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Genome-wide association study of the five-factor
model of personality in young Korean women

Han-Na Kim1, Seung-Ju Roh1, Yeon Ah Sung2, Hye Won Chung3, Jong-Young Lee4, Juhee Cho5,6,
Hocheol Shin7 and Hyung-Lae Kim1

Personality is a determinant of behavior and lifestyle associated with health and human diseases. Although personality is known

to be a heritable trait, its polygenic nature has made the identification of genetic variants elusive. We performed a genome-wide

association study on 1089 Korean women aged 18–40 years whose personality traits were measured with the Revised NEO

Personality Inventory for the five-factor model of personality. To reduce environmental factors that may influence personality

traits, this study was restricted to young adult women. In the discovery phase, we identified variants of PTPRD (protein tyrosine

phosphatase, receptor type D) that associated this gene with the Openness domain. Other genes that were previously reported

to be associated with neurological phenotypes were also associated with personality traits. In particular, DRD1 and ORIA2

were linked to Neuroticism, NKAIN2 with Extraversion, HTR5A with Openness and DRD3 with Agreeableness. Data from our

replication study of 2090 subjects confirmed the association between ORIA2 and Neuroticism. We first identified and

confirmed a novel region on ORIA2 associated with Neuroticism. Candidate genes for psychiatric disorders were also enriched.

These findings contribute to our understanding of the genetic architecture of personality traits and provide critical clues to the

neurobiological mechanisms that influence them.
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INTRODUCTION

Personality traits are measured with the Revised NEO Personality
Inventory (NEO-PI-R), which was designed to characterize the five-
factor model (FFM) of the ‘Big Five’ dimensions of personality. The five
factors considered are Neuroticism (N), Extraversion (E), Conscien-
tiousness (C), Openness to Experience (O) and Agreeableness (A).1,2

The five-factor theory asserts that personality traits arise exclusively
from biological causes with little or no change in personality traits after
early adulthood. Much recent research has examined the effect of
gender and age on these five traits. On average, female adults were more
neurotic, more extraverted, slightly less open, somewhat more agreeable
and slightly more conscientious than males.3 From emerging adulthood
through middle age, Neuroticism exhibited a downward trend with age
in women, whereas this trait plateaued in men. Extraversion and
Openness showed flattened trends, whereas Agreeableness and
Conscientiousness exhibited positive trends with age.3–6

With the development of behavioral genetics, personality was
established as a heritable trait. The heritability estimates ranged between
0.40 and 0.60 in family, twin and adoption studies.7–9 Studies of

personality genetics began with the simultaneous publication of two
articles in 1996 showing an association between novelty seeking and the
D4 dopamine receptor (DRD4) gene.10,11 This discovery was followed by
a report suggesting that activity of the serotonin (5-hydroxytryptamine)
transporter protein (SERTor 5-HT) affects the development of anxiety-
related traits.12 Two other genes from the serotonin pathway have also
been associated with personality, serotonin receptor 2 A (5-HTR2A) and
serotonin receptor 2C (5-HT2C).13,14 However, subsequent studies have
been inconsistent in replicating these results, and the literature has been
dominated by reports focused on a small number of candidate genes,
including DRD and 5-HT.
Recently, the advent of genome-wide association (GWA) studies

has had a dramatic impact on the field of personality genetics.
Terracciano et al.15 reported the first GWA results of B4000
individuals for all five personality dimensions of the FFM, as
measured by NEO-PI-R. They found variants associated with the
five factors of personality traits, but the effect sizes were small and
most of the associations could not be reproduced. Next, the GWA
study of personality with Cloninger’s Temperament scales was
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reported, but genetic variants contributing to personality were not
observed.16 A meta-analysis of GWA data for personality traits
showed a genome-wide significance, but in silico replication did not
confirm any association between the top single nucleotide
polymorphisms (SNPs) and personality scores.17,18 Moreover, recent
papers have not reported any evidence to support an association
between candidate genes reported previously, including HTR and
DRD, and personality.
Considering the effects of gender and age on personality in

the design of the population of a genetic study could resolve the
uncertainty of the above mentioned results. We present here
the results of a GWA study that examined the association between
personality traits and genotypes in young Korean women. To
minimize the effects of gender and age, a cohort of women within
a narrow age group was investigated in this study.

