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Abstract

Follow-up and Extension of a Prior Genome-wide Association Study of Posttraumatic Stress
Disorder: Gene x Environment Associations and Structural Magnetic Resonance Imaging in a
Highly Traumatized African-American Civilian Population

To the Editor

A genome-wide significant single nucleotide polymorphism (SNP) was recently reported (p
=3.97 x 1078) on chromosome 7p12, rs406001, in a genome-wide association study
(GWAS) of posttraumatic stress disorder (PTSD) (1). Although this SNP was found
significant in a European American (EA) population (n = 1578), it was not significant in
their African-American (AA) cohort (n = 2766) or in additional replication samples
(approximately 2000 EAs). We sought to replicate the top associations from this prior work
in our large GWAS for PTSD and to extend these findings with structural magnetic
resonance imaging (MRI) to examine potential intermediate neural phenotypes of this
polymorphism.

Our sample consisted of study participants from Grady Memorial Hospital (Atlanta,
Georgia) as part of the Grady Trauma Project. As previously shown (2), these participants
were adult, primarily female, highly traumatized, impoverished, primarily AA, with high
rates of PTSD. We assessed current PTSD symptoms in over 3000 AA subjects with GWAS
data with the PTSD symptom scale (mPSS) (3). Other phenotype measurements included in
the data collection were Childhood Trauma Questionnaire (4) as a measure of childhood
trauma; and Beck Depression Inventory (5) as a measure of depressive symptoms.

The DNA was extracted from saliva in Oragene collection vials (DNA Genotek, Ontario,
Canada) with the DNAdvance kit (Beckman Coulter Genomics, Danvers, Massachusetts).

© 2014 Society of Biological Psychiatry.

"Corresponding author: kressle@emory.edu.
Authors LMA and AS contributed equally to this work.

The authors report no biomedical financial interests or potential conflicts of interest.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Almli et al.

Page 2

The top SNPs from Xie et al. (1) were genotyped on the lllumina Omnil-Quad microarray,
and statistical genetic analyses were performed in PLINK (6) and R statistical software
(http://www.r-project.org/). The genotyping call rate for the SNPs was >.99, and the
distribution did not depart from Hardy-Weinberg equilibrium (p > .1). To reduce potential
bias by population stratification, we restricted the analysis to 3215 AA subjects who
clustered together on principal component analysis. With linear regression, we found that
the top SNPs reported in Xie et al. (1) did not replicate as main effects in associations with
PTSD symptoms in our study (Figure 1A); however, we found a significant genotype x
environment interaction (G x E) with childhood trauma in their top SNP rs406001 (n =
3076, t = 14.98, p =.0006) (Figure 1B). In fact, all three tested SNPs near the gene COBL
had significant G x E interactions with childhood trauma in our AA population.

To examine the potential effects of this genotype on brain structure, we used MRI data from
a subset of subjects on whom we had collected imaging data. Diffusion-weighted images
(isotropically distributed along 60 directions; 39 x 2.5-mm-thick axial slices, matrix = 128 x
128, field of view = 220 x 220 mm, voxel size = 1.72 x 1.72 x 2.5 mm) were acquired from
AA women between 18 and 62 years of age (n = 66, mean age = 38.5, SD = 12.7) with
parameters previously described (7). All image processing and analysis were conducted with
FMRIB Software Library (FSL version 4.1; http:/fsl.fmrib.ox.ac.uk/fsl/fslwiki/) (8), similar
to a previous study (7). Tract-based spatial statistics (version 1.2) were used to examine
associations between rs406001 genotype, childhood trauma, and fractional anisotropy (FA)
across the entire brain. There were no significant main effects of childhood trauma exposure
or G x E interactions with regard to FA values (p < .1, family-wise error corrected
threshold). However, we observed a main effect of genotype. Compared with the CC
genotype, carriers of the risk (T) allele demonstrated significantly lower FA in the following
areas: left inferior-fronto occipital fasciculus; left inferior longitudinal fasciculus; white
matter in the left frontal orbital cortex; and the left uncinate fasciculus (p < .1, family-wise
erroreorrected) (Figure 1C,D). Univariate analysis of covariance results revealed that, after
statistically controlling for age, current PTSD (mPSS), and depression symptoms (Beck
Depression Inventory), the relationships between rs406001 genotype and FA within these
clusters remained statistically significant (all p values < .01).

In summary, we found a significant effect of rs406001 (and other SNPs in linkage
disequilibrium) interacting with childhood trauma exposure in a large AA cohort. These data
suggest that examining trauma exposure in combination with genetic risk might allow more
robust integration across population cohorts, because the original study found no main effect
in AA subjects.

The rs406001 SNP is intergenic with no known function; however, the closest gene is
COBL, which might be related to actin polymerization and neuronal development and
function. Our brain imaging findings indicate that risk allele carriers demonstrate alterations
in white matter integrity in brain regions associated with emotion processing; in particular,
the uncinate fasciculus serves as a primary connection between the amygdala and ventral
aspects of the prefrontal cortex, which is thought to play a role in extinction of learned fear
(9,10). Thus, it is possible that risk allele carriers are more vulnerable to the development of
anxious psychopathology via decrements in these white matter pathways. These data serve
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as a partial replication and extension of the first large GWAS for PTSD and suggest a
putative white matter intermediate phenotype that might underlie PTSD risk.
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COBL i rs406001 52006415 0.18 0.34 0.0006 0.002
COBL 7 rs450378 52008734 0.32 0.97 0.008 0.02
COBL 7 rs382903 52033199 0.20 0.17 0.0003 0.001
TLL1 4 rs7691872 166865585 0.35 0.26 0.1 0.13
TLL1 4 rs1503292 166867875 0.50 0.94 0.39 0.44
TLL1 4 rs6812849 166872536 0.47 0.80 045 0.45
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Figure 1.
Main effects, gene x environment (G x E) interactions, and neuroimaging phenotypes

associated with top posttraumatic stress disorder (PTSD) hits from Xie et al. (1). (A)
Association tests (linear regression) of main effects with PTSD symptoms (mPSS) and G x
E with childhood trauma. (B) Regression lines with 95% confidence intervals (dotted lines)
showing predicted PTSD symptom severity on the basis of childhood trauma load. These
lines illustrate that there is an interaction between childhood trauma load and T carriers of
SNP rs406001. VVoxel-wide t test results indicating (in red) lower fractional anisotropy in TC
compared with CC genotype (for SNP rs406001) in sagittal (C) and axial (D) sections as
well as locations in accompanying table. Blue voxels depict the uncinate fasciculus (defined
by the Johns Hopkins White Matter Atlas). BP, base pair; Chr, chromosome; MAF, minor
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allele frequency; Max, maximum; p-naive, standard regression model p value; p-robust, p
value adjusted with robust standard errors with R package geepack (11); SNP, single
nucleotide polymorphism.
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