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The serotonin transporter linked polymorphic region and brain-
derived neurotrophic factor valine to methionine at position 66
polymorphisms and maternal history of depression:
Associations with cognitive vulnerability to depression in
childhood

ELIZABETH P. HAYDENa, THOMAS M. OLINOb, SARA J. BUFFERDb, ANNA MILLERb, LEA
R. DOUGHERTYb, HAROON I. SHEIKHa, SHIVA M. SINGHa, and DANIEL N. KLEINb

aUniversity of Western Ontario
bStony Brook University

Abstract
Preliminary work indicates that cognitive vulnerability to depression may be associated with
variants of the serotonin transporter promoter polymorphism (5-HTTLPR) and the valine to
methionine at position 66 (val66met) polymorphism of the brain-derived neurotrophic factor
(BDNF) gene; however, existing reports come from small samples. The present study sought to
replicate and extend this research in a sample of 375 community-dwelling children and their
parents. Following a negative mood induction, children completed a self-referent encoding task
tapping memory for positive and negative self-descriptive traits. Consistent with previous work,
we found that children with at least one short variant of the 5-HTTLPR had enhanced memory for
negative self-descriptive traits. The BDNF val66met polymorphism had no main effect but was
moderated by maternal depression, such that children with a BDNF methionine allele had a
heightened memory for negative self-descriptive traits when mothers had experienced depression
during children's lifetimes; in contrast, children with a methionine allele had low recall of negative
traits when mothers had no depression history. The findings provide further support for the notion
that the 5-HTTLPR is associated with cognitive markers of depression vulnerability and that the
BDNF methionine allele moderates children's sensitivity to contextual factors.

Cognitive accounts of depression (e.g., Beck, 1976) are among the most influential theories
of depression etiology. These models have been investigated in many samples, including
clinically depressed patients, high-risk individuals, and nonclinical groups, and in adults,
adolescents, and children. Such investigations have yielded a substantial empirical literature
supporting the role of cognitive mechanisms in depression vulnerability (for reviews, see
Abela & Hankin, 2008; Joormann, 2009). Although theories of cognitive vulnerability
encompass a broad array of processes, biases in thinking that are activated in response to
stress are thought to hold particular significance as a proximal cause of the disorder.
Numerous studies have provided evidence that such reactivity is a marker of depression risk
(Scher, Ingram, & Segal, 2005). It is this specific aspect of cognitive vulnerability that is the
focus of the present investigation.
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Despite marked research interest in this topic, it is unclear how and why such reactivity
develops (Hankin et al., 2009). A complete answer to such questions may require the
integration of genetic and other neurobiological approaches with research on depressive
cognition (Beck, 2008). Along these lines, several papers have implicated specific genes in
shaping depressogenic information processing (Beevers, Scott, McGeary, & McGeary,
2009; Beevers, Wells, Ellis, & McGeary, 2009; Fox, Ridgewell, & Ashwin, 2009; Gibb,
Benas, Grassia, & McGeary, 2009; Sheikh et al., 2008). These studies have primarily
focused on a functional polymorphism in the 5′ promoter region of the serotonin transporter
linked polymorphic region gene (5-HTTLPR, on chromosome 17q; Lesch, Bengel, Heils, &
Sabol, 1996). Polymorphic variants are a long allele, comprising 16 copies of an
approximately 22 base pair (bp) repeat unit, and a short allele, consisting of 14 copies of the
repeat unit. The presence of one or two short alleles leads to diminished transcription, lower
transporter levels, and reduced serotonin uptake, with functional effects on neural circuits
relevant to depression (Hariri & Holmes, 2006; Lesch et al., 1996).

Several groups (Beevers, Scott, et al., 2009; Hayden et al., 2008) have provided evidence
derived from relatively small samples linking the short allele of the 5-HTTLPR to
heightened negative cognition following a negative mood induction. Such reactivity may be
a cognitive marker of stress sensitivity, which would be consistent with other lines of
research linking this polymorphism to biological indices of stress reactivity such as cortisol
reactivity to laboratory stress and amygdala reactivity to threatening stimuli (Caspi, Hariri,
Holmes, Uher, & Moffitt, 2010; Gotlib, Joormann, Minor, & Hallmayer, 2008; Hariri et al.,
2002; Munafò, Brown, & Hariri, 2008), self-reported neuroticism in adults (Munafò et al.,
2009), and laboratory observations of heightened negative emotionality in children with
other sources of temperamental risk for depression (Hayden, Klein, Sheikh, et al., 2010). It
would also be consistent with recent animal work indicating that the 5-HTTLPR is
associated with neurocognitive markers of stress reactivity (Blakely & Veenstra-
VanderWeele, 2011). The many studies reporting direct associations of the 5-HTTLPR short
variant with a variety of indices of stress reactivity and cognition show that this variant need
not be moderated by environmental factors to have an effect on such outcomes (e.g., Caspi
et al., 2010; Homberg & Lesch, 2011).1

The brain-derived neurotrophic factor (BDNF) gene is another candidate gene for cognitive
reactivity to negative mood (Beevers, Wells, & McGeary, 2009; Hilt, Sander, Nolen-
Hoeksema, & Simen, 2007). BDNF is a neural growth factor assigned a critical role in
models of the pathophysiology of depression (Duman & Monteggia, 2006). The BDNF
gene, located on chromosome 11p13, has a G to A single nucleotide polymorphism (SNP) at
nucleotide 196 (rs6265) that results in a valine (val) to methionine (met) change at codon 66
(val66met). This substitution changes the 5′ pro-region of the human BDNF protein and
appears to lower depolarization-induced secretion of BDNF, leading to a decrease in
available BDNF and other negative neurobiological effects (Chen et al., 2004; Egan et al.,
2003). Supporting the role of this gene in depression are associations between this
polymorphism and reduced hippocampal volume (Pezawas et al., 2004) and elevated
hypothalamic–pituitary–adrenal (HPA) axis activity (Schule et al., 2006). In addition, two
studies have linked this gene to rumination (Beevers, Wells, & McGeary, 2009; Hilt et al.,
2007).

