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v. Abstract 
University of Manchester 
Krisztina Mekli 
Doctor of Philosophy 

Investigation of serotonergic receptors and transporter genes in vulnerability to 
depression, anxiety and neuroticism. A human population study. 
22 December 2010 
 
Background 
Depression and related phenotypes, such as anxiety and neuroticism are thought 
to have a common genetic background. The malfunction of the serotonergic 
system is likely to play an important role in the etiology of these phenotypes, with 
compelling evidence coming from animal and human studies. However, recent 
studies indicate that other factors should be investigated, such as environmental 
stress.  
 
Aim 
To investigate the role of the serotonergic gene variants (HTR1A-7 and SLC6A4) in 
depression, anxiety and neuroticism, in interaction with each other and other 
factors, such as stressful events. 
 
Method 
Two large independent Caucasian cohorts, haplotype tagging single nucleotide 
polymorphisms (htSNPs) and existing genome-wide genotype data were used. 
Phenotypes were assessed by detailed questionnaires about psychiatric 
phenotypes (depression, anxiety and neuroticism) as well as background 
information, such as physical health. Environmental stress factors were 
investigated in one cohort by self-reported life event (recent and childhood) 
questionnaires. Healthy participants from this cohort took part in a computerised 
task to measure the effect of a functional polymorphism in the HTR1A gene on 
threat-related emotional information processing. 
 
Results 
My study confirmed the importance of stressful life events in depression and 
anxiety modulated via the 5-HT1A and 5-HT1B autoreceptor, but not via the 
SLC6A4. I found evidence for epistatic interaction between HTR2A and SLC6A4 
genes and between different subunits of the HTR3 gene which may contribute 
towards the depressive phenotype. Finally, certain alleles of SNPs in other 
serotonergic receptors (5-HT4 and 5-HT6) were also associated with depression, 
anxiety and neuroticism however, this association was weak. On the other hand, 
my study did not provide evidence for the interaction between the serotonin 
transporter 5-HTTLPR polymorphism and stressful life events which is widely 
reported in the literature. 
 
Conclusion 
This study provides further support for the serotonergic hypothesis of depression 
and confirms the role of the environment in the aetiology of depression. The results 
show evidence of possible epistatic interaction between the SLC6A4 and HTR2A 
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genes. These results highlight the complex interactions between the members of 
the serotonergic pathway as well as the role of the environment on the individual. 



 14 

vi. Declaration 
No portion of the work referred to in the thesis has been submitted in support of an 
application for another degree or qualification of this or any other university or other 
institute of learning. 
 
 
 



 15 

vii. Copyright statement 
The author of this thesis (including any appendices and/or schedules to this thesis) 
owns certain copyright or related rights in it (the “Copyright”) and she has given 
The University of Manchester certain rights to use such Copyright, including for 
administrative purposes. 
 
Copies of this thesis, either in full or in extracts and whether in hard or 
electronically, may be made only  in accordance with the Copyright, Designs and 
Patents Acts 1988 (as amended) and regulations issued under it or, where 
appropriate, in accordance with licensing agreements which the University has 
from time to time. This page must form part of any such copies made. 
 
The ownership of certain Copyright, patents, designs, trade marks and other 
intellectual property (the “Intellectual Property”) and any reproductions of copyright 
works in the thesis, for example graphs and tables (“Reproductions”), which may 
be described in the thesis, may not be owned by the author and may not be owned 
by third parties. Such Intellectual Property and Reproductions cannot and must not 
be made available for use without the prior written permission of the owner(s) of 
the relevant Intellectual Property and/or Reproductions. 
 
Further information on the conditions under which disclosure, publication and 
commercialization of this thesis, the Copyright and any Intellectual Property and/or 
Reproductions described in it may take place is available in the University IP Policy 
(see 
http:www.campus.manchester.ac.uk/medialibrary/policies/intellectualproperty.pdf), 
in any relevant Thesis restriction declarations deposited in the University Library, 
The University Library’s regulations (see 
http:www.manchester.ac.uk/library/aboutus/regulations) and in The University’s 
policy on presentation of Theses. 
 
 



 16 

viii. Acknowledgement 
First of all I am most grateful for my supervisors, Professor JF William Deakin, Dr 
Gabriella Juhasz and Dr Antony Payton. I learnt everything from them and they 
helped me in every possible way. I cannot imagine better supervisors and it has 
been a privilege to work with them. Thank you for everything. 
I am also thankful for Professor Gyorgy Bagdy for the possibility of this PhD 
studentship. He and his team of young, enthusiastic scientists in Budapest, 
Hungary kindly let me use some of the New Mood Budapest cohort’s data, which I 
believe contributed to the better quality of this thesis. 
Miss Hazel Platt taught me the laboratory methods, with enormous patience and 
accuracy.  
Colleagues at the Neuroscience and Psychiatry Unit and Centre for Integrated 
Genomic Medical Research were also ready to help, whenever I needed. I learnt a 
lot from Dr Diana Chase, Professor Ian Anderson, Ms Francine Jury, Ms Emma 
Davis. 
Many people I have mentioned, I consider as friends, as well. I hope they feel the 
same way. 
I am also grateful for the thousands of participants for filling in endless 
questionnaires and giving DNA samples, both in Hungary and in the UK. 
Last, but not least I am grateful for my Parents back in Hungary, for believing in me 
and especially for making me take English courses at the age of 10. 
 



 17 

ix. Alternative format 
This thesis has been submitted as an alternative format thesis. This way I was able 
to include my published paper and other manuscripts. 
 
 



 18 

 
 
 
 
 
 
 
 
 
 
 
 
 
“When I lie waking all alone, 

Recounting what I have ill done, 

My thoughts on me then tyrannise, 

Feare and sorrow me surprise, 

Whether I tarry still or goe, 

Me thinkes the time moves very sloe, 

All my griefes to this are jolly, 

Naught so sad as Melancholy.” 

 

Robert Burton, 1621 
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“The 20th century saw the coming together of biology and chemistry, this century 

is seeing the coming together of biology and psychiatry“. 

James D. Watson, 2007 
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1. Introduction 
 

1.1 Psychiatric phenotypes 

1.1.1 Depression 

1.1.1.1 Description of depression 
Depression describes both a transient mood state experienced by virtually all 

individuals at some time in their life as well as a clinical or behavioural syndrome, 

usually called Major Depressive Disorder (MDD). MDD is a medical condition that 

includes abnormalities of affect and mood, neurovegetative functions (such as 

appetite and sleep disturbances), cognition (such as inappropriate guilt and feelings 

of worthlessness), and psychomotor activity (such as agitation or retardation). It is 

one of the oldest, well-recognized medical disorders, having been clearly described in 

medical texts dating back to ancient Greece. 

MDD can occur with a history of episodes of mania known as Bipolar Disorder 

(previously termed Manic-Depressive Illness) or without a history of mania known as 

Unipolar Depressive Disorder.  

Current diagnostic criteria for MDD according to the American Psychiatric 

Association’s Diagnostic and Statistical Manual of Mental Disorders 4th edition (DSM-

IV) (American Psychiatric Association, 1994) represent a clinical and historical 

consensus about the important symptoms and signs of depressive illness.  
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Another classification is the International Classification of Diseases (ICD-10, World 
Health Organization 1992) 

DSM-IV criteria fo r major depressive episode : 
 
Five (or more) of the following symptoms have been present during the same two-
week period and represent a change from the previous functioning; at least one of 
the symptoms is either (a) Depressed mood or (b) loss of interest or pleasure 
 

(1) depressed mood most of the day, nearly every day, as indicated by either 
subjective report (e.g. feels sad or empty) or observation made by others 
(e.g. appears tearful) 

(2) markedly diminished interest or pleasure in all, or almost all, activities most 
of the day, nearly everyday (as indicated by either subjective account or 
observations made by others) 

(3) significant weight loss when not dieting or weight gain (e.g. a change of 
more than 5% of body weight in a month), or decrease or increase in 
appetite nearly every day 

(4) insomnia or hypersomnia nearly every day 
(5) psychomotor agitation or retardation nearly every day (observable by others, 

not merely subjective feelings of restlessness or being slowed down) 
(6) fatigue or loss of energy nearly every day 
(7) feelings of worthlessness or excessive or inappropriate guilt (which may be 

delusional) nearly every day (not merely self-reproach or guilt about being 
sick) 

(8) diminished ability to think or concentrate, or indecisiveness, nearly every 
day (either by subjective account or as objected by others) 

(9) recurrent thoughts of death (not just fear of dying), recurrent suicidal 
ideation without a specific plan, or a suicide attempt or a specific plan for 
committing suicide. 
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Patients often display other features as well, such as: 

� Poor memory: patients often complain about impairments in the retrieval and 

recognition of recently learned material. This may be so severe that the clinical 

presentation resembles that of dementia. 

� Other psychiatric features may also occur, such as depersonalization, 

obsessive symptoms and panic attacks. 

