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Altered regulation of the serotonin transporter (SLC6A4) is hypothesized to be a key event
in many forms of neuropsychiatric illness, yet our understanding of the molecular mecha-
nisms through which changes in gene function could lead to illness remains incomplete.
In prior studies, we and others have demonstrated that methylation of CpG residues in
the promoter associated CpG island alters SLC6A4 gene expression, that the extent of
that DNA methylation in child abuse is genotype dependent, and that adverse childhood
experiences such as child sex abuse are related to methylation. However, we have not
examined whether these effects are splice variant specific, whether the association of
methylation to gene expression varies as a function of genotype, and whether methylation
in other SLC6A4 gene regions are more likely candidates for GxE effects. In the current
investigation we measured methylation in lymphoblast DNA from 158 female subjects in
the Iowa Adoption Studies at 16 CpG residues spread across the SLC6A4 locus, and ana-
lyzed their relationship to gene expression for two SLC6A4 splice variants. Methylation of
two CpG residues in the shore of the CpG island (cg22584138 and cg05951817), a location
immediately upstream from exon 1A, predicted gene expression for the splice variant con-
taining Exon 1A+1B. Methylation at two residues in the CpG island itself (cg 25769822
and cg05016953) was associated with total SLC6A4 expression. Examination of these four
CpG residues indicated that methylation of cg22584138 was influenced by both genotype
and sex abuse, whereas methylation of cg05016953 was influenced only by sex abuse his-
tory. Factors influencing methylation at other CpG dinucleotide pairs were not identified.
We conclude that methylation effects on transcription may vary as a function of underlying
gene motif and splice variant, and that the shore of CpG islands, upstream ofTSS, may be
of particular interest in examining environmental effects on methylation.
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INTRODUCTION
Altered serotonergic neurotransmission is postulated to play a
critical role in the pathogenesis of a number of neuropsychi-
atric disorders with a key component of that modified trans-
mission being altered serotonin transporter (SLC6A4) function
(Ramamoorthy et al., 1993; Lesch et al., 1995). Over the past
10 years, a large body of evidence has accumulated which demon-
strates that both genetic and environmental factors act through
the serotonin transporter to alter the likelihood of behavioral
illness (Caspi et al., 2003; Karg et al., 2011). At the current
time, the exact mechanism(s) through which this differential
vulnerability is enacted and the relative contribution of each
of these mechanisms to illness remains unclear but it has been
hypothesized that many of these changes serotonergic function
involve altered epigenetic regulation, in particular altered DNA
methylation.

These changes in epigenetic regulation of SLC6A4 are poten-
tially genotype or position dependent. For example, methylation

at another key regulator of neurotransmission, MAOA, is known
to be genotype dependent (Philibert et al., 2008, 2010). But even
so, not all changes in gene’s DNA methylation signature are equiv-
alent with DNA methylation in the first exon of a gene tending to
most highly associated with transcriptional silencing (Brenet et al.,
2011).

These changes in SLC6A4 methylation may also result from
developmental trauma. For example, methylation differences have
been demonstrated in postmortem hippocampi obtained from
suicide victims with a history of childhood abuse relative to those
from either suicide victims with no childhood abuse or non-
suicide controls (McGowan et al., 2008, 2009). Likewise, in animal
models, early experience vis-à-vis the mother has been linked to
lasting epigenetic change via CpG methylation (Liu et al., 1991;
Kaffman and Meaney, 2007). Likewise in our prior work with
women in the IAS sample, we found that sex abuse was associated
with overall hypermethylation of the SLC6A4 promoter region
(Beach et al., 2010).
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Unfortunately, no matter what the source of altered DNA
methylation, understanding the effects of those changes of DNA
methylation on SLC6A4 or any other gene function in the brain is
a difficult task. Even if individual specific changes in DNA methy-
lation secondary to environmental stimuli are consistent between
tissues (Monick et al., 2012), the effect of genotypic, trauma, or
substance induced methylation differences may differ across tis-
sues because most multi-exon genes have tissue specific splice
variation (Johnson et al., 2003), and the expression of many, if
not most genes, is under the regulation of tissue specific transcrip-
tional factors (Heintzman et al., 2009). Hence, because the vast
majority of gene expression studies of serotonergic function are
performed using peripheral blood RNA, it very well may be that
gene or trauma associated methylation patterns affect only some
splice variants and not others, requiring attention to which splice
variants are most relevant for CNS related gene expression.