The BDNF gene may also interact with experience in predicting depression risk, with
several papers indicating that the association between this gene and negative outcomes

1Although there is clear evidence of direct effects on intermediate depression phenotypes, the association of 5-HTTLPR with
depression more specifically may be moderated by life stress and adversity (Caspi et al., 2003; Karg, Burneister, Shedden, & Sen,
2011; Uher & McGuffin, 2010). However, these findings continue to be controversial (Duncan & Keller, 2011; Risch et al., 2009).
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depends on contextual adversity (Aguilera et al., 2009; Kaufman et al., 2006). However, it
was recently argued that associations between the BDNF gene and outcomes may be more
complex (Hayden, Klein, Dougherty, et al., 2010), in that the BDNF methionine allele may
serve as a marker of differential susceptibility to the environment (Belsky & Pluess, 2009).
Several authors have concluded that certain polymorphisms may not function simply as
vulnerability genes but instead perform a more complex role by enhancing biological
plasticity, increasing reactivity to both adverse and supportive contexts (Belsky & Pluess,
2009; Ellis & Boyce, 2008). Consistent with this, it was recently reported that the BDNF
methionine allele was associated with child temperament in a context-dependent manner,
such that children with at least one copy of the methionine allele had either very high or very
low levels of negative emotionality, a putative depression endophenotype, depending on
whether contextual adversity was present (Hayden, Klein, Dougherty, et al., 2010).

We sought to extend research on the role of the BDNF methionine allele in depression
vulnerability by examining associations between the BDNF val66met polymorphism and
cognitive reactivity to negative mood, testing whether this variant was moderated by an
important contextual factor linked to children's cognitive vulnerability: maternal depression.
We focused on maternal depression because it is thought to contribute to children's
depressive cognitions through a wide array of mechanisms (Garber & Martin, 2002).
However, it is unclear whether the risk associated with maternal depression is primarily tied
to child exposure to the mother's depressive episode (e.g., because of maternal depressive
behavior or its effects on parenting or the family environment) or to more enduring
attributes of mothers that may exist prior to and/or persist after depression remits (e.g., direct
genetic influences, traitlike cognitive biases, a propensity for stress generation, or
dysfunctional parenting and family processes that are independent of clinical state).
Although many experts in the field believe that the timing of maternal depression may
differentially impact children's risk (Goodman & Brand, 2008), research on this question is
limited. In the area of parenting, there is evidence that, although a past history of depression
influences the quality of maternal caregiving, the effects of current depression are much
stronger (Lovejoy, Graczyk, O'Hare, & Neuman, 2000). A recent study also reported
associations between child depression risk, indexed via maternal depression occurring
during children's lifetimes, and children's performance on a dot-probe task (Joorman, Talbot,
& Gotlib, 2007). However, we know of no study that has specifically examined whether
exposure to maternal depression influences the extent to which associations are found
between maternal depression and children's cognitive reactivity. It may, therefore, prove
informative to account for whether maternal depression has occurred during children's
lifetimes in testing the moderation of child genetic risk stemming from BDNF val66met
variation.

Thus, the present study builds on recent work on the genetic bases of early-emerging
cognitive vulnerability to depression in several ways. A central goal of the current study is
to replicate our previous finding showing a main effect of the 5-HTTLPR short allele on
cognitive reactivity in 38 young children (Hayden et al., 2008), using a substantially larger
sample. Although the psychiatric genetics literature has historically been characterized by
replication failures, we have previously argued that the use of refined measures of
biologically plausible phenotypes may play an important role in generating a more
consistent body of literature (e.g., Hayden et al., 2007). By using an objective,
developmentally sensitive measure of cognitive reactivity to negative mood (i.e., a self-
referent encoding task) in a large sample of 6-year-olds, we hoped to capitalize on this
possibility. Following Hayden et al. (2008), we chose to measure cognitive reactivity to
negative mood, a specific aspect of depressogenic cognition (Scher et al., 2005), via
children's performance on a self-referent encoding task (SRET), a widely used information
processing task tapping memory for affectively charged word stimuli. Previous studies have

HAYDEN et al. Page 3

Dev Psychopathol. Author manuscript; available in PMC 2014 August 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



shown that children with depression (Garber & Kaminski, 2000) and children of depressed
mothers (Taylor & Ingram, 1999) exhibit abnormal performance on these tasks (see Scher et
al., 2005, for a review). In addition, in two independent samples of young children,
performance on a SRET showed moderate stability over multiple 1-year follow-ups and was
significantly associated with self-reported depressive symptoms and attributional styles
(Hayden et al., 2006; Hayden, Sheikh, et al., 2010). Of critical importance, the SRET places
fairly minimal cognitive demands on participants and can therefore be completed even by
relatively young children (Hayden, Klein, Durbin, & Olino, 2006). There are also very few
self-report measures of cognitive vulnerability that have demonstrated reliability and
validity when used in this age group. Even if adequate self-report measures of cognition
were available, it has been argued that self-reports index the products of cognitive
vulnerability, whereas performance-based tasks like SRETs tap underlying cognitive
processes more directly (Mineka, Rafaeli, & Yovel, 2003). Such processes may map more
closely onto genetic influences than the higher order cognition tapped by self-report (e.g.,
Nigg, Blasky, Stawacki, & Sachek, 2004). Based on our previous study (Hayden et al.,
2008) and consistent with recent, comprehensive reviews by Caspi et al. (2010) and
Homberg and Lesch (2011), which showed main effects of the 5-HTTLPR short variant on
an array of stress-related and cognitive phenotypes, we did not posit that an association
between the short variant and cognitive reactivity would require moderation to be detected.