� Physical symptoms are very common in depression, especially constipation, 

fatigue and aching discomfort anywhere in the body. 

� Psychomotor changes are also common, including agitation (which is a state 

of restlessness that is experienced by the patient as restless activity), anxiety 

(which is particularly common in less severe depression) and irritability (which 

is the tendency to respond with undue annoyance to minor demands and 

frustrations).  

 

It can be seen that, affected individuals display a wide variety of clinical 

symptoms and signs. Furthermore, current diagnostic conventions are, to some 

degree, arbitrary. Debate continues as to whether MDD is best conceptualized as a 

disease or as the extreme of a continuum of increasingly disturbed affective 

ICD-10 criteria for depressive episode : 
 
A. 
Depressed mood 
Loss of interest and enjoyment 
Reduced energy and decreased activity 

 
B.  
Reduced concentration 
Reduced self-esteem and confidence 
Ideas of guilt and unworthiness 
Pessimistic thoughts 
Ideas of self-harm 
Disturbed sleep 
Diminished appetite 
 
Mild depressive episode: at least 2 of A and at least 2 of B. 
Moderate depressive episode: at least 2 of A and at least 3 of B. 
Severe depressive episode: all 3 of A and at least 4 of B. 
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regulation (Plomin et al. 2009). As a continuous trait, depressive symptoms can be 

measured with self-reported questionnaires such as the Zung Self-Rating Depression 

Scale (Zung 1965), the Beck Depression Inventory (Beck et al. 1961) and the Brief 

Symptom Inventory (Derogatis 1993), or interviewer rated questionnaires (e.g. 

Montgomery Asberg Depression Rating Scale, Montgomery and Asberg 1979).  

 

1.1.1.2 Epidemiology of depression 
Large-scale epidemiological studies, such as the National Comorbidity Survey in the 

USA, estimated the lifetime prevalence of MDD at 17% (DSM-III) (Blazer et al. 1994).  

The same survey found that nearly 5% of the population met criteria for MDD in the 

last 30 days. As has long been suspected, MDD is probably the most common of 

psychiatric disorders. In a prospective cohort study (in which people were assessed 

at regular intervals to minimise the problem of recall bias) by the age of 26, 37% of 

the participants had met criteria for a major depressive episode (Jaffee et al. 2003). 

Psychiatric epidemiology has identified a list of putative risk factors for MDD; 

however it is difficult to discriminate association from causation. Four MDD risk 

factors stand out in the consistency of their association with MDD and the level of 

evidence suggesting that at least some of the association is indeed causal: gender, 

stressful life events, adverse childhood experiences and certain personality traits 

(Kendler et al. 2002, Kendler et al. 2006a). 

� Across many studies, women have been shown to be at consistently greater 

risk for MDD than men. In the National Comorbidity Survey the lifetime 

prevalence of MDD in the US population was estimated to be 21.3% in women 

and 12.7% in men (Blazer et al., 1994).  

� A wide range of environmental adversities such as job loss, marital difficulties, 

major health problems, and loss of close personal relationships are associated 

with a substantial increase in risk for the onset of MDD (Kessler, 1997).  

� A range of difficulties in childhood including physical and sexual abuse, poor 

parent-child relationships, and parental discord and divorce have been shown 

to increase the risk for MDD later in life (Arnow 2004, Weich et al. 2009).  
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� Certain personality traits appear to predispose to MDD, in particular 

“neuroticism”. (Kendler et al. 2004, Kendler et al. 2006b). (Neuroticism is 

discussed in more detail below in section 1.1.3). 

 

A range of other risk factors has been proposed for MDD, although in general 

the evidence for the existence of a causal association is weaker. These include low 

social class, urban residence, separated or divorced marital status, low levels of 

social support, and younger age (Muntaer et al. 2004, Fava and Kendler 2000). 

A World Health Organization (WHO) report (Murray and Lopez 1996) predicted 

that depression would be the second most common condition with greatest disease 

burden worldwide by 2020, measured in Disability-Adjusted Life Years, which express 

years of life lost to premature death and years lived with a disability of specified 

severity and duration. 

 

1.1.1.3 The course of depression 

MDD is not a disorder exclusively limited to adult populations. A substantial proportion 

of patients experience their first episodes of MDD during childhood and adolescence. 

In such occurrences of early-onset these individuals typically continue to suffer from 

episodes of MDD during adulthood as well. For most people, MDD is a life-long 

episodic disorder with multiple recurrences (averaging one episode in every 5-year 

period), with approximately 20%–25% of major depressive disorder patients 

experiencing a chronic, unremitting course (Mueller and Leon 1996). The chronic 

recurrent course of MDD is a major clinical issue, often requiring long-term 

prophylactic treatment with an enormous economic expense (Anderson et al. 2008, 

Fostick et al. 2010). 
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1.1.2 Anxiety 

1.1.2.1 Description of anxiety 

 

Anxiety can be a personality trait as well as a disorder. The symptoms of anxiety are 

found in many disorders; meanwhile in anxiety disorders it is the most severe and 

prominent symptom. Anxiety is experienced very commonly and it may have 

beneficial effects in ordinary behaviour. At low a level of anxiety, behaviour may not 

be purposefully directed and performance is low. There is a middle range of anxiety 

where optimal performance has been reached. Above a certain level, a further 

increase in anxiety interferes with performance and therefore can be regarded as 

pathological anxiety. It is obviously very difficult, if not impossible to draw an exact 

dividing line between normal and pathological anxiety.  

It is however possible to measure anxiety as a trait which reflects a stable 

tendency to respond in the anticipation of threatening situations. Several 

questionnaires measure trait anxiety, for example the Brief Symptom Inventory 

(Derogatis 1993), the Cordell Medical Index (Brodman et al. 1956), the Spielberger's 

State-Trait Anxiety Inventory (Spielberger 1970) and the Beck Anxiety Inventory 

(Beck et al. 1961). 

Anxiety disorders are heterogeneous; both ICD-10 and DSM-IV divide anxiety 

disorders into different classes according to the evoking factors and the manifestation 

of anxiety symptoms. Among many other classes in both systems the three main 

categories are (1) Phobic anxiety disorders, (2) Panic disorder (PD), and (3) 

Generalised Anxiety Disorder (GAD).  
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Anxiety and depressive symptoms often occur together. The correlation is 

greatest when the symptoms are mild (0.5) with about 0.20-0.30 correlation when 

symptoms are more severe (Gelder et al. 2001). MDD and anxiety disorders are also 

frequently co-morbid. Furthermore, anxiety disorders can cause similar levels of 

disabilities as MDD (Hettema 2008). 

Short description of the three main anxiety disorders:  
 

1. Phobic anxiety disorders. 
Anxiety symptoms occur only in particular circumstances. These 
circumstances may be few or many, but even so there are situations in 
which no anxiety is experienced. 

a. Agoraphobia 
Agoraphobic patients are anxious when they are away from home, in 
crowds or in situations that they cannot leave easily.  

b. Social phobia 
In this disorder inappropriate anxiety is experienced in situations in which 
the person is observed and could be criticized. Some patients become 
anxious in a wide range of social situations, while other patients are 
anxious only in specific situations, such as public speaking. 

c. d. Specific phobias 
In DSM-IV five types of specific phobia are recognized concerned with: 

� Animals 
� Aspects of the natural environment (for example thunder) 
� Blood, injection and injury 
� Situations (for example crowded places) 
� Other provoking agents (for example the dentist’s chair)  

 
2. Panic disorder (PD) 
The main feature of this disorder is the occurrence of sudden attacks of 
anxiety (panic attacks) in which physical symptoms predominate (e.g. 
palpitations, shortness of breath, nausea, dizziness, and paresthesias) and 
are accompanied by fear of serious consequences such as a heart attack 
or dying. 

 
3. Generalized anxiety disorder (GAD) 
Symptoms: 

� Worry and apprehension which are difficult to control. The 
worries are widespread and not focused on a specific issue. 

� Psychological arousal (e.g. difficulty concentrating, irritability).  
� Autonomic arousal (e.g. muscle tension, sleep disturbances).  
� Other features. These include tiredness, depressive symptoms 

obsessional symptoms and depersonalization; however these 
symptoms are never the most prominent features. 
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1.1.2.2 Epidemiology of anxiety disorders 

The lifetime prevalence of any anxiety disorders in the general population is about 

28.8% (for generalised anxiety disorder: 5.7%, for panic disorder: 4.7%). Projected 

lifetime risk by the age of 75 is 31.5% for any anxiety disorder, 8.3% for generalised 

anxiety and 6.0% for panic disorder (Kessler et al. 2005). The lifetime prevalence of 

the different anxiety disorders vary from 1.7% (agoraphobia in men) to 8.9% (GAD in 

women). In general these disorders affect twice as many women as men, which is a 

similar ratio to that seen for depression. In addition, other MDD risk factors such as 

childhood maltreatment, stressful life events and socioeconomic factors also increase 

the prevalence of anxiety disorders (Hettema 2008) suggesting common 

pathophysiological mechanisms. 