This point may be particularly relevant for studies of the
SLC6A4 locus. In prior examinations of this locus, we and oth-
ers have demonstrated that SLC6A4 is under both genetic and
epigenetic control and provided evidence that exposure to child
abuse is associated with genotype contextual altered methylation
of the promoter associated CpG island (Beach et al., 2010, 2011),
a finding which is supported by similar findings in macaques
(Kinnally et al., 2010). Unfortunately, while these findings of gene-
environment (GxE) effects are interesting, they are incomplete
because we only examined DNA methylation in the promoter
region and did not examine these effects of abuse related methyla-
tion changes on gene transcription. Because Ozsarac et al. (2002)
have demonstrated the existence of at least three SLC6A4 splice
variants (Brenet et al., 2011) and the expression of each of those
splice variants may be regulated differently, a more precise for-
mulation of any role of DNA methylation in altered regulation
of SLC6A4 function must include a more global assessment of
the epigenetic status of the gene and the relationship of any
abuse associated methylation changes to splice variant specific
transcription.

In this communication, we attempt to address a portion of that
knowledge deficit by examining mRNA splice variant expression
and gene wide SLC6A4 methylation using clinical data and bioma-
terials from a subset of the subjects in whom we have previously
shown significant environmental and GxE effects.

MATERIALS AND METHODS
A detailed description of the methods and procedures used in the
Iowa Adoption Study (IAS) has been previously published (Philib-
ert, 2006). All procedures used in the IAS were approved by the
University of Iowa Institutional Review Board.

The clinical data and biomaterial for the current studies were
drawn from a set of 152 subjects examined previously in whom
we have demonstrated GxE effects. In brief, the childhood abuse
data is derived from Wave 4 of the IAS (1999–2004) during which
were asked about a range of current symptoms and past childhood
events. To assess familial childhood sex abuse, subjects were asked
two questions. The first question was; “Before you were age 16,
where there any sexual contact between you and any family member,
like a parent or stepparent, grandparents, uncle, aunt, brother, sister,
or cousin? By sexual contact I mean their touching your sexual parts,

your touching their sexual parts, or sexual intercourse.” The second
question was; “Was there sexual contact with a parent or grand-
parent ?” The answers to these questions were combined to form
the sex abuse variable. For the purposes of this study, and affir-
mative answer to either question was deemed a positive response.
To assess for the presence of non-familial childhood sexual abuse,
the subjects were asked an identically phrased question with the
exception that “anyone other than a family member” was substi-
tuted for the text referring to family members in the two questions.
Similarly, any affirmative response to either of these questions was
deemed a positive response.

DNA and RNA for the current studies were prepared as pre-
viously described from EBV transformed lymphoblast cell lines
(Philibert et al., 2007a). Genotyping of the 5HTTLPR variant was
conducted as previously described.