In addition to the main effect of the 5-HTTLPR short allele, we predicted that the BDNF
methionine allele would be associated with negative cognition in a context-dependent
manner, such that it would be related to negative cognition only in the high-risk context of
maternal depression; in low-risk contexts (i.e., the absence of maternal depression), we
predicted that this same variant would be associated with low levels of negative cognition.
This hypothesis was derived from recent research on the influence of this variant on other
markers of childhood depression risk (Hayden, Klein, Dougherty, et al., 2010). In testing
this latter hypothesis, we distinguished between mothers with no history of depression, those
with a history of depression prior to the child's lifetime, and mothers with a history of
depression during the child's lifetime, in order to explore whether direct exposure to
maternal depression was necessary for moderation.

We tested these questions in a sample of young children for several reasons. First, clinically
diagnosable depression is rare in early and middle childhood (Garber, Gallerani, & Frankel,
2009); hence, this period presents an opportunity to identify risk markers and processes
substantially before the onset of depressive disorder. Second, there is compelling evidence
that depressotypic information processing biases can be detected in young children (Hayden
et al., 2006; Kujawa et al., 2011). Third, the earlier one can identify and understand the
development of the cognitive biases associated with depression, the larger the window of
opportunity for prevention or early intervention. This may be particularly important given
evidence suggesting that some interventions are more effective in younger children than in
older youth and adults, perhaps owing to greater neuroplasticity earlier in development
(Pine, Helfinstein, Bar-Haim, Nelson, & Fox, 2009). This may be particularly relevant to
interventions targeting cognitive biases, which appear to stabilize and become more traitlike
in late childhood and early adolescence (Cole et al., 2008; Hankin, 2008).

Method
Participants

The initial sample consisted of 559 children and their parents. Of these, 476 children (254
males) contributed DNA and are included in this report. The mean age of the 476 children at
the time of the baseline assessment was 42.2 months (SD = 3.1). Potential participants were
identified via a commercial mailing list, and eligible families had a child between 3 and 4
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years of age with no significant medical conditions or developmental disabilities and at least
one English-speaking biological parent. Most of the participants came from middle-class
families (M = 44.8; SD = 10.9), as measured by Hollingshead's Four Factor Index of Social
Status (Hollingshead, 1975), and the vast majority (96.6%) of children came from two-
parent homes. Children were of average cognitive ability (M = 103.1, SD = 13.7) as indexed
by the Peabody Picture Vocabulary Test (Dunn & Dunn, 1997). Most of the children were
White (86.8%); 8.2% were Hispanic, and the remainder of the sample comprised an array of
other ethnic groups. A follow-up assessment, during which cognitive reactivity to negative
mood was measured using age-appropriate measures, occurred 30.3 months after baseline
(SD = 5.0) when children were 72.4 months old (SD = 5.2).

Genetic assessment
At baseline, buccal cells were collected from children for genetic analysis. The Qiagen DNA
Micro Kit (Valencia, CA) was used to extract genomic DNA to genotype children for the 5-
HTTLPR and BDNF val66met polymorphisms. Following Chorbov et al. (2007), primers
used for polymerase chain reaction (PCR) amplification of the 5-HTTLPR flanking region
were 5′-GGCGTTGCCGCTCTGAATGC-3′ (forward) and 5′-
GAGGGACTGAGCTGGACAAC CAC-3′ (reverse). PCR conditions were 5 min of initial
denaturation at 94°C followed by 30 cycles of 30 s of denaturation at 94°C, 20 s annealing at
58°C and 20 s of extension at 72°C, and a final extension of 5 min at 72°C. A common SNP
occurs at the sixth nucleotide (adenine to guanine; A to G) within the first of two extra 20 to
23 bp repeats in the long allele (rs25531) of the 5-HTTLPR. Some studies suggest that, of
the long (L) alleles, only those containing the A SNP (LA) are high functioning with regard
to promoter activity, whereas the long allele with the G SNP (LG) may exhibit the same
transcriptional activity as the short allele (Hu et al., 2005). This SNP is part of a recognition
site for the MspI restriction endonuclease (Fermentas), which cuts one base 5′ of the SNP
when the G nucleotide is present and does not cut when the A nucleotide is present. The
Invitrogen PCRx Enhancer System kit (Invitrogen) was used for PCR amplification, instead
of the 7-deazaGTP (otherwise necessary to amplify the GC-rich region), which impairs the
ability of MspI to completely digest the PCR product. PCR was followed by digestion of
amplicons at 37°C overnight with 1 unit of MspI (Fermentas, Burlington, ON, Canada),
yielding a 249 bp fragment (uncut LA allele), two fragments of 148 bp and 101 bp (cut LG
allele), or a 206 bp fragment (short allele).

