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Abstract

Personality and subjective well-being (SWB) have been suggested to be strongly related in previous
studies. This study was intended to confirm the relationship between personality and SWB and tried
to seek out the genetic variants which underlie both personality and SWB. The subjects were 890
participants from Chinese Han population. We evaluated their personality using the Big Five
Inventory (BFI) and used the Satisfaction With Life Scale (SWLS) to reflect their SWB. Five single
nucleotide polymorphisms (SNPs) were selected from the literature (rs1426371, rs2164273,
rs322931, rs3756290, rs490647) and genotyped for genetic association study. We found negative
correlations between neuroticism and SWB. On the contrary, extraversion and agreeableness were
positively associated with SWB. Three SNPs (rs2164273, rs3756290, rs490647) out of the five were
found to connect with personality (extraversion, neuroticism, conscientiousness and openness to
experience) and rs490647 variants of GRIK3 was also associated with SWB. Individuals carrying G
allele at this site were predisposed to have lower risk to be neuroticism and greater chance to be
extraverted, open and satisfied with their life. In summary, our study revealed that rs490647 might be
a good candidate genetic variant for personality and SWB in Chinese Han population.
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Personality traits are known to be associated with subjective well-being (SWB). Widely accepted, personality traits
can be measured through the five-factor model (FFM), also known as “Big Five”, including Extraversion (E),
Neuroticism (N), Conscientiousness (C), Agreeableness (A), and Openness to Experience (O) [1, 2]. SWB is defined as
the overall emotional and cognitive evaluation of people’s lives, including happiness, fulfilment and life satisfaction [3-
5]. Life satisfaction is most commonly used to measure one’s SWB [4, 6] through the Satisfaction With Life Scale
(SWLS) [7]. Many studies showed close relationships between personality traits and SWB. More precisely, extraversion
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and neuroticism showed opposite pattern: extraversion has been repeatedly positively associated with life satisfaction
while neuroticism was negatively correlated [8-10]. Furthermore, both the two dimensions acted as strong predictors for
SWB, with the same opposite pattern [11, 12]. However, the results on the other three dimensions (i.e. agreeableness,
conscientiousness and openness to experience) were inconsistent. Although most studies were mainly based on western
cohorts, similar conclusions have been achieved from Asian individuals. Studies carried out in Indian, Japan, South
Korea and China have showed that neuroticism and extraversion were associated with life satisfaction [13-16].

Above and beyond the phenotypic associations between personality and SWB, their genetic components and overlap
have been the focus of a substantial amount of research. A meta-analysis of twin studies found that about 40% of
individual differences in personality were caused by genetic factors [17, 18]. Genome-wide association studies (GWAS)
have probed several remarkable variants associated with personality [19-21], especially for extraversion and neuroticism
[22-24]. SWB is also moderately heritable. Twin and family studies showed that genetic variations may typically account
for 30% to 40% of the variance of SWB [10, 25-27]. Simultaneously, SNPs significantly associated with SWB were
observed as well [23, 28-30]. While personality and SWB have been found to be correlated at a behavioural level and
literature point to possible molecular mechanistic and genetic overlaps, only one study [10] demonstrated that SWB was
associated with personality through common genes, but neither a certain gene nor specific molecular loci was presented.

The purpose of this study was to reveal the underlying genetic relations of personality and SWB. We selected five
SNPs associated with personality traits or SWB based on the prior GWAS [22-24, 30].

2- Materials and Methods
2-1- Subjects

We recruited 890 unrelated Chinese Han college students (339 males and 551 females, age: 20.24 + 1.59). All
participants signed the informed consents and filled out the questionnaires measuring SWB and personality traits. The
study protocol has been appraised and confirmed by the Ethics Committee of the Bio-X Institutes, Shanghai Jiao Tong
University. The peripheral blood was collected for each student and the standard phenol-chloroform method was used
in DNA extraction.

2-2- SNP Selection and Genotyping

The SNPs were selected according to the previous GWAS [22-24, 30]. These genetic variants were discovered to be
associated with SWB or personality traits. The minor allele frequency (MAF) should be higher than 0.05 in East Asians.
We included five SNPs (rs1426371, rs2164273, rs322931, rs3756290, rs490647). All SNPs are located in the intron
region except for the downstream rs490647. More detailed information about the SNPs analysed is provided in Table 1.

