participants were from the Australian Tempera-
ment Project (ATP). The original ATP cohort com-
prised 2,443 four- to eight-month-old infants and
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their families, recruited through maternal and child
health centers in 1983. Families have been surveyed
by mail generally every 1–2 years. Full descriptions
of the background, sampling, and design of the
ATP can be found in Prior, Sanson, Smart, and
Oberklaid (2000). The subsample used for the cur-
rent analysis consisted of the 681 participants (355
male) who had provided a DNA sample for geno-
typing purposes. Genetic samples were collected
from participants who could conveniently be visited
at home. These participants therefore tended to be
located in more urban areas and were of higher
SES than participants who did not provide genetic
samples, but the two groups did not differ on the
variables of interest (parenting measures at 13–
14 years and depressive symptoms at 17–18 years).
Participants were identified as of either Anglo/
European Australian (96.8%) or non-Anglo/Eur-
opean Australian (3.2%) descent, based on parental
country of birth. The analysis also draws on survey
data collected when participants were 13–14 years
and 17–18 years old.

Measures

Depressive symptomatology at 13–14 years and 17–
18 years. Depressive symptomatology was mea-
sured by the self-report version of the Short Mood
and Feelings Questionnaire (Angold et al., 1995),
which has high reliability (a = .87) in the overall
ATP sample.

Parenting. Positive parenting, in the form of
parental warmth (e.g., I enjoy listening to and
doing things with my child), and harsh, aversive
parenting, in the form of physical punishment (e.g.,
how often do you hit, slap or spank your child?), at
age 13–14 years were measured according to the
ATP-devised Parenting Practices Questionnaire
(Letcher et al., 2004), which is based on parent
report. The parental warmth scale and the physical
punishment scale have shown adequate reliability
(a = .74 and .66, respectively) in the overall sample
and have demonstrated good criterion validity (e.g.,
lower warmth and higher physical punishment
have predicted higher levels of child internalizing
and externalizing problems (Letcher et al., 2004)).

Genotyping. Buccal epithelial cells were col-
lected via cotton swabs when participants were
between 15 and 18 years old. Genomic DNA was
isolated from the cells using QIA ampblood DNA
kits (Qiagen, Hilden, Germany). Polymerase chain
reaction (PCR) primers and conditions were as
described by Heils et al. (1996). The method used
for visualization of the PCR products in the ATP

study has been described previously (Jorm et al.,
2000). The genotype distribution for 5-HTTLPR
(n = 222, LL; n = 346, SL; n = 113, SS) was in
Hardy–Weinberg equilibrium, v2(1, N = 681) = 1.25,
p = .263.

Analysis Plan

Primary analysis. As the majority of studies
have converged on dominance of the S allele over
the L allele (e.g., Canli & Lesch, 2007; Heils et al.,
1996), we focused our analyses on a dominant
genetic model (LL = 0, SL + SS [i.e., S carriers] = 1).

Path models were specified to investigate the
moderating effect of 5-HTTLPR genotype on the
relationship between parental warmth and depres-
sive symptoms, with adolescent gender, ethnicity,
and physical punishment as covariates. The hypoth-
esized model outlining the tests for moderating
effects, which also includes potential evocative
gene–environment correlations (rGE) between geno-
type and parenting, is presented in Figure 1. A
covarying path between gender and ethnicity was
not specified in the model as gender and ethnicity
would not be expected to be related. Path models
were calculated using the maximum likelihood esti-
mator in Mplus (Muth�en & Muth�en, 1998–2012)
and were based on 5,000 bias-corrected boot-
strapped samples.

Prior to estimating the models, all continuous
predictor variables and covariates were centered to
reduce problems with multicollinearity. The interac-
tion term was created by multiplying genotype and
parental warmth. Significant interactions were clari-
fied through post hoc analyses assessing whether
the simple slopes representing associations between
parental warmth and depressive symptomatology
were significantly different from zero for the differ-
ent genotypes (Preacher, Curran, & Bauer, 2006).

