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Abstract
Background—The many attempts that have been made to identify genes for bipolar disorder
(BD) have met with limited success, which may reflect an inadequacy of diagnosis as an
informative and biologically relevant phenotype for genetic studies. Here we have explored
aspects of personality as quantitative phenotypes for bipolar disorder through the use of the
Temperament and Character Inventory (TCI), which assesses personality in seven dimensions.
Four temperament dimensions are assessed: novelty seeking (NS), harm avoidance (HA), reward
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dependence (RD), and persistence (PS). Three character dimensions are also included: self-
directedness (SD), cooperativeness (CO), and self-transcendence (ST).

Methods—We compared personality scores between diagnostic groups and assessed heritability
in a sample of 101 families collected for genetic studies of BD. A genome-wide SNP linkage
analysis was then performed in the subset of 51 families for which genetic data was available.

Results—Significant group differences were observed between BD subjects, their first-degree
relatives, and independent controls for all but RD and PS, and all but HA and RD were found to be
significantly heritable in this sample. Linkage analysis of the heritable dimensions produced
several suggestive linkage peaks for NS (chromosomes 7q21 and 10p15), PS (chromosomes 6q16,
12p13, and 19p13), and SD (chromosomes 4q35, 8q24, and 18q12).

Limitations—The relatively small size of our linkage sample likely limited our ability to reach
genome-wide significance in this study.

Conclusions—While not genome-wide significant, these results suggest that aspects of
personality may prove useful in the identification of genes underlying BD susceptibility.

Keywords
bipolar disorder; personality; TCI; heritability; genetic linkage

INTRODUCTION
Bipolar disorder (BD) is a severe mood disorder that affects approximately 1% of the
population and is characterized by episodes of major depression interspersed with periods of
mania (bipolar I) or hypomania (bipolar II) (Goodwin and Jameson, 1990). Family, twin,
and adoption studies, have suggested that BD is familial with a substantial genetic
component and an estimated heritability of approximately 80% (Craddock and Jones, 1999;
Taylor et al., 2002). Despite this high heritability, the many attempts have been made over
the last few decades to identify genetic variants contributing to BD susceptibility have met
with limited success. Linkage and association studies have implicated numerous
chromosomal regions and candidate genes with significant evidence for an involvement in
BD, yet the causal variants have remained elusive (Serretti and Mandelli, 2008). Recent
genome-wide association studies (GWAS) of BD and large meta-analyses of several
thousand subjects have produced significant evidence for association to some interesting
new candidates, yet these loci explain only 1–2% of BD susceptibility (Baum et al., 2007;
Ferreira et al., 2008; Psychiatric GWAS Consortium Bipolar Disorder Working Group,
2011; Scott et al., 2009; Sklar et al., 2008; Smith et al., 2009; Wellcome Trust Case Control
Consortium, 2007).

While the difficulties in identifying genes for BD have generally been attributed to genetic
heterogeneity and small gene effects, it is also likely that the categorical diagnostic systems
(DSM and others) used in genetic studies are limited in their ability to capture the
tremendous clinical heterogeneity observed in BD probands and their families (Gershon et
al., 1982; Kelsoe, 2003; Price et al., 1985). Since traditional diagnostic systems are based on
symptomatology, rather than etiology, they may not adequately reflect with the underlying
pathology. As some have suggested BD, may be better conceptualized as part of a
continuous distribution of clinical variation, ranging from very mild and subclinical to
severe, consistent with a polygenic trait influenced by the interaction of many genes of small
effect (Akiskal, 1983; Akiskal and Pinto, 2000; Kelsoe, 2003). Thus, the use of a
quantitative phenotype to model this variation may be a powerful tool for elucidating the
genetic architecture of BD.
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The variation in the presentation, course, and underlying pathology that is observed among
patients with BD and other mood disorders has been shown to be associated with personality
traits, which may serve as useful endophenotypes in genetic studies (Lara and Akiskal,
2006; Lara et al., 2006; Loftus et al., 2008; Savitz et al., 2008a). Endophenotypes are
quantitative phenotypes that relate to specific neurobiological functions associated with a
disorder and demonstrate reliability, stability, and heritability (Gottesman and Gould, 2003).
Several questionnaires evaluating personality are available, including the Temperament and
Character Inventory, 125-question version (TCI-125), which is a self-administered true/false
questionnaire that assesses personality according to Cloninger’s psychobiological model
(Cloninger et al., 1993). Temperament refers to automatic emotional responses to experience
and is measured in four dimensions: novelty seeking (NS), harm avoidance (HA), reward
dependence (RD), and persistence (PS). Character refers to self-concepts and individual
differences in goals and values and is measured in three dimensions: self-directedness (SD),
cooperativeness (CO), and self-transcendence (ST). These temperament and character
dimensions interact to form an individual’s personality with certain interactions presumably
leading to mood and other psychiatric disorders. Previous studies of the TCI in mood
disorders have shown that subjects with BD score higher on the NS, HA, and ST dimensions
than the general population (Harley et al., 2011; Loftus et al., 2008; Young et al., 1995),
while subjects with major depressive disorder (MDD) score higher on NS and HA but lower
on SD, CO, and ST (Bayon et al., 1996; Cloninger et al., 1994; Farmer et al., 2003;
Hansenne et al., 1999; Harley et al., 2011; Marijnissen et al., 2002; Svrakic et al., 1993;
Young et al., 1995). Thus, subjects with mood disorders appear to possess personality traits
that are significantly different from non-ill individuals. Importantly, the TCI has been shown
to have very good reliability, internal consistency, and stability over time (Cloninger et al.,
1994; Cloninger et al., 1993; Heath et al., 1994; Keller et al., 2005), as well as evidence of
heritability in the general population (Heath et al., 1994; Heiman et al., 2003; Keller et al.,
2005).