 

 

1.1.2.3 The course of anxiety 

As well as the characteristic differences, the time course of anxiety symptoms is also 

different in the various disorders: 

� In phobic anxiety disorders anxiety only arises in particular circumstances. 

� In panic disorders anxiety also is present occasionally but its occurrence is 

unrelated to any particular circumstances.  

� In generalized anxiety disorders anxiety is continuous, with fluctuations in its 

intensity. 

Despite these differences, the nature of anxiety disorders is chronic and disabling 

thus requiring both acute and preventive therapies (McIntosh et al. 2004). 

Interestingly, follow-up studies show that anxiety disorders tend to develop into 

depression or co-morbid anxiety-depression but pure depression rarely develops into 

pure anxiety (Hettema 2008). 
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1.1.3 Personality traits 

 

Personality traits can be defined as habitual patterns of behaviour, thought and 

emotion. Traits are relatively stable over time; differ among individuals and influence 

behaviour. The statistical technique of factor analysis has demonstrated that 

particular clusters of specific traits reliably correlate together; therefore the human 

personality can be described with a very limited number of domains, called factors. 

These factors are continuous, can be distinguished from temporary states, can 

describe individual differences and are intended to be uncorrelated.  

By employing factor analysis Eysenck found two basic dimensions of 

personality, Neuroticism, characterized by high levels of emotional arousal, and 

Extroversion, characterized by being outgoing, talkative and high on positive affect. 

Further research demonstrated the need for a third category of temperament and 

later another scale was included in the Eysenck Personality Queationnaire (EPQ) 

(Eysenck and Eysenck 1964) called Psychoticism, which is a measure of hostility.  

Although Eysenck’s personality factors seem to be universal across cultures, 

languages and people, further models have been developed to describe human 

personality. The most widely used model has five factors. The five factor personality 

model can be measured by self-administered questionnaires, such as the Big Five 

Inventory (John et al. 1991) or the Revised Neuroticism-Extroversion-Openness 

Personality Inventory (NEO-PI-R; Costa and McCrae 1992). 
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Another personality hypothesis uses three personality factors: novelty seeking 

(NS), harm avoidance (HA) and reward dependence (RD) that can be measured by 

the Temperament and Character Inventory (TCI) (Cloninger et al. 1994) or by the 

Three-dimensional Personality Questionnaire (TPQ) (Cloninger et al. 1991). Harm 

avoidance shows close resemblance to neuroticism as it is defined as a tendency to 

overreact to signals of aversive stimuli and as a result inhibit or stop behaviour.  

The five factors of the Five Factor Personality Mod el:  
 

1. Openness to experience (sometimes called intelle ct):  
 
is a general appreciation for art, emotion, adventure, unusual ideas, 
imagination, curiosity and variety of experience. People who are open to 
experience are intellectually curious, appreciative of art, creative and aware 
of their feelings 
 
2. Conscientiousness:  
 
is a tendency to show self-discipline, act dutifully and aim for achievement. 
This trait shows a preference for planned, rather than spontaneous 
behaviour 
 
3. Extroversion:  
 
is characterized by positive emotions and tendency to seek out stimulation 
and the company of others. Extroverts enjoy being with people, tend to be 
enthusiastic, action-oriented and are often perceived as full of energy 
 
4. Agreeableness:  
 
is a tendency to be compassionate and cooperative rather than suspicious 
and antagonistic toward others. Agreeable individuals are generally 
considerate, friendly, generous, helpful and willing to compromise their 
interests for others 
 
5. Neuroticism:  
 
is the tendency to experience negative emotions, such as anger, anxiety or 
depression. It is sometimes referred to as emotional instability. Those 
people who score high in neuroticism are emotionally reactive and 
vulnerable to stress. They are more likely to interpret ordinary situations as 
threatening, and minor frustrations as hopelessly difficult. Neuroticism is 
also a risk factor for internalizing mental disorders such as phobia, 
depression, panic disorder and other anxiety disorders 
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1.1.4 Correlation between neuroticism, depression a nd anxiety 

There have been attempts to estimate the genetic correlation between depression, 

anxiety and neuroticism. These studies used monozygotic and dizygotic twin pairs as 

well as families to establish the genetic correlations between these psychiatric 

phenotypes.  

A study using 20692 members of same-sex twin pairs concluded that 

correlation between neuroticism and liability to major depression is 0.25.This was 

largely the result of shared genetic risk factors, with a genetic correlation of 0.46-0.47 

in women and men, respectively (Kendler et al. 2006b). According to another report 

the genetic correlation between MDD and neuroticism was as high as 0.60 (Hettema 

et al. 2006). In an independent longitudinal epidemiologic study inhibited personality 

characters (such as shy, fearful and easily upset) at age 3 years predicted the 

likeliness of major depression diagnosis at age 21 years (Caspi et al. 1996). 

Environmental factors have also been shown to be important with one study 

showing that level of stress exposure was directly related to an increase in the risk of 

depression (Kendler et al. 2004). This study also demonstrated that neuroticism 

moderated the pathogenic effects of the stress exposure, as individuals with low 

levels of neuroticism were less sensitive to the depressogenic effects of adversity. In 

addition, it has been reported that individuals with higher neuroticism are more likely 

to be prone to the occurrence of multiple depressive episodes (Duggan et al. 1995). 

However, this study was not able to distinguish whether this elevation in neuroticism 

was the cause or the result of a depressive episode. Neuroticism shows an even 

greater phenotypic correlation to generalized anxiety than to depression with one 

study finding a correlation of 0.80 (Hettema et al. 2004). The genetic correlation 

between neuroticism and generalized anxiety disorder was 0.77; meanwhile between 

neuroticism and different phobias it varied between 0.58 and 0.82 (Hettema et al. 

2006).  

In conclusion, the high phenotypic and genotypic correlations between 

depression, neuroticism and anxiety disorders suggest shared biological pathways 

which are likely to predispose an individual’s response to stress and stress tolerance 

(Figure 1).  
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Figure 1. Relationship between depression, anxiety and neuroticism 
Arrows indicate the complex interactions between genes and the environment which 
in some cases may lead to psychiatric phenotypes. These phenotypes are in high 
correlation with each other, possibly because they share the same susceptibility 
genes.  
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1.2. Biochemistry of the serotonergic pathway 

It has been known since the mid-19th century that after blood clots, a substance in the 

resulting serum constricts vascular smooth muscles and increases vascular tone. 

Around the turn of the 20th century, platelets were identified as the source of this 

substance. In 1948 Rapport, Green and Page isolated and identified the serum 

vasoconstrictor factor as 5-hydroxytryptamine (5-HT) (Rapport et al. 1948). As this 

serum tonic factor was released into sera from platelets during the clotting of blood it 

was named ‘serotonin’. Independently, Esparmer characterized a substance found in 

large amounts in the enterochromaffin cells of the gastrointestinal tract, which also 

constricted smooth muscle, and called it ‘enteramine’. In 1952 Esparmer and Areso 

reported (in Siegel et al. 2006) that serotonin and enteramine were the same 

substance. In 1953 Twarog and Page detected serotonin in brain extracts (Twarog 

and Page, 1953). Thus, serotonin was localized to three key systems in the body: 

platelets, gastrointestinal tract and brain. As a hydrophilic substance, 5-HT does not 

pass the lipophilic blood-brain barrier. Therefore, its discovery in brain indicated that it 

was synthesized in the brain. About the same time the observation was made by 

Woolley and Shaw (Woolley and Shaw 1954) that (+)lysergic acid diethylamide (LSD) 

produced marked disturbances in thought and vision and had distinct structural 

similarities to 5-HT.  

A further accidental discovery was that an antihypertensive drug called 

reserpine, which was extracted from the plant Rauwolfia serpentina, caused 

symptoms resembling those of depression (Pletscher et al. 1956). The discovery that 

reserpine depletes both the central and the peripheral vesicular stores of 5-HT added 

impetus to the idea that 5-HT might have an important role in the causation of mental 

illness.  

It has been known for 30 years that many of the tricyclic antidepressants such 

as imipramine and amitriptyline are potent inhibitors of both 5-HT and norepinephrine 

reuptake (Siegel et al. 2006). The selective serotonin reuptake inhibitors (SSRIs) 

have a high affinity for the serotonin transporter (SERT) (a protein responsible for the 

reuptake of serotonin from the synaptic cleft), and therefore prevent 5-HT reuptake. 

SSRIs are now the most widely used agents in the treatment of depression and are 
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also used to treat other neuropsychiatric disorders, such as anxiety and panic 

disorder (PD) which are often associated with the depressed phenotype.  