MATERIALS AND METHODS

Participants
Participants were recruited from the Young Women Cohort in Korea, initiated

in 2008, which included samples from 2000 Korean women aged 18–40 years

whose genotype had been recorded. More than 50 traits were extensively

examined through physical examinations and laboratory tests. Within this

group, 1140 participants had completed both the personality questionnaire and

genotype testing. After completing quality control procedures to eliminate

invalid subjects, a total of 1089 participants were included in our GWA

analysis. We confirmed though the questionnaire that none of the subjects had

received treatment for psychiatric disorders or taken psychoactive drugs.

Personality assessment
Personality traits were assessed using the Korean short version of the original

NEO-PI-R,2 a 90-item measure of the five factors of personality (PSI

Consulting Corp., Seoul, Korea). The questionnaire consisted of 18 items

per factor, Neuroticism (N), Extraversion (E), Openness to experience (O),

Agreeableness (A) and Conscientiousness (C). NEO-PI-R has a robust factor

structure that has been replicated in Korea19,20 and in more than 450

cultures.21 Items were answered on a 5-point Likert-type scale ranging from

strongly disagree to strongly agree. Phenotype scores for the analysis were

computed by summing up the six facets that compose each five factor after

reversing negatively keyed items. The NEO-PI-R manual provides a protocol

for validity checking based on acquiescence, naysaying and randomness of

response.22 On the basis of item-response patterns, 51 subjects were classified

as invalid and thus eliminated from this analysis. These subjects provided

repetitive answers or had a pattern of acquiescing or naysaying that would have

invalidated formal scoring and interpretation of the NEO-PI-R. We did not

include missing responses in our data set.

Genotyping and quality control
Genomic DNA was extracted from whole-blood samples using a commercial

isolation kit according to the manufacturer’s protocols. The samples were

genotyped with the Illumina Human 1 M-Duo DNA Analysis BeadChip

(Illumina Inc., San Diego, CA, USA) and BeadStudio software (Illumina Inc.).

All sample-wise call rates were 99.43% and average call rate per sample

was 99.80%.

The quality control procedure using PLINK v1.0723 is shown in Figure 1. All

analyses were restricted to an SNP on autosomal chromosomes. We evaluated

the genotyping completeness of each sample and the SNPs. Any sample missing

45% of its data was excluded. Each sample was also tested to verify that the

subject was female. An analysis of identity-by-descent was conducted using

PLINK to identify duplicate samples and related individuals. After quality

control, 625 112 autosomal SNPs remained, representing 1089 individuals.

SNP imputation
SNP imputation was performed using BEAGLE v3.3.2.24 On the basis of NCBI

build 36, we used 90 individuals from Japanese in Tokyo, Japan (JPT), and

Han Chinese in Beijing, China (CHB) founders in HapMap as a reference

panel comprised of 3.99 million SNPs (HapMap release 23). Only SNPs with

an imputation quality score (R2)40.3 were retained. After removing SNPs

with minor allelic frequency o0.05, 2 053 685 imputed SNPs remained for

GWA analysis.

GWA analysis: discovery phase
We used the summed values of the six facets of each factor of personality

trait as phenotypes in the GWA study. The phenotypes were distributed

normally and no transformations were required. GWA analyses were con-

ducted using PLINK. Association analyses were performed on 2 053 685

SNPs and standardized residuals were obtained using a linear regression

model for each personality trait and age. We used the additive model in

our GWA analyses, and calculated the effective number of independent

markers (Me) to adjust for multiple testing, which was performed using the

Genetic Type 1 Error Calculator.25 Genetic Type 1 Error Calculator implements

the improved Bonferroni correction procedure that estimates Me considering

SNPs in linkage disequilibrium (LD). As the estimated Me was 474 906.67

in our data, we assigned the significance and suggestive thresholds of this

GWA analysis as Po1.05� 10�7 (0.05/474 906.67) and Po2.11� 10�6,

respectively.

