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Abstract
Personality traits are summarized by five broad dimensions with pervasive influences on major life
outcomes, strong links to psychiatric disorders, and clear heritable components. To identify genetic
variants associated with each of the five dimensions of personality we performed a genome wide
association (GWA) scan of 3,972 individuals from a genetically isolated population within Sardinia,
Italy. Based on analyses of 362,129 single nucleotide polymorphisms (SNPs) we found several strong
signals within or near genes previously implicated in psychiatric disorders. They include the
association of Neuroticism with SNAP25 (rs362584, P = 5 × 10−5), Extraversion with BDNF and
two cadherin genes (CDH13 and CDH23; Ps < 5 × 10−5), Openness with CNTNAP2 (rs10251794,
P = 3 × 10−5), Agreeableness with CLOCK (rs6832769, P = 9 × 10−6), and Conscientiousness with
DYRK1A (rs2835731, P = 3 × 10−5). Effect sizes were small (less than 1% of variance), and most
failed to replicate in the follow-up independent samples (N up to 3,903), though the association
between Agreeableness and CLOCK was supported in two of three replication samples (overall P =
2 × 10−5). We infer that a large number of loci may influence personality traits and disorders, requiring
larger sample sizes for the GWA approach to identify significant genetic variants.
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Introduction
Behavior genetic studies reveal that personality traits, like psychiatric disorders, have a genetic
basis. Twin, adoption, and family studies indicate that personality factors are heritable, with
about 50% of the variance of the underlying components accounted for by additive and non-
additive genetic factors (1-3). However, identifying the genetic variants associated with
personality traits is challenging. A large number of studies have tested several candidate genes,
especially for the Neuroticism factor, but these studies have produced largely inconclusive
results. Similarly, genetic linkage studies, usually based on 400-500 microsatellite markers,
have suggested loci for Neuroticism (4-7), but only a few genomic regions (e.g., 12q) have
been reported in multiple studies. Difficulties in identifying specific loci suggest that, as has
been observed for a number of quantitative traits, genetic influences on these complex traits
are likely attributable to many genes, each with a small effect size. To detect such small genetic
effects, there is a growing interest in high throughput genotyping technologies that examine
large numbers (e.g., 500,000) of single nucleotide polymorphisms (SNPs) densely mapped
across the entire genome. Using these more incisive genome-wide association (GWA) scans,
recent studies have reliably identified common variants associated with complex traits and
diseases that include BMI (8,9), height (10,11), inflammatory bowel disease (12,13), and type
1 and type 2 diabetes (13,14). So far, only one GWA study of a personality trait has been
published (15). That study used DNA pools from about 2000 individuals with extreme scores,
but the results were limited to Neuroticism, only one of the five broad dimensions of
personality.

Personality profiles assessed with the NEO-PI-R questionnaire can be conveniently
summarized by five major dimensions (16). Neuroticism (N), the tendency to experience
negative emotions such as anxiety, anger, and depression; Extraversion (E), the tendency to
be sociable, warm, active, assertive, cheerful, and in search of stimulation; Openness to
Experience (O), the tendency to be imaginative, creative, unconventional, emotionally and
artistically sensitive; Agreeableness (A), the dimension of interpersonal relations,
characterized by altruism, trust, modesty, and cooperativeness; and Conscientiousness (C), a
tendency to be organized, strong-willed, persistent, reliable, and a follower of rules and ethical
principles. Consistent with their biological basis, these five dimensions can be assessed in all
cultures tested so far and the five-factor structure can be clearly replicated in most samples
(17). Sex differences and maturational trends are other universal features of personality, with
women everywhere generally scoring higher on Neuroticism and Agreeableness (18), and with
younger people generally scoring higher on Neuroticism, Extraversion, and Openness, but
lower on Agreeableness and Conscientiousness in most cultures (19). Furthermore, the five
factors are predictors of important life outcomes (20,21), including well-being (22), academic
performance (23), vocational interests (24), marital stability and satisfaction (25), health risk
behaviors (26,27), and longevity (28). All five factors are related to personality disorders
(29), and several researchers advocate a dimensional model in the upcoming DSM-V to
reorganize the conceptualization and diagnosis of personality disorders (30). More generally,
personality traits are thought of as risk factors, diagnostic indicators, and predictors of onset,
severity, and outcome for most psychiatric disorders (31-33). These phenotypic links are
supported at the genetic level; twin studies indicate that personality traits share a large
proportion of genetic variance with depression and other disorders (31,34-36). Personality traits
are increasingly recognized as endophenotypes in genetic studies of mental disorders (7,37).