Depression

5-HTTLPR

Ethnicity

Gender

Positive
Parenting

5-HTTLPR
X Positive

Negative
Parenting

Figure 1. Hypothesized conceptual model outlining pathways
examined in testing Gene 9 Parenting Effects on adolescent
depression.
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In addition, to assess the possibility of differen-
tial susceptibility, Roisman et al. (2012) have recom-
mended that investigators conduct regions of
significance (RoS) tests to determine the full range
of values of the predictor X (i.e., parenting) for
which the association between the moderator Z
(i.e., 5-HTTLPR genotype) and Y (i.e., depressive
symptoms) is significant. Roisman et al. (2012) rec-
ommend that results consistent with differential
susceptibility predictions would require a signifi-
cant moderator–outcome association at both the
low end of X and the high end of X. Roisman et al.
(2012) suggested a guideline of bounding the range
of X by �2 SD for the RoS tests to reduce the likeli-
hood that values of X are not represented in the
sample, however, they also note that this approach
is sensitive to sample size, and that it is not uncom-
mon for plots that look highly consistent with a
pattern of differential susceptibility to be incorrectly
classified as providing evidence for diathesis–stress
as a result of low statistical power. The authors
therefore additionally recommend the use of a met-
ric named the proportion of interaction (PoI) index,
a measurement of the proportion of the total area
between the two lines for each genotype group that
comprise the interaction plot bounded by +2 SD on
X, that is, above the crossover point. In a prototypi-
cal interaction plot for differential susceptibility
(i.e., a cross-over or disordinal interaction), the lines
would be expected to cross-over at the mean of X,
resulting in 50% of the area bounded by the regres-
sion lines representing the “for better” region. In a
prototypical plot for diathesis–stress (i.e., an ordinal
interaction), the crossover point will occur on the
far right side of the plot, such that 0% of the total
area would represent the “for better” region. Rois-
man et al. (2012) initially specified that, as an
approximate marker, interactions with values on
the PoI metric between about 0.40 and 0.60 could
be considered highly consistent with differential
susceptibility. More recently, Del Giudice (2017) has
proposed a revision based on a 0.20–0.80 range of
PoI values given concerns that the narrower win-
dow of 0.40–0.60 may be associated with a high
likelihood of false negatives, while the 0.20–0.80
window improves detection with little elevation in
the rate of false positives. As noted by both Del
Giudice (2017) and Salvatore and Dick (2015), there
can however be difficulties with classifying variants
as differential susceptibility loci by such methods,
given measures of the environments typically do
not have true zeros. As such, the range of environ-
ments captured for any given sample (i.e., high or
low risk) will affect the shape of the observed

interaction. To generate RoS on Z and PoI, we used
a web-based program available at http://www.
yourpersonality.net/interaction/ that is a supple-
ment to the article by Roisman et al. (2012) devel-
oped by the author Fraley.

Follow-up analyses. The primary interest of this
study was whether the lack of a positive environ-
ment (i.e., reduced warmth, or positive behaviors
displayed by parents) would alter risk for depression
differently in S carriers versus L homozygous indi-
viduals. A large literature however suggests that S
carriers are more susceptible to the presence of harsh,
negative environments (such as those involving sig-
nificant child maltreatment or stressful life events)
compared to L homozygous individuals. We there-
fore also examined whether 5-HTTLPR interacted
with parental use of physical punishment, control-
ling for gender, ethnicity, and parental warmth.

To further clarify the nature of the interactions,
some additional exploratory analyses were con-
ducted. First, due to possible variation in allelic fre-
quencies among different racial groups, analyses
evaluating the interaction between 5-HTTLPR geno-
type and parenting were tested separately in the
group of participants of Anglo-European back-
ground (n = 656). Second, we completed a set of
analyses that additionally controlled for baseline
depressive symptoms at 13–14 years. Inclusion of
baseline depressive symptomatology as a covariate
allowed an examination of whether the interaction
predicted prospective change/growth in depressive
symptomatology over adolescence rather than abso-
lute depressive symptomatology at the end of adoles-
cence. The addition of this covariate introduces seven
new paths into analyses. The reductions in power
associated with this inclusion also means that these
analyses should be interpreted with some caution.

Given that “dose-related” additive effects of the
S allele in addition to dominance effects have been
documented by some studies (e.g., Caspi et al.,
2003), with recessive effects being observed far less
frequently (e.g., Williams et al., 2003), all of these
analyses were rerun based on an additive genetic
model (LL = 0, SL = 1, SS = 2).

Missing data. Missing data averaged 12.1%
(range = 0%–16.9%). Analyses presented in Sup-
porting Information suggested that data were miss-
ing at random (MAR). Missing data were therefore
accounted for by the full information maximum
likelihood (FIML) method to increase statistical
power and to make optimal use of the data. FIML
is recommended in situations where data are MAR,
including when a large proportion of participants
are missing data (Schlomer, Bauman, & Card, 2010)
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and has been found to be less biased and more effi-
cient than deletion and single-imputation methods
(Enders & Bandalos, 2001).

Results

Descriptive statistics, including intercorrelations
between depression, variation in the serotonin
transporter polymorphism, ethnicity, gender, paren-
tal warmth, and physical punishment are shown in
Table 1.

The bivariate correlation between 5-HTTLPR
genotype and parental warmth was not significant,
suggesting that any G 9 E effects are not a function
of an evocative rGE.