Replication samples: replication phase
Replication study subjects were selected from an independent cohort from the

Kangbuk Samsung Cohort Study, which evaluates natural history, prognosis,

Figure 1 Summary of the quality control procedure. HWE, Hardy Weinberg

equilibrium; MAF, minor allelic frequency; SNPs, single nucleotide

polymorphisms.
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and genetic and environmental determinants of a wide range of health traits

and diseases among Korean adult men and women. The participants consisted

of 2090 young women aged 20–40 years. Personality traits were assessed using

the NEO-PI-R, similar to that used in the discovery phase. We selected 40

SNPs among the top 30 ranked SNPs of each factor, which are independent

SNPs with low LD (r2o0.5) within the top 30 SNPs. The 40 SNPs were

genotyped using the Fluidigm SNPtype Assay (Fluidigm, San Francisco, CA,

USA). For four SNPs (rs6660906, rs1411510, rs6475207 and rs16921695), we

were unable to design a functioning assay on either platform, therefore

alternative SNPs with high LD (r240.8) were used: rs6659113, rs964508,

rs7852708 and rs1692169, respectively. For quality control, genotyping was

performed in duplicate for B1% of the samples. Only SNPs that satisfied a

concordance rate in duplicate of over 99% and a genotype success rate of over

98% were included in subsequent association analyses.

Statement of ethics
The Institutional Review Board of Ewha Womans University Mokdong

Hospital and Kangbuk Samsung Hospital approved this study, and informed

consent was obtained from all participants. All applicable institutional and

governmental regulations concerning the ethical use of human volunteers were

followed during this research.

RESULTS

To search for genetic variants that influence the five factors of
personality, we performed a GWA study of 2 053 685 SNPs from
1089 young Korean women. The means of sum and reliability for the
five factors are shown in Table 1. Average age of the discovery and
replication samples was 26.1 (s.d.¼ 4.6) and 32.9 years (s.d.¼ 3.8),
respectively. We included age as a covariate in both analyses. The
genomic inflation factor (l)26 of our GWA analysis was 1.008, 1.000,
1.003, 1.004 and 1.000 for N, E, O, A and C, respectively (Figure 2).
The top 30 SNPs with the lowest P-value for each of the five factors
are shown in Table 2, which includes only independent SNPs that
exhibited a low LD (r2o0.5) within the top 30 SNPs and excludes
uncharacterized gene regions. We selected 40 high-ranked SNPs and
analyzed them in a replication study of independent samples. Table 2
shows strongest results, and of the 40 SNPs includes only those that
are worth discussing. The rest of the SNPs are showed in
Supplementary Table S2. Supplementary Table S3 shows the com-
parison of association results for each trait between Europeans and
Koreans by citing results of previous GWA and meta-analysis in
Europeans.15,17 Our results are discussed below.

Neuroticism
Our analysis demonstrated that rs10106540 near the 30 downstream
region of the ST3GAL1 (ST3 beta-galactoside alpha-2,3-sialyltransferase 1)
may be associated with Neuroticism (P¼ 4.59� 10�7). A link between
sialyltransferase 4A and bipolar disorder has been reported previously.27

We also identified seven SNPs with Pp3.33� 10�5 located near DRD1
on chromosome 5q35 (Figure 3). DRD1 has a role in behavior and
psychiatric disorders, including schizophrenia,28 autism,29 attention-
deficit-hyperactivity disorder,30 nicotine dependence31 and alcohol
dependence.32 Among the top 30 SNPs for Neuroticism, three SNPs
(rs265981, P¼ 1.17� 10�5; rs686, P¼ 1.58� 10�5 and rs4532,
P¼ 1.58� 10�5, Table 2 and Supplementary Table S1) were previously
linked to psychiatric disorders.28,29,32 Several SNPs close to olfactory
receptor 1A2 (OR1A2) on chromosome 17p13 were also identified, with
the strongest signal observed with rs12601685 (P¼ 3.21� 10�5), which
is located 2kb upstream of OR1A2 (Figure 3). These data are consistent
with reports that relate enhanced sensitivity in sensory systems that
detect danger to increased neuroticism.33 Our replication study
confirmed this result, providing further evidence for an association
between OR1A2 and Neuroticism (P¼ 0.05). We also uncovered an
association with glypican 6 (GPC6) (Supplementary Tables S1 and S2),
which has also been linked with Eysenk Personality Questionnaire—
Neuroticism.34 Nevertheless, SNPs previously associated with
Neuroticism and reported by Terracciano et al.,15 namely rs362584 in
SNAP25 and rs1849710 in TMEM16D, were not linked to this
personality trait in our study (Supplementary Table S3).