The study attempted to measure the expression of three sep-
arate SLC6A4 spliced Exon 1 containing variants that include
either (1) both Exon 1A and B (1A+ 1B), (2) just Exon 1A or (3)
just Exon 1C, immediately upstream of exon 2. We have already
produced a probe specific to the first variant 1A+ 1B; (Philibert
et al., 2007b). Because was not possible to devise a Taqman Probe
to assess the presence of the second variant which contains just
exon 1A upstream of exon two (1A+ 2), therefore, we assessed its
presence using both conventional and Sybr green mediated PCR-
based techniques. The reverse and forward primers were CCAGC-
CCGGGACCAGCCTCCCCGCGCAGCC and CCGAGCTCTC-
TATCGTCGGGATTGACACGTCGGGATTGA, respectively. The
forward primer was situated on exon 2 and the reverse primer
was situated on exon 1A. RTPCR was performed using the
POWER SYBR Green Master Mix (ABI, Foster City, CA, USA)
and two above primers and an annealing temperature of 70˚C
using a7900HT Fast Real-Time PCR System (ABI, Foster City, CA,
USA). A third variant, which includes exon 1C, was assessed using
the reverse primer for exon 2 listed above and a forward primer
unique to exon 1C AGCCTCCACGGCGGTGAAATGAAG.

In order to determine the expression of total and (1A+ 1B)
SLC6A4 mRNA, total RNA was reverse transcribed to cDNA using
an Applied Biosystems cDNA archiving kit (ABI, Foster City, CA,
USA). Quantification of each 5HTTLPR variant was conducted
with Taqman probe sets and amplification reagents from Applied
Biosystems (Foster City, USA) using a Fluidigm BioMark Genetic
Analysis System (South San Francisco, USA). The sequence of the
5HTT specific primer probe sets which bridge exons 1A and 1B
(ABI, Hs00984354) and exons 8 and 9 (ABI, Hs00169010) have
been described previously (Philibert et al., 2007b). The com-
parator housekeeping gene probe sets were for the following
genes: CALR, RPL7A, RPS19, RPS 20, and UBC. After a brief
pre-amplification procedure, RTPCR quantification of transcript
levels was performed in triplicates in two separate runs (9216
reactions per run) on Biomark Fluidigm platform using default
settings. CT counts were determined using proprietary Fluidigm
software with the results being exported for analysis.

The SLC6A4 methylation values at 16 individual CpG residues
for the subjects were extracted from a data set constructed for
genome wide DNA methylation studies. In brief, methylation
status at SLC6A4 and other loci were assessed using the Illu-
mina HumanMethylation450 BeadChip under contract by the
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University of Minnesota Genome Center using the protocol
specified by the manufacturer and the contractor using a ran-
dom assignment paradigm. The resulting microarray data were
inspected for complete bisulfite conversion of the DNA and the
presence of chip or batch variation with no significant results
after the average beta values (i.e., average methylation) for each
CpG residue were determined using the GenomeStudio V2009.2;
Methylation module Version 1.5.5., version 3.2 (Illumina, San
Diego). The HumanMethylation450 BeadChip contains 485,577
probes that recognize at least 20,216 unique features. With respect
to this sample, >99.76% of the 485,577 probes yielded statistically
reliable data. The resulting beta values were then exported from
the larger data set into Microsoft Excel (Microsoft, USA) for data
management prior to data analysis.

Prior to analysis, all gene expression and methylation data were
converted to z-scores with all data analysis being performed using
the JMP version 9 (SAS Institute, Cary, SC, USA) and SPSS version
19 (IBM, New York).

In order to identify functional loci for which methylation
was associated with expression of different transcripts, regression
analyses were conducted for each of the 16 methylation loci. We
examined the effect of genotype and methylation jointly, control-
ling for the effect of level of alternate transcript. We first examined
the association of methylation with transcription of Exon 1A+ 1B
controlling for transcription of Exon 8, and then examined tran-
scription of Exon 8, controlling for transcription of Exon 1A+ 1B.

Following identification of functional regions with regard to each
transcript, we then examined the role of sex abuse and geno-
type on methylation at functional loci. Regression of methylation
level on sex abuse and genotype was conducted for each of the
functional loci.