Primary Analysis

Model fit indices showed that model provided
an acceptable fit to the data (see Table S1). Path
model results are displayed in Table 2. For parsi-
mony, only key relations of interest between the
independent variables (5-HTTLPR, parental
warmth, and the 5-HTTLPR 9 Parenting interaction
term), covariates (gender, ethnicity, and physical
punishment) with the dependent variable (depres-
sive symptomatology), and the covarying associa-
tion between 5-HTTLPR and positive parenting are
shown. Results of the complete models, including
other covarying paths between independent and
covariate variables, are provided in Table S2.

The model explained 12% of the variance in
depressive symptoms, as indicated by the R2 value
(.12). Results indicated a significant path from

lower parental warmth at 13–14 years to higher
levels of depressive symptomatology at age 17–
18 years. There was no main effect of physical pun-
ishment or 5-HTTLPR genotype on adolescent
depression, nor was genotype related to parental
warmth, physical punishment, or to participant eth-
nic background. Female gender was significantly
related to higher depressive symptomatology and
parental warmth, and to lower levels of physical
punishment. Lower parental warmth was signifi-
cantly associated with higher physical punishment.
There was a significant 5-HTTLPR 9 Parental
Warmth interaction effect on depressive symptoma-
tology, which is shown in Figure 2.

The interaction indicated that parental warmth
significantly predicted depressive symptoms for the
L homozygous group (b = �0.29 [95% CI: �0.43,
�0.15], SE = 0.07, b = �.29, p = .0001), but not the
S carrier group (b = �0.08 [95% CI: �0.19, 0.02],
SE = 0.05, b = �.08, p = .126). S carriers showed a
stable risk for depressive symptoms that was inde-
pendent of parental warmth, whereas L homozy-
gous individuals showed increasing risk for
depressive symptoms as a function of decreasing
levels of parental warmth.

For the RoS on X test, the regression of depres-
sive symptoms on serotonin transporter genotype is
statistically significant for all values of positive par-
enting that fall outside of the range of �0.30 to
2.53. As the upper bound exceeds 2 SD, this finding
suggests the association between genotype and
depression is predominantly significant when posi-
tive parenting is lower, and the interaction is con-
sidered to be more consistent with diathesis–stress

Table 1
Descriptive Statistics and Intercorrelations for Variables From the Australian Temperament Project in Study 1

Variables 1 2 3 4 5 6 7

1. Depressive symptoms at 17–18 years — .33*** .11 �.02 �.12** .06 .46***
2. Gender (0 = male, 1 = female) — �.08 �.03 .15** �.14** .137**
3. Ethnicity (0 = Australian-European

descent, 1 = non-Australian-European
descent)

— �.08 �.10 �.12 .191

4. Dominant serotonin transporter
genotype (0 = LL, 1 = SS or SL)

— .00 �.02 �.103*

5. Parental warmth — �.12*** �.151***
6. Parental physical punishment — .118**
7. Depressive symptoms at

13–14 years
—

Percentage of sample or M (SD) 2.10 (0.60) Males
= 52.2%

Australian-
European
descent = 96.8%

LL = 32.6% 4.21
(0.60)

1.25 (0.47) 4.30 (3.35)

*p ≤ .05. **p ≤ .01. ***p ≤ .001.
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rather than differential susceptibility. However, the
PoI = 0.36 may be interpreted as providing moder-
ate support for a differential susceptibility model,
given it is within the range of 0.20–0.80 that is con-
sidered as consistent with differential susceptibility,
and only just outside of the range of 0.40–0.60,
specified as providing strong support for differen-
tial susceptibility model.

Follow-Up Analyses

There was no evidence of a significant interaction
between 5-HTTLPR and negative parenting (paren-
tal use of physical punishment), as shown in
Table S3. The finding of an interaction between 5-

HTTLPR and parental warmth predicting depres-
sion cannot be accounted for by an association
between parental warmth and physical punishment.

The same patterns of findings involving a signifi-
cant interaction between 5-HTTLPR (analyzed
according to an S-allele dominant model) and par-
ental warmth were observed when models were
rerun for the largest ethnic subsample (n = 656) of
participants of Anglo-European background
(Table S4). The interaction involving physical pun-
ishment remained nonsignificant (Table S5). The
interaction between 5-HTTLPR and parental
warmth was no longer significant when baseline
depressive symptoms were included in the model
(Table S6). The interaction between 5-HTTLPR and
physical punishment controlling for baseline
depressive symptoms also failed to predict depres-
sive symptoms at 17–18 years (Table S7).

None of the interactions between 5-
HTTLPR 9 Parenting was significant when an
additive genetic model was used, as shown in
Tables S2–S7.