Here we have used the TCI to assess the utility of personality dimensions as endophenotypes
to aid in dissecting the underlying genetic architecture of BD. We evaluated personality
dimension scores for subjects with BD, relatives with MDD, and their clinically unaffected
relatives with comparison to an independent sample of control subjects. We have previously
reported evidence for the familiality of personality in BD (Evans et al., 2005). We now
report evidence for the heritability of five personality dimensions in 101 BD families and the
results of a subsequent genetic linkage analysis of 51 families genotyped for a single
nucleotide polymorphism (SNP) linkage panel. Even in this post-GWAS era, linkage
remains a valuable tool for the detection of the aggregate effects of multiple rare and
common variants within a gene or region.

METHODS
Subjects

Subjects from BD families were selected from three different data sets collected for genetic
studies of BD. The primary dataset (University of California San Diego, UCSD) was
recruited at one of three sites (San Diego, Vancouver, and Cincinnati) as part of a
collaborative genetic linkage study of BD (Kelsoe et al., 2001). The other two data sets were
recruited at UCSD as part of the National Institute of Mental Health (NIMH) Genetics
Initiative for Bipolar Disorder Waves 3 and 4 (Dick et al., 2003). Since the TEMPS-A was
only administered at the San Diego site of the NIMH consortium, data was not available for
the rest of the NIMH collection. Families were first identified through a proband diagnosed
with bipolar I disorder or bipolar II disorder (UCSD sample) or a bipolar I sibling pair
(Waves 3 and 4). Each subject was interviewed and diagnosed using either a modified
version of the Structured Clinical Interview for DSM-III-R (SCID) or the Diagnostic

Greenwood et al. Page 3

J Affect Disord. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Interview for Genetics Studies (DIGS) (Nurnberger et al., 1994; Spitzer et al., 1992).
Interviewers were extensively trained and reliability was regularly tested. A panel of
clinicians reviewed the interview, medical records, and information from family informants
in order to make a final DSM-IV diagnosis. Control subjects were ascertained by advertising
in the UCSD Mental Health Clinical Research Center and screened using the SCID for the
absence of psychiatric illness. The TCI-125 was also administered to all subjects at the time
of interview, and blood was drawn for the establishment of lymphoblastoid cell lines. All
subjects provided written informed consent according to procedures approved by the local
Institutional Review Board of each university.

The final sample included 670 subjects from 101 families with TCI data available for 428
subjects with the following diagnoses: 129 subjects (30.2%) with bipolar I (BDI), 39 (9.1%)
with bipolar II (BDII), 9 (2.1%) with schizoaffective disorder, bipolar-type (SA-BP), 99
(23.2%) with recurrent major depression (MDD-R), 18 (4.2%) with a single episode of
major depression (MDD-SE), 122 (28.6%) with no history of mood disorders, and 11 (2.6%)
of unknown diagnoses. These data, along with the number of informative relative pairs, are
summarized in Table 1. We also included an independent sample of 53 control subjects with
no personal or family history of mental illness. This sample is approximately 62% female
with an average age at interview of 45 (±17). All subjects were Caucasians of European
ancestry.