RESULTS
The clinical, demographic, and genetic characteristics of the 158
subjects included in this study are described in Table 1. Secondary
the inability of the analytic algorithms to accommodate missing
data, only 152 of these subjects were included in the GxE analyses
but all subjects were included in the gene expression analyses. In
summary, the subjects are all female and nearly all white. At the
time of the blood draw for the preparation of the cell lines used
in these epigenetic and gene expression and the subjects tended
to be in their middle to late 40s. At the Wave 4 interview, 16 of
the subjects reported sexual abuse by a family member with an
additional 10 subjects denying sexual abuse by a family member
but reporting sexual abuse by a non-family member.

The structure of the SLC6A4 gene and the placement of the 16
methylation probes are illustrated in Figure 1. SLC6A4 is a 25-kb,
14 exon gene located on chromosome 17. Exon one is subdivided
into three segments, 1A, 1B, and 1C, that are differentially spliced
to provide three known mRNA products that include exons 2-14
in addition to their unique portions of exon one (Exon 1A+B,
1A, and 1C).

First, we examined the levels of total and splice variant specific
SLC6A4 expression using RTPCR and primer probes sets designed
to recognize the each of the three splice variants described by
Ozsarac et al. (2002). Despite several attempts, we were unable to
detect expression of the two variants containing exon 1C or just

Table 1 | Clinical, demographic, and genetic characteristics of the IAS

subjects.

History of abuse No history of abuse

N 26 132

Age 45±7 46±8

SEXUAL ABUSE

Family member only 13

Non-family member Only 10

Both 3

ETHNICITY

White 25 124

AA 0 2

White of Hispanic origin 0 3

Other 1 1

GENOTYPE

SS 3 26

SL 9 62

LL 14 44

*Total ethnicity does not add up to 158 because the ethnicity of two individuals

were not available.

exon 1B. However, using a previously developed probe set which
recognizes the exon 1A+B variant (the MGB probe bridges the
junction between 1A and B) and a probe that recognizes all three
variants (the MGB probe bridges exon 7 and 6). The relationship
of the expression levels of each of these transcripts to 5HTTLPR
genotype is given in Table 2. As the table indicates, although the
directionality is consistent with prior findings, in this small group
of samples 5HTTLPR genotype was only significantly associated
with total SLC6A4 mRNA levels (Exon 8), but not with the levels
of the Exon 1A+B containing transcript. In addition, consistent
with prior assessments, the level of the Exon 1A+B containing
transcript was only partially correlated with total mRNA levels
(r = 0.70).

The relationship between methylation at each of the CpG
residues and gene expression is delineated in Table 3. As the table
indicates, the expression of the Exon 1A+B containing transcript
was significantly associated with two consecutive CpG residues in
the intronic region immediately adjacent to Exon 1C. In contrast,
total mRNA expression was only significantly associated with a
methylation at cg05016953, a probe found 375 bp upstream of
the transcription start site (TSS). There were no significant rse-
lationships between methylation status at any of the probes and
5HTTLPR genotype including at two probes (cg12074493 and
cg06841846) which map to the 5HTTLPR repetitive region.

The methylation of the core portion of the CpG island has
determined previously using MALDI-TOF mass spectroscopy.
Therefore, in an attempt to understand the reliability of these
two types of methylation measures, we compared the current
values obtained using the Illumina arrays with previous values.
Overall, 4 CpG residues (cg03363743, cg14692377, cg05016953,
cg25725890) at this locus were surveyed by both approaches. At
each CpG residue, the degree of methylation determined by each
method was significantly correlated with the average adjusted r2

equaling ∼0.34.
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FIGURE 1 |The position of the methylation probes relative to the
structure of SLC6A4. Numbers in bold represents the 14 exons present in
this gene. Dark blue ovals correspond to untranslated regions (UTR) of
SLC6A4 while light blue ovals correspond to translated portions of the exons
with the translation start site being contained within exon 2. The “first exon”
actually contains three variably splice DNA segments labeled 1A, 1C, and 1B.
The identity of the methylation probes is indicated by boxes with Roman
numerals. Probes I (cg1207449), II (cg06841846), and III (cg18584905) are
situated at the “south shore” of the gene upstream of the transcription start