Study 2

Method

Participants and Procedures

The analyses in Study 2 are based on an initial
subsample of 176 participants from the longitudinal
Orygen Adolescent Development Study (ADS), con-
ducted in Melbourne, Australia, who had provided
a genetic sample during the course of their partici-
pation. Of the 176 participants, 1 participant was
diagnosed with major depressive disorder (MDD)
at the diagnostic assessment during the first wave
of the study (W1) and another was diagnosed with
major depressive episode within the context of a
bipolar I disorder during the course of the study.

Table 2
Path Model Testing the Interaction Between 5-HTTLPR Genotype 9 Parental Warmth at 13–14 Years on Depressive Symptomatology at 17–
18 Years in Study 1

Pathway b SE
95% CI

[lower, upper] b p

5-HTTLPR ? Depressive symptoms �0.06 0.05 [�0.16, 0.04] �.05 .245
Parental warmth ? Depressive symptoms �0.29 0.07 [�0.43, �0.14] �.29 .000
Physical punishment ? Depressive symptoms 0.10 0.06 [�0.01, 0.21] .08 .080
Ethnicity ? Depressive symptoms 0.16 0.15 [�0.11, 0.47] .05 .268
Gender ? Depressive symptoms 0.34 0.05 [0.25, 0.44] .29 .000
5-HTTLPR 9 Parental Warmth ? Depressive symptoms 0.20 0.09 [0.02, 0.39] .16 .028
5-HTTLPR ↔ Parental warmth 0.00 0.01 [�0.02, 0.03] .01 .777

Figure 2. Influence of parental warmth at age 13–14 years on
depressive symptoms at 17–18 years for L homozygous individu-
als and S carriers in Study 1.
***p < .001.
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These 2 participants were excluded from this
research to enable the study to be prospective in
relation to MDD onset specifically (rather than
affective disorders more broadly), leaving a total
sample of 174 participants (71% of the total sample
of 245 participants; 83 male).

The broad recruitment and screening of ADS
participants has been fully reported previously
(Yap et al., 2008). Briefly, the sample, drawn from
the general community of final year primary school
students in metropolitan Melbourne, was risk
enriched based on the scores on the temperament
dimensions of negative emotionality and effortful
control, measured according to the Early Adoles-
cent Temperament Questionnaire–Revised (Ellis &
Rothbart, 2001) given their hypothesized role as
vulnerability factors for emotional and behavioral
disorders. Participants in the current analyses were
identified as of either Anglo-European (87.7%) or
non-Anglo-European (12.3%) background, based on
their grandparents’ country of birth.

The ADS involved four waves of data collection:
W1 (Mage = 12.7 years, range = 11.4–13.7 years)
included a diagnostic interview that assessed for
current and lifetime episodes of MDD to exclude
participants with a history of the disorder, and a
family interaction assessment, which allowed obser-
vation and coding of parenting behavior. Study 2
examines depressive symptoms at age 18–19 years
collected via questionnaire at the fourth and final
wave of the study (W4) as the outcome of interest,
to closely replicate Study 1.

Measures

Depressive symptomatology at 11–13 years and 18–
19 years. Depressive symptomatology was mea-
sured according to the Center for Epidemiological
Symptoms Depression Scale (CES–D; Radloff, 1977).
The CES–D consists of 20 items, rated on a 4-point
scale from 0 (rarely or none of the time) to 3 (most or
all of the time).

Parenting. The frequency of positive and aver-
sive parenting behaviors displayed by mothers was
assessed during two 20-min parent–child interaction
tasks at W1, which were videotaped for coding. An
event-planning task was completed first, followed
by a problem-solving task. The tasks were intended
to differentially elicit positive and negative behav-
iors, respectively, thereby enabling an explicit
examination of the effect of the interactional context
on affective processes. Our previous work has indi-
cated that negative parental behavior displayed
during the positive event-planning interaction (EPI)

task and positive parental behavior during the neg-
ative problem-solving interaction (PSI) task may be
particularly salient predictors of adolescent depres-
sion (Schwartz et al., 2017). The ordering of tasks
was fixed because of concern that negative affective
states elicited by the problem-solving task had the
potential to persist into the positive, event-planning
task if the latter were conducted second.