The present study provides the first GWA results for all five dimensions of personality, as
measured by the Revised NEO Personality Inventory (NEO-PI-R)(38). This study is part of
the SardiNIA project (3), which has targeted a highly interrelated population from the isolated
Ogliastra region of Sardinia, Italy (3). Common variants associated with several complex traits
(8,11,39-41) have been successfully identified in this sample, and the results replicated across
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diverse populations. The studies of population isolates are advantageous because these groups
are highly homogeneous, reducing the risk of spurious associations due to population
stratification. Furthermore, population isolates have more extensive stretches of linkage
disequilibrium (LD) compared to outbred populations (42). The wider level of LD increases
the genome-wide coverage of standard SNP arrays in cohorts such as the Sardinian. The
advantages of having reduced variability in a founder population come at the cost of lower
power to replicate the effects in more heterogeneous populations. However, several findings
from this Sardinian cohort have been replicated in other populations (8,11,39-41).

Here we report associations of the five personality factors with 362,129 SNPs in 3,972
Sardinians. SNPs most strongly associated with each factor were genotyped in independent
samples to look at the replicability of the findings in other populations.

Method
Sample description

We recruited 6,148 individuals, about 62% of the population aged 14 to 102 years, from a
cluster of four towns in the Lanusei Valley (3). Subjects are native-born, and at least 95% are
known to have all grandparents born in the same province (3). Valid personality data was
obtained from 5,669 subjects (43), of which 3,972 were genotyped. The sample was composed
of 2,250 women and 1,722 men (43.3%). Age ranged from 14 to 94 (M = 42.8, SD = 17).

Personality assessment
Personality traits were assessed using the Italian version of the Revised NEO Personality
Inventory (NEO-PI-R), a 240-item measure of the five dimensions of personality (38). The
domain scores are computed by summing up the six facets that compose each factor. Items are
answered on a five-point Likert scale, from strongly disagree to strongly agree, and scales are
roughly balanced to control for the effect of acquiescence. The NEO-PI-R has a robust factor
structure that has been replicated in Italy (44) and in more than 50 cultures (17). Scales have
shown longitudinal stability (45), cross-observer agreement, and convergent and discriminant
validity in a large body of studies (16). Trained Sardinian psychologists administered the tests.
In the Sardinian sample, the NEO-PI-R showed good psychometric properties, with internal
consistency reliabilities for the five factors ranging from 0.80 to 0.87, and a factor structure
that replicated the American normative structure at the phenotypic and the genetic level (3,
43,46).

Genotyping and imputation
DNA was extracted from blood samples. In the Sardinian cohort, 3,329 and 1,412 individuals
were genotyped with the Affymetrix 10K and Affymetrix 500K Mapping array set,
respectively, with 436 individuals generating an overlapping dataset. We took advantage of
the relatedness among individuals in our sample to reduce study costs. Using a modified
Lander-Green algorithm, full genotypes on the 2,893 individuals typed with only the 10K panel
were imputed based on stretches of shared haplotype, permitting analyses on 4,305 individuals,
of which 3,972 had personality data (47). For individuals who had genotype data available at
the SNP being tested, we coded genotypes as 0, 1, or 2, depending on the number of copies of
an arbitrary reference allele for each SNP. For individuals with missing genotype data, we used
the Lander-Green algorithm to estimate the number of copies of the allele carried by each
individual (based on the genotypes of family members) and assigned each individual a score
ranging between 0 and 2 (47). This estimate incorporates allele frequency information, the
genotypes of relatives for the SNP of interest, and flanking marker data. For computational
efficiency, the Lander-Green algorithm was applied to sub-pedigrees, each including no more
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than 20-25 individuals, resulting in a dataset where the average analysis unit consisted of a
family with 12.3 members and 3.2 generations.

GWA analysis
Of the combined 500K and 10K Mapping array sets, the association analyses focused on
362,129 SNPs that passed quality control checks (48,49). The remaining SNPs failed quality
checks (∼2.9% of SNPs failed checks for data completeness, Hardy-Weinberg equilibrium,
and Mendelian incompatibilities) or had a minor allele frequency of <5% (∼25.7% of SNPs
had low minor allele frequencies). Although the five factor scores are approximately normally
distributed, to avoid inflated type I error rates an inverse normal transformation was applied
to all phenotype variables prior to analysis. Association analyses were carried out as described
elsewhere (8,47). The additive genetic effect was estimated for each SNP in the context of a
variance component model that accounts for resemblance among related individuals (47). We
analyzed each of the five factor scores in turn, including sex, age, and age2 as covariates.

