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Abstract

In.threateningenvironmentsthe short (S) allele of-BITTLPRis proposed to augment
risk for depression. However, it is unknown whethét BFLPR variation increases risk for
depression in environments of deprivation, lacking positive or nurturant features. Two
independent longitudinal studies (n=681 and 176 respectively) examined wheth&étLBR

moderated associations between low levels of positive parenting at 11-13 yearssmulisnt
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depression at 17-19 years. In both studies bhljlfomozygous adolescents were at greater risk
for depression with decreasing levels of positive parenting. Tk the Sallele has
previously been identified as a susceptible genotype, these firmliggssts that the-allele

mayalso confer_sensitivity to depressiorthe face okpecific environmesat challenges

Key'Words: Gene-environment Interaction, Serotonin Transporter Gene, §lepres
AdolescenceyPositive Parenting

Depression is a common and debilitating disorder with a complex etiology tipaé frtdy
has itsinitial onset duringadolescencé@erikangas et al., 2010). The aggregation of depression
within families has led to a focus on understanding how geoetitibutions may interact with
other factorge.affect risk forthe emergence of this disord&ullivan, Neale, & Kendler, 2000).
One widelysstudied genetic risk factor for depression is a variable number tandem repeat located
within thepromoter of the serotonin transporter géAd TTLPR), which has been shown to
modify the effectiveness of the serotonin transporter enzyme in clearing the synapfidasleft
et al., 1996)

Therfieldiis unclear, however, about the extent to whieflT3LPR modifes overall
serotonin neurotransmissiamvivo, and the extent to which this creates risk for, or protects
against, depression. A seminal study by Caspi and colleagues {@008)hat individuals
carrying the ‘low expression’ shqi$) 5-HTTLPR allele (associated with reduced transcriptional
efficiency and lower serotonin uptake activityg¢re more vulnerable to the depressogenic effects
of childhood maltreatment or multiple negative stressful life events than wereluads/
homozygous-for the long (Lgllele. Attempts to replicate Caspi and colleagues’ serfirdihgs
have yielded mixed results, witlvo large meteanalyses showing no support for this gene by
environment (GEk) interaction(Culverhouse et al., 201Risch et al., 2009) artgvo providing
supportfor the Gk effect(Karg, Burmeister, Shedden, & Sen, 20%harpley, Palanisamy,
Glyded, Dillingham, & Agnew, 2014).

Thelargest oimetaanal/ses by Sharpley and colleagues (2014) however alsd tiwat

whilst the majority of studies in their analy$t5%) supported aassociation between the S
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allele, adversity and depression, nearly 26% of the included studies failed to sigmieant
interaction, and approximately 10% found opposite results to those expected, implicalting the
allele asconferring risk fordepression in the presence ofaxsbity. The authors suggested that
thesemixed findings do not necessarily deny a moderatitg for this polymorphism;ather

they suggedhat interactive effestmay be more complex than originally conceptualized.
Interestingly, assimilar conclusiomasreached ira recent metanalyss by Weeland and
colleague$2015) that included 12 studies examining the interaction between the serotonin
transporter gene, family adversity and externalising behaviors. Four studies foanikss to

be more vulnerable to the deleterious effect of family advesmshereagour studies found L-
allele homezygous individuals to be more at aska result ochdverse family environments, and
a further four studies obtained null resuBmth Sharpley and colleagues (2014) and Weeland
and colleagues(2015) raised the possibility that thddle may too be associated with
psychopathology in certain environmental contexts.

The'interplay between alielvariation in the serotonin transporter gene and the
environment in'predicting outcomssch as depression has most commonly been discussed from
a diathesisstressor vulnerability, perspective. This framework has often designated #tiel&-
as a'risk” allele that confers greater sensitivity to stress, which in turn increases susceptibility to
disorderiin.contexts of high adversity (Caspi, Hariri, Holmes, Uher, & Moffitt, 201@)ever,
an alternative conceptualization has been suggested that proposes thalteleenay be a
“plasticity™allele that exhibits differing levels @fdaptive fithess depending on the
environmental context (Belsky et al., 20@8®Isky & Pluess, 2009)n this “differential
susceptibility hypothesis”, 8arrier status is not simply a risk factor fypersensitivity to
adversity and hence psychiatric disorder, but is rather associated with a greater sensitivity to
environméntal.influences more generally. In iops environments, this sensitivity may
promote wellbeing or competenaghilst inadverseenvironments it may increase risk for

negative outcomes.

The differential susceptibility hypothesis thus encompasses the notion of diathesis stress,
as well as the notion entage sensitivityhe term that has been used to describe the potential
for some individuals to derive more benefit from positive emvitental experiences than others
(Pluess & Belsky, 2013). Importantly, capturing the vantage sensitivity component oérditié
susceptibility phenomenon involves a consideration of the adaptive spectrumhathsimply
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the maladaptive spectryms theabsencef negative outcomes (i.e. no psychopathology) may
not the same as tipgesencef positive outcomes that would characterize thriving or optimal
functioning. A smaller body of research has focused on the influence of positive eresitsn
and a reent metaanalysis has suggested that&riers show a greater ability to capitalize on
positive, supportive contexts to achieve positive developmental outcomes (vandjzendo
Belsky, & Bakermans-Kranenburg, 2012)finding consistent with the notion that the S allele

may confer-differential susceptibility.

The research focusing on the interaction between 5-HTTLPR and adversity, where
significantvariation in findings has been noted, has considered a broad set of exposures
including physical or sexual abuse, institutional rearing, natural disasters, bullying victimization
experiencegnarital conflict, divorce, chronic poverty, and unresponsive or punitive parenting
(Sharpley et al., 2034 Emerging evidence suggests that experiencdwedt involving the
presence ofexperiences characterized by actual or threatened harndeprauion,involving
impoverishedexpressive environments or the absence of expected environmental inputs and
learning opportunities in cognitive, social or emotional domains, may have disflnehces on
neurodevelopment and associated psychological outcomes (McLaughlin, Sheridan, &J.ambe
2014).In partieular McLaughlin and colleagues (2018)14) lave argued that experiences of
threat may.alter, the development of emotional processing by saspodent learning
experiencethat may ultimatelpiasattention towards potential dangercreasaeactivity to
negative emetional information axdécrease automatic dovmodulation of emotional
responsesin contrast, the authors have proposed that more deprived envirommagnts
adverselyinfluencethe development afther aspects @fmotional processing, such as emotion
recognition and discriminiain as well ashamperdevelopment of executive functioning.