For the EPI, mothers and adolescents were
instructed to plan one or more pleasant events to do
together, with up to five events chosen based on
items that both the mother and adolescent rated as
being very pleasant on the Pleasant Events Schedule
(MacPhillamy & Lewinsohn, 1976). For the PSI, up
to five issues for discussion were selected that both
the mother and adolescent endorsed as occurring
the most frequently and generating the highest
intensity of anger on the issues checklist (Prinz, Fos-
ter, Kent, & O’Leary, 1979). Parenting behavior from
the tasks was coded according to the Living in Fam-
ily Environments (LIFE) coding system. The LIFE
(Hops, Biglan, Tolman, Arthur, & Longoria, 1995) is
an observational, microsocial coding system that
enables a detailed analysis of individual family
members’ behaviors and interactive family behav-
iors. In this study, the constructs of interest were the
frequency of positive behaviors and aversive behav-
iors displayed by mothers on both the EPI and the
PSI. Positive behavior included displays of happy,
pleasant, and caring affect as well as approving, val-
idating, affectionate, or humorous comments made
with neutral affect. Aversive behavior included all
events with contemptuous, angry, and belligerent
affect, as well as disapproving, threatening, or argu-
mentative verbal content with neutral affect.
Approximately 20% of the interactions were coded
by a second observer to provide an estimate of
observer agreement. Kappa coefficients (a conserva-
tive index of interobserver reliability based on
point-by-point agreement and corrected for chance)
for the positive and aversive behavior constructs
were .86 and .70, respectively. The validity of the
LIFE system as a measure of family processes has
been established in numerous studies (e.g., Sheeber,
Davis, Leve, Hops, & Tildesley, 2007).

Genotyping. Saliva was collected from partici-
pants for genetic analysis using Oragene DNA sal-
iva collection kits (www.dnagenotek.com). Methods
used for PCR amplification and visualization by gel
electrophoresis were as described by Edenberg and
Reynolds (1998). The genotype distribution for 5-
HTTLPR (n = 54, LL; n = 83, SL; n = 37, SS) was in
Hardy–Weinberg equilibrium, v2(1, N = 174) = 0.24,
p = .627.
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Analysis Plan

The same analytic strategy employed in Study 1
was used to predict continuous depressive symp-
toms in Study 2, except that two separate path
models were estimated to document effects of posi-
tive parenting in the EPI task and the PSI task.

Treatment of missing data. Levels of missing
data averaged 13.3% (range = 0%–28.6%). Little’s
(1988) MCAR test was nonsignificant, v2(163) =
179.54, p = .178, therefore FIML was used to
account for missing data.

Results

Correlations between variables in Study 2, namely
depressive symptoms, serotonin transporter poly-
morphism variation, ethnic background, gender,
positive parenting, and aversive parenting in the two
interaction tasks, are shown in Table 3. 5-HTTLPR
genotype and positive maternal behavior in the PSI
(though not in the EPI) task were significantly corre-
lated (r = .22, p < .05), indicating that a G 9 E effect
between these two variables could be a function of
evocative rGE. Aversive maternal behavior in the
EPI and the PSI were not significantly correlated
with 5-HTTLPR genotype.

Primary Analyses

Model fit indices showed that all models in
Study 2 provided an acceptable fit to the data (see
Table S1). Results for the paths from independent
variables (5-HTTLPR, positive parenting, and the 5-
HTTLPR 9 Positive Parenting interaction term) and
covariates (gender, ethnicity, and aversive parent-
ing) predicting depressive symptoms, as well as the
covarying association between 5-HTTLPR and posi-
tive parenting are presented in Table 4. Results of
the complete models are provided in Table S8. The
model for the EPI task explained 12% of the vari-
ance in risk for depressive symptomatology
(R2 = .12), while the model for the PSI task
explained 9% of the variance in risk for depressive
symptomatology (R2 = .09). In the EPI, both lower
frequencies of positive maternal behavior and
higher frequencies of aversive maternal behavior at
age 12–13 years were associated with higher levels
of depressive symptomatology at 18–19 years.
Lower positive maternal behavior was also related
to higher aversive maternal behavior. Gender and
ethnicity did not show significant associations with
depressive symptoms, parenting, or genotype. Nei-
ther 5-HTTLPR genotype nor the interaction T
ab
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between 5-HTTLPR genotype and positive maternal
behavior were significant predictors of depressive
symptomatology.

In the PSI, low frequencies of positive maternal
behavior were associated with more frequent aver-
sive maternal behavior as well as with higher levels
of depressive symptomatology in late adolescence.
Aversive maternal behavior however was not associ-
ated with later depressive symptoms. Gender and
ethnicity were also unrelated to depressive symp-
toms, genotype, and parenting. 5-HTTLPR genotype
was associated with positive maternal behavior at
trend level (p = .054), but not with aversive maternal
behavior. Critically, the interaction between 5-
HTTLPR genotype and positive maternal behavior
was significant.