site (TSS). Probes IV (cg27569822), V (cg10901968), VI (cg26741280), VII
(cg25725890), and VIII (cg05016953) are contained within the portion of the
CpG island proper upstream of the transcription start site (TSS) while Probe IX
(cg14692377) is contained both within the CpG island proper and exon 1A.
Probes X (cg03363743), XI (cg22584138), and XII (cg05951817) are situated at
the north shore and Probe XIII (cg26126367) at the north shelf of the gene in
intron 1A. Probe XIV (cg01330016) is in intron 1B while Probe XV
(cg24984698) intron 2. Finally, Probe XVI (cg20592995) is immediately distal
to the 3′UTR. The transcription start site is at exon 1A.

Table 2 |The relationship of genotype to mRNA expression.

Genotype N Exon 1 Z score Exon 8 Z score

SS 29 −0.053±0.84 −0.387±1.45

SL 71 −0.004±0.90 0.043±0.83

LL 58 −0.182±0.98 0.012±0.91

The relationship between methylation and gene expression to
genotype, abuse, and the interaction effects of genotype and abuse
is delineated in Table 4. Two distinct classes of sexual abuse were
examined. However, since results were very similar we report only
the analyses focused on sex abuse by a family member and will
provide the parallel results including non-family member abuse
upon request.

DISCUSSION
In summary, we conducted iterative examinations of the relation-
ships of gene methylation on SLC6A4 mRNA expression and of
genotype and child abuse interaction effects with methylation.
Limitations of this work include the small number of subjects,
the lack of full correction for multiple comparisons, the use of
non-CNS biomaterials and the self-report nature of the data.

The overarching goal of this project was to continue the
biological conversation as the possible biological mechanisms
through which childhood sex abuse leads to adult psychopathol-
ogy. Whereas it is doubtless that a portion of this increased procliv-
ity for depression and other forms of behavioral illness is engen-
dered at the neuroanatomical level, one of the leading hypotheses is
that childhood trauma also leaves an indelible mark on gene tran-
scription. If so, the mechanisms underlying these changes should
be demonstrable, and perhaps, remediable. In prior examinations,
we demonstrated that changes in SLC6A4 genotypically contextual

changes in promoter methylation were associated with self-reports
of child abuse but did not analyze the relationship of those changes
methylation to SLC6A4 transcription. The connection of changes
in methylation to possible changes in gene transcription are critical
to the hypotheses specifying molecular changes as a result of child
abuse because of the tight connection between levels of mRNA
and protein (Schwanhausser et al., 2011). But despite the rela-
tive ease of conducting examinations of peripheral SLC6A4 gene
expression, in our published (Philibert, 2008) and unpublished
examinations, we have not been able to demonstrate a significant
relationship between SLC6A4 gene expression and depression and
there is a relative paucity of publications in this area and we were
led to conclude that on the basis of the extant literature, that there
may not be a tight connection between the changes in gene methy-
lation observed in these and other studies and peripheral SLC6A4
gene expression.

In the current study, we again demonstrate significant GxE
effects but do not find a robust connection between these methyla-
tion changes and SLC6A4 gene expression. A possible explanation
this observation is that the changes in peripheral blood methy-
lation do effect gene transcription, but only affect transcription
in the brain. In prior decades, this possibility would be deemed
unlikely but over the past several years it has become increasingly
clear that although individual variance in methylation may be
conserved across tissues (Mill et al., 2011; Monick et al., 2012),
secondary to the effects of tissue specific transcription factors
and multiply spliced genes, these harmonized changes in methyla-
tion may not have synonymous effects on gene transcription (Fan
and Zhang, 2009). Since SLC6A4 has three known splice variants
(Ozsarac et al., 2002) and we have repeatedly demonstrated that
the expression of the Exon 1A+B variant is only partially corre-
lated with total mRNA as measured by the probe set that spans the
juncture of exon 7 and 8 (Philibert et al., 2007b; Philibert, 2008),
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Table 3 | Methylation probe characteristics and their relationship to gene expression.