It'is‘plausible that the serotonin transporter gene nigle marker of characteristisgch
as emotiorprocessing and executive functionihgtinteract with theséwvo forms of
environmental experience in different ways. Interestingly, the strongest evideace
interaction between the serotonin transporter gene and adversity appears tmoostadies
that have considered a single, specific expqoaweh as childhood abusemedical iliness
(Caspi et al., 2010). Whilst these studies may have considered different types ofexphey
are argualy united by their focus on threatening events, involving either the experience or
anticipation of significant harm. In contrast, findings appear tmdae mixedamongst the group
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of studies that have employedmposite or count measures of advergaeriencesparticularly
based orcthecklists This approachwhichoften includeexperiences dboththreat and
deprivation, possiblpbscureshe distinct ways that the serotonin transporter gene interacts with

particular envirgnmental experiences to influence development.

Importantly, acomponent of the relationship between the serotonin transporter gene and
environmenal-factorsthathas reeivedrelatively little systematiattentionis whether 5
HTTLPR genotypes mighihteract withenvironments of deprivatiaio influencesubsequent
maladaptive psychological outcoméssis well establishedhat parenting and pareakild
interactions, havan impact on young people’s risk of developing depressive disorders during
adolescencéyap, Pilkington, Ryan, & Jorm, 2014). Whilst negative, harsh or aggressive
parenting behaviour and positive, warm, nurturing behaviour could be conceived as falling on
opposite ends of a single spectrum, research suggests that they represent distinct, albeit
correlatedydimensions that make opposite and independent contributions to deBesssoa,
Chassin, &Roegosch, 199Ballaire et al., 2006 Indeed, although most parents are likely to be
aware tlat/criticalor hostile parenting behaviors can be detrimental for children, there is some
indication that failure to engage in positive, nurturing and affirming interactions with children

may alsohaveadverse effect€Schwartz et al., 2016).

Parentslow in positivity may be offering their children fewer opportunitiesaimlabout
the nature of different positive emotions, the ways in which these emotions midicitbd by
various stimuli, and the contextual appropriateness of emotional expression (Ejsrdie
2005 Morris, Silk, Steinberg, Myers, & Robinson, 2007). They may also be modeling poor
emotion regulation strategies or a lack of emotion regulation strategiesrtohifeien. Reduced
positivesearegiving behaviors atesssecure child attachemt have been linked tess
developed child executivienction and related constructs such aswstilation and effortful
control Bernier, Carlson, Deschenes, & Ma@agne, 2012Eisenberg et al., 2005), which have
beenassociated, with greater risk of psychological disorders such as deprdssimuingly the
limited availableliteraturesuggestshat in thesenoredeprived environments, theallele might
beassociateavith a range of poor outcomes. For example, Sulikanieéagueg2012) reported
a relationship between low levelsafpportive parenting and noncompliance in yocimi¢dren

thatwas evidenonly in the group of children with an LL genotyf#avis and Cicchet{j2013)
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found that maternal unresponsiess predicted greater externalizing problems, such as
aggression and defiande children with the homozygous L genotype.

It is less clear whethehis pattern of findings extendls internalizing disordergwo
studies providerevidence of an interantbetween the serotonin transporter game the broader
family climatethat suggest L-homozygous individuals may be vulnerable to depression in less
positive environments. Lauchhd colleague&009) found that adolescents homozygous for the
L-allele, but not adolescents with an S allele, showed increased vulngrabdépression and
anxiety when they belonged to families that experienced a number of chdeeisities, such as
early parenthood, low parental education, sole parenting or parental psychsatraediLavigne
and colleagueg013) found that LL-homozygous four year old children showed greater
increases In depressive and anxiety symptoms in the context of greater caretaker depression and
family conflict and lower socioecomic status, as well as greater increases in symptoms of
oppositionaldefiant disorder in the context of increases in family stress. Whilst these factors are
known to impact on parenting behaviors (e.g., Lovejoy, Graczyk, O'Hare, & NeumanR2@00
& Chen, 2009)and indeed, were correlated with measuresadial support/engagement and
parental hostility in this study of much younger participants in early childhoodtpbre
support/engagement and hostility did not interact significantly wiHTBLPR genotype.
Moreover,Li,and colleague§2013)found a marginally significant interach in girls, such that
reduced family suppogredictedgreaterdepression symptoms only among girls with the LL
genotypelnreontrastthey obtained a significant interaction for boys that conformed to a

differential susceptibility model.

Theresis:itherefre some indication in the literature to suggest that possession of an L-
allele may confer increased vulnerability to adverse effects of more deprived family
environments*€haracterized by low support and nurturance. However, a systematieratosi
of the differential effects of different genotypes in interaction with deprivatidhreat has not
been conducted within the same gene-environment study. Studies focusing fatgpecof
experiences (e.g., parenting lacking in warmth and nurturanceuvldjusting for relevant eo
occurring exposures (e.g., more punitive parenting) are limited in their conclusganding
specfic mechanisms that might underpin gene-environment interactions involving these different

dimensions of adverse experiencepsgchopathology. Rather, studies ablengasure and
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model bothof these dimensions of experience are required to identify whether such specificity

exists.

Toward a More Nuanced Perspective oiModeration by the Serotonin Transporter

Gene

One potential explanation for findings suggesting that carriage of eithealleSer an
L-allele might confer vulnerability to psychopathology depending on the environmental context
might be related to potentipkychological and behavioratharacteristics associated with these
different genotypes. Whilst these characteristics have not been concludergified, a number
of reviews ofithe neuropsychological, psychophysiological, hormonal and brain imaging
correlates of BHHTTLPR genotype have positéht the Sallele may confer greater emotional
reactivity andsstresgesponsivity (Canli & Lesch, 200Taspi et al., 201 (Mariri & Holmes,

2006 Homberg'& Lesch, 2011), which may be associated with negatipesitive outcomes,
contingent on the environment. Howeventiurelatively recently there has been little
consideration of what these same studies might suggest about traits associated aitblan L
and whetherthese characteristics might also affect vulnerability to psychoggtiato
reviewsof-thesliterature fronthis alternative perspective haargued that-allelemay be linked

to reduced emotionality (including shallow affdoiyer levels of fearfulnessind reduced
empathy, guilt'and shamand lower stressensitivitywhich may potentially increase risk for
higher levels of callousnemotional traits gpsychopathy in the context of additional genetic
and environmental factors (Glenn, 2Q¥1ldirim & Derksen, 2013). For example, compared to
those with the LS or SS genotype, women with an LL genotype self-reported significantly
greater difficulties with identifying feelings on a subscale measuring tAigria, a personality
construetthat-eaptures problems wigtognising, expressing emotions and understanding
others' emotions (Kano et al., 2012he L-allelemay also be associated with a bias towards
positive emotional stimuli and/or a bias away from negative stifRak, Ridgewell, & Ashwin,
2009) a pattern,of attention that may be consistent with the red@rdnant response stybe
punishment insensitivity that is seen in individuals with psychopathy or who are higjlounse
unemotionatraits (Dadds & Salmon, 2003). L-homozygous individuals have also been found to
display less emotionally expressive behavi@ang reported less amusement, shame and anger
when watching themselves in embarrassing situations (Gyurak et al., 2013). They also

demonstrated reduced levels of prosocial emotional empathy and exhibited lower satdava
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and electrodermal activity when watching others in serious digtegssak et al., 2013).
Individuals homozygous for the L-allele have been found to display higher levels of callous-
unemotional traits compared toc&friers(Brammer, Jezior, & Lee, 2016), though one study
found this _effect to be limited to the group of individuals brought up in socioeconomically
disadvantaged environments, which can be a marker of deprived circumstances moye broadl
(Sadeh etal., 2010).