In-vivo studies in patients using the technique of acute tryptophan depletion 

(ATD) have made a compelling case that SSRIs work in the short-term through their 

ability to enhance the synaptic availability of 5-HT (Ruhe et al. 2007). L-Tryptophan 

(L-Trp) is the precursor molecule of serotonin synthesis (see details in Metabolism 

and catabolism of serotonin, 1.2.2.). Participants drink a mixture of amino-acids that 

does not include tryptophan. The liver responds by synthesising protein and this uses 

up circulating tryptophan since it is not present in the drink. Circulating levels 

decrease to about 20% of normal after 4-5 hours and rapidly return to normal after a 

meal. In addition, increased concentrations of large neutral amino acids compete with 

diminished levels of tryptophan for active transport into the brain. ATD has been 

shown to trigger a transient relapse of depression in patients who have recently 

recovered and are still taking SSRIs. ATD has little effect in people with no history of 

depression or who have been well for more than year (Ruhe et al. 2007). These 

results suggest that the depletion reflects a biological vulnerability of the 5-HT system 

in remitted patients, however there is no direct correlation of 5-HT levels in the brain 

and mood.  

 

1.2.1 Distribution of serotonergic cells in the bra in 

Serotonin-containing neuronal cell bodies are restricted to discrete clusters of cells 

located along the midline of the brainstem. However, their axons innervate nearly 

every area of the central nervous system (CNS).  

Dahlstrom and Fuxe (Dahlstom and Fuxe 1964) described nine groups of 

serotonin containing cell bodies in the rat brain which they designated B1-B9, and 

which correspond for the most part with the raphe nuclei. Subsequent animal and 

post-mortem human anatomical techniques (Azmitia and Gannon 1986, Geyer et al. 

1976, Steinbusch and Nieuwenhuys 1981, Anderson and Felten 1982) have allowed 

an accurate characterization of the serotonergic innervations of forebrain areas. The 

largest group of serotonergic cells is group B7, which are continuous with a smaller 

group of serotonergic cells, B6. Groups B6 and B7 are often considered together and 

form the dorsal raphe nucleus, with B6 being its caudal extension. Group B8 
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corresponds to the median raphe nucleus. Group B9 (part of the ventrolateral 

tegmentum of the pons and midbrain) forms a lateral extension of the midbrain raphe. 

Ascending serotonergic projections innervating the cerebral cortex and other regions 

of the forebrain arise primarily from the dorsal raphe, median raphe and the B9 group. 

The median raphe projects heavily to the hippocampus, septum and hypothalamus, 

whereas the striatum is innervated predominantly by the dorsal raphe. The dorsal and 

median raphe nuclei send overlapping neuronal projections to the neocortex. 

Moreover, raphe neurons send collateral axons to areas of brain that are related in 

function, such as the amygdala and hippocampus, or substantia nigra and caudate 

putamen (Molliver, 1987).  

The other raphe nuclei, B1-B4 are more caudally situated (mid-pons to caudal 

medulla) and contain a smaller number of serotonergic cells. These cell body groups 

give rise to serotonergic axons that project within the brainstem and the spinal cord. 

The spinal cord receives a strong serotonergic innervation through three principal 

descending pathways. Afferent connections to the raphe nuclei include connections 

between the dorsal and median raphe nuclei, B9, B1 and B3. The raphe nuclei also 

receive input from other cell body groups in the brainstem such as the substantia 

nigra and ventral tegmentum area (dopamine), superior vestibular nucleus 

(acetylcholine), locus ceruleus (noradrenaline), nucleus prepositus hypoglossi and 

nucleus of the solitary tract (adrenaline). Other afferents include neurons from the 

hypothalamus, cortex and limbic forebrain structures such as the amygdala. The 

location of serotonergic cell body groups in the rat and human central nervous system 

can be seen in Figures 2 and 3. 
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Figure 2. Location of serotonergic body cells in the rat central nervous system. 
OT: olfactory tuberculum, sept: septum, C. Put: nucleus caudate-putamen, G. Pal: 
globus pallidus, T: thalamus, H: Habenula (Siegel et al. 2006). 
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Figure 3. Location of serotonergic body cells in the human central nervous system 
(Purves et al. 2001). 
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Serotonergic axon terminals appear to exhibit morphological differences 

related to the raphe nucleus of origin. Serotonergic axons from the median raphe 

nucleus (type M) look relatively coarse with large spherical varicosities. These axons 

also appear to be more vulnerable to neurotoxic amphetamine derivatives (Siegel et 

al. 2006). In contrast, axons from the dorsal raphe (type D) are very fine and typically 

have small pleomorphic varicosoties. Type D axons appear to be more resistant to 

the neurotoxic effects of amphetamine (Mamounas and Molliver, 1988, Siegel et al. 

2006).  

1.2.2 Metabolism and catabolism of serotonin 

The metabolic machinery for synthesis and degradation of serotonin is present at the 

nerve ending. The amino acid L-Trp is the precursor for the synthesis of 5-HT, whose 

primary source is dietary proteins. L-Trp is unique among amino acids in the blood, in 

that it is bound to plasma albumin. As a result, only approximately 5% is left free and 

available for transport into the CNS. Free L-Trp is transported into the brain across 

the brain-blood barrier by an active transport system, which is not specific to L-Trp. 

Instead, L-Trp competes for uptake with large neutral amino acids (Leucine, 

Isoleucine, Tyrosine, Valine, Methionine and Phenylalanine). Therefore, the 

availability of free L-Trp and its concentration relative to large neutral amino acids are 

limiting factors for the synthesis for 5-HT. The first stage of serotonin synthesis is the 

conversion of L-Trp to 5-hydroxytryptophan by the enzyme L-tryptophan-5-

monooxygenase (Enzyme Commission number: EC.1.14.16.4.) (this enzyme is also 

referred to as Trp-hydroxylase). L-tryptophan-5-monooxygenase is synthesized in 

serotonergic cell bodies of the raphe nuclei and is found only in cells that synthesize 

5-HT. Because this enzyme has low activity (the KM value, which is equal to the 

substrate concentration at which the reaction rate is half its maximal value is 30-

60µmol/l for L-Trp) and is not normally saturated with its substrate, the hydroxylation 

is the rate limiting step of the 5-HT synthesis. The next stage in the synthesis is the 

conversion of 5-hydroxytryptophan to 5-HT by removing a carboxyl group. This is 

carried out by an enzyme called aromatic L-amino acid decarboxylase (AADC, 

Enzyme Commission number: EC.4.1.1.28.). AADC is present not only in 

serotonergic neurons but also in catecholaminergic neurons, where it converts 3,4-
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dyhydroxy-phenylalanine (DOPA) to dopamine. The KM for L-Trp of this enzyme is 

10µmol/l, indicating higher activity than that of Trp-hydroxylase.  

The synthesized 5-HT is stored in vesicles. Storage is carried out by a 

vesicular transporter. The vesicular transporter uses the electrochemical gradient 

generated by a vesicular H+ATP-ase to drive transport, such that cytoplasmic 5-HT is 

exchanged for a luminar H+. The release of 5-HT from the vesicles into the synaptic 

cleft occurs by exocytosis, i.e. the membrane of the vesicle fuses with the plasma 

membrane of the nerve cell and the entire content of the vesicle is discharged into the 

cleft.  

The synaptic effect of 5-HT is terminated by the binding of 5-HT to SERT. 

SERT is a member of a family of ion coupled cotransporters that rely on the 

electrochemical gradient for Na+ to provide the energy for the transport of substrates 

against a concentration gradient. SERT’s closest relatives in this family are the 

norepinephrine transporter (NET) and dopamine transporter (DAT) with over 50% 

sequence homology. The SERT protein contains 630 amino acids, which form 12 

transmembrane domains, with both the amino- and carboxy-termini being 

intracellular. The largest (second) extracellular loop contains glycosylation sites which 

appear necessary for optimal stability of the transporter in the membrane but not for 

5-HT transport or ligand binding (Blakely et al. 1994) The current accepted model of 

transport has one Na+, one Cl- and one protonated 5-HT+ binding to the transporter 

extracellularly to form a quarternary complex that subsequently undergoes a 

conformational change to release the neurotransmitter and the ions into the 

cytoplasm. In the cytoplasm, K+ associates with the SERT to promote the 

reorientation of the unloaded carrier for another transport cycle.  