Genotyping
Genotyping was performed by the Center for Inherited Disease Research (CIDR) using the
Illumina Infinium HumanLinkage-12 panel containing 6,090 SNP markers across the
genome. A subset of the families and were genotyped as part of a larger study of 972
European ancestry families that were evaluated for linkage to BD (Badner et al., 2012). The
5,670 autosomal and X-linked SNPs that passed the initial quality control assessments by
CIDR were evaluated for missingness, allele frequency, and Hardy–Weinberg equilibrium,
and families were further assessed for relatedness, Mendelian errors, unlikely genotypes,
and ancestry, as described in detail in elsewhere (Badner et al., 2012). Cleaned genotypes
were available for 261 subjects from 51 of our 101 UCSD and NIMH families (see Table 1).
The remaining 5,642 SNPs were ordered on the physical map according to Genome Build
36, and the deCODE genetic map was used to estimate genetic map distances (Kong et al.,
2002). The final SNPs had an average physical spacing of 490 kb and an average genetic
spacing of 0.62 cM.

Statistics
Subjects diagnosed as BDI, BDII, or SA-BP had similar scores across the personality
dimensions and were combined into a BD group for analysis. Subjects diagnosed with
MDD-R or MDD-SE also had similar personality scores and were combined into an MDD
group. Unaffected relatives and independent controls subjects were placed into the REL and
CTL groups, respectively. Group differences were evaluated using one-way ANOVA with
diagnosis as the grouping factor, and the Tukey HSD for unequal n’s was utilized as a post-
hoc test to compare specific groups.

Heritability (h2) estimates were computed using the variance components method
implemented in SOLAR v.4.3.1 (Almasy and Blangero, 1998). Prior to analysis, all
personality dimensions were transformed using the inverse normal function to correct for
non-normality in the distributions. Age at interview and gender were explored as potential
covariates and retained in the analysis when significant (p<0.05).
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Linkage analysis was performed using the inverse normal transformed and covariate-
adjusted residual scores for the five heritable dimensions. Two-point and multipoint log of
the odds ratio (LOD) scores were computed using MERLIN v.1.1.2 (Abecasis et al., 2002).
Although several different methodologies are available to assess linkage for quantitative
traits, the pedigree-wide regression method in MERLIN was selected because it has been
shown to be more robust to issues involving incomplete marker informativity and is
appropriate for selected samples, allowing for the specification of population based
parameters (Cordell, 2004; Schork and Greenwood, 2004a, b; Sham et al., 2002). A variance
components model was instead used for analysis of the X chromosome, since the regression
algorithm only supports the analysis of autosomes. Multipoint identity-by-descent matrices
were generated at a 1 cM resolution, slightly larger than the average spacing between SNPs.
As linkage analysis of tightly linked loci can inflate LOD scores, we required that the r2

value between markers be less than 0.1. Genome-wide suggestive and significant thresholds
were estimated using gene-dropping simulations in MERLIN with 1,000 replicates. The
suggestive and significant thresholds for each dimension are as follows: 2.06 and 3.60 for
NS, 2.12 and 3.89 for PS, 2.79 and 5.06 for SD, 2.49 and 4.69 for CO, and 1.64 and 3.05 for
ST, respectively. The suggestive threshold for all dimensions considered together is 3.34.

RESULTS
The average personality dimension scores in subjects with BD and MDD, along with their
unaffected relatives (REL) and independent controls (CTL), are shown in Figure 1.
Significant group differences (p<0.001) were observed for five of the dimensions as follows:
NS F=17.7, HA F=33.8, SD F=54.2, CO F=9.4, and ST F=19.0. As shown in Table 2, post
hoc analyses revealed significantly higher NS, HA, and ST scores and lower SD and CO
scores for BD subjects compared with the MDD, REL, and CTL groups. MDD subjects
revealed significantly higher HA and lower SD scores compared to the REL and CTL
groups, as well as higher ST scores compared to the CTL group. HA also successfully
distinguished REL and CTL subjects, and a trend was observed for ST. Significant
differences were not observed between any diagnostic groups for RD or PS, consistent with
our previous report (Evans et al., 2005).