The potential link between the L-allele and higher callousmotional traits is perhaps
particularly.noteworthy given research suggesting that individuals high in calh@msetional
traitswho receive low levels of parental warmth may be at particular risk of behavioptasym
(Pasalich/Dadds, Hawes, & Brennan, 2011) and that greater parental warmth/inmblveme
predicts a decline in levels of calleusemotional traits (Pardini, Lochman, & Powell, 2007).
Furthermore, whilst callougnemotional traits have typically been thought to be associated with
low levelsofanxiety and mood difficulties (Lykken, 1995), a number of studies have found that
higher levelssof:callousnemotional traitgan in fact predichigher levels of internalizing
problems (e.g.,\Hawes et al., 2Q0Waller et al., 2016 One possible explanation forete
findingsis that restricted affect and reduced empathy may pose increased risk for depression via

greater sociakwithdrawal, isolation and anhedonia (Waller et al., 2015).

A'number of genetic association studies hadditionallysuggested possible links
between the SHTTLPR-kllele and various aspects of executive functioning, including reduced
cognitive flexibility (Borg et al., 20Q9T Ukel et al., 2016) and poorer sustained attenttrobel
et al., 2007)In addition, two studies provide some indication that the development of executive
function of kk=homozgous individuals may be impeded by adverse family environments
potentially-high«in deprivation, involving higher levels of maternal depressive syrafiitogy
(Weikumetal’; 2013) or lower levels of parental supervidioet(al., 2015. Interestingly, LL-
homozygous individuals also performed better than thalieke counterparts on executive

function tasks when their mothers endorsed few depression symptoms (Weikum et al., 2013).

In"environments involving a high degree lofdat,S-allele carriers, who are thought to be
more emotionally reactive and especially sensitive to their context, may be at greater risk of
stressrelated psychopathologies, such as depression, than their less affectpehsies L-

homozygotesMoreover, in certain positive environmentBese particular traits associated with
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S-allele carragemay promote of certaimspects oWellbeing, particularly those associated with
socioemotional functioning. By contrast, in deprived environmentslét&timportant nurturing
features, the primary affective task may be to engage and extract nurturancepamtfsam
others in the interpersonal environment, a task for whicar8ers might be better suited than L
homozygous.individuals, due to their geyatapacity for affective engagement and social
cognition. In_suchnterpersonal environments where the primary challenge is to elicit care and
supportithatisilacking, arriers’greater capacity for emotional responding and engagement
with others mayffer a buffer against psychopathology.these contexist maythereforebe the
emotionally hyporesponsidehomozygous individuals who are less adaptive, placing them at
greater risk ofspsychopathology. Importantly, deficient emotional experiences, inrtheffor
reduced emotional reactivity or low emotional responsiveness to changing contextiseba
associated withhdepressive disord@glsma, Morris, & Rottenberg, 2008Peficits in

executive function have also been linked with depression (Snyder, 2013).

Thusypeonsideratioaf the L-alleleas simply insulating individuaksom all environments
(both positive and negative), as per the differential susceptibility hypothesipresent an
incomplete picture. Instead it may be thath S-alleleand L-allele individuals possess specific
characteristies.that may be advantageouwsetimental, depending on their environment. In
other wordsit.is.thefit (or lack thereof) between genetic or biological predispositions and
environmental challengébatdetermines functioning and wellbeidgiportantly, this
perspectiverdoes not suggder example, that S carriers do not require positive parenting or that
L-homozygous individuals are not hurt by aggressive, critical parenting, but rahtdreire may
be combinations of genotypes and environments that are particularly adaptive or unfavorable
relative to.other combinationghis paradigm has some paralleith Thomas, Chess and
Birch’s (1968).‘goodness-diit’ theory, which suggests that the degree of match or mismatch
between a‘child’s characteristics (temperament, capacities and motivations) and the demands and
expectations of the caregiving environment in which he or she functionsnigpartant
determinant of behawial adjustment.

Our aimin this studywas to examine whethatlelic variations in the HITTLPR
moderate risk for depression in the context of low levels of positive paréatfogm of
deprivation) whilst controlling for tie effect of high levels of negative, hostile parenting (a form
of threat),in two longitudinalstudies. Thigpproach enabled us to test the same conceptual
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model of the relationship between positive parenting and depression in indepengdes sam
using different methods of measurem@ifitere is garticularneed for such replications given

the inconsistencies ifindings to date regarding GXE interactions involving the serotonin
transporter gendgased on previous studies indicating poor outcomes in LL genotype children
and adolescents exposed to low nurturant environments, we predialietelhomozygous
individuals,would show greater vulnerability depression in these contextslative to Sallele

carriers
Study 1
Method

Participants and Procedur@articipants were from the Australian Temperament Project
(ATP). The original ATP cohort comprised 2,443 4-8 month old infants and their families,
recruited through Maternal and Child Health centers in 1983. Families have bexyedury
mail generally event-2 years. Full descriptions of the background, sampling and design of the
ATP can befound in Prior, Sanson, Smart & Oberklaid (2000). The subsample used for the
current analysis consisted of the 681 participants (355 male) who had provided a DN& sampl
for genotyping purposes.e@etic samples wemmllected from partipants who could
conveniently'be visited at home. These participrgseforetended to be located in more urban
areas and weref higher SES than participants who did not provide genetic samples, but the two
groups didhot differ onthevariables of interest (parenting measwae$314 yearsand
depressive.symptoms at 17-18 ygadParticipants were identified a$ eitherAnglo/European-
Australian(96.86) or norAnglo/European Australian (32) descentbased upon parental
countryof pirth. The analysis also draws on survey data collected when participants wkte 13

years and 17-18 years old.
Measures

Depressive Symptomatology at age 13-14 years and 17-18 years. Depressive
symptomatology was measured by the-sgfort version bthe Short Mood and Feelings
QuestionnairdSMFQ; Angold et al., 1995), whidias high reliability ¢ = .87) in the overall
ATP sample.
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Parenting. Positive parenting, in the form oapental warmtl{e.g., | 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 glatd@e 1314 years were
measured. according to the A‘TlRevised Parenting Practices Questionndietcher et al., 2004),
which is based on parent report. The Parentirith scalend the Physical Punishment scale
have showradequateeliability (o = .74 and a = .66 respectively) in the overall sampland have
demonstrated good criterion validity (e.g., lower warmth and higher physical punishment have

predicted highkrlevels of childinternalizing and externalizing problems (Letcher et al., 2004)).

