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Although most persons are exposed to traumatic events throughout their lives, many to 

multiple traumatic events, only a minority develop posttraumatic stress disorder (PTSD) (1), 

suggesting that individual vulnerability and resilience factors are important in PTSD 

pathophysiology. Posttraumatic stress disorder is heritable (2), suggesting that these 

individual differences might, in part, be explained by genetic factors. Two articles in this 

issue, Wilker et al. (3) and Xie et al. (4), use different study designs and methods to reach 

the same goal: to understand the genetic basis of PTSD.

Candidate gene studies, such as that of Wilker et al., are predicated on the argument that the 

use of prior biological knowledge will lead to the identification of robust genetic risk 

variants. This study builds upon one of the central features of PTSD, memory disturbance, 

characterized by re-experiencing symptoms. Wilker et al. present a careful justification for 

studying KIBRA, a memory-related protein. The authors report their finding that the minor 

alleles of two intronic single nucleotide polymorphisms (SNPs) within WWC1—the gene 

encoding the KIBRA protein—rs10038727 and rs4576167, were associated with reduced 

risk of lifetime PTSD in Rwandan genocide survivors. They found a dose–response 

relationship with these alleles and replicated the finding in a highly-traumatized Ugandan 

sample. This is the first report of an association between KIBRA and PTSD.

In contrast to candidate gene studies, genome-wide association studies (GWAS), such as 

described by Xie et al., take an agnostic approach to identifying genetic variants for disease. 

Xie et al. conducted a GWAS in 1578 European Americans and 2766 African Americans 

who had previously participated in genetic studies of substance dependence. The authors 
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found a single genome-wide significant hit, rs406001, which is “intergenic” (i.e., see Table 

1, a glossary of common genetic terms). The second strongest association mapped to the 

first intron of the Tolloid-like 1 gene (TLL1) in the European American sample but not the 

African-American sample. Two SNPs (rs6812849, rs7691872) in TLL1 replicated in an 

independent European-American sample. These results provide the first evidence for a role 

for TLL1 in PTSD.

Wilker et al., with its strong a priori hypothesis, good SNP coverage across the gene, and 

replication sample, represents the best of modern candidate gene studies. However, such 

studies have fallen out of favor in many areas of medical genetics, due to the high rates of 

false positive findings and low rates of replication (5). Many journals, including Behavior 

Genetics and Neuropsychiatric Genetics, have established policies requiring stricter 

standards for such studies. An additional criticism of candidate genes studies is that current 

biological knowledge is often insufficient to correctly specify candidate gene hypotheses. 

The GWAS studies have revealed that the majority of true risk variants identified by GWAS 

are found in noncoding regions rather than being located in the protein-coding portions or 

exomes of genes (note that the SNPs associated with PTSD in both Wilker et al. and Xie et 

al. were intronic and intergenic). In total, only approximately 1.5% of the genome codes for 

proteins is collectively known as the “exome.” Given that the human genome is vast 

(containing 3 billion base pairs of DNA; 1 million common, independent genetic variants; 

and approximately 20,000 protein-coding genes), the ability of GWAS to assess millions of 

genetic variants across the genome is viewed by many as preferable for discovering robust 

pathways, compared with the candidate approach, which focuses on a single genetic location 

(Figure 1).

Candidate gene research continues, despite these concerns. Strengths of such studies include 

dense coverage of targeted genes and the ability to test mechanistic hypotheses. We believe 

that the best approach is to proceed with appropriate caution with regard to candidate gene 

findings (given their poor track record in many fields), rather than dismiss candidate gene 

studies from the outset, but to be open to the possibility that they might yield important new 

leads. Replication through many studies, meta-analyses, and ultimately large GWAS 

approaches will lend credibility (or not) to PTSD candidate gene findings. Furthermore, it is 

important to note that samples sizes under 5000 or even 10,000 are now considered to be 

relatively “small” by modern genetics standards (6). Convincing demonstrations of 

association, underscored by the discovery of hundreds of loci for individual traits and 

disorders, now come from GWAS of tens or even hundreds of thousands of individuals (7).

Along with our colleagues in the field, we established the PTSD working group within the 

Psychiatric Genomics Consortium to accomplish the critical next step in PTSD genetics: to 

conduct very large meta- and mega-analyses of candidate and GWAS studies of PTSD—

work that can only be accomplished by large “team science.” Taken together, Wilker et al. 

and Xie et al. highlight five challenges to consider as the field moves forward.

The first challenge is how to assess, quantify, and account for trauma exposure in the 

analysis. Wilker et al. considered a cumulative measure of lifetime trauma (trauma load) 

exposure in their analysis. The authors also tested whether trauma load modified genetic risk 
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but found no evidence for interaction. Xie et al. did not consider trauma exposure except in 

a sensitivity analysis, whereby they repeated their analyses limiting the sample to trauma-

exposed persons. Although the single genome-wide genotype × environment interaction 

study on a psychiatric phenotype (8), did not yield significant findings, such genome-wide 

gene × environment studies have been successful (9). Genome-wide association studies of 

PTSD will need to consider trauma load, type, timing, and severity, given that trauma 

exposure is a necessary condition for the PTSD diagnosis.