Extraversion
The highest-ranked association for Extraversion was found at
rs6791874 (P¼ 6.9� 10�7) on chromosome 3 near variants
associated with bipolar disorder and attention-deficit-hyperactivity
disorder. Unfortunately, the results for every SNP either could not be
reproduced or exhibited opposite outcomes. SNP rs2785713 (P¼ 7.1
� 10�6), which maps to the intron of NKAIN2 (Naþ /Kþ -transport-
ing ATPase-interacting 2; Figure 3), showed a consistent effect in the
replication study but fell below our P-value threshold for significance.
Previous studies associated NKAIN2 with neuroticism and neuro-
logical phenotypes.34,35 SNPs rs17635977 in CDH23 and rs4783307 in
CDH13 were not associated with Extraversion, unlike previous
reports15 (P¼ 0.40 and P¼ 0.35, respectively).

Openness
SNPs rs2146180, rs10976737 and rs7861684 passed the genome-wide
threshold for significance (Po1.05� 10�7). These SNPs correspond
to protein tyrosine phosphatase, receptor type D (PTPRD), which was
modestly associated with Persistence (P) in Cloninger’s Tempera-
ment.18 We also found moderate association signals with 11 other
contiguous SNPs adjacent to PTPRD within the top 30 SNPs for
Openness, all with a similar trend (Figure 3). The most significant
effect was found in rs2146180 (P¼ 1.7� 10�8); however, this result
failed to replicate (P¼ 0.13). Interestingly, rs1561176, which is located
near serotonin receptor 5A (HTR5A), was ranked 21st among the top
30 SNPs (Figure 3) for this trait. The neurotransmitter serotonin
(5-HT) has been implicated in a wide range of psychiatric condi-
tions.36,37 Although rs10251794 in CNTNAP2 was reported in a
previous GWA study for Openness,15 rs1477268 and rs2032794 in
RASA1, which were identified in a previous GWA study, were not
found to be associated with this trait in our study (P¼ 0.33, 0.13 and
0.13, respectively).

Agreeableness
Among the top hits, the biologically notable finding was the
association between Agreeableness and SNPs located near DRD3.
This receptor is localized to limbic areas of the brain, which are
involved in cognitive, emotional and endocrine functions. In the
discovery phase, four SNPs (rs2087017, rs10934255, rs1486012 and

Table 1 Descriptive statistics for five-factor scores

Discovery phase (N¼1089) Replication phase (N¼2090)

Factor

Mean of sum

(s.d.)a
Internal

consistency

Mean of sum

(s.d.)

Internal

consistency

Neuroticism 57.5 (9.8) 0.85 52.6 (8.7) 0.83

Extraversion 60.5 (9.5) 0.86 60.1 (8.3) 0.82

Openness 63.9 (7.7) 0.76 61.0 (7.5) 0.76

Agreeableness 59.8 (7.5) 0.75 61.7 (6.3) 0.69

Conscientiousness 60.8 (8.2) 0.82 61.6 (7.1) 0.78

aSum measures of the six facets composing each factor of personality traits.
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rs1385884) spanning a region of DRD3 exhibited a high LD (r240.8)
and an association with this trait (Po9.6� 10�6; Figure 3). The
haplotypes, including SNP rs1486012 located 30 downstream of the
DRD3-coding region, have been associated with schizophrenia.38

DRD3 has also been linked to neuroticism and behavioral
inhibition; however, this result has not been reproduced.39,40 The
other highly ranked SNPs for Agreeableness included rs11219218
(P¼ 1.6� 10�5), which is located 5 kb upstream of SCN3B and is
responsible for generating and propagating action potentials in
neurons and muscle. We also identified rs11219218 as being
significantly associated with this trait (P¼ 0.02); however, the GWA
study showed an opposite trend. Finally, rs6832769 in CLOCK, which
was linked in a previous GWA analysis to Agreeableness,15 was not
associated with this trait in our data (P¼ 0.86).