Genetyping. Buccal epithelial cells were collected via cotton swabs when participants
were between 15 and 18 years old. Genomic DNA was isolated from the cells using QIA
ampbloodDNA kits (QIAGEN, Hilden, Germany). Polymerase chain reaction (PCR) primers
and conditions were as described by Heils gt1896). The method used for visualization of the
PCR produetssin the ATP study has been described previously (Jorm et al., 2000). The genotype
distributionferSHTTLPR (n = 222, LL, n = 346 SL, n =113, SS) was in Hardy-Weinberg
equilibrium y2 (I, N = 681) = 1.25, p=.263.

AnalysissPlan

Primary analysis. As themajority of studieshave converged on dominance of the S-
allele over the tallele(e.g., Canli & Lesch, 20QHelils et al., 1995 we focused our analyses
on a dominant genetic model (LL=0, SLHB&S, Scarriers]=1)

Path models werepecified tanvestigate the moderating effect 6FH TLPR genotype
on the relationship between parental warmth and depressive symptoms, wititetadender,
ethnicityand physical punishmeas covariatest he hypothesized model outlining the tests for
moderating #ecis, which also includgsotentialevocativegene-environment correlatio(i$E)
between genetype 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 eapbeted to be
related Path'moded werecalculated using the maximum likelihood estimata¥iplus (Muthén
& Muthén, 19982012) andverebased on 5000 biasrrectedbootstrapped samples.

[INSERT FIGURE 1 HERE]
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Prior to estimating the models, all continuous predictor variables and covavexie
centered to reduce problems with multicollinearity. The interaction texsnoneated by
multiplying genotype and parental warmth. Significant interactions were clatifiedgh post
hoc analyses assessing whether the simple slopes representing associations between parental
warmth and.depressive symptomatology were significantly different froonfaethe different
genotypesRreacher, Curran, & Bauer, 2006).

In addition, to assess the possibility of differential susceptibility, Roisand colleagues
(2012) have recommended that investigators conduct regions of significance GRo§) te
determine the_ full range of values of the predictor X, (i.e., parenting) for whicssoeiation
between the/moderator Z (i.e., 5-HTTLPR genotype) and Y (i.e., depressive symgtoms) i
significant. Roisman et al. (2012) recommend that results consistent with differential
susceptibility predictions would require a significant moderatdcome association at both the
low end of"Xrand the high end of X. Roisman et al. (2012) suggested a guideline of bounding
the rangerofXsby +/-2 SD for the RoS tests to reduce the likelihood that valueseohat ar
represented in theample, however, they also note that this approach is sensitive to sample size,
and that it is not uncommon for plots that look highly consistent with a pattern of wliifére
susceptibility=te,be incorrectly classified as providing evidence for diathgsss as a result of
low statistical.power. The authors therefore additionally recommend the use of a metric named
the Proportion of interaction (Pol) index, a measurement of the proportion of the tatal are
between thestwo lines for each genotype group that comprise the interaction plot bounded by+2
SD on X, that is.above the crossover point. In a prototypical interaction plot foedifétd
susceptibility (i.e., a crossver or disordinal interaction), the lines would be expected to cross
over at thanean of X, resulting in 50% of the area bounded by the regression lines representing
the “for better”.region. In a prototypical plot for diathesisess (i.e., an ordinal interaction), the
crossover‘point will occur on the far right side of the plathsihat 0% of the total area would
represent'the™“for better” region. Roisman et(@012)initially specified that, as an
approximate marker, interactions with values on the Pol metric between about 0.40 and 0.60
could be considered highly consistent witfiedential susceptibility. More recently Del Giudice
(2017) has proposed a revision based on a .20-.80 range of Pol values given concerns that the
narrower window of .40-.60 may be associated with a high likelihood of false negatives, whil
the .20-.80 window improves detection with little elevation in the rate of falsey@ssitAs
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noted by both Del Giudice (201&ndSalvatore and Dick (2015), there can however be

difficulties with classifyng variants as differential susceptibility loci by such methods, given
measures of the environments typically do not have true zeros. As such, the range of
environments captured for any given sample (i.e. high or low risk) will affecht#peof the

observed interaction. To generate RoS on Z and Pol, we used a web-based program available at
http://mww.yourpersonality. net/interaction/ that is a supplement to the papeaisyah and

colleagues(2012) developed by the author Fraley.

Follow-up Analyses The primary interest of this study was whether the lack of a
positive environment (i.e. reduced warmth, or positive behaviors displayed by pam@uits)
alter risk for depression differently inc&riers versus4homozygous individuals. A large
literature however suggests thatc&rriers are more susceptible to the presence of harsh, negative
environments (such as those involving significant child maltreatment or stressful life events)
compareddorlz=homozygous individuals. We therefore also examinedevletT TLPR
interacted=with=parental use of physical punishment, controlling for gender, ethnicity and

parental warmth.

To-furtherclarify the nature of the interactions, some additional exploratory analyses
were conducted. First, due to possible variatmoim allelic frequencies amongst different racial
groups, analyses evaluating the interaction between 5-HTTLPR genotype and paremting we
tested separately in the group of participants of Anglo-European backgrouésiginSecond,
we completed a set ahalyses that additionally controlled for baseline depressive symptoms at
13-14 years. Inclusion of baseline depressive symptomatology as a covariate afiowed a
examinationsef:whether the interaction predicted prospechaage/growthn depressive
sympbmatolegy over adolescence rather taheolutedepressive symptomatology at the end of
adolescence:"The addition of this covariate introduces seven new paths into anbg/ses.
reductions in paweassociated with this inclusi@someans that thesmalyses should be

interpreted with,some caution.

Given that “doseelated” additive effects of the-&@lele in addition to dominance effects
have been documented by some studies (e.g., Caspi et al., \R@B3gcessive effects being
observed far less frequently.g., Williams et al., 2003all of these analyses were rerun based
on an additive genetic model (LL=0, SL=1, SS=2).
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Missing data. Missing data averaged 12.1% (rang&8)9%).Analyses presented in the
Supplementary Secti®uggested that data weressing at random (MARMissing data were
thereforeaccounted for by the Full Information Maximum Likeliho@dML) method, to
increase statistical power and to make optimal use of the data.islildtommaded in
situations where data akAR, including when a large proportion of participants are missing
data(Schlomer; Bauman, & Card, 2010), and has been found to be less biased and more efficient
than deletion‘and singleaputation methodéEnders & Bandalos, 2001).

Results

Descriptive statistics, including intercorrelations between depression, variation in the
serotonin transporter polymorphism, ethnicity, gender, parental warmth and physicaimpantis

are shownsinsliable 1.
[INSERT TABLE 1 HERE]

Thebivariate correlation betweerd- ' TLPR genotype and parental warmth was not
significant; suggesting that any GXE effects are not a function of an evocativerg@mament

correlation (rGE).