Our analytical approach considers all observed or estimated genotypes (rather than focusing
on alleles transmitted from heterozygous parents) and thus is not immune to effects of
population stratification. In homogenous populations, this type of analysis is expected to be
more powerful (50,51). To adjust for the effects of population structure and cryptic relatedness
among sampled individuals, we used the genomic control method to adjust our test statistics
for each trait separately (52). We checked the genomic control value for our genome-wide
association analyses (52), and carried out principal component analysis of genome-wide SNP
data in a subset of unrelated individuals (53). Neither analysis suggested evidence for
population substructure or genetic outliers in the sample.

To evaluate association on the X chromosome, we modeled a polygenic variance component
shared according to an X-linked kinship coefficient in addition to the usual autosomal
polygenic variance component (3,47). Further, we assumed that average phenotypic values for
hemizygous males would be the same as for homozygous females (3,47).

Meta-Analysis
We use meta-analysis to summarize the results from the Sardinia and replication samples. The
overall z-statistic and the corresponding P-value were calculated as a weighted average, where
weights were proportional to the square root of the number of individuals examined in each
sample and selected such that the squared weights summed to 1.

Replication samples
We attempted to replicate six top signals for each of the five factors in two independent samples.
The first replication sample was from Tecumseh, Michigan, USA. Complete data were
obtained for 923 individuals (age: M = 44.3, SD = 15.7; 58% Female), which consists of 110
unrelated individuals and 813 individuals clustering in 424 families. Personality traits were
assessed using the NEO-PI, an earlier version of the NEO-PI-R, which assesses the
Agreeableness and Conscientiousness factors using 18-item scales instead of the NEO-PI-R's
48-item scales. Twenty five SNPs were successfully genotyped using Taqman® SNP
genotyping assays (Applied Biosystems, Foster City, CA). The second replication sample came
from the Netherlands and consisted of participants from the Netherlands Twin Register. The
analyses for this study were conducted on 1,158 individuals from 418 families (age: M = 45.3,
SD = 14.6; 61% Female). Personality traits were assessed using a validated Dutch version of
the NEO-FFI, a short version of the NEO-PI-R that assesses each factor using 12 items scale.
SNPs were genotyped using Sequenom technology.
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The results from the GWA analyses and the two replication samples prompted us to examine
a single SNP in one additional sample. The third follow-up sample tested for a single SNP
consisted of the 1,822 participants of the Erasmus Rucphen Family study in whom the SNP
had been genotyped and for whom personality data were available (age: M = 48.0, SD = 14.5;
58% female). Personality was assessed using the NEO-FFI and the SNP was genotyped using
Taqman®.

Results
We present the results of a GWA scan for five broad personality factors in a founder population
from Sardinia, Italy. Although none of the initial results reaches genome-wide significance
using the conservative Bonferroni threshold, several interesting candidate genes map near
SNPs exhibiting strong evidence of association - prompting us to examine SNPs with the
strongest signals in additional samples. Even when none of the SNPs examined reach genome
wide significance in the original scan, we expect that sets of SNPs showing nominally strong
associations will be enriched for truly associated SNPs (54,55).

SNPs with P-values lower or equal to 10−5 are presented in supplementary Table A (45 SNPs
associated with Neuroticism, 54 with Extraversion, 59 with Openness, 112 with Agreeableness,
and 33 with Conscientiousness). Table 1 presents the top six SNPs that we sought to replicate
in two independent samples. For each trait, we selected six top non-redundant SNPs and
excluded those that were both outside of any gene and not in LD with any other surrounding
SNPs. Table 1 provides P-values and a standardized measure of effect size (Z), with the sign
(+ or −) indicating the direction of the effect.