We assessed several clinical and demographic factors in the 177 subjects with BD to
evaluate the utility of the personality dimensions in predicting aspects of the course and
severity of illness. Females scored significantly higher than males for HA (12.6 vs. 9.1,
p<0.001), RD (10.5 vs. 9.3, p=0.004), and CO (21.2 vs. 18.9, p=0.001), consistent with
previous findings (Evans et al., 2005). An earlier age at onset of BD was significantly
correlated with higher scores for HA (r=-0.35, p=0.002) and lower scores for PS (r=0.24,
p=0.030), SD (r=0.42, p<0.001), and CO (r=0.27, p=0.015). Higher NS scores were
correlated with more suicide attempts (r=0.28, p=0.016), whereas subjects with suicidal
ideation had lower PS scores (2.9 vs. 4.2, p<0.001). Subjects with co-morbid obsessive-
compulsive disorder scored significantly higher on HA (16.1 vs. 10.9, p=0.001) and lower
on SD (10.1 vs. 15.5, p=0.001), as did subjects with co-morbid panic disorder (13.3 vs. 10.8,
p=0.011 for HA and 13.3 vs. 15.6, p=0.040 for SD). Higher NS scores were observed for
subjects with co-morbid alcoholism (11.2 vs. 9.6, p=0.004), and lower CO scores were
observed for subjects with co-morbid substance dependence (19.2 vs. 20.8, p=0.025). We
did not observe any significant correlations with other measures of illness severity, such as
the number of episodes per year, number of hospitalization per year, lifetime course, or
psychosis. Data regarding current state was available for only 97 of the 177 subjects with
BD. Of these, 45% met full criteria or were symptomatic at the time of interview, yet the
scores of these subjects did not significantly differ from those who were in remission at the
time of interview for any dimension (p>0.05). Similarly, current state data was available for
47 of the 117 subjects with MDD, and no significant differences in scores were found
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between the 13% who met full criteria or were symptomatic at the time of interview
compared with those in remission (p>0.05). Among the BD subjects, relatively strong and
significant correlations (p<0.001) were observed between SD and HA (r=-0.54), SD and CO
(r=0.42), and CO and RD (r=0.43), while weaker but significant (p<0.05) correlations were
observed between NS and HA (r=-0.23), NS and SD (r=-0.16), NS and CO (r=-0.21), and
HA and CO (r=-0.22).

Five of the seven personality dimensions were found to be moderately but significantly
heritable in this sample, as shown in Table 3, with heritability estimates ranging from 17%
for ST to 35% for SD. Age was found to be a significant covariate for NS, SD, and CO, and
gender was found to be a significant covariate for CO. HA and RD were not found to be
heritable in this sample and were thus excluded from further genetic analyses.

As shown in Figure 2 and summarized in Table 4, genome-wide linkage analyses
collectively identified several interesting linkage regions across the five heritable
dimensions. A summary of all multipoint LOD scores >1.0 is provided in Table S1.
Suggestive evidence of linkage was observed for NS on chromosomes 7q21 and 10p15, for
PS on chromosomes 6q16, 12p13, and 19p13, and for SD on chromosomes 4q35, 8q24, and
18q12. The linkage peaks for NS on 10p15 and SD on 18q12 also pass the threshold for
suggestive linkage across all dimensions with LOD scores >3.34. CO and ST produced
several peaks with multipoint LOD scores >1.0, but none met genome-wide suggestive
criteria. The observed peaks did not overlap, suggesting that each personality dimension
may reflect the influence of different genes.

Several genes of potential neuronal significance were identified beneath the suggestive
peaks. RELN lies within the 1-LOD interval of the NS peak on 7q21. This gene, which
encodes a large secreted extracellular matrix protein thought to be critical for cell
positioning and neuronal migration during brain development, has been implicated in BD,
MDD, schizophrenia, and autism (Folsom and Fatemi, 2013). The glutamate receptor gene
GRIK2 lies directly beneath the PS peak on 6q16. Glutamate receptors are the predominant
excitatory neurotransmitter receptors in the mammalian brain and are activated in a variety
of normal neurophysiologic processes. POU3F2 also lies within the 1-LOD interval on 6q16
and encodes a member of the POU-III class of neural transcription factors that is involved in
neuronal differentiation. Interestingly, the calcium channel gene CACNA1C lies directly
under the PS peak on 12p13. This gene has shown significant associations with BD in
several large samples (Ferreira et al., 2008; Psychiatric GWAS Consortium Bipolar Disorder
Working Group, 2011; Sklar et al., 2008). The neurocan gene, NCAN, lies within the 1-
LOD interval of the PS peak on 19q13 and has been implicated as a susceptibility gene for
BD in a recent large GWAS (Cichon et al., 2011). ODZ3 lies directly beneath the SD peak
on 4q35. Although not of obvious significance here, this gene is a homolog of the ODZ4
gene, which was recently implicated in a very large GWAS of BD (Psychiatric GWAS
Consortium Bipolar Disorder Working Group, 2011). The CASP3 gene also lies within 1-
LOD interval on 4q35 and encodes a member of the caspase family that is not only essential
for normal brain development but is also associated with neuronal death in Alzheimer’s
disease via its role in the cleavage of amyloid-beta 4A precursor protein (Porter and Janicke,
1999). Finally, the nucleolar protein 4 gene, NOL4, lies directly under the SD peak on
18q12 and is expressed predominantly in fetal and adult brain.