Genotyping of all five SNPs applied the matrix-assisted laser desorption/ionization time of flight(MALDI-TOF)
mass spectrometer on MassARRAY® Analyzer 4 platform (Sequenom, San Diego, CA). Assay Design Suite v2.0 from
the Mysequenom online software was employed in probes and primers design.

Table 1. The five SNPs analysed in this study and the distribution of alleles and genotypes in 890 participants

Gene SNP ID? Chprgs"i’;?;?g“ ¢ Location Allele® fré?qllljeelr?cy f? sggg}‘g; pHv\:i\{Ee
WSCD2  rsl426371  12:108236003 Intron A/G 1031?57_9) , 4982.1) 29%';3) 435&33) 155‘3(’1(3. gy 0938
MTMR9  rs2164273  8:11310990 Intron NG e (A27.1) 1298%72.9) 47:33(’5215) 5 4?(/:;.9) 6;3“(/756) 0.897

LINCO1221  rs322031  1:199050726 Intron ot 467((382_ PR (T17.6) 59&50) 275%39) 19T(/2T.1) 0.143
RAPGEF6  rs3756290  5:131616057 Intron T 48((358_9) 732(11.1) 31&/3%5) 41&’4%7) 158T(’1T7.8) 0.584
GRIK3 rs490647 1:36777142 Downstream AIG A G AIA GIA GIG 0.916

1064(59.8)  716(402)  315(35.4)  434(48.8) 141(15.8)

HWE: Hardy-Weinberg Equilibrium. p-value: Pearson’s p value, significant p (<0.05) values are in bold.
a According to the dbSNP database.

b The SNP Chromosome positions are based on the NCBI human genome build GRCh38.

¢ The allele under the slash is the minor allele.

2-3- Behavioural Measures

The personality was measured using the Big Five Inventory (BFI) [31]. The BFI is a 44-item questionnaire measuring
the personality on the Big Five dimensions including Extraversion, Neuroticism, Agreeableness, Conscientiousness and
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Openness to experience. The final scores on five factors for individuals are decided by 8-10 items. Each item uses a
Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).

The life satisfaction reflecting one’s SWB was assessed by the Satisfaction With Life Scale (SWLS) [7], which
contains 5 items in a 7-point response format ranging from 1(strongly disagree) to 7 (strongly agree).

2-4- Statistical Analysis

SHEsisPlus (http://shesisplus.bio-x.cn/SHEsis.html) was applied to analyse allelic and genotypic distributions and
Hardy-Weinberg equilibrium [32]. We detected the association between the candidate SNPs with behavioural measures
(i.e. personality and SWB) in five genetic models by “SNPassoc” R package (http://www.r-project.org/). Heat map
illustrating correlations was also achieved on R software through “Corrplot” package. Hierarchical regression analysis
was performed using SPSS® Statistics version 24.0. For all analysis, two tailed p values were adapted and statistical
significance was set for p < 0.05. Research methodology is summarized in Figure 1.

= i . Data analysis
Research problem determination SNP genotyping

(R package and SPSS)
Literature review Data collection Hypothesis test
Research hypothesis Research design Results explanation

Figure 1. Research methodology flowchart

3- Results
3-1- Phenotypic Correlations between Personality Traits and SWB

Baseline characteristics of the 890 recruited students are shown in Table 2. Their mean scores on SWB and five
dimensions of personality were described. And other factors we assumed to have impacts on SWB are also summarized
in Table 2.

Heat map (Figure 2) shows the phenotypic correlation between five personality traits and SWB. Among the five
personality traits, neuroticism was negatively correlated to SWB while extraversion, agreeableness, conscientiousness
and openness to experience showed positive correlations. All five personality traits were significantly correlated with
SWB. As expected, neuroticism showed the strongest and negative correlation with SWB (r = -0.64, t (888) = -24.9, p
< 0.001) while extraversion was positively associated with SWB (r = 0.61, t (888) = 22.804, p < 0.001). However, we
found that agreeableness, conscientiousness and openness to experience were also positively correlated with SWB
(agreeableness: r = 0.59, t (888) = 21.63, p < 0.001; conscientiousness: r = 0.49, t (888) = 16.679, p < 0.001; openness
to experience: r = 0.47, t (888) = 15.728, p < 0.001).