Neuroticism
Of the SNPs that showed the strongest association with Neuroticism, rs362584 (P = 5.03 ×
10−5) is attractive, because it is within intron 1 of the gene synaptosomal-associated protein of
25 kD (SNAP25). SNAP25 plays a critical role in neurotransmitter release, axonal growth, and
synaptic plasticity (56). Deletion of the region containing the SNAP-25 gene in the Coloboma
mouse causes neurological abnormalities, including hyperactivity. Such a phenotype is
consistent with a role for SNAP25 in attention deficit hyperactivity disorder, which has been
tested in a number of studies with mostly positive results (57,58). Furthermore, abnormalities
in the level of SNAP25 have been linked to other psychiatric disorders (59-61), and genetic
variants in SNAP25 have been associated with cognitive ability (62). In addition to its intrinsic
interest for a personality trait, the association between SNAP-25 and Neuroticism is relevant
to several psychiatric disorders for which Neuroticism is an intermediate phenotype/
endophenotype. In the follow-up samples we found a trend, in the same direction, for the
association of SNAP25 with Neuroticism (P = .097). A SNP in the gene TMEM16D
(rs1849710; P = 2.29 × 10−5), maps in the 12q region relatively close to the marker D12S346,
which showed the strongest linkage peak in a extremely discordant and concordant sibling
pairs study, particularly among female pairs (4). To examine sex-specific effects in the
Sardinian sample, we conducted additional association analyses in women and men separately
(sex-specific P-values for the SNPs in Table 1 are presented in supplementary Table B). Results
indicate that rs1849710 on 12q was associated with Neuroticism in females (P = 4.34 ×
10−4) and also males (P = 4.39 × 10−3). No sex-specific effects reached genome-wide
significance using the stringent Bonferroni correction.

Extraversion
In an interesting pattern for this factor, multiple independent SNPs within two Cadherin genes
(CDH13 and CDH23) have the strongest association with Extraversion, though none of these
effects were replicated in the two independent samples. The Cadherin genes encode for cell-

Terracciano et al. Page 5

Mol Psychiatry. Author manuscript; available in PMC 2010 June 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



cell adhesion proteins that form complexes crucial in regulating synapse formation, function,
and plasticity (63-65). CDH23 is expressed in neurosensory epithelium and linked to some
instances of deafness (66). CDH13 is expressed in the heart and several brain tissues, where it
is thought to act as a regulator of neural cell growth (67). For rs904208 we found a trend (P
= .065) in the replication samples consistent with the effect found in Sardinia. For rs2813838
there was a consistent effect in the two follow-up samples, but unfortunately the effect in the
Sardinia GWA was in the opposite direction (see signs of Z scores in Table 1). In addition to
the SNPs shown in Table 1, a further interesting association is with rs11030064 (P = 8.05 ×
10−5), a SNP lying close to the brain-derived neurotrophic factor (BDNF) gene, and an
association was also found with the extensively studied variation at Val66Met (rs6265; P =
0.0016). Several signals were also seen in the region of RAB3GAP1 (rs16831315; P = 8.05 ×
10−5), which encodes a protein implicated in the exocytosis of neurotransmitters and hormones;
in GFRA1, the gene for a glial cell line-derived neurotrophic factor, (rs4562724; P = 9.45 ×
10−5); and in DCAMKL1 (rs17786591; P = 2.97 × 10−5), encoding a doublecortin and CaM
kinase-like protein.

Openness
The most significant effect across the five factors was found between rs644148 and Openness
(P = 9.44 × 10−7). This same SNP was strongly associated with Extraversion as well. Although
Openness and Extraversion are correlated, we observed only a modest overlap between
association results for the two traits. For example, among markers that were associated with
Extraversion at p < .001, less than 5% were also associated with Openness at a similar
significance level (and vice-versa). The overlap was even more reduced at more stringent
significance levels, indicating that the association between rs644148 and the two traits is quite
exceptional. We were unable to type this SNP in the replication samples, but a nearby SNP
(rs565819; LD =1) was genotyped in the US sample and no association was found. Among the
other high ranked associations for Openness there is an intriguing association with rs10251794
(P = 3.43 × 10−5), an intronic SNP in CNTNAP2, which encodes for the member of the neurexin
family that has been linked with autism (68-70) and a complex phenotype of schizophrenia,
epilepsy, and cognitive impairment (71). Other genes with strong signals and plausible
biological relevance are the brain-specific angiogenesis inhibitor 3 (BAI3; rs9342730; P = 1.22
× 10−5) and the myelin oligodendrocyte glycoprotein (MOG; rs16895223; P = 4.60 × 10−5).