The second challenge is the definition of the PTSD phenotype. The diagnosis of PTSD is 

often described as a “Chinese menu” because case status depends on the person meeting a 

specified number of criteria within three (in DSM-IV) or four (in the new DSM-V) symptom 

clusters. Posttraumatic stress disorder is heterogeneous in that two people can be diagnosed 

with PTSD and yet have different subsets of symptoms in each of the clusters. Also, whether 

there are unique genetic influences on each cluster (or even each individual symptom type) 

is yet unknown. Wilker et al. tested the association of WWC1 SNPs and PTSD symptom 

clusters; an implicit hypothesis was that a stronger association with WWC1 SNPs would be 

observed with the re-experiencing cluster; however, no strong evidence of differential 

association was found. The authors acknowledge that the power for these analyses was 

limited.

The third challenge is comorbidity. Posttraumatic stress disorder is highly comorbid with 

other mental disorders, even in nonclinical samples (1). Twin studies suggest that the high 

comorbidity of PTSD with other disorders—including major depression; panic disorder; 

generalized anxiety disorder; and nicotine, alcohol, and drug dependence—is due to shared 

genetic factors (2). Cross-disorder analyses of genome-wide data reveal common genetic 

risk variants across disorders (10), and we expect such variants will also be associated with 

PTSD.

The fourth challenge is population stratification. Genotype distributions at many loci vary by 

ancestry. For example, the minor allele frequency of the genome-wide significant SNP in 

Xie et al. (rs406001) is approximately 6% in Europeans and approximately 30% in Sub-

Saharan Africans. If case status also varies by ancestry, and this is not taken into account, a 

spurious genotype– phenotype association might be observed. Concerns about population 

stratification have prompted the use of predominately racially and ethnically homogenous 

samples. The Psychiatric Genomics Consortium (PGC) has, thus far, only published a mega-

analysis on samples of European descent. In contrast, the PGC PTSD working group 

includes almost 10,000 samples from African and African-American participants. Thus, 

large scale meta- and mega-analysis of candidate gene and GWAS of PTSD will have to 

grapple with data from multiple populations.

The fifth challenge is sampling. Like most genetic studies in psychiatry, neither Wilker et al. 

nor Xie et al. use epidemiologic methods to identify population-representative samples. 

Thus, persons with PTSD in these studies, as in most other studies published to date, are not 

representative of persons with the disorder in the general population. The implication is that 

findings from these studies might not generalize to samples with different genetic 

backgrounds, trauma exposure histories, and comorbidity profiles. The lack of systematic 
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sampling is also a barrier to the use of genetic findings for risk prediction. A major focus of 

current biologically driven PTSD research is to identify biomarkers of the disorder that 

distinguish between persons at high and low risk of developing PTSD after trauma exposure 

to better target evidence-based interventions to high-risk groups. For genetic variants to be 

useful in this broader context, studies of representative samples are needed.

Wilker et al. and Xie et al. studies represent the best of the new generation of PTSD genetic 

research. Nevertheless, experience with other complex genetic disorders suggests reason for 

cautious adoption of findings from candidate gene studies and relatively ”small” GWAS. 

Fortunately, a roadmap for successfully identifying reliable biomarkers for other complex 

genetic diseases such as diabetes and schizophrenia has been drawn, with hundreds of 

genetic loci being identified for many diseases. The international PGC-PTSD Consortium 

aims to achieve the same success for PTSD by bringing together researchers around the 

globe to conduct mega- and meta-analyses of PTSD GWAS.
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Figure 1. 
Graphic representation of the approximately 1 million common, independent variants in 

genome, which provides a simplified depiction of the coverage difference between: 1) 

candidate gene studies; and 2) genome-wide association studies (GWAS).

Koenen et al. Page 5

Biol Psychiatry. Author manuscript; available in PMC 2015 October 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Koenen et al. Page 6

Table 1

Glossary of Common Terms Used in Genetic Studies

Term Definition

Phenotype Outcome variable of interest, such as case/control status or a quantitative measure of symptom severity

Genome The entirety of hereditary information of an organism. Humans have approximately 3.2 billion base pairs of primarily nuclear 
DNA

Locus A location in the genome, which might be one specific position, a region such as a gene, or a segment of DNA that contains 
genetic variants that are correlated with one another (a “haplotype”)

Allele One of two or more alternative genetic variations at a particular locus

Genotype For most genetic variants in the genome, humans have two copies of a genetic variant (given the 23 pairs of chromosomes of 
humans). The genotype of a person is the pair of alleles at a specific position in the genome

SNP Single nucleotide polymorphism: a genetic variation indexed by a specific location in the genome and (typically) a name, which 
takes the form of an “rs number.” For example, rs10038727 in Wilker et al. is an SNP with two alleles, G and A. Thus, the three 
genotypes that an individual might have are GG, GA, and AA

Association Genetics term for statistical relationship, which might be assessed by logistic or linear regression or similar methods

Exome The portion of the genome that directly codes for proteins; collectively the exome accounts for 1.5% of the genome

Intronic From the noun ”intron,” intronic denotes location in an intron of a gene

Intergenic Refers to a location in the genome that is not within known protein-coding genes
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