For the BDNF val66met polymorphism, a PCR restriction fragment length polymorphism
protocol was used (Bueller et al., 2006). Primers for amplification were 5′-
AAAGAAGCAAACATCCGAGGACAAG-3′ (forward) and 5′-ATTCCTCCAGC
AGAAAGAGAAGAGG-3′ (reverse). PCR amplification conditions were 5 min of initial
denaturation at 94°C, followed by 30 cycles of 30 s initial denaturation at 94°C, 20 s
annealing at 58°C, 20 s extension at 72°C, followed by a final extension of 5 min at 72°C.
PCR products were restriction digested with Hsp92II (Promega, Madison, WI). The G allele
produces 57 bp and 217 bp fragments after Hsp92II digest, but the A allele produces three
fragments of 57, 77, and 144 bp in length. PCRs were carried out using the Applied Bio-
systems (Foster City, CA) thermal cycler Gene Amp 9700. Amplicons were separated on
6% polyacrylamide gels, stained with ethidium bromide, and visualized and documented by
a ultraviolet imaging system (BioRad Labs, Mississauga, CA).

In our sample, 143 children (30%) were homozygous for the L/L allele of the 5-HTTLPR,
241 (51%) were heterozygous, and 92 (19%) were homozygous for the short allele. This
distribution is in Hardy–Weinberg equilibrium (χ2 = 0.28, p > .58). Two children lacked
sufficient DNA for the SNP at rs25531 to be analyzed. Of the remaining 474 children, 184
(39%) were homozygous for the short or the LG alleles, 236 (50%) had only one short or LG
allele, and 54 (11%) had two LA alleles. With respect to the BDNF val66met polymorphism,
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232 children (49%) were val/val homozygous, 216 (45%) were heterozygous, and 28 (6%)
were met/met homozygous. Although not in Hardy–Weinberg equilibrium (χ2 = 5.95, p < .
05), this distribution closely resembles those reported by Shimizu, Hashimoto, and Iyo
(2004), Houlihan et al. (2009), and Petryshen et al. (2009), and it is consistent with reports
of the rarity of the met/met genotype in White samples. We had 155 participants’ BDNF
genotypes independently assayed by another laboratory; no discrepancies were found.
Consistent with most investigations of these genes, analyses contrasted children with the L/L
genotype to those with at least one short allele, and those with the val/val genotype to those
with at least one methionine allele.

Maternal psychopathology
At the time of the children's baseline (age 3) assessment, mothers were interviewed by
masters-level clinicians using the Structured Clinical Interview for DSM-IV, nonpatient
version (First, Spitzer, Gibbon, & Williams, 1996). Based on audiotapes of 30 assessments,
interrater reliability (indexed by kappa) for lifetime mood disorder was 0.93. Of the 476
children, we had diagnostic information on 458 of their mothers; of these, 126 mothers had a
lifetime history of major depressive disorder (MDD) and 52 had a history of dysthymic
disorder (DD). Considering the high level of familial aggregation between MDD and DD
(Klein et al., 1995; Klein, Shankman, Lewinsohn, Rohde, & Seeley, 2004) and the evidence
that individuals with DD almost invariably develop MDD (Klein, Shankman, & Rose,
2006), MDD and DD were collapsed into a single category reflecting maternal depressive
disorder. Of the 154 mothers in this group, 66 (43%) had a single episode of major
depression; the remaining 88 mothers (57%) had chronic MDD or recurrent MDD or
dysthymia. As far as common comorbid diagnoses, 80 (52%) of the mothers with a
depressive disorder had a lifetime history of anxiety disorder, and 50 (32%) had a lifetime
history of substance use disorder. Mothers’ diagnoses of MDD or DD and depression
chronicity were unrelated to children's 5-HTTLPR and BDNF val66met genotypes (ps > .
23).

As mentioned previously, because of the lack of research addressing this issue, we had no a
priori reason to predict whether any risk for elevated cognitive vulnerability associated with
maternal depression would be dependent on whether mothers’ depression occurred during
children's lifetimes. Therefore, to examine whether any influences were contingent on
exposure to maternal depression, mothers were assigned to one of three groups based on
their history of depression at baseline, ascertained when children were 3.5 years old: no
maternal history of depressive disorder, a history of depressive disorder prior to the child's
birth but not during the child's lifetime through age 3.5, and history of depressive disorder
during the child's lifetime through age 3.5. Of the mothers with a depression history, 102
(66%) had a past depressive episode but not during the child's lifetime through age 3.5, and
52 (34%) had a history of either MDD or DD during the child's lifetime through age 3.5.

Cognitive reactivity to negative mood
Follow-up occurred 30.3 months later (SD = 5.0) when children were 72.4 months old (SD =
5.2). We elected to measure cognitive reactivity at this wave of data collection because this
age is likely the youngest at which measures of cognitive vulnerability to depression with
established validity can be used. Cognitive reactivity, indexed via a SRET, was measured
for 375 of the 476 children in the baseline sample. Children for whom SRET data were and
were not available did not differ in terms of 5-HTTLPR or BDNF genotype distribution, sex,
maternal depression history, ethnic status, or Peabody Picture Vocabulary Test scores (ps < .
26), although there was a non-significant tendency for those with SRET data to have higher
Hollingshead scores, t (417) = 1.74, p = .08.
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As previously reported (Hayden et al., 2008), depressogenic cognition was indexed via
children's performance on a SRET, a widely used information processing task tapping
memory for affectively charged word stimuli. A negative mood induction procedure (MIP)
was administered via a sad video clip from a children's film (Brenner, 2000) prior to the
SRET, as described in detail elsewhere (Hayden et al., 2006). It was previously shown that
this mood induction is associated with increases in children's facial expressions of negative
affect (Hayden et al., 2006). With the help of an experimenter, children rated their own
mood both prior to and following the MIP using a 5-point scale in which higher numbers
reflected better mood. Based on paired t tests, the MIP was associated with a significant
reduction in children's moods, t (368) = 17.78, p > .0001. Change in mood was unrelated to
whether mothers had a history of depressive disorder (p < .89) or to children's genotypes (ps
< .74).