PrimarysAnalysis. Model fit indices showed that model prded an acceptable fit to the
data (see*Supplementary TableAath model results are displayed in TablEd. parsimony,
only key relation®f interest between the independent variableddT5LPR, parental warmth,
and the 5'HTTLPR x parenting interaction term), covariates (gender, ethnicity ysidgbh
punishmentwith thedependent variable (depressive symptomatologygandell as the
covarying association between 5-HTTLPR and positive parerdiegshown here. Results of the
complete models, including other covarying paths between independent and covaahtesjari
are provided-in‘Supplementary Table 2.

[INSERT TABLE 2 HERE]

The.model explained 12% of the variance in depressive symptoms, as indicated by
the R value™(0.12). Results indicated a significant path from lower parental watrrt®rla
years to higher levels of depressive symptomatology at ad& ¥@ars. There was no main
effect of physical punishment or 5-HTTLPR genotype on adahkstspression, nor was

genotype related to parental warmth, physical punishment or to participant ettkgmbad.
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Female gender was significantly related to higher depressive symptomatatbggrantal
warmth and to lower levels of physical punishméoiver parental warmth was significantly
associated with higher physical punishment. There was a signifi¢dhiT BPR X parental

warmth interaction effect on depressive symptomatology, which is shown in Figure 2.
[INSERT FIGURE 2 HERE]

The interaction ingtated that parental warmth significantly predicted depressive
symptoms for the L-homozygous group (b=-.29 [95% CI. -.43),-S.E.=.07, p=-.29, p=.0001)
but not the"Sarrier groupb=-0.08 [95% CI: -0.19; 0.0R S.E.=.05, p=-.08, p=.126. S-carriers
showed a stable risk for depressive symptoms that was independent of parental warmth, whereas
L-homozygous individuals showed increasing risk for depressive symptoms as a function of

decreamgilevels of parental warmth.

For the RoS on X test, the regriessof depresse symptoms on serotonin transporter
genotypas, statistically significantor all values of positive parenting that fall outside of the
range of [-0:302.53]. As the upper bound exceeds 28is finding suggests the association
between genotype and depression is predominantly significant when positive pasciativey |
andthe ‘interaction is considered to im@reconsistent wittdiathesis stress rather than
differential.susceptibilityHowever, the Pol = .36 may be interpreted as providing moderate
support for a differential susceptibility model, given it is within the rasfg20-.80 that is
considered as consistent with differential susceptibility and only just owtstte range of 0.40-

0.60 specifiedwas providing strong support for differential susceptibility model.

Follow=up Analyses.There was no evidence of a significant interaction between 5
HTTLPR andnegativeparenting (parental use of physical punishment), as shown in
Supplementarydble 3 The finding of an interaction between 5-HTTLPR and parental warmth
predicting-depression cannot be accounted for by an association between parentabwarmt

physical punishment.

The same patterns of findings involving a significant interaction betwé€hR-PR
(analysed according to analele dominant model) and parental warmire observedhen
models were rerun for the largest ethnic subsample (n=656) of participants ofEAmgjmean
background (Supplementary Table Bhe interation involving physical punishment remained

non-significant (Supplementary Table SheTinteraction betweerl3TTLPR and parental
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warmthwasno longer significanivhen baseline depressive symptoms were included in the
model (Supplementary Table @he interaction betweer3TTLPR and physical punishment
controlling for baseline depressive symptoms also failed to predict depressive symptosh8 at 17

years (Supplementary Table 7).

Nope ofithe interactions between 5-HTTLPR x parenting were significant when an

additive geneticrmodel was used, as shown in Supplementary Tahles 2-
Study 2
Method

Participants and Procedures Theanalyses in Study &e based omainitial subsample
of 176 participants from the longitudinal Orygen Adolescent Development Study (ADS),
conducted in Melbourne Australia, who had provided a genetic sample during the courge of thei
participation.Of.the 176 participants, one participant was diagnosed wéilorNDepressive
Disorder abthe.diagnostic assessment during the first wave of the study (W1) deat euast
diagnosed with Major Depressive Episode within the context of a Bipolar | dishrdeg the
course of the study. These two participants were egdifichm this research to enable the study
to be prospective in relation to MDD onset specifically (rather than affecseeddirs more
broadly)sleaving a total sample of 174 participants (71% of the total sample of #4ipaats;
83 male).

Thébroad recruitment and screening of ADS participants has been fully reported
previously (Yap, Whittle, Yucel, Sheeber, Pantelis, et al., 2008). Briefly, the esagingivn from
the general community of final year primary school students in metropolitan Melbaase
risk-enriched based on scores on the temperament dimensions of Negative Emotionality and
Effortful Contrel measured according to the Early Adolescent Temperament Questionnaire
Revised(Ellis & Rothbart, 2001piven their hypothesized role asInerability factors for
emdional and behavioral disorderRarticipants in the current analyses were identified as of
eitherAnglo-Europear{87.7%) or nonAnglo-Europear{12.3%) background, based upon their

grandparents’ country of birth.

The ADSinvolved four waves of data collection: Wi @ge 12.7 years, range 11.4 -13.7

years) included a diagnostic interview that assessed for current and lifetime episodes of MDD to
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exclude participants with a history of the disorder, and a faimigraction assessmemthich
allowed observation and coding of parenting behavior. Stiekatines depressive symptoms
at age 1819 year<sollected 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 measured according to the Centre for Epidemiological Symptoms
Depression’ Scal@CESD; Radloff, 1977). The CESD consists of 20 items, rated on a 4-point
scale from O%(rarely or none of the timeRBtgmost or all of the time).

Parenting. The frequency of positivend aversivgarenting behaviors displayed by
mothers was assessed during twen#iiute parenthild interaction tasks at W1, whietere
videotaped for coding. An event-planning task was completed first, followed by a problem-
solving task. The tasks wemgended to differentially elicit positive anégative behavior,
respectively;thereby enabling an explicit examination of the effect of thagtitaral context on
affective processeQur previous work has indicated that negative parental behavior displayed
during the positive EPI task and positive parental behavior during the negatiasiPBiay be
particularly.salient predictors of adolescent depresSahwartz etla(2017). The ordering of
tasks was fixed because of concern that negative affective states elicited by the-poitlegn
task had the potentitd persist into the positive, eveplarming task if the latter were conducted

second

For the"event-planning interaction (EPI), mothers and adolescents weretaustauplan
one or mare pleasant events to do together, with up to five events chosen based on items that
both the mother and adslgent rated as beingéry pleasarniton the Pleasant Events Schedule
(MacPhillamy=& Lewinsohn, 1976). For the problemwmlving interaction (PSI), up to five issues
for discussienswere selected that both the mother and adolescent endorsed agydbheumost
frequently-and generating the highest intensity of anger on the Issues ChPcklistRoster,
Kent, & O'Leary, 1979). Parenting behavior from the tasks was coded according to tigeiLivi
Family Environments (LIFE) coding system. The LIFE (Hops, Biglan, Tolman, Arthur, &
Longoria, 1995)s an observational, microsocial coding system that enables a detailed analysis