To test whether personality explained a significant amount of variance over the other demographic variables, we
conducted hierarchical regression analysis (Table 3). In step 1, five personality traits were added as variables and they
accounted for total 48.4% variance in SWB. Extraversion (t (875) = 2.749, p = 0.006), neuroticism (t (875) = -6.586, p
< 0.001) and agreeableness (t (875) = 5.466, p < 0.001) were considered significant predictors for SWB. In step 2 and
step 3, demographic variables were added. Contrasting with personality traits, the added variance explained by socio-
demographic variables was only 7.1%, suggesting that personality is a greater contributor to SWB than socio-
demographic.

Page | 80



Emerging Science Journal | Vol. 3, No. 2

Table 2. Baseline characteristics of all 890 participants

Variable Mean SD
Age(years) 20.24 1.59
BMI(kg/m2) 21.79 4.83
Subjective Well-being 20.26 7.31
Extraversion 26.09 6.75
Neuroticism 23.52 6.21
Agreeableness 34.95 5.59
Conscientiousness 29.59 6.24
Openness to experience 34.77 6.23
N %
Gender
Male 339 38.1
Female 551 61.9
Sleep
Very bad 14 1.6
Bad 31 35
General 367 41.2
Good 324 36.4
Very good 154 17.3

Exercise(h)

<0.5 284 31.9
0.5-1.0 398 44.7
1.0-2.0 150 16.9
>2.0 58 6.5

Family income

Lower than average 197 22.1
Average 639 71.8
Higher than average 54 6.1

Average monthly expense (yuan)

<500 95 10.7

500-1000 426 479

1000-1500 228 25.6

1500-2000 74 8.3

>2000 67 7.5
Religious

Yes 56 6.3

No 834 93.7
Child

One child 342 38.4

More than one child 548 61.6

SD: standard deviation; BMI: body mass index
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Figure 2. Heat map illustrating correlations between personality traits and subjective well-being

The values in the lower triangular matrix is correlation coefficients (Pearson’s r). In the upper triangular matrix, big circles in
dark colors indicates strong correlations. Positive correlations are showed in red while negative correlations are showed in blue.
The asterisks show the significant levels.

E: Extraversion, A: Agreeableness, C: Conscientiousness, O: Openness to experience, N: Neuroticism. ***p < 0.001(two tailed).

Table 3. Hierarchical regression analysis for predicting subjective well-being

Variable B SD R t p-value Total R¥(AR?)
Stepl: Personality traits 0.484(0.484)
Extraversion 0.205 0.044 0.190 2.749 0.006

Neuroticism -0.347 0.049 0.294 -6.586 <0.001

Agreeableness 0.293 0.045 0.224 5.466 <0.001

Conscientiousness 0.048 0.039 0.041 1.849 0.065

Openness to experience 0.071 0.038 0.061 1.233 0.218

Step 2: Demographic control 0.487(0.003)
Gender 1.364 0.371 0.091 3.678 <0.001

Age -0.027 0.105 -0.006 -0.260 0.795

Step3: Other control 0.555(0.068)
Sleep 1.327 0.223 0.156 5.951 <0.001

BMI -0.028 0.035 -0.018 2.370 0.018

Exercise 0.516 0.218 0.061 3.099 0.002

Family income 2.440 0.352 0.169 -0.783 0.434

Average monthly expense 0.521 0.168 0.074 -1.141 0.254

Religious -0.782 0.685 -0.026 -0.233 0.816

Child -0.086 0.368 -0.006 6.925 <0.001

B is unstandardized linear regression coefficients and SD is standard deviation for B.
f3 is standardized linear regression coefficients.
p-value: Person’s p value, two tailed.
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3-2- Genetic Associations of Personality Traits and SWB