Next, children were presented with a series of 14 positive and 14 negative trait adjectives
matched for frequency and selected for beginner reading level (Carroll, Davies, & Richman,
1971), along with two neutral content words not included in the analyses that were shown to
the children at the beginning and the end to address primacy and recency effects. Adjectives
were shown on flashcards and spoken aloud by the experimenter, followed by a self-referent
question (“Is this word like you?”). The experimenter noted the child's response to each
query. Because the proportion of positive and negative adjectives endorsed as self-
descriptive was unrelated to children's BDNF and 5-HTTLPR genotypes (all ps < .18), these
variables are not considered further. An incidental recall period immediately followed, in
which children were asked to recall as many of the adjectives as possible. Two scores were
calculated: a SRET positive information processing score (proportion of positive adjectives
rated self-descriptive and recalled, relative to all adjectives rated self-descriptive) and a
negative information processing score (derived in the same manner but using negative trait
adjectives). Following the task, children were given several small prizes to reverse the
effects of the MIP.

Following the MIP reversal, with the help of an experimenter blind to children's genotypes,
children completed the Children's Depression Inventory (CDI; Kovacs & Beck, 1977), a
self-report measure of depressive symptoms. The mean CDI score was low (M = 7.11, SD =
5.06) and consistent with means from community samples of children (e.g., Richey et al.,
2009). Although the CDI is not usually used with children younger than 8 years of age, there
is evidence supporting its validity in children as young as 5 (Ialongo, Edelsohn, & Kellam,
2001). CDI scores were unrelated to children's change in mood in response to the MIP (p < .
68).

Results
Groups based on the presence of a 5-HTTLPR short allele and a BDNF methionine allele
were not significantly different on any demographic variables, depressive symptoms at the
time of the cognitive assessment, or maternal depression history (Table 1). During the free
recall, some children did not recall any of the trait adjectives they had endorsed (N = 71;
19%), and hence they received scores of 0 on the SRET. The failure to recall any adjectives
endorsed was unrelated to child genotype (ps < .43). Because SRET scores were not
normally distributed and because statistical transformation does not address the issue of 0
scores, we used Mann–Whitney U tests to examine bivariate associations between genotype
groups and SRET information processing (Table 1). Neither genotype group differed on
SRET positive information processing. Considering this lack of association, in conjunction
with the evidence favoring the centrality of the processing of negatively valenced stimuli in
depression (e.g., Watters & Williams, 2011), positive information processing is not
considered further here. In a replication of our previous finding (Hayden et al., 2008),
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children with at least one short allele of the 5-HTTLPR had significantly higher SRET
negative information processing scores than children without a short allele.2 There was no
association between BDNF genotype and SRET negative information processing.

We next examined a model testing the main effects of children's 5-HTTLPR and BDNF
polymorphisms, maternal depressive history, and the hypothesized BDNF × Maternal
Depression interaction in predicting children's SRET negative information processing. We
used general linear models in PASW Statistics 17.0 to conduct robust regressions for all
multivariate analyses. This approach implements maximum-likelihood estimation
procedures with robust standard errors that adjust for violations of normality. In order to
minimize the number of tests conducted, we focused our analyses on testing effects for
which relatively strong a priori evidence existed (e.g., a main effect of the 5-HTTLPR on
stress-related and cognitive phenotypes). Similarly, following Aiken and West's (1991)
recommendations regarding the inclusion and exclusion of higher order terms, we
specifically included only interactions that were predicted based on prior theory (i.e., the
BDNF × Maternal Depression interaction). Thus, we did not include a term reflecting the
BDNF × 5-HTTLPR interaction in this model; because there is no substantive prior
literature indicating that these variants interact to predict cognitive reactivity, we had no
basis for a specific hypothesis. In Table 2, tests of the main effects of the 5-HTTLPR, the
BDNF val66met polymorphism, and maternal depression are presented, and the effect of the
Maternal Depression × BDNF interaction is also shown. The main effect of the 5-HTTLPR
was significant (d = 0.25). Although the BDNF val66met polymorphism (d = 0.01) and
maternal depression history were not directly associated with children's negative information
processing, the BDNF × Maternal Depression interaction term was significant.3 Running
this model with CDI scores treated as a covariate yielded comparable results, with the main
effect of the 5-HTTLPR and the BDNF × Maternal Depression interaction remaining
significant and virtually unchanged (ps > .03).

To understand the interaction, post hoc tests using the least significant difference method
were used to compare children's estimated mean negative SRET scores across BDNF
genotypes and maternal depression history (adjusted for other variables in the model, see
Figure 1). Because we were testing a limited number of focused, a priori hypotheses (i.e.,
that the met/met group of children would show evidence for both high and low SRET
negative information processing depending on maternal depression), rather than conducting
exploratory analyses, we did not correct for multiple tests. Mean SRET negative information
processing scores did not differ significantly between the val/val groups, regardless of
maternal depression history, although there was a trend for children with the val/val
genotype who did not have a maternal history of depression to have higher negative SRET
scores than did val/val children with mothers with depression during their lifetimes.
However, three of the other pairwise comparisons of mean scores on children's negative
information processing were significant at p > .05. Children with a methionine allele who
also had a mother who was depressed during their lifetime had significantly higher SRET
negative information processing scores than did children with the same genotype with