of individual family members’ behaviors and interactive family behaviors. Inftinily sthe
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construcs of interest werghe frequency of positive behavi@asd aversive behaviodssplayed

by mothers on both the EPI and the PSI. Positive behavior included displays of happyt,pleasan
and caing affect as well as approving, validating, affectionate or humorous comments made
with neutral affectAversive behavior included all events with contemptuous, angry, and
belligerent affect, as well as disapproving, threatening, or argumentatbad gentent with
neutral affectApproximately 20% of the interactions were coded by a second observer to
provide"an‘estimate of observer agreement. Kappa coeffi¢@entmservative index of
interobserverreliability based on point-by-point agreement andated for chancepr the
Positive and Aversive behavior constts wered.86 and 0.70@espectively The validity of the
LIFE system as a measure of family processes has been established in numerouys studies
Sheeber, Davis, Leve, Hops & Tildesley, 2007).

Genotyping. Saliva was collected from participants for genetic analysis @iagene

DNA salivareollection kitgwww.dnagenotek.cojnMethods used for PCR amplification and

visualizationby-gel electrophoresis were as described by Edenberg & Reynolds (1998). The
genotype [distribution for HTTLPR (n =54, LL,n=83SL,n= 37, SS)was in HardyWeinberg
equilibriumy? (1, N = 174) = .24p=.627.

Analysis'Plan

The same analytic strategynployed in Study Was usedo predict continuous
depressive symptoms in Study 2, except tivatseparate path modelere estimated to

document effects of positive parenting in the EPI task and the PSI task.

Treatment of missing data. Levels of missing data averaged 13.3% (rang8.6%).
Little’s (1988)MCAR test was nosignificant, x*(163)=179.54, p=.178, therefore FIML was
used to aecount for missing data.

Results

Correlations betweevariables in Study 2, namely depressive symptoms, serotonin
transporter,polymorphism variation, ethnic background, gender, positive parenting esigeave
parenting in the two interaction tasks, are shown in Tabld-3.'H-PR genotype and positive
maternal behavior in the PSI (though not in the EPI) wasle significantly correlated (r=.22,

p<.05), indicating that a GXE effect between these two variables could be aruwfatvocative
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rGE. Aversivematernal behavian the EPI and the PSI were rsignificantly correlatedvith 5-
HTTLPR genotype.

[INSERT TABLE 3 HERE]

Primary"Analyses. Model fit indices showed that all models in Study 2 provided an
acceptable fit ta the data (see Supplementary TgbRekults for the patifsom independent
variables (SHTTLPR, positive parenting, and the 5-HTTLPR x positive parenting interacti
term)and covariates (gender, ethnicity and aversive paremiied)cting depressive symptoms
as well asithe'eovarying association betwe¢tT3LPR and positive parentingre presented in
Table 4. Results of the complete models are provided in Supplementary Table 8. Thismode
the EPI task/explained 12% of the variance in risk for depressive symptomafiegy2),
whilst the model for the R$ask explained 9% of the variance in risk for depressive
symptomatoelogy R’ =.09). In the EPI, both lower frequencies of positive maternal behavior and
higher frequencies of aversive maternal behavior at age J/2ars was associated with higher
levelsof depressive symptomatology at 18-years. Lower positive maternal behavior was also
related to'higher aversive maternal behavior. Gender and ethnicity did not shoigasignif
associations:with depressive symptoms, parenting or genotype. Neli@r %R genotype nor
the interaction.betweer3TTLPR genotype and positive maternal behavior were significant

predictors of depressive symptomatology.

In the PSI, low frequencies of positive maternal behavior were associated wéh mor
frequent aversive maternaehavior as well as with higher levels of depressive symptomatology
in late adolescence. Aversive maternal behavior however was not associated with later
depressive symptoms. Gender and ethnicity were also unrelated to depressive symptoms
genotype angarenting. BHTTLPR genotype was associated with positive maternal behavior at
trend level (p=.054), but not with aversive maternal behavior. Critically, theatien between

5-HTTLPR genotype and positive maternal behavior was significant.

Therinteration, graphed in Figure 3, indicated that the frequency of positive maternal
behavior was'predictive of depressive symptoms for L-homozygous individuals2®$96%
Cl: -11.26 ; 1.30], S.E.=2.54, f=-.46, p=.014) but not 8arriers (b=0.10 [95% CI: [-3.42 ;
3.22, S.E.=1.70, p=-.09, p=.953). Sarriers’ risk for depressive symptoms was observed to
remain stable, independent of the frequency of positive maternal behavior experidnistd.,-w
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homozygous individuals’ risk increased as a function of deedefasquencies of positive

maternal behavioRoS analysis indicated that thesociation between serotonin transporter
genotype and depressive symptoms was significant for all values of positive iadgéianaor

outside of the values of [-2.21, .72]. As the lower bound exceeds 2SD, this finding suggests the
association.between genotype and depression is predominantly significant whee positi
parenting is_higher (indicative of a buffering effect of positive parenting on cémmassk for L-
homozygyos-individuals relative to-8arriers) However, the Pol = .58, which may be

interpreted as‘providing high support for a differential susceptibility nredeimbling a cross

over interaction with a crossver close to the mean
[INSERT FIGURE 3 HERE]

Follew=up analysesAs in study 1, we did not find evidence thati3TLPR interacted
with aversivesparenting to predict depressive symptomatology (see Suppigmieattie 9. The
finding of @n interaction between 5-HTTLPR and positive parenting predictingsdapre
thereforecannot be accounted for by an association between positive parenting and aversive
parentingInteractions were also negignificant when analyses were rerun according to an

additivesmedel«(see Supplementary Table 8 and 9).

We_ additionallyran path models separately for the largest ethnic subsample of
participants of AngléEuropean background (n=150), which are displayed in Supplementary
Tables 10sand 11. When theafiele was treated as dominant, the size of the standardised
coefficient_ ofthe interaction between positive maternal behaviouHd 3L PR (=.31) was
very similar.to.that obtained for the overall sample, though this finding was no longeicaignif

(p=.089), presumably reflecting the decrease in p@gsociated with a smaller sample size

As shown in Supplementary Tables 12 anddlfalyses were also rerun with the
inclusion efsbaseline depressive symptomatology as a covariate to allow an examnohati
whether thesinteraction predicted prospectikiange/growthn depressive symptomatology over
adolescence. The interaction betwedd I LPR and positive parenting in the PSI remained
significantwhen,an S-allele dominant genetic model was assumed and non-significant when an
additive genetic model was assumed. In addition, sogmif interactions betweentbTTLPR

and positive parenting in the EPI emerged for both S-dominant and additive genotype models.
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Specifically, lower frequencies of positive maternal behaviour significantly predicted depressive
symptoms for the L-homozygous group but not fara®ers.