The interaction, graphed in Figure 3, indicated
that the frequency of positive maternal behavior
was predictive of depressive symptoms for L
homozygous individuals (b = �6.28 [95% CI:
�11.26, �1.30], SE = 2.54, b = �.46, p = .014), but
not S carriers (b = �0.10 [95% CI: �3.42, 3.22],
SE = 1.70, b = �.09, p = .953). S carriers’ risk for
depressive symptoms was observed to remain
stable, independent of the frequency of positive
maternal behavior experienced, while L homozy-
gous individuals’ risk increased as a function of
decreased frequencies of positive maternal behav-
ior. RoS analysis indicated that the association
between serotonin transporter genotype and
depressive symptoms was significant for all values
of positive maternal behavior outside of the values
of [�2.21, .72]. As the lower bound exceeds 2 SD,
this finding suggests the association between geno-
type and depression is predominantly significant
when positive parenting is higher (indicative of a

buffering effect of positive parenting on depression
risk for L homozygyous individuals relative to S
carriers). However, the PoI = 0.58, which may be
interpreted as providing high support for a differ-
ential susceptibility model resembling a cross-over
interaction with a cross-over close to the mean.

Follow-Up Analyses

As in Study 1, we did not find evidence that 5-
HTTLPR interacted with aversive parenting to predict
depressive symptomatology (see Table S9). The

Table 4
Path Model Testing the Interaction Between 5-HTTLPR Genotype 9 Positive Maternal Behavior at 11–13 Years on Depressive Symptomatology at
18–19 Years

EPI task PSI task

b SE
95% CI [lower,

upper] b p b SE
95% CI [lower,

upper] b p

5-HTTLPR ? Depressive symptoms 1.04 1.61 [�2.18, 4.19] .05 .520 1.02 1.58 [�2.04, 4.16] .05 .517
Positive parenting ? Depressive symptoms �5.19 2.39 [�10.20, �0.68] �.27 .030 �6.28 2.32 [�11.36, �2.19] �.46 .007
Aversive parenting ? Depressive symptoms 5.31 2.14 [1.09, 9.52] .23 .013 0.80 1.88 [�2.96, 4.41] .05 .672
Ethnicity ? Depressive symptoms 1.28 2.36 [�3.33, 5.92] .05 .587 1.19 2.35 [�3.62, 5.67] .04 .614
Gender ? Depressive symptoms 1.82 1.54 [�1.05, 5.01] .10 .238 1.81 1.57 [�1.15, 5.00] .10 .248
5-HTTLPR 9 Positive parenting ?
Depressive symptoms

5.86 3.50 [�0.93, 12.79] .23 .094 6.18 2.87 [0.58, 11.94] .37 .031

5-HTTLPR ↔ Positive parenting 0.02 .02 [�0.03, 0.06] .09 .375 0.05 0.03 [0.00, 0.11] .17 .054

Note. EPI = event-planning interaction; PSI = problem-solving interaction.

Figure 3. Influence of positive maternal behavior experienced at
11–13 years on depressive symptoms at 18–19 years for L
homozygous individuals and S carriers in Study 2.
*p < .05.
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finding of an interaction between 5-HTTLPR and posi-
tive parenting predicting depression therefore cannot
be accounted for by an association between positive
parenting and aversive parenting. Interactions were
also nonsignificant when analyses were rerun accord-
ing to an additive model (see Tables S8 and S9).

We additionally ran path models separately for
the largest ethnic subsample of participants of
Anglo-European background (n = 150), which are
displayed in Tables S10 and S11. When the S allele
was treated as dominant, the size of the standard-
ized coefficient of the interaction between Positive
Maternal Behavior 9 5-HTTLPR (b = .31) was very
similar to that obtained for the overall sample,
though this finding was no longer significant
(p = .089), presumably reflecting the decrease in
power associated with a smaller sample size.

As shown in Tables S12 and S13, analyses were
also rerun with the inclusion of baseline depressive
symptomatology as a covariate to allow an examina-
tion of whether the interaction predicted prospective
change/growth in depressive symptomatology over
adolescence. The interaction between 5-HTTLPR
and positive parenting in the PSI remained signifi-
cant when an S-allele dominant genetic model was
assumed, and nonsignificant when an additive
genetic model was assumed. In addition, significant
interactions between 5-HTTLPR and positive parent-
ing in the EPI emerged for both S dominant and
additive genotype models. Specifically, lower fre-
quencies of positive maternal behavior significantly
predicted depressive symptoms for the L homozy-
gous group, but not for S carriers.