2Examining the mean ranks (from a Kruskal–Wallis test) of negative SRET scores showed that children heterozygous for the 5-
HTTLPR variants (M = 191.86) were similar to those homozygous for the short allele (M = 198.32) and had higher negative SRET
scores than those of the L/L children (M = 174.91), supporting our decision to treat the short variant as dominant in analyses. Analyses
using the three groups in the full model yielded results that were similar to those presented using the L/L and S/S + S/L groups. This
pattern of findings is consistent with early work on this polymorphism (Lesch et al., 1996), which provided ample evidence for a
functionally dominant effect of the short allele with respect to neuroticism-related traits. Similar analyses of the three BDNF
genotypes were likewise supportive of our decision to contrast all children with a methionine allele to those without this variant;
however, the small number of children in the met/met group limited the extent to which we had adequate power to test the specific
effects of this genotype.
3Effect sizes cannot be reported for maternal depression history and the BDNF × Maternal Depression interaction term because these
are 2 df tests (i.e., as the overall interaction effect comprises two different regression parameters).
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mothers who had no history of depression (d = 0.15). These children (i.e., those with a
methionine allele who had a mother who was depressed during their lifetimes) also had
higher SRET negative information processing scores than did children with the val/val
genotype who had a mother who was depressed during their lifetime (d = 0.15). Finally,
children with the val/val genotype who did not have a maternal history of depression had
higher SRET negative information processing scores than did children with a methionine
allele who did not have a maternal history of depression (d = 0.16). Thus, children with a
methionine allele had either relatively high or low SRET negative information processing
scores, depending on whether their mothers had been depressed during their lifetimes, when
compared to children with the val/val genotype in the same contextual circumstances.

Additional analyses
The mothers with depression during their children's lifetimes included some who also had
depressive episodes prior to the child's birth. This latter subgroup could have more chronic/
recurrent forms of depression, which could account for why their offspring had elevated
SRET negative information processing scores when they also had a BDNF methionine
allele. To see whether our findings would change when excluding this subgroup, we reran
the model including only the mothers with depression onset during, but not prior to, the
child's lifetime (N = 33). Despite the reduced sample size, there was a strong trend for the
BDNF × Maternal Depression interaction (p = .06), and the pattern of SRET negative
information processing scores was virtually identical to that presented in Figure 1.

To address concerns about population stratification, we reran our primary analysis using
White participants only; results were consistent with those reported for the full sample. In
particular, the BDNF × Maternal Depression interaction remained significant, χ2 (2, 323) =
15.37, p = .001, and plotting the interaction revealed the same pattern of findings reported in
the primary analyses. Running the model with ethnicity as a covariate also yielded similar
results, including a significant interaction, χ2 (2, 365) = 10.05, p = .001, and a similar
pattern of relationships.

In addition, as noted previously, some reports suggest that only long alleles of the 5-
HTTLPR that contain the A SNP (LA) are high functioning with regard to promoter activity
and that the long allele with the G SNP (LG) may exhibit the same transcriptional activity as
the short allele (Hu et al., 2005). Accordingly, all analyses were run contrasting children
homozygous for the LA alleles to those children with an LG allele or an short allele; the main
effect of 5-HTTLPR on negative SRET scores remained significant (p = .001), and other
model parameters remained virtually unchanged including the BDNF × Maternal Depression
interaction term, χ2 (2, 365) = 7.99, p = .02.

Finally, based on the previous literature (Caspi et al., 2010; Hayden et al., 2008; Homberg &
Lesch, 2011), we did not posit moderation of the 5-HTTLPR by maternal depression.
Nonetheless, given the widespread interest in 5-HTTLPR×Environment interactions, we
conducted an exploratory analysis including the interaction term between the 5-HTTLPR
and maternal depression in the full model. This interaction was not significant, χ2 (2, 365) =
3.04, p = .22. However, the main effect of 5-HTTLPR on negative SRET scores remained
significant in this model (p = .001), as did the BDNF×Maternal Depression interaction term,
χ2 (2, 365) = 9.67, p = .008.

Discussion
This replication of previous work (Hayden et al., 2008) in an independent, substantially
larger sample adds to the burgeoning literature implicating the 5-HTTLPR short allele in a
host of intermediate phenotypes for emotional disorders, including biases for emotional
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stimuli (Beevers, Ellis, Wells, & McGeary, 2010; Hayden et al., 2008), hypothalamic–
pituitary–adrenal dysregulation (Gotlib et al., 2008), and neural reactivity to emotional
stimuli (Hariri et al., 2005). Our findings also suggest a mechanism by which the 5-
HTTLPR may increase depression vulnerability: via its associations with cognitive
reactivity in the context of dysphoric mood, although the exact processes by which variation
at this locus might influence cognition are admittedly unclear. We did not hypothesize that
moderation by maternal depression was necessary for an association between the short allele
and SRET performance to emerge, based on our previous finding, and the aforementioned
other studies showing a main effect of this gene on other markers of depression risk (e.g.,
Beevers, Pacheco, Clasen, McGeary, & Schnyer, 2010; Caspi et al., 2010; Perepletchikova
& Kaufman, 2011), including cognitive vulnerability (e.g., Beevers et al., 2009; Beevers,
Wells, Ellis, & McGeary, 2009). Exploratory analyses provided no support for moderation.
Moderation of 5-HTTLPR by stress in predicting other depression phenotypes has been
reported by a few other, smaller studies (e.g., Gibb, Uhrlass, Grassia, Benas, & McGeary,
2009); our findings indicate that although such a pattern may emerge for other depression
risk markers, it does not for children's SRET performance. This does not preclude such
interactions for other outcomes relevant to children's mental health (e.g., Hankin et al.,
2011).