Discussion

The current resultgrovide evidence adninteraction between-BTTLPR andow levels
of positive parenting in predicting depression. In two independent cohorts, fimdlihcmsted that
when the S-allele of the serotonin transporter gene was coded as doado#&¥cents carrying
at least one _copy of thedleleshowed little change in their risk dépressioras a function of
the positive' parenting they receivedjilst adolescents theL-homozygous grouprere at
greater risk*for depressiamith decreasing levels of positive parenting. Overall, the findings
conflict soamewhat with the more traditional view of the differential susceptibility hypothesis,
which hasssuggested that thelele is a “plasticity” allele that increases general sensitivity to
environmentaleffects whilst the homozygous L disposition is associated witHireare
outcomes across environme(iBelsky, et al., 2009)This pattern ofresults isconsistent with
findings by other studies demonstratihgtL-homozygous individuals who experience low
maternal responsivenesslack of supportive parenting may be more vulnerable to externalizing
difficulties(e:gsDavies & Cicchetti, 204; 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 suppore( al., 2013). Taken
together thesstudies constitute aamerging body of research that suggestsithegrtain

contexts Lhomozygous individuals maglsobe vulnerable to maladaptive outcomes.

It isispoteworthy that the currefindings were obtained in two longitudinal cohorts, based
on independent samples, with different measures of depression (i.e., depressivensyohpdy
using a selfeportscalesat 17-18 years intsdy 1and at 18-19 years in study@hd different
methods of measuring positive parenting (i.e., parental warmth according tonep@mtrersus

an observational measure of positive parental beRavior

Somewhat surprisingly, the association between positive parenting and depression w
non-significanter S-carriersin both Study 1 and Study 2, suggesting thaaBiers weraeither
atincreased risk for depression in more deprived environments of lower positivernggrbuti
theyalsodid not appear to be buffered from depression in arguably more, supportive

environments of higher positive parentifghilst the former finding was in line with the
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hypotheses of the current study, the latter finding might be interpreted by somenasdiction
of the hypothesis that &rriers demonstrate vantage sensitivity proclivity to benefit from
enriched environments. We would contend howgweline with positive
development/adjustment reseawchich views positive functioning amgellbeing as distinct

from (albeitpatrtly related tpthe absence of mental-Hlealth(Tolan, Ross, Arkin, Godine, &
Clark, 2016)that the lack of a protective effectlufyh positive parenting on depression risk for
S-carriersrelative to LL-homozygous individualdoes not necessarily metirat enhancing
effects of positive parenting momponent behaviors, capabilities, and experiencesod

positive functioning would not beresent.

There'was alsevidence thaS-carrierstatusvascorrelatedwith higher levels of
observed positive parenting behaviors during the PSI in st(thp@gh a similar association was
not detected in study 1, which was based on parent rephig)finding could indicate an
evocative gene=environment correlat(o@E) that would beconsistent with the possibility that
S-carriersrarerbetter able to éiwarmth or nurturance from their parertfowever, a parent
genotype was not available in the current study, the possibilitgématic relatedness between
the parent and the adolescent accounts for the observed correlation betweenrddmastge
and positive'parenting, such that parent genotype may in fact be predicting the ldweis of t
own positive.behavior (a passive rGE; Plomin, DeFries, & Loehlin, 1977) cannoebdeouillt
is noteworthy that a different study that also relied on observational methodsmifngafeund
the Sallele ofthe serotonin transporter gene in boys predicigher levelsof mothers’ positive
parentingwith this effect beingnediated bygreaterself-control exhibited by the childPener
Tessler et al., 20)3Interestingly, whist there was also an association between mothers’
serotonin transporter genotype and positive parenting, the effect of bByiSTI5PR genotype
on parenting.remained significant following the inclusion of mothers’ genotype in thé, mode
suggesting'that thassociation 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 transpodevagnot
found to moderate risk for depression in family environments involving more hostile and
punitive parenting in both samples. However, null findings in the broadeoserttansporter
gene x environment literature are certainly not uncommon (Sharpley et al., 2014)vétore
several studies have failed to identify an intéca between the serotonin transporter gene and
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negative parenting specifically in predicting depression (Fergusson, Horwood, Klille
Kennedy, 2011Lavigne et al.2013) Recent reviews suggest that the interacimoplicating S
carriers may be most readily detected when relatively extreme forms of adverse, threatening
environments, such as those involving significant child maltreatment are cedsj@aspi et al.,
2010). It is_pessible that the degree of threat or adversity captured by the npgedivieng
measures in boeth the current and some other studies with null findings were not seugrete
reveal the“interaction. We have identified however in the ADS sample thatiarcbf
hippocampal'velume as an intermediate phenotype in a pathway from the serotoporteans
gene to MDD onset during the adolescent perga@als potential-8arrier vulnerability to
depressionsinsthe context of negative parentintgl€ et al., 201%. Specifically, possession of a
greater number of SHeles was associated with smaller hippocampalme, 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, punitivenadater
behavior. This imaging gene-environment study suggdleatsnclusion of intermediate
phenotypesssuch as brain structure in analyses may assist in the detectiemvaget

unapparent relations between genes, the environment and behavioral outcomes.

A strength of the curre@xE study involving the serotonin transporter gethe
systematic.investigation of the impact of an environment involving a fodemivationon the
maladaptive outcome of depression. This study is in contrast with the vastynafjoeisearch
investigating=GxEeffects which to date has tended to focus on the relationship beposéive
environments and positive outcomes, or threatening environments and negative olé®mes.
believe that this study makes a valuable contribution to current theotett=istanding of
associations involving the serotonin transporter gene, environments, and psycholadgimales
by differentiating between interactions of deprivation versus tHteaty also offela potential
explanation‘forithe sizable group of GXE studies that have identified null findings, some of
which mayhave examined environments involving both deprivation and threat, andweree
not abledo identify the effects of one allele over the other on risk for psychologicalltés.
Future research would bendfibm replicating the curreriindings in additional cohorts and
extending them by considering other theoretically grounded environmental contextggthtat

be expected to show differential effects fec&riers and thomozygous individuals.
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There are seeral limitations in the current study that should be noted. First, as noted
above, although there is a bodyeopriori theoretical and empirical research supporting an
association betweenriB3TTLPR, stress sensitivityemotional reactivity and social cognition
(Canli & Lesch, 2007Caspi et al., 2010Glenn, 201}, which wehave speculateshay underlie
the specific.&E interactionnvestigated herehis putative mechanismas not explicitly tested
A second limitation is our consideration of only @ene in the current research design, despite
generalfacknowledgement that depression represents a highly complex polygewiiancon
(Sullivan etal:;2000)Ve purposely selected’STTLPR because the evidence supporting its
involvement in GE interactions is relatively advanced compaedther genesJaspi et al.,
2010), whilstmeting emerging evidence supporting its role in multilocus polygenefiles,
gene—generinteractions and ggegeenvironment interactions in conferring risk for
psychopathology (e.gRessler et al., 201¥rshekSchallhorn et al., 2015). In addition, we did
not analyze the minor allele rs25531, which comprises a single-nucleotide Yara&) within
the L polymorphism that renders ag &llele functimally similar to the S variarftHu et al.,
2006. Thusmpitis possible thaome LL or LS genotypesould have been better classified with
the Sallelein'the current study. Howevehe current classificatiowould be expectetb be

associatedwwithraattenuated effeair false negativeather thara false positiveesult