Discussion

The current results provide evidence of an interac-
tion between 5-HTTLPR and low levels of positive
parenting in predicting depression. In two indepen-
dent cohorts, findings indicated that when the S
allele of the serotonin transporter gene was coded
as dominant, adolescents carrying at least one copy
of the S allele showed little change in their risk of
depression as a function of the positive parenting
they received, while adolescents in the L homozy-
gous group were at greater risk for depression with
decreasing levels of positive parenting. Overall, the
findings conflict somewhat with the more tradi-
tional view of the differential susceptibility hypoth-
esis, which has suggested that the S allele is a
“plasticity” allele that increases general sensitivity
to environmental effects while the homozygous L
disposition is associated with more fixed outcomes

across environments (Belsky et al., 2009). This pat-
tern of results is consistent with findings by other
studies demonstrating that L homozygous individu-
als who experience low maternal responsiveness or
lack of supportive parenting may be more vulnera-
ble to externalizing difficulties (e.g., Davies &
Cicchetti, 2014; Lavigne et al., 2013), and with one
previous study finding a trend suggesting that L
homozygous girls may exhibit higher depressive
symptoms than S carriers in family environments
involving low levels of support (Li et al., 2013).
Taken together, these studies constitute an emerg-
ing body of research that suggests that in certain
contexts L homozygous individuals may also be
vulnerable to maladaptive outcomes.

It is noteworthy that the current findings were
obtained in two longitudinal cohorts, based on
independent samples, with different measures of
depression (i.e., depressive symptomatology using
a self-report scales at 17–18 years in Study 1 and at
18–19 years in Study 2) and different methods of
measuring positive parenting (i.e., parental warmth
according to parent report vs. an observational
measure of positive parental behavior).

Somewhat surprisingly, the association between
positive parenting and depression was nonsignifi-
cant for S carriers in both Study 1 and Study 2, sug-
gesting that S carriers were neither at increased risk
for depression in more deprived environments of
lower positive parenting, but they also did not
appear to be buffered from depression in arguably
more, supportive environments of higher positive
parenting. While the former finding was in line with
the hypotheses of the current study, the latter finding
might be interpreted by some as a contradiction of
the hypothesis that S carriers demonstrate vantage
sensitivity—a proclivity to benefit from enriched
environments. We would contend however, in line
with positive development/adjustment research
which views positive functioning and well-being as
distinct from (albeit partly related to) the absence of
mental ill health (Tolan, Ross, Arkin, Godine, &
Clark, 2016), that the lack of a protective effect of
high positive parenting on depression risk for S carri-
ers relative to LL homozygous individuals does not
necessarily mean that enhancing effects of positive
parenting on component behaviors, capabilities, and
experiences of more positive functioning would not
be present.

There was also evidence that S carrier status was
correlated with higher levels of observed positive
parenting behaviors during the PSI in Study 2
(though a similar association was not detected in
Study 1, which was based on parent report). This
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finding could indicate an evocative rGE that would
be consistent with the possibility that S carriers are
better able to elicit warmth or nurturance from their
parents. However, as parent genotype was not
available in the current study, the possibility that
genetic relatedness between the parent and the ado-
lescent accounts for the observed correlation
between adolescent genotype and positive parent-
ing, such that parent genotype may in fact be pre-
dicting the levels of their own positive behavior (a
passive rGE; Plomin, DeFries, & Loehlin, 1977) can-
not be ruled out. It is noteworthy that a different
study that also relied on observational methods of
parenting found the S allele of the serotonin trans-
porter gene in boys predicted higher levels of moth-
ers’ positive parenting, with this effect being
mediated by greater self-control exhibited by the
child (Pener-Tessler et al., 2013). Interestingly, while
there was also an association between mothers’
serotonin transporter genotype and positive parent-
ing, the effect of boys’ 5-HTTLPR genotype on par-
enting remained significant following the inclusion
of mothers’ genotype in the model, suggesting that
the association between the child’s genotype and
parenting could not be solely attributed to a passive
rGE and supporting a hypothesis for the role of an
evocative rGE.

Contrary to expectations, the interaction between
the serotonin transporter gene was not found to
moderate risk for depression in family environ-
ments involving more hostile and punitive parent-
ing in both samples. However, null findings in the
broader serotonin transporter Gene 9 Environment
literature are certainly not uncommon (Sharpley
et al., 2014). Moreover, several studies have failed
to identify an interaction between the serotonin
transporter gene and negative parenting specifically
in predicting depression (Fergusson, Horwood,
Miller, & Kennedy, 2011; Lavigne et al., 2013).
Recent reviews suggest that the interaction implicat-
ing S carriers may be most readily detected when
relatively extreme forms of adverse, threatening
environments, such as those involving significant
child maltreatment are considered (Caspi et al.,
2010). It is possible that the degree of threat or
adversity captured by the negative parenting mea-
sures in both the current and some other studies
with null findings were not severe enough to reveal
the interaction. We have identified, however, in the
ADS sample that inclusion of hippocampal volume
as an intermediate phenotype in a pathway from
the serotonin transporter gene to MDD onset dur-
ing the adolescent period reveals potential S carrier
vulnerability to depression in the context of

negative parenting (Little et al., 2015). Specifically,
possession of a greater number of S alleles was
associated with smaller hippocampal volume, and
the specific variance in hippocampal volume
accounted for by genotype was in turn associated
with increased risk for MDD onset, but only in the
context of more negative, punitive maternal behav-
ior. This imaging gene–environment study suggests
that inclusion of intermediate phenotypes such as
brain structure in analyses may assist in the detec-
tion of otherwise unapparent relations between
genes, the environment, and behavioral outcomes.