Our findings also indicate that children with a methionine allele of the BDNF val66met
polymorphism had a reduced memory for negative self-descriptive traits when their mothers
had no history of depression, compared to children without a methionine allele who also had
mothers without a depression history. In contrast, children with a methionine allele who had
mothers with depression during their lifetimes had an enhanced memory for negative self-
descriptive traits, compared to children with the val/val genotype with maternal depression
during their lifetimes. Further, children without a methionine variant did not significantly
differ from one another on SRET performance, regardless of mothers’ depression history
(although there was a nonsignificant trend for the val/val group without a maternal
depression history to have higher negative SRET scores than val/val children with a
maternal history of depression during their lifetimes). In other words, our findings suggest
that the BDNF methionine allele plays a role in both reduced and heightened memory for
negative self-descriptive traits, depending on maternal depression. This is consistent with
recent work in which the BDNF methionine allele was associated with child temperamental
negative emotionality in a context-dependent manner (Hayden, Klein, Dougherty, et al.,
2010). It is important to note that children's negative emotionality at age 3 and negative
SRET scores were unassociated in general and in both BDNF genotype groups when
examined separately (all ps <.34). In addition, including negative emotionality as a covariate
in models did not change our findings, further indicating that negative emotionality does not
mediate the effect of BDNF and context on children's performance on the SRET. Thus, the
present findings provide further support that the methionine allele increases children's
susceptibility to both positive and negative contextual factors (Belsky & Pluess, 2009; Ellis
& Boyce, 2008) in relation to emerging depression risk indexed by independent emotional
and cognitive markers.

More specifically, with respect to the present findings, the BDNF methionine allele appears
to meet Belsky, Bakermans-Kranenburg, and van IJzendoorn's (2007) criteria for a
differential susceptibility factor for children's cognitive reactivity to negative mood. As a
final step in confirming this model, Belsky et al. suggest testing specificity by examining
whether other genes produce the same pattern of findings with respect to other child
outcomes. Although such analyses are beyond the scope of the present study, our findings
are otherwise consistent with the criteria outlined by these authors.
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The moderating effect of maternal depression on the BDNF-SRET negative processing
scores was most pronounced when mothers’ depression occurred during children's lifetimes;
children with mothers who were depressed only prior to their births had SRET negative
processing scores similar to children with mothers who had never been depressed. This
effect held even when limiting analyses to those mothers whose first episode occurred
during their children's lifetimes. These results tentatively suggest that the moderating effect
of mothers’ depression on the association between children's genotype and negative
cognition is contingent on children's exposure to maternal depression. The processes that
account for this effect warrant further investigation. Moreover, a limitation of the study is
that we did not have interview-based information on maternal depression after children were
3 to 4 years old. We therefore cannot say whether exposure to maternal depression at older
ages has the same effect. With respect to the group with depression before the child's birth, it
is also important to note the possibility that some had unreported or subthreshold episodes
during the child's lifetime. However, errors in ascertaining the timing of maternal depression
would diminish, rather than enhance, our findings.

Our findings implicate variation in two genes in shaping children's early-emerging cognitive
reactivity. These variants appear to shape risk through different processes, with one
apparently having a direct effect (i.e., the 5-HTTLPR) in our sample and the other requiring
contextual moderation (i.e., the BDNF val66met). Genetic influences on cognitive markers
of depression risk are likely complex, involving an array of pathways that are currently
poorly understood. However, ample evidence has accrued supporting functional, main/direct
effects of the 5-HTTLPR on an array of cognitive and behavioral phenotypes that can be
detected regardless of environmental context (Homberg & Lesch, 2011). It is intriguing that
many of the cognitive phenomena linked to the short allele of the 5-HTTLPR are not
maladaptive; for example, improved decision making, response inhibition, and reversal
learning have all been directly linked to this variant (Crisan et al., 2009; Jedema et al., 2009;
Roiser, Muller, Clark, & Sahakian, 2007), thus accounting for the frequency of the short
allele in the population despite its role in increasing psychopathology risk. In contrast,
although the BDNF val66met variant has been somewhat less well characterized in
psychiatric genetics research, its role in neuronal plasticity and development (Boulle et al.,
2012) suggests that environmental factors may be critical in causing potentially enduring
changes in BDNF expression, particularly early in development. Although speculative, we
submit that the BDNF val66met variant may be an especially potent contributor to
phenotypic plasticity, shaping early-emerging phenotypes related to psychopathology risk in
processes that are highly context dependent. Considering that BDNF is expressed at high
levels in the limbic system and is also important for long-term potentiation, its plasticity in
early development may have key relevance for shaping risk for disorders characterized by
dysregulated emotion and memory bias, such as depression (Bekinschtein et al., 2008; Mao,
Fibuch, & Wang, 2010; Pencea, Bingaman, Wiegand, & Luskin, 2001).

This research has a number of strengths. Of the emerging literature on the molecular
genetics of cognitive vulnerability, the current study has by far the largest sample, although
it is still relatively small for a genetic association study. However, our use of sophisticated
measures of a cognitive phenotype and environmental risk (i.e., laboratory measures and
structured clinical interviews) may have somewhat mitigated the need for a larger sample
size by reducing measurement error (Moffitt, Caspi, & Rutter, 2005). We successfully
replicated a previous finding from our group (Hayden et al., 2008) in a much larger sample
and included tests of the effects of another plausible candidate for cognitive reactivity and a
contextual moderator.