All five SNPs tested were in Hardy—Weinberg equilibrium (p>0.05, Table 1). Their gene information and the
distributions of allele and genotype frequencies are shown in Table 1. In terms of association study for personality, two
SNPs showed individual differences in extraversion (rs3756290: p = 0.042, 3 (95%Cl) = -1.025 (-2.364 ~ -0.046);
rs490647: p =0.042, B (95%CI) = 0.963 (0.037 ~ 1.889)) (Table 4). The rs490647 was also significant with neuroticism
(p =0.011, B (95%CI) = -0.769 (-1.360 ~ -0.179)) and openness to experience (p = 0.006, B (95%Cl) = 1.557 (0.441 ~
2.674)). Besides, rs2164273 was associated with conscientiousness (p = 0.045, R (95%Cl) = -0.841 (-1.661 ~ -0.021)).
The associations remained significant while controlling for gender and age. Furthermore, among the above three
personality lead-SNPs, rs490647 variants showed significant individual differences in association with SWB as well (p
=0.003, B (95%CIl) = 1.05 (0.35 ~ 1.75)). We ran five genetic models to further explore this result (Table 5). We found
that the G/G genotype was correlated with higher score of SWB. This marker was survived after adjusting for gender
and age and after Bonferroni correction for multiple testing (Bonferroni corrected p = 0.018).

Table 4. Genetic variants significantly associated with personality traits

SNP Reference allele 3 95% CI p-value 32 95% CI? p-value?
Extraversion

rs3756290 T -1.025  (-2.364, -0.046) 0.042 -1.238  (-2.400, -0.076) 0.037
rs490647 G 0.963 (0.037, 1.889) 0.042 0.952 (0.019, 1.885) 0.046
Neuroticism

rs490647 G -0.769  (-1.360, -0.179) 0.011 -0.653  (-1.245,-0.061) 0.031

Conscientiousness

12164273 A -0.841 (-1.661, -0.021) 0.045 -0.852 (-1.671, -0.032) 0.042

Openness to experience
rs490647 G 1.557 (0.441, 2.674) 0.006 1.539 (0.419, 2.660) 0.007

B is standardized linear regression coefficients for effective allele. p-value: Pearson’s p value; Cl, confidence interval
a Adjusted for age, gender in statistical analysis

Table 5. Association between rs490647 and subjective well-being in five genotype models

Genotype rs490647 N Mean SE 13 (95%Cl) p-value 13 (95%Cl)? p-value?
Codominant
AIA 315  19.58 041 0.00 0.011 0.00 0.009
G/IA 434 20.24 0.35 0.66(-0.40, 1.72) 0.68(-0.38, 1.74)
GIG 141 21.81 0.60 2.22(0.78, 3.67) 2.27(0.82,3.73)
Dominant
AIA 315  19.58 041 0.00 0.042 0.00 0.038
G/A-GIG 575  20.63 0.31 1.04(0.04, 2.05) 1.07(0.06, 2.08)
Recessive
AIA-GIA 749  19.97 0.27 0.00 0.006 0.00 0.005
GIG 141 2181 0.60 1.84(0.53, 3.15) 1.87(0.56, 3.19)
Overdominant
AIA-GIG 456 20.27 0.34 0.00 0.955 0.00 0.950
G/IA 434 20.24 0.35  -0.03(-0.99, 0.93) -0.03(-0.99,0.93)
log-Additive
01,2 1.02(0.33, 1.72) 0.004 1.05(0.35, 1.75) 0.003

SE: standard error
aAdjusted for age, gender in statistical analysis

4- Discussion

In this work, we analysed both phenotypic and genotypic associations between personality and SWB among 890
college students within Chinese Han population. Strong phenotypic relations between personality traits and SWB have
been shown, especially for neuroticism, extraversion and agreeableness. In addition, we tested for genetic associations
considering five SNPs (rs1426371, rs2164273, rs322931, rs3756290, rs490647) extracted from the original GWAS [22-
24, 30]. Three SNPs (rs2164273, rs3756290, rs490647) were found to correlate with personality and our results point to
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rs490647 as a possible shared genetic site between personality and SWB.

In line with previous studies [8-10], we found neuroticism to be negatively and extraversion to be positively related
to SWB. Besides, we revealed that agreeableness also exhibited strong relation with SWB, consistent with another study
carried out in China [33]. Although moderate, the positive correlation between conscientiousness and openness to
experience with SWB might help to target promising psychotherapic strategies to improve SWB.