Conscientiousness
Our GWA data for SNP rs375092 within the intron of IGF2BP3
suggested an association with Conscientiousness (Po4.8� 10�7), but
this result was not confirmed in the replication study. Only one SNP
(rs3797269) showed a significant P-value in the replication sample,
but the trend was in the opposite direction. In addition to those
shown in Table 2, several SNPs in BTAF1 and CPEB3 (cytoplasmic
polyadenylation element-binding protein 3) located on chromosome
10q22-23 showed strong associations with Conscientiousness
(Po1� 10�5); however, these results also failed to replicate
(Supplementary Tables S1 and S2). Genes located on chromosome
10q22 and 10q23 are associated with psychiatric disorders such as
schizophrenia or bipolar disorder. Moreover, chromosome 10
possesses several candidate genes associated with late-onset Alzheimer’s

Figure 2 Quantile–quantile (Q–Q) plots of B2 million SNPs from GWA study for five factors of personality traits. The observed P-values (y axis) were

compared with the expected P-values under a null distribution (x axis). The black dots represent the observed P-values. The red line indicates the expected

line under the null distribution. The gray areas represent the 95% confidence intervals. A full color version of this figure is available at the Journal of

Human Genetics journal online.

Genetic variants influencing personality
H-N Kim et al

670

Journal of Human Genetics



Table 2 SNPs showing strongest associations with each of FFM personality

Minor SNPs

Discovery set (N¼1089) Replication set (N¼2090)

Combinedd

Factor SNP CHR BP Nearby genesa Location alleleb in LDc Beta s.e. P-value Beta s.e. P-value Fisher’s trend

Neuroticism

rs10106540 8q24 134531033 ST3GAL1 Intergenic G 0 0.21 0.04 4.59E�07 0.04 0.03 0.15 6.50E�07

rs686 5q35 174801306 DRD1 30-UTR G 6 �0.27 0.06 1.57E�05 0.02 0.05 0.61 1.00E�04

rs12601685 17p13 3046166 OR1A2 2-kb upstream G 1 �0.31 0.07 3.20E�05 �0.11 0.06 0.05* 1.26E�05

Extraversion

rs6791874 3p24 22567589 HMGB1P5 Intergenic T 3 0.23 0.05 6.89E�07 �0.04 0.03 0.27 9.55E�06

rs2785713 6q21 124879300 NKAIN2 Intron T 0 �0.19 0.04 7.03E�06 �0.02 0.03 0.59 3.06E�05

Openness

rs2146180 9p23 8035606 PTPRD Intergenic G 11 �0.31 0.05 1.67E�08 �0.06 0.04 0.14 2.60E�08

rs1879637 2q33 212576869 ERBB4 Intron C 1 0.41 0.09 4.25E�06 0.10 0.06 0.11 3.96E�06

rs1561176 7q36.1 154639646 HTR5A Intergenic G 1 �0.19 0.04 1.35E�05 �0.06 0.03 0.06 6.65E�06

Agreeableness

rs4833624 4p27 120804945 PDE5A Intergenic T 4 �0.19 0.04 6.60E�06 0.00 0.03 0.91 5.12E�05

rs12934132 16p13 9536607 GRIN2A Intergenic A 2 �0.19 0.04 8.62E�06 0.03 0.03 0.41 9.31E�05

rs2087017 3q13 115324703 DRD3 Intergenic A 3 0.19 0.04 9.24E�06 0.05 0.03 0.08 6.10E�06

rs16923100 8q12.1 59208504 FAM110B Intron T 0 0.23 0.05 1.61E�05 �0.06 0.04 0.12 2.00E�04

rs11219218 11q23.3 123033826 SCN3B 5-kb Upstream G 0 �0.19 0.04 1.71E�05 0.09 0.03 0.00 2.00E�04

rs9611312 22q13 39064736 ADSL Intergenic C 0 �0.21 0.05 2.37E�05 0.03 0.03 0.33 2.00E�04