However, our study also had some limitations. Experts disagree on the extent to which
population stratification, which can produce false associations, is a concern in studies such
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as ours (Hutchison, Stallings, McGeary, & Bryan, 2004), which used a relatively ethnically
homogenous sample. It is possible that the genetic variants we examined are in linkage
disequilibrium with other genes that influence SRET performance. Some analyses of
subgroups had fairly small sample sizes (i.e., those considering the offspring of mothers
with depression during their children's lifetimes in different genetic groups); this also limited
our ability to conduct more exploratory analyses of gene–gene interaction and gene–gene–
environment interaction. Children completed the CDI following the MIP and SRET, which
raises the possibility that the task influenced CDI scores. However, because we gave
children several small gifts to reverse the effects of the MIP and CDI scores were well
within the normal range, this argues against this possibility. All children received a negative
mood induction, because this is widely held to be an essential step in eliciting cognitive
vulnerability (e.g., Miranda, Gross, Persons, & Hahn, 1998). However, the lack of a
nondysphoric condition in our study means that we cannot speak to the question of the
importance of the mood manipulation in facilitating the associations we found between our
candidate polymorphisms and SRET performance. Similarly, we refer to performance on the
SRET as indexing “cognitive reactivity” as is traditionally done in research on cognitive
vulnerability (Scher et al., 2005), although we did not conduct a SRET prior to the mood
induction to verify that task performance changed as a result of the induction. However, the
large body of research showing that negative mood priming is essential to detecting
differences in cognition when comparing depressed and at-risk individuals and those without
depression risk (for reviews, see Segal & Ingram, 1994; Scher et al., 2005) suggests that
tasks such as ours are indexing cognitive change in response to negative mood, that is,
negative mood reactivity that is a marker of depression risk. Further, administering the task
twice might itself have had unwanted effects on performance and would have been
especially burdensome to our young sample. Finally, a complete test of the proposed model
will require that participants continue to be tracked into the age of risk for the onset of
depression.

A final limitation is that we did not conduct another clinical interview with mothers at
follow-up; our study is therefore limited by the lack of diagnostic data on maternal
depression for the mean 2.5 years between baseline and follow-up assessments. However,
we have little reason to suspect that there were many new (incident) cases of depression
occurring over this follow-up period: in a previous sample (Hayden et al., 2006), we found a
very low rate of first lifetime episodes of MDD (N = 4) and DD (N = 0) over a 4-year
follow-up period in a similar, community-dwelling group of 61 mothers roughly the same
age as those in this study. Moreover, in the present sample, only 1% of mothers were
currently depressed at the age 6 follow-up based on self-report data from the Diagnostic
Inventory for Depression (Zimmerman, Scheeran, & Young, 2004), and all of these mothers
had previous episodes of either MDD or DD based on the nonpatient version of the
Structured Clinical Interview for DSM-IV. Hence, it seems unlikely that having clinical data
on mothers across this 3-year gap would have significantly altered our findings.

The present study provides additional support for the notion that the 5-HTTLPR contributes
to depression via its effects on cognitive reactivity that emerge relatively early in
development. This research also lends support to previous work from our group indicating
that the BDNF methionine allele increases children's sensitivity to context, and is thus linked
to outcomes both good and bad. We have previously argued that children with this allele, by
virtue of their enhanced responsivity to context, might be especially likely to derive benefits
from targeted prevention (Hayden, Klein, Dougherty, et al., 2010). The present findings lend
further support to this possibility and suggest that these children's depression-related
cognitions may provide a particularly promising focus for preventative and early
intervention efforts.
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Figure 1.
Mean SRET negative information processing scores and standard errors by BDNF val66met
genotype and maternal history of depression. Note: SRET negative information processing
scores are the proportion of negative adjectives rated self-descriptive and recalled, relative to
all adjectives rated self-descriptive.
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Table 1

SRET positive and negative information processing scores by child 5-HTTLPR and BDNF val66met
genotypes

Child Genotypes

5-HTTLPR BDNF val66met

L/L L/S and S/S Val/Val Val/Met and Met/Met

Variable M (SD) N (%) M (SD) N (%) M (SD) N (%) M (SD) N (%)

Child sex (male) 69 (48) 185 (55) 115 (50) 139 (57)

SES 44.44 (11.09) 44.92 (10.89) 44.32 (10.61) 45.21 (11.25)

PPVT 102.41 (13.32) 103.45 (13.83) 103.03 (14.22) 103.24 (13.17)

CDI 6.92 (5.37) 7.20 (4.92) 7.32 (5.31) 6.89 (4.80)

SRET pos. rank
a 186.51 188.65 184.71 191.30

SRET neg. rank
a 174.91

193.72
* 193.07 182.90

Maternal depression

    No history 84 (61) 221 (69) 145 (65) 160 (69)

    Prior to child's birth 37 (27) 64 (20) 55 (25) 46 (20)

    During child's lifetime 16 (12) 35 (11) 24 (11) 51 (11)

Note: 5-HTTLPR, serotonin transporter linked polymorphic region; L, long allele; S, short allele; BDNF, brain derived neurotrophic factor; Val,
valine; Met, methionine; SES, socioeconomic status, as indexed by Hollingshead's Four Factor Index of Social Status (Hollingshead, 1975); PPVT,
Peabody Picture Vocabulary Test; CDI, Children's Depression Inventory; SRET, Self referent encoding task.

a
Mean ranks were tested using Mann–Whitney tests, because scores were not normally distributed because some children did not recal any

affectively valenced adjectives that they had also endorsed; hence, they received a score of 0 on the relevant processing scale.

*
p < .05.
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Table 2

Effects of child 5-HTTLPR and BDNF val66met genotypes, maternal depression history, and the interaction
between child BDNF val66met genotypes and maternal depression on children's SRET negative information
processing scores

Variable Wald χ2 df p

5-HTTLPR 5.70 1 .017

BDNF val66met 0.01 1 .929

Maternal depression history 0.26 2 .879

BDNF val66met × Maternal Depression History 8.25 2 .016

Note: 5-HTTLPR, serotonin transporter linked polymorphic region; BDNF, brain derived neurotrophic factor; Val, valine; Met, methionine; SRET,
Self-referent encoding task.
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