DISCUSSION
The use of diagnosis as a phenotype may not have the best power to detect causal genes in
genetic studies of BD, given the high degree of clinical variability observed among BD
subjects, which is a likely reflection of underlying genetic heterogeneity. Here we have
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explored the utility of personality dimensions as quantitative genetic traits influencing BD
susceptibility.

In this study, we observed significant group differences across all personality dimensions,
except RD and PS. HA, SD, and ST in particular showed the expected trend of more
pathological scores for BD subjects, followed by MDD and unaffected relatives, and finally
controls. NS and CO were also significantly different in BD subjects as compared to all
other groups. These results are consistent with our previous study, which reported evidence
of familiality for the TCI in an overlapping sample (Evans et al., 2005). The observation in
this study of higher NS, HA, and ST scores and lower SD scores in BD subjects compared to
controls replicates the findings of other studies (Harley et al., 2011; Loftus et al., 2008;
Young et al., 1995), as does the observation of higher HA and ST and lower SD in MDD
subjects compared to controls (Bayon et al., 1996; Cloninger et al., 1994; Farmer et al.,
2003; Hansenne et al., 1999; Harley et al., 2011; Marijnissen et al., 2002; Svrakic et al.,
1993; Young et al., 1995). However, higher NS and lower CO scores were not observed for
MDD compared to controls in this study, contrary to previous findings (Bayon et al., 1996;
Cloninger et al., 1994; Farmer et al., 2003; Hansenne et al., 1999; Svrakic et al., 1993).

Heritability estimates for the TCI dimensions range from approximately 30–60% in the
general population (Heath et al., 1994; Heiman et al., 2003; Keller et al., 2005); yet, few
studies have directly assessed their heritability in families with BD and other mood
disorders. Here we have found five of the seven dimensions to be significantly, although
modestly, heritable in BD families and thus suitable for genetic analyses of BD
susceptibility. In another study of 241 subjects from 31 extended Caucasian South African
families, heritability was estimated as 57% for HA, 40% for RD, 26% for PS, 30% for SD,
and 36% for CO, and NS and ST were not found to be heritable (Savitz et al., 2008b). With
the notable exceptions of PS and SD, the heritability estimates observed in this previous
study show little agreement with our findings. These discrepancies are likely due not only to
differences in the two samples, both in terms of size and composition, but are also likely
attributable to the different methods of analysis. Despite these differences, there is consistent
evidence for the heritability of several TCI personality dimensions across studies.

Previous linkage studies of an earlier temperament-based version of the TCI, the
Tridimensional Personality Questionnaire (TPQ), in population-based samples have
identified significant linkage peaks for HA on 8p21-23 and NS on 12p13 and 17q21
(Cloninger et al., 1998; Curtis, 2004; Zohar et al., 2003). Other than the suggestive linkage
of PS to 12p13, we did not find any evidence to support linkage to these regions for any of
the five dimensions assessed. However, some overlap between our results and previous
linkage studies of BD, and other disorders, does exist. For example, the 6q16 region
observed for PS in this sample was also observed for BD in our previous study of 34
families and in the NIMH Wave 3 sample, both of which overlap in part with the sample
presented here (Dick et al., 2003; Greenwood et al., 2012). An evaluation of temperament in
this same cohort, as assessed by the Temperament Evaluation of Memphis, Pisa, Paris, and
San Diego Auto-questionnaire (TEMPS-A), also revealed suggestive linkage of the
hyperthymic temperament to 6q16 (Akiskal et al., 2005a; Akiskal et al., 2005b; Greenwood
et al., in press). Additionally, the 8q24 region identified here for SD has been repeatedly
implicated in BD (Avramopoulos et al., 2004; Cichon et al., 2001; McInnis et al., 2003;
McQueen et al., 2005), and the 18q21 region observed for SD, the strongest finding in our
study with a LOD score of 3.53, has shown prior evidence of linkage to BD and
schizophrenia (Maziade et al., 2001). Interestingly, the 10p15 region observed for NS, the
second strongest finding in our study with a LOD score of 3.40, has shown evidence of
linkage to early-onset obsessive-compulsive disorder, with further evidence of association to
the ADARB2 gene, which lies directly beneath this linkage peak (Hanna et al., 2007).
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A recent GWAS of the four TCI temperament dimensions in a sample of 5,117 Australians
failed to identify any genome-wide significant genetic variants (Verweij et al., 2010), as did
a subsequent meta-analysis of more that 11,000 subjects (Service et al., 2012). Other GWAS
of personality using alternative questionnaires have faired similarly (Calboli et al., 2010;
Shifman et al., 2008; Terracciano et al., 2010; van den Oord et al., 2008). One GWAS
investigating the TCI in 944 BD subjects was somewhat more successful, finding significant
associations for two SNPs on 5q21.3 and 10q23.3, although these did not survive correction
for 25 subscales analyzed (Alliey-Rodriguez et al., 2011). While we did not find evidence
for linkage to these regions, we also did not evaluate linkage to the TCI subscales, choosing
instead to focus on the main personality dimensions, specifically those that were heritable in
our sample. We did, however, observe some degree of overlap of our linkage regions with
the results of several large GWAS of BD, such as CACNA1C on 12p13 and NCAN on
19q13, both of which were observed for PS (Cichon et al., 2011; Ferreira et al., 2008;
Psychiatric GWAS Consortium Bipolar Disorder Working Group, 2011; Sklar et al., 2008).