Furthermorewhilst prior research has strongly implicated parenaegorsin the
development of chiléddolescent depression, #aeact degre® which parenting factors
measured-insthe current studipresent causal influences remains somewhat uncle&o due
issuegegarding thelirection of effectslt is conceivable that child depression could evoke,
reinforceor shape particular parenting behavijasd therefore that the parenting constructs in
the current study may reflect a response to their adolescents’ depressive bébaaiors
extent. As we.did not have information about parent genotype, we were also not able to rule out
the possibilityef a passive rGE. At least one previous study has noted the ppsdip#issive
rGE processes in thassociation between parenting and children’s depression, which may be
underpinned by parental depressive symptomatology (Rice, Lewis, Harold, & Thapar, 2013).
Finally, the samles in the current analyses augtesmall for genetic analyseand the number
of participants in the analyses in Studiy ®articularmight be considered preliminaryt is
possible that ousample size may have limited power tietect smaller effects. Equally, there
may be results that are “falpesitives”. These reglts (perhaps parti¢arly the nonsignificant
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findings of small effect size), should be interpreted with caution until theneplieated by
studies with largesamples.

In summary, results from two independent studies suggest that L-homozygous
individuals. may:be more sensitive th@smllele carriers to the depressogesiifects oflow
positive parenting. This finding suggests that it is not dmySallelethatdetermires
environmernalsensitivity Rather consistent with a differentiglapability framework, both
alleles can confer sensitivity to a maladaptive outcome such as depfassigell as potentially
positive outcomes), dependent on the match or mismatch of the phenotypic charasctdrilsg

individual ‘and.the challenges posed by the environment in which they are developing.
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Figure 1.Hypothesized conceptual model outlining pathways examined in testing Gene

X Parenting effects on adolescent depression
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Table 1.

Descriptive statistics and intercorrelations for variables from the AT®tudy 1.
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*=p<05,** = p<.01, *** = p<.001
Variables 1 2 3 4 5 6 7
1. Depressive symptoms at-17 - .33F** A1 -.02 -.12%* .06 0.46***
18 years
2. Gender (O=maley =female) - -.08 -.03 15** -.14%* 0.137*
3. Ethnicity (0 = Aust - -.08 -.10 -.12 0.191
European descent, ls=nr0n
Aust-European descent)
4. Dominant serotonin - .00 -.02 -0.103*
transporter genotype (0 =LL,
1=SS or SL)
5. Parental warmth - - 12%** -0.151***
6. Parental Physical - 0.118**
Punishment
7. Depressive symptoms at-13 -
14 years
Percentage of sample 2.10 (.60) Males= Aust LL=32.6%  4.21 (.60) 1.25(.47) 4.30(3.35)
or M (SD) 52.2% Europe
descent =
96.8%
Table 2

Path modeltesting the interaction between 5-HTTLPR genotype x parental warmth at 13-14

years on«depressive symptomatology ail&%ears in Study 1.

Pathway b SE Lower Upper B p
95% ClI 95% CI
5-HTTLPR — Depressive symptoms -.06 .05 -.16 .04 -.05 .245
Parental warmth- Depressive symptoms -.29 .07 -.43 -.14 -.29 .000
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Physical punishment Depressive symptoms .10 .06 -.01 .21 .08 .080
Ethnicity — Depressive symptoms .16 15 -11 A7 .05 .268
Gender— Depressive symptoms .34 .05 .25 A4 .29 .000
5-HTTLPR X Parental warmth»> Depressive symptoms .20 .09 .02 .39 .16 .028
5-HTTLPRyParental warmth .00 .01 -.02 .03 .01 T77
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Table 3
Descriptive statistics and intercorrelations for variables from the ADS in Study 2.
Variables 1 2 3 4 5 6 7 8 9
1. Depressive symptoms at-18 years - .15 A1 .03 -.19* -.18 27 13 33%**
2. Gender (male =0, female = 1) - -.004 .13 -.08 -.05 .07 -.07 -12
3. Ethnicity=(0"= AustEuropean descent, - 22 -.26 =21 .05 A2 -12
1 = norAustEuropean descent)
4. Dominantsserotonin transporter - 12 .24* -12 =11 -.04
genotype=(0 =LL, 1=SS or SL)
5. Positive Parent behavior EPI - I - 31 -.26%* .08
6. Positive Rarent behavior PSI - - 43*** Vi -.14
7. Aversive Parent behavior EPI - 52%** .18*
8. Aversive Parent behavior PSI - A1
9. Depressive/;symptoms at-1B years -
Percentage of sample 30.92 Male Aust LL=31% 2.368 1.752 .57 1.26 31.21
orM (Sb) (9.29) =47.70% Europe (.64) (.68) (.41) (.61) (9.50)
descent =
87.70%

P< 05 =%, p< 01 = **, p< 001 = ***
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Table 4

Path model testing the interaction between 5-HTTLPR genotype x positive maternaulrettal/1-13 years on depressive

symptomatelogy at 189 years

EPI Task PSI Task
b SE 95% ClI B p b SE 95% ClI B p
Lower Upper Lower Upper

5-HTTLPR —/Depressive symptoms 1.04 1.61 -2.18 4.19 .05 .520 1.02 1.58 -2.04 4.16 .05 517
Positivesparenting- Depressive symptoms -5.19 239 -10.20 -.68 -.27 .030 -6.28 232 -11.36 -2.19 -.46 .007
Aversivesparenting- Depressive symptoms 5.31 2.14 1.09 9.52 .23 .013 .80 1.88 -2.96 4.41 .05 672
Ethnicity — Depressive symptoms 1.28 2.36 -3.33 5.92 .05 .587 1.19 235 -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-HTTLRPR!X Positive parenting> Depressive 5.86  3.50 -.93 12.79 .23  .094 6.18 2.87 .58 11.94 .37 .031
symptoms

5-HTTLPR<sPositive parenting .02 .02 -.03 .06 .09 .375 .05 .03 .00 A1 A7

.054
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