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Abstract

The framing effect refers the tendency to be risk-averse when options are presented positively but be risk-seeking when the
same options are presented negatively during decision-making. This effect has been found to be modulated by the sero-
tonin transporter gene (

http://www.oxfordjournals.org/


Introduction

During decision-making, individuals tend to be risk-averse
when options are presented in a positive way (i.e. the gain
frame) but be risk-seeking when the same options are presented
negatively (i.e. the loss frame), a phenomenon known as the
‘framing effect’ (Tversky and Kahneman, 1981; Kahneman and
Tversky, 1984; Kuhberger et al., 1999). This spontaneous bias is
observed across different cultures (Kahneman and Tversky,
1979; Sharp and Salter, 1997), and has profound influences on
important daily decisions, such as those related to finance, vot-
ing, and whether or not to undergo a certain surgery (McNeil
et al., 1982; Druckman, 2004).

Previous studies suggested that emotional arousal towards
the potential of loss plays an important role in the framing effect.
Specifically, psychophysiological evidence demonstrated that
choices in the loss frame are associated with more elevated skin
conductance responses than choices in the gain frame in normal
participants; this effect was absent for autistic participants with
emotional impairment (Hill et al., 2004; De Martino et al., 2008).
Neuroimaging studies revealed an increased activation of the
emotion system (e.g. the amygdala) when participants chose
risky options in the loss frame and safe options in the gain frame
(De Martino et al., 2006; Roiser et al., 2009; Xu et al., 2013; Gao et al.,
2016). Moreover, increased distress results in an increased fram-
ing effect (Druckman and McDermott, 2008), while reduced emo-
tional response via cognitive reappraisal decreases individuals’
susceptibility to framing (Miu and Crişan, 2011).

The susceptibility to framing in decision-making, which
varies substantially across individuals (Kahneman and Tversky,
1979; Sharp and Salter, 1997; De Martino et al., 2006; Roiser et al.,
2009; Gao et al., 2016), has moderate heritability (Simonson and
Sela, 2011; Cesarini et al., 2012; Cronqvist and Siegel, 2012), sug-
gesting that genetic variations contribute to the individual
differences. Although genetic studies on risk-taking have dem-
onstrated the important role of genetic variations on dopamin-
ergic and serotonergic pathways in decision-making under risks
(Crişan et al., 2009; Dreber et al., 2009; Kuhnen and Chiao, 2009;
He et al., 2010; Frydman et al., 2011; Heitland et al., 2012; Reuter
et al., 2013; Set et al., 2014), only a few studies investigated dir-
ectly the genetic basis of the susceptibility to framing in
decision-making. Two studies (Cris
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at large, we compared P values in multiple partial-F tests of the
genes on the dopaminergic and serotonergic pathways to com-
parable genes in the GWA dataset to generate an ‘empirical’
null distribution (Set et al., 2014). Empirical p values were deter-
mined by comparing across the entire genome. A gene was con-
sidered comparable if (i) its SNPs generated the same number of
principal components according to the procedure outlined
above and (ii) it was represented by the same or similar number
of SNPs. A range of SNPs was allowed to generate at least one
hundred comparable genes, since an exact match produced too
few comparable genes (see Supplementary Table S2). This typic-
ally occurred when there were a large number of SNPs within
the gene.

Protein–protein interactions

Knowledge about a protein’s specific interaction map is an im-
portant prerequisite for a full understanding of its function.
Here we used the STRING 10 (Search Tool for the Retrieval of
Interacting Genes/Proteins) database (http://string-db.org,
Szklarczyk et al., 2015) to test the interactions between the pro-
teins encoded by all the dopaminergic genes and serotonergic
genes included in the current study. This database aims to pro-
vide a critical assessment and integration of protein–protein
interactions, including direct (physical) as well as indirect (func-
tional) associations, and generates an interaction confidence
score for each interaction using four resources, including gen-
omic context, high-throughput experiments, co-expression
data, and previous studies.

Note, cellular functions are carried out by ‘modules’ made
up of many species of interacting molecules (Hartwell et al.,
1999; Rives and Galitski, 2003). It is known that proteins of simi-
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allele scores across sex. Thus we estimated the model for these
two genes in male and female participants separately. Results
showed that the MAOB gene was associated with the suscepti-
bility to framing in male participants, which accounted for 2.8%
of the variation in male participants, adjusted R2 change¼ 0.028,
partial-F¼ 2.499, P¼ 0.031. The pattern remained the same in
permutation test (P¼ 0.038) and empirical test (P¼ 0.043). This
effect was absent in female participants. No effect was observed
for the MAOA gene.

To address the question of whether there existed variations
that could be explained by SNP–SNP interactions, we conducted
PCA on regressors generated from first-order, second-order, and
third-order interactions of SNPs within a gene. However, we
found that incorporating SNP–SNP interactions did not improve
model fittings of genes. The effects of the DDC gene and the
SLC6A4 gene were similar to the results in single SNP analysis,
while the effects of the COMT gene and the MAOB gene in single
SNP analysis were now abolished. We did not find that the pre-
viously insignificant genes became significant after accounting
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amygdala coupling, it is conceivable that genetic variations in
the DDC gene and the MAOB gene may modulate the individual
differences in susceptibility to framing via their impacts on the
PFC-amygdala circuitry. This hypothesis needs to be tested by
further genetic imaging studies.

The current study raises a few more implications for future
research. First, in line with a previous study suggesting that the
MAOB polymorphisms are related to negative emotionality per-
sonality (Dlugos et al., 2009), our results provide new evidence
linking genetic variations of MAOB to the susceptibility to fram-
ing, which is associated with negative emotional processing.
However, this effect exists in male participants, but not in fe-
male participants. This sex difference is consistent with previ-
ous neuropsychological studies demonstrating that the platelet
MAO activity is associated with sex-differentiated features in
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serotonin systems modulate the neurophysiological response
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