Within the nerve cell, the main catabolic pathway of 5-HT is oxidative 

deamination and dehydrogenation to 5-hydroxyindole acetic acid (5-HIAA). In the first 

step monoamine oxidase (MAO, Enzyme Commission number: EC.1.4.3.4.) converts 

5-HT to 5-hydroxy-indol-acetaldehyde. In humans there are two isoenzymes of MAO, 

referred to as type A and type B. These isoenzymes are integral proteins of outer 

mitochondrial membranes in neurons and in glia. The amino acid sequences of type 

A and type B MAOs show approximately 70% homology. The role of MAO-B in 

serotonergic neurons is to prevent the cells from accumulating various natural 

substrates (tyramine, dopamine, adrenaline and noradrenaline) that could interfere 
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with the storage, release and uptake of 5-HT. Meanwhile MAO-A performs an 

oxygenizing reaction. In the next step 5-hydroxy-indol-acetaldehyde is 

dehydrogenated to 5-HIAA by an NAD+-dependent aldehyde dehydrogenase. 5-

hydroxy-indol-acetaldehyde cannot normally be detected in the brain, suggesting this 

step occurs very rapidly. Alternatively, 5-hydroxy-indol-acetaldehyde can be reduced 

by aldehyde-reductase to the alcohol 5-hydroxy-tryptophol, which can be detected in 

the urine and in the liver. The serotonin metabolism flow-chart can be seen in Figure 

4. 

 

 

 

 

 

 

Figure 4. Serotonin metabolism. Serotonin is synthetised from amino acid L-
tryptophan and the main metabolite is 5-hydroxyindole acetic acid, however in the 
pineal gland it is metabolised to melatonin (Modified from Siegel et al. 2006). 
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1.2.3 Serotonin receptors  

In the synaptic cleft 5-HT encounters various receptors which mediate its effect. 

Serotonin receptors were originally classified based on pharmacological data and 

were termed 5-HT1, 5-HT2, 5-HT3 and 5-HT4 according to their binding profiles and 

secondary messenger coupling. Pharmacological and selective ligand binding studies 

(Barnes and Sharp 1999, Hannon and Hoyer 2008) have since identified at least 14 

molecular subtypes that are divided into 7 families (5-HT1-7). The diversity of these 

receptors suggests an evolutionary requirement for the fine tuning of serotonergic 

signalling in distinct brain regions that are involved in the modulation of feeding 

(Jacobs et al. 1990), cognition (Sirviö et al. 1994), pain perception (Harvey et al. 

1975), sexual behaviour (Gessa and Tagliamonte 1974), sleep (Jacobs et al. 1990), 

body temperature (Nagai 1992) and mood (Siegel et al. 2006). Outside the brain 

recent studies indicate serotonin’s role in platelet aggregation (Berger et al. 2009) and 

bone remodelling (Kawai and Rosen 2010). 

1.2.3.1 5-HT1 receptor family 

The 5-HT1 receptor family is comprised of at least 5 subtypes classified as 5-HTR1A, 

5-HTR1B (formerly 5-HT1Dβ), 5-HTR1D (formerly 5-HT1Dα), 5-HTR1E and 5-

HTR1F. All of these receptors are G-protein coupled receptors with seven 

transmembrane domains that are generally negatively linked to adenylyl cyclase. 

They are encoded by intronless genes with each receptor being comprised of 

between 365 and 422 amino acids. The family shares 40% protein sequence 

homology (Barnes and Sharp 1999, Siegel et al. 2006).  

 

� 5-HT1A receptor 

The gene encoding the 5-HT1A receptor (HTR1A) was the first 5-HT receptor to 

be fully sequenced (Lanfumey and Hamon 2004). This receptor is present in high 

density in cortical structures, in the hippocampus, and in the amygdala. In these 

areas, 5-HT1A receptors are located postsynaptically and are coupled to the 

inhibition of adenylyl cyclase and involved in the opening of potassium channels, 

which result in neuronal hyperpolarization. The receptors are also present in high 
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density on serotonergic cell body areas, particularly in the dorsal and median 

raphe nuclei. Here they function as somatodendritic autoreceptors and are 

involved in negative feedback modulation of serotonergic neuronal activity. In the 

dorsal raphe nucleus 5-HT1A receptors are coupled to opening potassium 

channels but do not appear to be coupled to the inhibition of adenylyl cyclase 

(Barnes and Sharp 2002, Siegel et al. 2006, Filip and Bader 2009).  

Stimulation of 5-HT1A receptors facilitates acetylcholine and noradrenaline 

release in the brain, cortisol level in blood and decreases serotonin and glutamate 

release in the brain (Filip and Bader 2009). 

 

� 5-HT1B receptor 

In the human brain these receptors are highly expressed in the globus pallidus 

and the substantia nigra, with lower densities located in the hippocampus, 

amygdala, the hypothalamus and the frontal cortex. (Drago et al. 2010, Sari 2004). 

HTR1B is predominantly expressed as a presynaptic protein where it acts as an 

autoreceptor to inhibit neuronal firing. However, it also acts as a heteroreceptor on 

different neurons where it modulates the release of other neurotransmitters such 

as acetylcholine in the hippocampus and γ-amino-butyric acid (GABA) in the 

prefrontal cortex. It also serves as heteroreceptor for glutamate in the cingulate 

cortex (Barnes and Sharp, 1999). Postsynaptic HT1B receptors are also located 

on cerebral arteries (Siegel et al. 2006).  

 

� 5-HT1D, 5-HT1E and 5-HT1F receptors 

 5HTR1D, 1E and 1F genes are paralogs of HTR1B in that they are related by 

duplication, although at some point in evolution they have acquired alternative 

functions. All three receptors are found in both the CNS and blood vessels. 5-

HT1D receptors have a similar distribution to 5-HT1B, although 5-HT1D is much 

less abundant in comparison (Varnas et al. 2001). 5-HT1D, 1E and 1F receptors 

are also present in the spinal cord (Filip and Bader 2009). 5-HT1D receptors are 

either autoreceptors on the terminals of 5-HT neurons, where they inhibit 

serotonin release, or heteroreceptors on other nerve-terminals, where they 

control the release of GABA, acetylcholine and glutamate. Activation of these 

receptors inhibits 5-HT, glutamate, GABA and acetylcholine in the brain, and 
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reduces cortisol levels in the blood (Filip and Bader 2009). 5-HT1E receptors are 

mainly located in the amygdala, hippocampus, cortex (especially in the frontal 

and entorhinal cortices), caudate putamen and claustrum (Lanfumey and Hamon 

2004). The function of this receptor remains unknown, although they may act as 

heteroreceptors, as 5-HT lesions do not alter the 5-HT1E receptor binding (Filip 

and Bader 2009). 5-HT1F receptors are found in the cortex, dorsal raphe nucleus, 

hippocampus and hypothalamus. Their function also remains unknown, but based 

on localization it has been suggested that they function as autoreceptors (Filip 

and Bader 2009).  

 

1.2.3.2 5-HT2 receptor family 

The three receptor subtypes in the 5-HT2 family (5-HT2A, 2B and 2C) share 46-50% 

sequence homology. They couple to Gq/11 and the phosphoinositol hydrolysis signal 

transduction system to stimulate the inositol 1,4,5- triphosphate accumulation and 

intracellular release (Hannon and Hoyer 2002, Siegel et al. 2006).  

 

� 5-HT2A receptor 

The HT2A receptor is coupled to the phospholipase C signaling cascade and 

increases intracellular Ca2+-ion concentration. This receptor also closes K+ 

channels (Hannon and Hoyer 2002). 

These receptors are found postsynaptically to serotonergic neurons and are 

particularly concentrated in the frontal cortex. In the medial prefrontal cortex 

(mPFC) they are located on GABAergic interneurons, as well as on pyramidal 

projection neurons, which are known to be glutamatergic, and which modulate 

mPFC activity. In addition, 5-HT2A receptors increase the stress-induced release 

of dopamine in the mPFC. Exposure to chronic, unpredictable stress and isolation 

has been reported to increase 5-HT2A receptor binding in the mPFC and in the 

amygdala (Holmes et al. 2008). An interesting feature of this receptor is that it 

shows desensitization and downregulation in response to serotonin depletion. 

5-HT2A receptors are also found in high densities in parts of the limbic system, 

such as the amygdala and hippocampus and in the basal ganglia. In the 
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amygdala, they are present on the GABAergic interneurons, which probably 

accounts for the inhibitory actions of the 5-HT2A receptor in this region. 

 

� 5-HT2B receptor  

The expression of 5-HT2B receptor is restricted to certain brain areas, such as the 

cerebellum, septum, hypothalamus and amygdala. Autoradiographic studies 

suggest that 5-HT2B is a heteroreceptor (Filip and Bader 2009). Stimulation of 

these receptors in the rodent brain has been reported to yield changes in motor 

behaviour, food intake and pain perception and also provoked anxiolytic effects in 

rat social interactions (Filip and Bader 2009). This receptor is also present in a 

number of blood vessels (such as pulmonary arteries) (Hannon and Hoyer 2008) 

and has a vasodilatory role (Siegel et al. 2006).  

 

� 5-HT2C receptor 

These receptors are present in high density in the choroid plexus where they 

probably regulate the composition and volume of the cerebrospinal fluid (CSF). 

The 5-HT2C receptors are also found throughout the brain, in the cerebral cortex, 

hippocampus, amygdala and areas associated with motor behaviour such as the 

substantia nigra and globus pallidus (Hannon and Hoyer 2002, Siegel et al. 2006). 