There are two primary limitations to this study. First, though the TCI is designed to assess
personality as a lifelong characteristic, with the dimensions demonstrating good stability
over time (Heath et al., 1994), it is possible that the subjects’ self-assessments might have
been influenced by their state at the time of testing. Since data regarding current state was
only available for a subset of subjects with BD or MDD, adjusting the personality scores for
state would effectively eliminate a majority of subjects with mood disorders. However, a
comparison of scores for those subjects that meet full criteria or were symptomatic at the
time of interview with those who were in remission at the time of interview found no
significant differences for any personality dimension. Second, our sample of 51 families is
small and lacks sufficient power to reliably detect loci with smaller effects in a linkage
analysis. This may explain why no suggestive peaks for CO or ST were observed in this
study.

The results of our analyses suggest that personality dimensions may have utility in
dissecting the genetic architecture of BD. This may particularly be the case for SD, which
was the most heritable personality dimension in our study, gave the strongest linkage signal,
and showed the expected trend of significantly more pathological scores for BD subjects,
followed by their relatives, with the least pathological scores observed for controls. While
the absence of significant linkage signals for all personality dimensions may be an issue of
power deficiencies in our sample, it is also likely a reflection of the genetic complexity of
personality. Still, we have identified multiple regions meeting genome-wide suggestive
criteria that provide support for several interesting genes and chromosomal regions. The
extent to which these regions harbor specific mutations that are involved in BD
susceptibility remains a topic for future discussion.
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Figure 1.
Mean scores for each personality dimension are indicated by diagnostic group. An *
indicates that a significant difference was found across the four diagnostic groups for the
respective dimension.
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Figure 2.
Results of the genome-wide SNP linkage scan in the 51 families for each of the five
personality dimensions assessed. Multipoint results are shown in blue with two-point results
shown in gray. LOD scores are indicated on the y-axis, along with the name of the
corresponding dimension, and chromosomes are aligned along the x-axis end to end with the
p-terminus on the left and locations indicated at the top of the figure. Dashed horizontal
lines indicate significant and suggestive LOD score thresholds for each dimension based on
simulations. Note that LOD score significance thresholds for SD and CO were >4.0 and are
not shown.
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Table 1

Summary of the subjects and families included in the heritability and linkage analyses.

Family Information Heritability Linkage

Number of families 101 51

Average size 6.6 7.0

Average generations 2.5 2.5

Relative Pairs

Sibling 310 200

Half-sibling 13 9

Parent-child 764 424

Grandparent-grandchild 302 148

Avuncular 249 123

Cousin 75 25

Subjects (with TCI data)

Total Subjects 670 (427) 356 (234)

Bipolar Disorder (BD) 200 (177) 127 (110)

Major Depressive Disorder (MDD) 133 (117) 74 (65)

No history of mood disorders (REL) 148 (122) 72 (56)

The numbers of subjects with TEMPS-A data in total and across diagnostic categories are indicated in parentheses. The BD group includes BDI,
BDII, and SA-BP, and the MDD group includes MDD-R and MDD-SE.
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