Agreeableness
The most notable finding is the association of Agreeableness with several SNPs within or close
to the CLOCK gene (see Figure 1). The strongest signal was with rs6832769 (P = 8.71 ×
10−6). The two follow-up samples showed similar effects that reached statistical significance
when meta-analytically combined (P = .022). Based on the initial replication, we genotyped
rs6832769 in an additional sample of 1,822 individuals. In this third follow-up sample we failed
to replicate the association of the rs6832769 CLOCK variant with Agreeableness (P = 0.47).
Still, in the combined SardiNIA GWA and the three follow-up samples (N = 7,875) the P value
was 2 × 10−5. CLOCK encodes for a transcription factor that is essential for circadian rhythm
(72,73), which in turn has large influences on human behavior, cognition, and emotion.
Agreeableness has been linked to morningness preference (74), and have similar maturational
trends. Younger adults tend to be more evening type and antagonistic, and older people are
more agreeable (75) and more likely to be “morning types” (76). Mixed findings have been
reported for a CLOCK variant known as 3111 T/C (rs1801260) with numerous traits and
disorders, including morningness-eveningness preferences (77), sleep and mood disorders
(78,79), schizophrenia (80), and lower body weight among individuals with eating disorders
(81). The 3111 T/C variant is weakly linked to rs6832769 (r2 = 0.212; physical distance =
3,175bp). To relate our finding to previous studies we used a hidden Markov program (11) to
impute results for the 3111 T/C SNP. The imputed genotype was significantly associated with
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Agreeableness (rs1801260, P = .0067, effect = .08), with the T allele associated with higher
Agreeableness scores. This is consistent with the findings of the T allele associated with
morning preference and lower risk of mental disorders found in previous studies (77-81).

Beyond the SNPs reported in Table 1, other strong signals in genes with plausible biological
relevance are OPCML (rs11223249; P = 3.52 × 10−5) an opioid binding protein; CTNNA2
(rs2861913; P = 6.95 × 10−5), the alpha-N-catenin that interacts with cadherin proteins in
essential brain functions (63-65); and IKBKAP (rs10118853; P = 5.11 × 10−5), a gene that
causes familial dysautonomia, a sensory and autonomic neuropathy.

Conscientiousness
The strongest signal for Conscientiousness was with a SNP within the gene SMOC1
(rs11626232; P = 4.82 × 10−6), which also showed a meta-analytic trend in the replication
samples (P = .11). Conscientiousness was strongly associated with rs2835731 (P = 2.81 ×
10−5) and other SNPs within the gene DYRK1A, which is thought to have an effect on brain
development. However, the association was not supported in the follow-up samples. DYRK1A
maps to the Down Syndrome critical region on chromosome 21, and several other lines of
evidence, including observations in a transgenic mouse model (82), suggest that DYRK1A is
involved in mental retardation associated with Down Syndrome (83). Furthermore, DYRK1A
has been associated with Alzheimer disease (84). Being persistent, organized, and self-
controlled are central traits of Conscientiousness, and deficiencies along these dimensions are
clinical features associated with the neurodegenerative diseases for which DYRK1A has been
implicated. There are several studies that support the links of Conscientiousness with
Alzheimer disease (85,86).

Discussion
We have presented the results of this first GWA study of all five major dimensions of
personality assessed with the NEO-PI-R, a comprehensive, reliable, and widely used measure
of the Five-Factor Model. Compared with the existing literature (and especially with the
candidate gene studies), a major strength is the sample size of about 4,000 individuals included
in the GWA analyses. A further contribution to increased signal/noise ratio is provided by the
relative homogeneity of this sample from a founder population in Sardinia. The GWA approach
offers a new opportunity for a systematic search of the genetic underpinnings of personality
traits. These data might become even more valuable with the accumulation of GWA results
from multiple samples, as for other traits and diseases (11,87,88). To provide some initial
evidence of association beyond our Sardinian cohort, a selected number of top signals from
the GWA analyses were typed in two independent samples. Although replication attempts
clearly failed to find consistent effects for most SNPs we examined, a few provided more
convincing evidence. In particular, the association of Agreeableness with the CLOCK gene
variant was consistent across the Sardinia and the two follow-up samples, but it was not in a
third follow-up sample. For Neuroticism, the top SNPs in Sardinia were not among the top
signals identified in the previous GWA scan (15), but we found some evidence for a role of
SNAP25, and another SNP, rs1849710, maps in the 12q region where one of the most
convincing linkage peaks has been reported (4,7).