5-HT2C receptors are localized to GABA, glutamate and dopamine neurons, 

where they act as somatodendritic heteroreceptors. Activation of these receptors 

leads to hyperpolarisation in several brain areas and inhibits the release of 

dopamine and noradrenaline (Filip and Bader 2009). 

An interesting feature of this receptor is that its transcribed mRNA undergoes 

post-transcriptional A-to-I RNA editing by specific enzymes. During this process 

specific adenosines are converted to inosines by adenosine deaminase enzymes 

that act on RNA. Since inosine is read as guanosine by translation machinery, A-

to-I RNA editing leads to amino acid substitution (Iwamoto et al. 2009). To date, 

14 5-HT2C receptor isoforms have been reported with different distributions in the 

brain (Iwamoto et al. 2009, Siegel et al. 2006). These isoforms may have different 

functional and regulatory properties, and thus provide a novel mechanism for the 

regulation of 5-HT synaptic signalling and plasticity. 
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1.2.3.3 5-HT3 receptor family 

The 5-HT3 receptor family is a cation-selective ligand-gated ion channel (Na+, Ca2+ 

influx, K+ efflux) (Hannon and Hoyer 2002, Siegel et al. 2006). 

The excess of splice variants and isoforms of this receptor is comparable to 

that of 5-HT2C and 5-HTR4 receptors. There exists at least five 5-HT3 genes (termed 

A, B, C, D and E), and their protein products are referred to as A, B, C, D and E 

subunits, respectively. Including the canonical receptor forms, there are four isoforms 

of the 5-HT3A, three of 5-HT3B, six of the 5-HT3C and three of 5-HT3E receptors that 

have been described. A hypothetical unprocessed variant may also exist for the 5-

HT3D receptor, which has not yet been detected. Within the same region of 

chromosome 3, where HTR3C, D and E genes are located, maps a fourth putative 

gene (F). The transcript of this possible gene has not been detected so far (Walstab 

et al. 2010).  

The 5-HT3 receptor functions as pentamers of several subunits. A homomer of 

3A subunits is functional. Meanwhile the other subunits are not able to assemble into 

functional homomers but form part of the heteropentamer together with the A subunit. 

The reason for this may be that only the A subunit possesses the ability to integrate 

into the cell membrane and B, C, D and E subunits lack a Trp residue which is crucial 

for ligand binding (Walstab et al. 2010). The properties of the 5-HT3A homomer and 

5-HT3AB heteromer (probably B-B-A-B-A) have been studied extensively. 5-HT3AB 

receptors have higher single channel conductance, lower Ca2+ permeability and lower 

5-HT potency, compared to homomeric 5-HT3A receptors (Walstab et al. 2010). 

The 5-HT3A and B subunits are found in the hippocampus, amygdala and 

caudate nucleus. 5-HT3A is also abundant in the cerebral cortex (Siegel et al. 2006, 

Filip and Bader 2009). 5-HT3 receptors are heteroreceptors, localized on GABA, 

glutamate and acetylcholine neurons. Their activation results in an increase in 5-HT, 

dopamine and GABA release and a decrease in acetylcholine release. Functional 

effects of these receptors are induction of motor behaviour, dysfunction of cognition, 

pain, nausea and vomiting. These receptors have also been shown to regulate 

emotional behaviour with their stimulation causing increased anxiety (Filip and Bader 

2009). 
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1.2.3.4 5-HT4 receptor family 

5-HT4, 5-HT6 and 5-HT7 receptors couple to adenylyl cyclase, increasing cAMP 

formation via the Gs family of G proteins. They show 35% overall protein sequence 

homology (Hannon and Hoyer 2002, Siegel et al. 2006).  

Like the 5-HT3 receptor, the 5-HT4 receptor also exists in multiple isoforms, 

due to post-translational modification of the C-terminus. These isoforms (termed 5-

HT4a-h and 5-HT4hb) possess similar pharmacology (Filip and Bader 2009). Only 5-

HT4a-c isoforms have been found in the brain where they localise in the substantia 

nigra, dorsal and ventral striatum, prefrontal cortex and hippocampus. This receptor is 

located postsynaptically to serotonergic neurons and modulates the direct release of 

several neurotransmitters including acetylcholine, dopamine and GABA. The receptor 

is also responsible for the indirect release of 5-HT (Siegel et al. 2006). Activation of 

this receptor in the brain induces neuronal excitability and slows repolarisation. In 

monkeys and rats 5-HT4 receptor activation has been shown to enhance cognitive 

performance (Siegel et al. 2006).  

In the periphery 5-HT4 is expressed in the human atrium and may be 

responsible for serotonin responsiveness (Blondel et al. 1997). This receptor is also in 

the gastrointestinal tract where it evokes secretions and the peristaltic reflex (Siegel 

et al. 2006). 

 

1.2.3.5 5-HT5 receptor family 

The 5-HT5 receptor family consists of two subunits termed 5-HT5A and 5-HT5B that 

are located on two different chromosomes (Chromosome 7 and 2). Their sequences 

show approximately 80% homology, whereas their homology with other 5-HT 

receptors is very low (Siegel et al. 2006). Their preferential coupling has not been 

fully established yet but there is some evidence to indicate that it may be Gi/o or Gs 

(Hannon and Hoyer 2008). 

In rodents, 5-HT5A receptors are predominantly expressed by astrocytes in the 

hippocampus, hypothalamus, olfactory bulb, cerebral cortex, thalamus and striatum 

(Filip and Bader 2009). 5-HT5B expression has been detected in the hippocampus 

and dorsal raphe in rats and humans (Filip and Bader 2009). It has been proposed 
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that 5-HT5 receptors can act as either heteroreceptors on GABA neurons or 

autoreceptors in the frontal cortex of mice (Filip and Bader 2009). 5-HT5A and 5-HT4 

receptors have been shown to exert a negative feedback control over the dorsal 

raphe nucleus via direct autoreceptor-mediated (5-HT5A) and indirect mPFC-

mediated (5-HT4) mechanisms (Holmes et al. 2008). 

 

1.2.3.6 5-HT6 receptor family 

The 5-HT6 receptor exists as two splice variants with no known pharmacological 

differences between them (Filip and Bader 2009). This receptor is expressed in the 

striatum, amygdala, hippocampus, cortex and olfactory tubercle. It is localized 

postsynaptically to serotonergic neurons on acetylcholine, GABA and glutamate 

neurons. Receptor stimulation yields an increased 5-HT, dopamine and GABA 

release and a decreased release of acetylcholine (Filip and Bader 2009). During 

embryonic development this receptor may have a role in the 5-HT concentration-

dependent interneuron migration in the cortex (Riccio et al. 2009). 

Its importance in psychiatric research is unique since it has a high affinity for a wide 

variety of antipsychotic and antidepressant drugs (Siegel et al. 2006). 

 

1.2.3.7 5-HT7 receptor family 

5-HT7 receptors have three splice variants (5-HT7A, 5-HT7B and 5-HT7D) that differ 

in the C-terminus. There are no known pharmacological or signal transduction 

differences between them (Filip and Bader 2009). 

This receptor is expressed in high density in the thalamus, hippocampus, 

cerebral cortex, suprachiasmatic nucleus and amygdala. It is found in lower density in 

the hypothalamus and the dorsal raphe nucleus. They are located on the membranes 

of GABA and glutamate neurons (Filip and Bader 2009). 5-HT7 receptors may be the 

modulators of 5-HT induced regulation of the circadian rhythm regulation in the 

suprachiasmatic nuclei which is the site of the mammalian circadian clock (Lovenberg 

et al. 1993). These receptors are also involved in pain perception, cognition, 

thermoregulation and sleep patterns (Hannon and Hoyer 2008, Siegel et al. 2006). 

This receptor may play a role in psychiatric phenotypes based on the observation that 
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several antipsychotics and some antidepressants display high affinity for this receptor 

(Siegel et al. 2006). 

 

Table1 summarizes the main properties of serotonin receptors. 
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Table 1. Human serotonin receptors 
Receptor Distribution Effector mechanism Coupled  

5-HT1A Hippocampus, amygdala, septum, 
entorhinal cortex, raphe nuclei 

Inhibition of adenylyl 
cyclase; opening of K+ 
chanels 

 Gi/o 

5-HT1B 
Basal ganglia (particularly substantia 
nigra, globus pallidus, caudate putamen), 
frontal cortex, raphe nuclei 

Inhibition of adenylyl 
cyclase  Gi/o 

5-HT1D 
Globus pallidus, substantia nigra, caudate 
putamen 

Inhibition of adenylyl 
cyclase  Gi/o 

5-HT1E 
Cortical areas, caudate, putamen, 
amygdala. 

Inhibition of adenylyl 
cyclase  Gi/o 

5-HT1F 
Dorsal raphe nucleus, cerebral cortex, 
striatum, hippocampus, thalamus, 
hypothalamus. 