A strength of the current G 9 E study involving
the serotonin transporter gene is the systematic
investigation of the impact of an environment
involving a form of deprivation on the maladaptive
outcome of depression. This study is in contrast
with the vast majority of research investigating
G 9 E effects, which to date has tended to focus on
the relationship between positive environments and
positive outcomes, or threatening environments and
negative outcomes. We believe that this study
makes a valuable contribution to current theoretical
understanding of associations involving the sero-
tonin transporter gene, environments, and psycho-
logical outcomes by differentiating between
interactions of deprivation versus threat. It may
also offer a potential explanation for the sizable
group of G 9 E studies that have identified null
findings, some of which may have examined envi-
ronments involving both deprivation and threat,
and hence were not able to identify the effects of
one allele over the other on risk for psychological
difficulties. Future research would benefit from
replicating the current findings in additional
cohorts and extending them by considering other
theoretically grounded environmental contexts that
might be expected to show differential effects for S
carriers and L homozygous individuals.

There are several limitations in the current study
that should be noted. First, as noted earlier,
although there is a body of a priori theoretical and
empirical research supporting an association
between 5-HTTLPR, stress sensitivity, emotional
reactivity, and social cognition (Canli & Lesch,
2007; Caspi et al., 2010; Glenn, 2011), which we
have speculated may underlie the specific G 9 E
interaction investigated here, this putative mecha-
nism was not explicitly tested. A second limitation
is our consideration of only one gene in the current
research design, despite general acknowledgment
that depression represents a highly complex polyge-
netic condition (Sullivan et al., 2000). We purposely
selected 5-HTTLPR because the evidence
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supporting its involvement in G 9 E interactions is
relatively advanced compared to other genes (Caspi
et al., 2010), while noting emerging evidence
supporting its role in multilocus polygenetic
profiles, gene–gene interactions, and gene–gene–
environment interactions in conferring risk for
psychopathology (e.g., Ressler et al., 2010; Vrshek-
Schallhorn et al., 2015). In addition, we did not ana-
lyze the minor allele rs25531, which comprises a
single-nucleotide variant (A ? G) within the L
polymorphism that renders an Lg allele functionally
similar to the S variant (Hu et al., 2006). Thus, it is
possible that some LL or LS genotypes would have
been better classified with the S allele in the current
study. However, the current classification would be
expected to be associated with an attenuated effect
or false negative rather than a false positive result.

Furthermore, while prior research has strongly
implicated parenting factors in the development of
child/adolescent depression, the exact degree to
which parenting factors measured in the current
study represent causal influences remains somewhat
unclear due to issues regarding the direction of
effects. It is conceivable that child depression could
evoke, reinforce, or shape particular parenting
behaviors, and therefore that the parenting con-
structs in the current study may reflect a response to
their adolescents’ depressive behaviors to some
extent. As we did not have information about parent
genotype, we were also not able to rule out the possi-
bility of a passive rGE. At least one previous study
has noted the possibility of passive rGE processes in
the association between parenting and children’s
depression, which may be underpinned by parental
depressive symptomatology (Rice, Lewis, Harold, &
Thapar, 2013). Finally, the samples in the current
analyses are quite small for genetic analyses, and the
number of participants in the analyses in Study 2 in
particular might be considered preliminary. It is pos-
sible that our sample sizes may have limited power
to detect smaller effects. Equally, there may be
results that are “false positives.” These results (per-
haps particularly the nonsignificant findings of small
effect size) should be interpreted with caution until
they are replicated by studies with larger samples.

In summary, results from two independent
studies suggest that L homozygous individuals
may be more sensitive than S-allele carriers to the
depressogenic effects of low positive parenting. This
finding suggests that it is not only the S allele that
determines environmental sensitivity. Rather, con-
sistent with a differential capability framework, both
alleles can confer sensitivity to a maladaptive out-
come such as depression (as well as potentially

positive outcomes), dependent on the match or mis-
match of the phenotypic characteristics of the indi-
vidual and the challenges posed by the
environment in which they are developing.
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