Given the large number of statistical tests performed, the likelihood of false positives is high.
To address the problem of multiple testing we evaluated the significance level against the
overly-stringent Bonferroni threshold (it is questionable whether the Bonferroni correction is
appropriate (89), and whether the number of tests are truly independent, given that many SNPs
are in high LD). Using the Bonferroni threshold, none of the associations between the 5
personality factors and the individual SNPs tested reached the genome-wide significance.
Nevertheless, we believe our results provide useful insights into the genetic architecture of
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personality traits. For example, when we used simulations that took into account the specific
structure of the SardiNIA pedigrees, the availability of phenotype data and the pattern
individuals genotyped with the 10K and 500K arrays in each family to evaluate the power of
experimental design, we estimated ∼88% power to detect alleles that account for 1.5% or more
of the variance in one of the five main NEO-PI-R personality dimensions (at p < 1×10−5). We
expect that we would have nearly 100% power to replicate these associations in samples of
>2000 unrelated individuals. Unfortunately, we had only low power (∼50% or less) to replicate
smaller effects even in our larger follow-up panel of about 2,000 individuals. Since we did not
observe any association signals in the SardiNIA sample that replicate consistently in the follow-
up samples, it seems unlikely that alleles with large effects on personality exist. Researchers
interested in the genetics of personality should not be discouraged because for many other
quantitative traits with a definite genetic basis, such as height, it is now clear that most
associated common alleles have only modest effects (11,90).

Caution is also required in rejecting the role of a SNP based on a failed replication attempt
(91). In our case, the use of the relatively homogeneous founder population might have
facilitated the detection of associations, but some of the identified SNPs may be particularly
difficult to replicate in more heterogeneous populations. For example, the SNPs we identified
might be in LD with the functional variant in the Sardinia but not in other populations. Some
of the associations we identified might also depend on population-specific genetic or
environmental background (gene-gene and gene-environment interactions). The replication
samples also differed in recruitment strategies and used shorter and slightly less reliable
phenotypic measures, which might have reduced power and contributed to differences across
samples. In fact, heterogeneity among candidate gene studies has been linked to differences in
the instrument used (92), but when we scored the SardiNIA data for the shorter questionnaires
versions we found little differences in the results. Furthermore, given the universality of the
five factors (17) and the commonality of genetic factors for each of a variety of other complex
traits that have been studied in many populations, the major limitations are almost certainly
the numbers of individuals studied in relation to the small effect sizes observed. Increasing
power would likely require much larger initial and follow-up scans. As with other quantitative
traits, meta-analysis of genome-wide association scans may provide an effective means to
dissect these small effects (11,41).

In addition to the five broad dimensions, future research should examine the specific facets (or
lower-order traits) that compose each factor. The facets describe more specific and narrow
phenotypes, which might be more easily linked to genetic variants. In fact, although facets tend
to covary, a high score on the broad factor can result from the effect of different facets across
individuals. For example, among those who score high on Neuroticism, some might score high
on anxiety but not depression, whereas other might score high on depression but not anxiety.
This phenotypic variability increases noise and reduces the likelihood of identifying genetic
variants. There is less phenotypic variability associated with the narrower phenotype assessed
by facets, which should provide more power for GWA scans. However, analyses of multiple
facets increase the number of tests and the risk of false positives.

Our results are consistent with most GWA studies of other quantitative traits in identifying
SNPs that explain very small amounts of variance, generally less than 1%, and even these
estimates for any particular trait/SNP are likely to be inflated (the “winner's curse”). However,
even a SNP that explains a very small amount of variance can guide our understanding of the
biological underpinning of complex phenotypes and diseases. Indeed, genetic association tests
across the five personality factors point to several SNPs within genes known for their functions
in the brain and their effects on behavior and mental disorders (e.g., SNAP-25, CDH13,
CDH23, BDNF, CNTNAP2, CLOCK, CTNNA2, IKBKAP, DYRK1A). These findings seem
to reflect the phenotypic links between personality and psychiatric disorders. If confirmed in
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future studies, these findings might also advance our understanding of the continuum between
normal and abnormal personality phenotypes. Given the high degree of comorbidity (93,94)
and other limitations of categorical systems (95), a dimensional approach to molecular
psychiatry might well provide greater power to detect genetic variants associated with
psychiatric disorders, and also provide possible points for eventual pharmaceutical
intervention.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Association with Agreeableness and LD pattern in the CLOCK region
SNPs showing evidence of association with Agreeableness in the SardiNIA GWA scan. P-
values are plotted against genomic position in NCBI Build 35. The SNP (rs6832769) showing
the strongest association, and tested in the replication samples, is highlighted. Other SNPs are
colored according to their degree of disequilibrium with rs6832769, ranging from high (red),
to intermediate (green), to low (blue). Transcripts in the region are indicated at the bottom of
the graph, with an arrow indicating the direction of transcription. Bottom panel presents
patterns of linkage disequilibrium (r2) for the CLOCK gene region in the Hap Map CEPH
population.
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