Inhibition of adenylyl 
cyclase  Gi/o 

5-HT2A Claustrum, cerebral cortex, olfactory 
tubercle, striatum, nucleus accumbens 

Stimulation of 
phospolipase C; closing 
of K+ channels 

 Gq 

5-HT2B 
Cerebellum, septum, hypothalamus, 
amygdala 

Stimulation of 
phospolipase C  Gq 

5-HT2C 
Choroid plexus, globus pallidus, cerebral 
cortex, hypothalamus, septum, substantia 
nigra, spinal cord 

Stimulation of 
phospolipase C  Gq 

5-HT3 

Hippocampus, entorhinal cortex, 
amygdala, caudate nucleus, cerebral 
cortex, dorsal vagal complex of the 
brainstem also in gastrointestinal tissues 
(colon, intestine and stomach) 

Ligand-gated ion channel 
Na+, Ca2+ influx, K+ efflux   

5-HT4 
Hippocampus, striatum, substantia nigra, 
dorsal and ventral striatum, prefrontal 
cortex, olfactory tubercle 

Stimulation of adenylyl 
cyclase 

 Gs 

5-HT5A 
Hippocampus, hypothalamus, olfactory 
bulb, cerebral cortex, thalamus, striatum, 
pons 

Inhibition of adenylyl 
cyclase  Gi/o / Gs 

5-HT5B Hippocampus, habenula, dorsal raphe 
nucleus Pseudogene?  

5-HT6 
Striatum, amygdala, hippocampus, cortex, 
olfactory tubercle 

Stimulation of adenylyl 
cyclase   Gs 

5-HT7 
Cerebral cortex, septum, thalamus, 
hypothalamus, amygdala, hippocampus 

Stimulation of adenylyl 
cyclase   Gs 
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1.2.4 5-HT neurochemistry and depression; periphera l and post-

mortem brain measures 

 

1.2.4.1 Monoamine and catecholamine metabolites in the 

cerebrospinal fluid (CSF) of psychiatric patients 

Many studies in the 1960s and 70s measured metabolites in the cerebrospinal fluid 

as an indirect assessment of brain chemistry in depression. Ashcroft and his 

colleagues (1966) reported that 5-hydroxyindoles (5-hydroxytryptamin, 5-

hydroxyindolacetaldehyde, and 5-hydroxyindole-acetic acid) in the cerebrospinal 

fluids were lowered in depressed patients (Ashcroft et al. 1966). Unfortunately, further 

studies on indole concentrations in the CSF have failed to provide a clear result, with 

some studies finding reduced concentrations of the 5-hydroxyindole-acetic acid (its 

concentration is thought to reflect turnover of 5-HT and perhaps activity within 

serotonergic neurons) in depressives, while others have failed to detect a change 

(Brown and Linnoila 1990). One possible explanation for these contradictory findings 

is that 5-HIAA and other metabolites do not reflect central amine changes, but instead 

are a measure of the neuronal activity of the spinal 5-HT system. 

 

1.2.4.2 Post-mortem brain studies of serotonin and its metabolites in 

suicide and depression 

Examination of brain tissue removed post-mortem from patients provided direct 

measures of serotonin in the brain, and was first carried out by Shaw et al. (1967).A 

statistically significant decrease in 5-HT concentration was found in the hind-brain 

region of 11 previously depressed cases who committed suicide, compared to a 

control group of 17 individuals who had died from natural causes. This finding was 

replicated by Pare and colleagues (Pare et al. 1969) but not by another study (Bourne 

et al. 1968). The latter study also investigated the concentration of 5-HIAA and found 

it decreased in the hind-brains of suicide completers. Further studies investigating 5-

HT and 5-HIAA concentrations in more brain regions did not find significant 
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differences between suicide cases and non-suicidal cases (Lloyd et al. 1974, Beskow 

et al. 1976, Cochran et al 1976). It is noteworthy that in these studies several other 

factors affected the measurements, including the handling of the tissue between the 

time of death and freezing and the type of death. 

 

1.2.4.3 Post mortem studies of serotonin receptors  

Developments of the original hypotheses for the aetiology of depressive disorders 

and the mode of action of antidepressant treatments have suggested that events at 

the neurotransmitter receptor level are important. Investigations of the effects of 

antidepressant treatment on the brains of laboratory animals have demonstrated 

changes in the density of 5-HT1 and 5-HT2 receptors. Fuxe and colleagues (Fuxe et 

al. 1981) reported a decrease in the 5-HT1 receptors with long-term zimelidine (a 5-

HT uptake inhibitor) treatment and Peroutka and Snyder (Peroutka and Snyder 1980) 

demonstrated a decrease in the density of 5-HT2 receptors. This latter finding has 

been confirmed by many (Blackshear and Sanders-Bush 1982, Goodwin et al. 1984) 

though not all (Green et al. 1983) attempts at replication. These observations 

suggested hypotheses involving alterations in serotonergic receptor densities (Curzon 

1982). In human studies, Stanley and Mann (1983) reported a 45% increase in the 

density of 5-HT2 receptors, as assessed by 3H-spiroperidol binding in frontal cortex 

tissue from 11 suicide victims compared to 11 control subjects thus providing further 

evidence that receptor density is important. 

 

1.2.4.4 Imipramine binding site studies 

The search for a peripheral marker of the central 5-HT system has focused much of 

its attention on blood platelets as they also contain 5-HT. Coppen et al. (1978) and 

Meltzer et al. (1981) have both found the uptake of 5-HT into blood platelets from 

depressed patients to be reduced (Coppen and Wood 1978, Meltzer et al. 1984) and 

have suggested that this may reflect a defect in the brain. Sites to which the 

antidepressant drug imipramine binds have been identified on both platelets and 

neurons (Langer et al. 1981) and seem to be closely related to the uptake sites for 5-

HT (Sette et al. 1981, Raisman et al. 1982). A reduction in the number of these sites 
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has been found on platelets from depressed patients (Briley et al. 1980, Paul et al. 

1981). Investigation of post-mortem brain tissue from suicide victims, using 3H-

imipramine as the ligand, has so far been inconclusive with findings for both an 

increase (Meyerson et al. 1982) and a decrease (Stanley et al. 1984) in the number of 

binding sites. Assessment methods varied between these studies making a 

comparison of results difficult. Perry and colleagues (Perry et al. 1983) examined 3H-

imipramine binding in samples of hippocampus and occipital cortex from a group of 

depressed patients who died of natural causes. They found a marked decrease in the 

number of imipramine binding sites in both brain regions in the depressed group 

compared to the control group. Treatment of laboratory animals with antidepressant 

drugs has been reported to reduce imipramine binding (Kinnier et al. 1980) Using 

learned helplessness (an animal model of depression), Sherman and Petty (1984) 

were able to demonstrate a reduction in imipramine binding in frontal cortical areas, 

but not in the septal or hippocampal areas of ‘helpless’ rats.  

In conclusion, despite a number of early studies supporting the hypothesis that 

disturbance of serotonergic metabolism contributed towards MDD, later studies failed 

to find an association. Serotonin receptor (HT1A and HT2) and imipramine binding 

studies were a little more consistent, but were not free from contradictory results. This 

may be due to many confounder factors such as technology limitations for measuring, 

delays of processing post-mortem samples, uncertain diagnoses and the confounding 

effects of drug treatment. For more accurate results methods were needed which 

made it possible to measure the components of the serotonergic system in vivo. Such 

methods are Magnetic Resonance Imaging (MRI) and Positron Emission Tomography 

(PET). In the next section I will summarise the findings of imaging studies focusing on 

those brain regions where the serotonergic system may contribute to the pathology of 

anxiety and depression. 
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1.2.5 5-HT neurochemistry and depression; molecular  imaging with 

Positron Emission Tomography  

1.2.5.1 Receptor binding studies in depression 

The literature is fairly consistent on the findings that the 5-HT1A receptor binding 

potential (BP) is decreased in depressed in the amygdala, hippocampus and cortical 

regions (Sargent et al. 2000, Bhagwagar et al. 2004, Meltzer et al. 2004, Hirvonen et 

al. 2008, Drevets et al. 2007) and in epileptic depressed patients (Theodore et al. 

2007). This lowered BP does not seem to be correlated with the severity of symptoms 

(Hirvonen et al. 2008, Drevets et al. 2007) and cannot be modified with Tryptophan 

depletion or antidepressant treatment (Meltzer et al. 2004), which may indicate a trait 

abnormality. However, the literature is not entirely in agreement as elevated 5-HT1A 

receptor binding in depressed patients’ cortical regions, hippocampus and amygdala 

(Parsey et al. 2006b) and no differences (Mickey et al. 2008) have been reported.  

Animal studies are generally in agreement with the findings of human studies. 