Probe ID TSS position Island status Average β value Exon 1A+1B p value Exon 8 p value

I cg12074493 −1416 S shore 0.09 0.943 0.430

II cg06841846 −1393 S shore 0.09 0.809 0.982

III cg18584905 −599 S shore 0.20 0.666 0.634

IV cg27569822 −466 Island 0.04 0.251 0.623

V cg10901968 −455 Island 0.05 0.708 0.719

VI cg26741280 −436 Island 0.15 0.670 0.796

VII cg25725890 −353 Island 0.10 0.113 0.031*

VIII cg05016953 −112 Island 0.09 0.205 0.056

IX cg14692377 22 Island 0.19 0.119 0.516

X cg03363743 227 Island 0.30 0.952 0.594

XI cg22584138 433 N shore 0.41 0.041* 0.779

XII cg05951817 511 N shore 0.39 0.009* 0.716

XIII cg26126367 3204 N shelf 0.81 0.966 0.725

XIV cg01330016 12315 0.78 0.572 0.459

XV cg24984698 14157 0.62 0.139 0.573

XVI cg20592995 38541 0.59 0.485 0.478

Asterisk indicates statistical significance at a level of p < 0.05.

Table 4 | Effects of genotype and abuse on methylation1.

Probe Genotype Sig Abuse Sig Genotype×abuse Sig

cg12074493 0.889 0.786 0.498

cg06841846 0.200 0.626 0.551

cg18584905 0.008* 0.024* 0.003*

cg27569822 0.818 0.697 0.608

cg10901968 0.760 0.733 0.429

cg26741280 0.347 0.360 0.980

cg25725890 0.841 0.543 0.753

cg05016953 0.556 0.473 0.246

cg14692377 0.735 0.690 0.932

cg03363743 0.634 0.671 0.784

cg22584138 0.042* 0.057 0.080

cg05951817 0.135 0.016* 0.191

cg26126367 0.826 0.337 0.619

cg01330016 0.538 0.294 0.381

cg24984698 0.081 0.212 0.058

cg20592995 0.042* 0.331 0.156

EXON 8 0.762 0.594 0.996

EXON 1 0.417 0.371 0.579

1We found a similar pattern of significant effects using all sex abuse prior to age

16, including that by non-family members, but the effects were slightly weaker.

In particular there was a significant effect of all sex abuse on methylation sat

CG05951817.

Asterisk indicates statistical significance at a level of p < 0.05.

if the changes observed in DNA methylation in association with
child abuse are real, they may be exerting their effects through
changes in other, more CNS specific SLC6A4 splice variants.

Unfortunately, to the best of our knowledge, the transcriptional
repertoire of CNS serotonergic neurons has not been described
thus making it difficult to make more exact comparisons of
lymphoblast and CNS specific SLC6A4 transcription. However

in rats, the 1A+ 2, which was not detected at all in our efforts, was
expressed more abundantly in the CNS than 1A+ 1B+ 2 variant
(Ozsarac et al., 2002). Therefore, studies to examine the relation-
ship of methylation to expression of CNS specific splice variants,
preferably using native human cells would be enlightening.