Conscientiousness

rs375092 7p11 23387292 IGF2BP3 Intron C 1 �0.30 0.06 4.78E�07 0.02 0.05 0.71 5.14E�06

rs4642987 10q22 93711005 BTAF1 Intron A 1 0.22 0.05 4.43E�06 �0.06 0.03 0.07 6.01E�05

Abbreviations: Beta, regression coefficient; BP, base pair location; CHR, chromosome; FFM, five-factor model; LD, linkage disequilibrium; SNP, single nucleotide polymorphism; UTR, untranslated
region.
*Po0.05. The genes showing replicated association for the factors are indicated in boldface.
aNearby genes are defined as the closest genes to the SNP within signal boundary or the closest genes within a 300-kb window.
bMinor alleles for which the effect is estimated refer to the forward strand based on NCBI build 36.
cSNPs in LD shows the number of correlated SNPs that are in the top 30.
dCombined P-values were calculated using Fisher’s trend test.

Figure 3 Regional association plots of SNPs in the GWA analyses for FFM personality. Circles indicate SNPs genotyped in this study, whereas squares indicate

SNPs whose genotypes were imputed. Violet dots at each locus indicate the strongest signals detected in the genome-wide scan. SNPs that have an r2 within the

top SNP between 0.8 and 1 (red), 0.6 and 0.8 (yellow), 0.4 and 0.6 (green), 0.2 and 0.4 (light blue), and o0.2 (dark blue) are shown. The blue lines show

the recombination rates given in the HapMap Phase II JPTþCHB. The genes listed below the plots indicate the RefSeq genes in the loci. The physical positions

of SNPs and genes are based on NCBI genome build 36. A full color version of this figure is available at the Journal of Human Genetics journal online.
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disease.41 SNP rs2576037 in KATNAL2, which has been linked to
Conscientiousness in a meta-analysis of GWA,17 was not associated
with this trait in our study (P¼ 0.395).

DISCUSSION

We report results from our GWA study of the FFM of personality
traits in young Korean women. Thus far, four GWA studies for
personality traits have failed to identify any loci with genome-wide
significance, although the studies examined up to 4000 subjects. In
addition, no variants overlapped in the four studies.15,16,42,43 These
results can be attributed to the study design and the sample cohort
investigated, which included both genders and broad age range.
Gender differences in personality traits have been examined in many
recent studies. Combined biological and sociocultural explanations
have been offered to explain these findings. Biologically, sex-related
differences arise from innate temperamental differences between the
sexes that evolved by natural selection.44 Hormonal differences and
their effects could also explain gender differences on personality.45

Several studies reported a consistent age difference on personality
traits.2,4 Typically, women declined substantially in Neuroticism
throughout adulthood, whereas men declined only modestly.4 To
minimize any bias caused by the effects of gender and age, our GWA
study included only young adult women. Thus, our results differed
from previous GWA studies investigating personality.
ORIA2 showed a strong association with Neuroticism in the

discovery and replication phases, making this our most notable
finding. Olfactory receptors, which possess a seven-transmembrane
domain structure similar to many neurotransmitter and hormone
receptors, are responsible for recognizing and transducing G protein-
mediated odorant signals. Little research has explored the influence of
genetic variation in sensory sensitivity on personality traits, although
studies have reported personality differences in visual, auditory,
olfactory, tactile and gustatory capacities.33,46–48 Mettina et al.49

reported a significant positive relationship between olfactory
sensitivity and neuroticism. Another study proposed that people
scoring high in emotionality display had higher activation of the
limbic system.50 As primary olfactory information processing involves
parts of the limbic system, the novel association of ORIA2 with
Neuroticism is noteworthy.
We also linked genome-wide significant variations near PTPRD to

Openness. However, this finding was not replicated. The protein
encoded by PTPRD is a member of the protein tyrosine phosphatase
(PTP) family. Studies of similar genes in chicken and fly suggest that
PTP is involved in promoting neurite growth and regulating neuronal
axon guidance.51,52 Interestingly, reports have linked PTPRD with
Persistence (P) in the meta-analysis of GWAS for TCI of Cloninger’s
Temperament.18 A comparative genetic study for NEO and TCI might
be informative for researchers interested in personality genetics,
although the correlation between Openness and Persistence is not
strong according to psychology studies.53