To our knowledge, little previous research has been conducted to show the genetic variants of SWB, and only several
GWAS have discovered significant SNPs for two personality dimensions. Here, we used a genetic association approach
and we found that two SNPs (rs3756290, rs490647) are associated with extraversion. In accordance with previous
findings, rs490647 showed a significant association for neuroticism [22]. Besides, we ascertained genetic variants
rs2164273 associated with conscientiousness and rs490647 associated with openness to experience in Chinese Han
population. Since the genetic correlations between personality and SWB have been revealed in previous meta-analysis
studies [34, 35], we further conducted association studies of SWB. rs490647 variant was found to be also significantly
associated with SWB besides the three dimensions of personality. Therefore, it indicated that the SWB and personality
might have shared gene loci.

As mentioned above, our results revealed rs490647 as the overlap significant SNP site for SWB and personality.
rs490647 is an adenosine (A) / guanine (G) nucleotide variation. Previously, a study based on 106000 individuals has
proved the significant association between rs490647 and neuroticism (p = 3.8 x 10°8) [22]. In that study, the reference
allele A had a positive linear correlation with neuroticism. We confirmed this finding in 890 college students from
Chinese Han population. Allele G was considered as the reference allele wherein G/G genotype proclaimed lower risk
for neuroticism. Additionally, we also described that allele G had the positive correlation with extraversion, openness
to experience and happiness. People with G/G genotype tended to have higher scores on extraversion, openness to
experience and life satisfaction. Overall these findings indicated that rs490647 might be a protective genetic variant
lowering the risk for neuroticism and psychiatric disorders.

rs490647 is located at Chr1:36777142, downstream region of GRIK3 gene. The human gene GRIK3 encodes the
glutamate ionotropic kainate receptor subunit GIuR7 [36], which is involved in the regulation of glutamatergic synaptic
neurotransmission [37]. GRIK3 gene possess a higher expression in brain tissues in contrast to non-brain tissues [38],
especially enriched in mossy fibers and CA3 pyramidal cells synapses in hippocampus [37]. GIuR7 is an important
subunit of presynaptic kainate receptors that have low sensitivity to glutamate, conduct synaptic plasticity and facilitate
glutamate release [39]. Excessive activation of glutamate receptors can lead to excitotoxicity [40], and GRIK3 has been
proposed to be an excitotoxicity causing candidate [36]. Multiple studies have provided strong evidence for a significant
correlation between GRIK3 and psychiatric disorders, such as schizophrenia and major depressive disorder(MDD) [41-
43]. Associations have been reported between GRIK3 genetic variants and recurrent MDD [44] and several personality
traits [45]. Hence, as for our results, we speculated that people with G/G genotype at rs490647 or linked variants may
express GRIK3 in a relatively low level to decrease glutamate release, avoid excessive glutamate receptors activation
and keep the normal neuronal ionic gradient. They are at lower risk for mental disorders, easier to feel satisfied with
their life and own positive personality such as extraversion and openness to experience.

The limitations of our study naturally include two aspects. The first one is the relative small sample size. Besides,
we selected SNPs according to the previous GWAS and five SNPs in our study were from different genes, causing the
insufficient SNP coverage for each gene. Hence, larger size of samples should be included and complete SNP coverage
for specific gene especially GRIK3 are desirable for further study.

5- Conclusion

In summary, our study confirmed both phenotypic and genotypic association between personality and SWB. Five
personality traits were significantly correlated with SWB. Neuroticism showed the strongest negative correlation with
SWB. The rest four personality aspects showed positive correlation. Genetic variant rs490647 in downstream of GRIK3
might be a shared genetic variant for personality and SWB in Chinese Han population. People with G/G genotype tended
to be extraverted, open and satisfied with their life and had a lower tendency to develop neuroticism. Due to the pilot
nature of our work, future research should further develop and replicate these initial findings in larger samples and
different ethnic groups. Above all, this is an interdisciplinary study integrating psychology and life science, unearthing
not only the surface but also the underlying genetic relations between personality and SWB. The effective loci and
related gene was found to disclose why personality is correlated to SWB. Thus, our study has provided a deeper
understanding than usual psychological researches.
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