In this regard, it is important to also discuss the strengths and
weaknesses of the lymphoblast cell lines used in the current studies.
Without a doubt, lymphoblasts are valuable models for investiga-
tions of the relationship of genetic changes to gene expression
and have been used in thousands of previous studies. However,
it is also clear that these cell lines have weaknesses when exam-
ining methylation. An early study by Grafodatskaya et al. (2009)
using four lymphoblast cell lines demonstrated that the signa-
tures in lymphoblasts are not the same as native lymphocytes
and that extended serial passage of these lines further exacer-
bated these differences. However, a recent study by Sun et al.
(2010) using the Illumina 27K platform of 34 matched sets of
lymphoblasts showed that the vast majority of cell lines had corre-
lation coefficients of greater than 0.9 with the vast majority of all
differences in methylation between the cell types being identifiable
by factor analysis. Given these findings and the findings by Vawter
and colleagues which demonstrated the high correlation of gene
expression between these two types of cell preparations (Rollins
et al., 2010), the extant literature indicates that the current findings
are reliable but needing further confirmation.

Of significant relevance to the hypothesis that child abuse exerts
a part of its effects thorough altered SLC6A4 methylation is that
the CpG residue immediately downstream of the 5HTTLPR is the
most significantly associated residue in our analyses. Given the
wealth of prior analyses that demonstrate the effects of this motif
at the transcriptional and interactive levels, this seems only logi-
cal. However, the failure of the two immediately upstream (more
5′) residues is difficult to understand at first glance. However, it
is important to note that these two residues (cg12074493 and
cg06841846) map to the repetitive element themselves and the
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molecular mechanism through which increased VNTR number
confers increased transcription is unknown. Therefore, it is quite
possible that these probes do not accurately interrogate the methy-
lation status at CpG residues these degenerate sequences or that
they do not interrogate the most relevant portion of the VNTR
associated haplotype.

Overall, 26 of the 158 (16%) female subjects who participated
in the study reported childhood sexual abuse which is somewhat
lower than the 22% rate reported in the general population (Gorey
and Leslie, 1997). An additional consideration in this regard is the
reliability of this type of adult recollections of childhood abuse. A
study by Widom and Morris examine the accuracy of these recol-
lections in a sample of subjects with documented histories of sex
abuse. Surprisingly, she found that only two thirds of those with
documented histories of sexual abuse as children reported this
abuse when interviewed as an adult some 20 years later (Widom
and Morris, 1997). Conversely, Loftus and colleagues have demon-
strated the tendency of individuals to falsely report memories
of childhood abuse (Loftus, 1996). Hence, it is reasonable to be
suspicious of both Type I and Type II errors in these analyses.

Somewhat surprisingly, the expansion of the affected status in
the sexual abuse analyses to include those 10 individuals who were
abused by non-family members but not by family members did
not increase the significance of the results. Reassuringly, however,
in this second expanded analysis the results continued to identify
differential methylation at cg18584905 continued to be significant
in all aspects of analysis. Although there are a number of ways to
interpret these results, one possible conclusion from these results
is that consistent with previous findings (Bulik et al., 2001), the
impact of sexual abuse by non-family members in this population
is not as severe as the impact of sexual abuse by members of one’s
own family.

This is one of few studies to directly compare the results
obtained from the Sequenom mass spectroscopy and Illumina sin-
gle base extension technologies using aliquots of the same samples
of DNA. The results, which show modest concordance between
the results at the four residues, suggest that the current results are
reliable but suggest that there is room for improvement in at least
one of the approaches.

In our original analyses, we only examined the effects of child
abuse by family members. In this study, we expand our analy-
ses to include sexual abuse by non-family members. Despite the
increased number of affected individuals, the strength of the find-
ings at cg18584905 did not increase. Although many explanations
for this are possible, consistent with the findings of Sen and col-
leagues who found that the severity of stressors had significant
effects on the strength of the GxE effects (Karg et al., 2011),
it may well be that sexual abuse by family members has much
more severe effects on young women than abuse by non-family
members.

In summary, in this communication, using a different tech-
nique, we examine the effects of childhood sexual abuse on methy-
lation at 16 residues spanning the SLC6A4 gene and, among func-
tional loci, demonstrate a significant genotype dependent effect
at cg22584138 and a significant effect of sex abuse at the adjacent
loci cg05951817, residues that are downstream of exon 1A.
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