GWA studies and meta-analyses for FFM and Cloninger’s Tempera-
ment have been reported previously.15 However, serotonin and
dopamine have not been linked to personality traits in these GWA
studies. Thus, the association of these genes, namely DRD1, DRD3
and HTR5A, with personality traits and psychiatric disorders in our
study is encouraging. Dopamine and serotonin are neurotransmitters
that are metabolized by monoamine oxidase. The monoaminergic
pathway may have an important role in personality and psychiatric
disorders. It is also remarkable that the top 30 SNPs for each factor
were enriched with genes associated with neuropsychiatric phenotypes
such as schizophrenia, bipolar disorder, attention-deficit-hyperactivity

disorder and autism (that is, ST3GAL1,54 PSEN2,55 GPC6,34

NKAIN2,34 ERBB4,56 PDE5A,57 GRIN2A,58 FAM110B59 and
ADSL60). Therefore, these genetic variants should be considered
further because they may affect personality and facilitate correlation
between personality and psychiatric disorders.
Beyond the top 30 SNPs, we also discovered strong signals near

CPEB2 and the intron of CPEB3 associated with Extraversion and
Conscientiousness, respectively, within the top 50 SNPs (Supplementary
Table S1). However, these results could not be reproduced in our
replication study. CPEB proteins are crucial for synaptic plasticity and
memory in model organisms. Human CPEB3 has reportedly been
associated with delayed verbal memory recall, especially emotionally
arousing information.61 Other studies also demonstrated an association
between personality traits and memory.62 For example, Carlson and
Levy63 found an association between Extraversion and short-term
memory, whereas Cuttler and Graf 64 reported a link between
Conscientiousness and prospective memory. Memory, personality,
behavior and academic performance are common areas of study for
psychologists. Our next challenge is to combine their research with
genetics studies so as to advance our understanding of the complexities
of personality.
Most associated signals were not replicated in the second stage may

be because of the following reasons. First, the sample sizes of our
initial and replication populations are underpowered, given that we
are testing over 2M SNPs. Secondly, questionnaire-based personality
measures lack the reproducibility unlike physical examination or
laboratory measures. It has been reported in the literature that social
role, life events and social environment are important influences on
basic personality traits,4,65–67 such as marriage, occupation and
parenting, and yet we did not adjust them. The environment
factors might have contributed to differences of personality
measurements across the samples.
This study represents the first high-density GWA study targeted on

FFM personality traits conducted on an East Asian population.
Overlap between our GWA results and those previously reported in
European-descent populations was not obvious (Supplementary
Table S3); however, this may be due to differences in ethnicity,
study design or sample size. Each top-associated SNP in analyses of
the young women explained an average of 1.7% of variance, which is
higher than those reported in other studies and may support a sex-
specific effect. Alternatively, this result may overestimate the variance
explained by the top SNPs because of the smaller sample size.68 The
current GWA method requires a large sample size to identify common
variants with small effect size. On the basis of previous GWA studies,
personality may also be a polygenic trait affected by many genes with
a small effect on complex traits. However, even an SNP with a small
effect on personality variance could further extend our understanding
of the biology of personality. To increase the power of GWA studies
for personality, we must increase the sample size and study different
age groups by sex. We found many SNPs enriched in specific loci, but
could not prove their association because of only a moderate
association with personality traits. However, we may be able to find
missing variants by combining moderate genetic effects. Moreover,
gene-based and pathway analyses may be alternative methods
for discovering missing factors involved in the heritability of
personality.
We used a GWA method to understand why individual personality

differs, and showed that the key genes associated with personality
traits are involved in neurotransmitter signaling and the sensory
system with links to psychiatric disorders. Sets of these genes with
small effects may influence the development of personality and
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neurological phenotypes. These results further extend our under-
standing of the correlation between personality and psychiatric
disorders, their genetic architectures and neurobiological effects of
personality.
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