Subordinate monkeys who showed behavioural signs of depression after exposure to 

social defeat, had reduced 5-HT1A receptor binding in the raphe nuclei, amygdala, 

hippocampus and anterior cingulate cortex (Shively et al. 2006). A decrease in 

postsynaptic 5-HT1A receptor binding and mRNA expression is also observed in the 

hippocampus and the cortex of rats exposed to repeated or chronic stress 

(Mendelson et al. 1991, McKittrick et al. 1995, Lopez et al. 1998).  

The binding potential of SERT in depression has also been thoroughly 

investigated. As with 5-HT1A the BP tends to be decreased and the areas of brain 

affected are predominantly the amygdala and midbrain (Miller et al. 2008, Parsey et 

al. 2006a). In the cingulate cortex studies have either reported an increase in SERT 

BP (Reivich et al. 2004, Cannon et al. 2007) no difference in BP (Meyer et al. 2004) 

and a decrease in BP (Miller et al. 2008). In the cerebral cortex a study reported 

increased BP in depressed patients with Parkinson disease (Boileau et al. 2008) 

whilst another group found no difference (Bhagwagar et al. 2007). 

BP of 5-HT2A receptors in depression has also been investigated. The 

radioligand altanserin, which is a compound with a high specificity for 5-HT2A 
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receptors, has been used to demonstrate reduced BP in the hippocampus of 

depressed, medication free MDD patients (Mintun et al. 2004, Sheline et al. 2004). In 

these studies the cortical regions where 5-HT2A receptor is abundant showed no 

difference in BP between healthy controls and depressed patients, except for 

(Bhagwagar et al. 2006) which found increased BP in cortical regions of medication 

free recovered depressed patients but it was not correlated with the clinical features 

of depression (such as lifetime duration of illness or number of depressive episodes). 

In another study the increase of BP in the cortical regions was 21-29% higher in 

depressed patients compared to controls (Meyer et al. 2003). In contrast a 20-26% 

decrease in BP in the cortical regions of depressed individuals (Messa et al. 2003) 

has also been reported.  

 

1.2.5.2 Receptor binding studies in anxiety disorde rs 

Reduced 5-HT1A receptor binding has been observed in PD patients with various 

brain regions (raphe, amygdala, orbitofrontal cortex (OFC), anterior and posterior 

cortices) being implicated (Nash et al. 2008, Neumeister et al. 2004a). In the latter 

study, PD patients with comorbid MDD did not show different binding when compared 

to patients with MDD.  

5-HT1A receptor BP has been correlated with anxiety in the cingulate cortex 

and orbitofrontal cortex but not in the amygdala, hippocampus and raphe in 

depressed, medication free patients (Sullivan et al. 2005). As lowered 5-HT1A BP 

seems to be relatively consistent in the depression and anxiety literature, a result of a 

study reporting decreased receptor binding after 12 weeks of treatment with the 

antidepressant escitalopram may seem surprising (Spindelegger et al. 2009). 

However, this may reflect that the 5-HT receptors in the CNS form a complex 

interaction and measuring the actions of only one of them is unlikely to unravel the 

aetiology of the illness. 

Similar inconsistencies have been found for the 5-HT2A receptor in cortical regions 

and in the limbic system where the BPs have either been decreased or unaltered 

(Nikolaus et al. 2009). A study of PD showed 29% less SERT BP in cortical regions 

which returned to normal levels in the remitted state (Nikolaus et al. 2009).  
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In conclusion, there is some evidence of reduced 5-HT1A receptor and SERT BP in 

the amygdala, hippocampus and cortical regions in depression, which is supported by 

animal studies. The lowered 5-HT1A receptor BP seems to be present in anxiety 

disorders too. Results on HT2A receptor are conflicting both in depression and 

anxiety.  

A summary of binding potential studies on different serotonergic receptors and 

functional and morphological changes in depression and anxiety can be seen in 

Appendix 10.1 (Imaging studies on depression and anxiety). 

 

 

1.3 Genetics of the serotonergic system 

The field of behavioural genetics has been extensively explored over the past 20 

years and the high number of contrasting findings is testament to its complexity. In 

the following chapter I will briefly review the most important genetic studies regarding 

the role of the serotonergic receptors and the transporter molecule in psychiatric 

phenotypes, focusing on depression and anxiety. 

 

1.3.1 Genetics of the serotonin transporter (SERT) 

1.3.1.1 SLC6A4 animal models 

Mice with absent or reduced serotonin transporter (Sert) activity have been generated 

by targeted disruption of the Slc6a4 gene (Bengel et al. 1998). Gene knockout (KO) 

results in a failure to re-accumulate released serotonin and as a consequence there is 

an increase in basal extracellular levels of serotonin in the striatum, cortex (Mathews 

et al. 2004) and substantia nigra (Fabre et al. 2000) and also a 40–60% decreased 

serotonin brain–tissue concentration (Bengel et al. 1998, Fox et al. 2008, Kim et al. 

2005). The deficient recycling of serotonin in Slc6a4 knock-out (KO) mice causes 

serotonin synthesis and turnover to increase across brain regions (Fox et al. 2008, 

Kim et al. 2005). These KO mice also exhibit a shift in receptor binding with reduced 

5-HT1A receptor binding in the raphe (Bouali et al. 2003, Fabre et al. 2000, Gobbi et 

al. 2001, Li et al. 1999, Li et al. 2000, Li et al. 2004), decreased 5-HT2A receptor 
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binding in the striatum and cortex, an increase in 5-HT2A binding in the hypothalamus 

(Li et al. 2003, Rioux et al. 1999) and an increase in 5-HT2C receptor binding in the 

amygdala and choroid plexus (Li et al. 2003).  

These neurochemical changes cause increased anxiety-like behaviours in both 

male and female KO mice (Holmes et al. 2003a, Holmes et al. 2003b, Lira et al. 2003, 

Zhao et al. 2006, Kalueff et al. 2007). For example, when exposed to predator odour, 

Sert KO mice display an enhanced anxiety-like phenotype (Adamec et al. 2006, 

Carola et al. 2008). In terms of behavioural responses to stress, repeated exposure to 

stressful experiences causes these mice to exhibit an increased ‘depression related’ 

phenotype on the forced swim test, tail suspension test and passive avoidance task 

(Ansorge et al. 2004, Holmes et al. 2002a,Holmes et al. 2002b, Lira et al. 2003). 

These animals are also found to be less aggressive than control animals in the 

intruder test (Holmes et al. 2002a). 

Interestingly, Slc6a4 knockout mice have been found to show elevated levels 

of rapid eye movement (or paradoxical) sleep; an abnormality that is also found in 

human depression (Alexandre et al. 2006, Wisor et al. 2003). Finally, Slc6a4 

knockout mice are insensitive to the antidepressant-like effects of drugs that target 

Sert, such as fluoxetine, but not other monoamine transporters, such as desipramine 

(Holmes et al. 2002b). 

Mice heterozygous for the Slc6a4 KO phenotype have fewer specific Sert 

binding sites, decreased serotonin clearance, around three-fold elevated extracellular 

serotonin concentrations in striatum and cortex and reduced serotonin uptake (Bengel 

et al. 1998, Mathews et al. 2004, Montanez et al. 2003, Perez and Andrews 2005). In 

addition, they have unchanged tissue serotonin concentrations in the brain and 

periphery and have unchanged brain serotonin synthesis and turnover (Bengel et al. 

1998, Kim et al. 2005, Mathews et al. 2004). Thus the loss of one Slc6a4 allele leads 

to a decrease in many transporter functions, but this single copy of a Slc6a4 allele is 

adequate to maintain overall tissue serotonin homeostasis. 

As a possible explanation for the increased anxiety in the KO and Sert-

decreased mice, it was found that while these animals have lower baseline adrenal 

and pituitary serotonin concentrations, they respond to mild stress with greater than 

normal level of adrenocorticotropic hormone (ACTH) (1.5 increase in the Slc6a4 +/+ 

genotype, 3.5 fold in the +/- genotype and 4.5 fold in the KO animals) and oxytocin 
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release (Li et al. 2000, Li et al. 1999, Li et al. 2003, Murphy et al. 2001). These 

differences may explain one of serotonin’s many roles, namely to restrain 

adrenomedullary activation in response to stress. 

In contrast to the KO results, transgenic two to three-fold overexpression of the 

Slc6a4 gene yields marked increase in SERT binding sites, reduced extracellular fluid 

concentration of serotonin and reduced anxiety-like behaviours (Jennings et al. 2006). 

This finding appears to indicate a direct, two-way relationship between serotonin 

availability and anxiety-related behaviours (Jennings et al. 2006). (Reviews on KO 

animals: Murphy et al. 2008, Holmes 2008, Kalueff et al. 2010, Murphy and Lesch 

2008) 

 

1.3.1.2 SLC6A4 genetic variations in humans 

The mouse Slc6a4 model finds strong parallels in the human literature. Most 

extensively studied variants are the 5-HTTLPR which is a common 44 base pair (bp) 

insertion/deletion polymorphism (short allele abbreviated to s and long allele 

abbreviated to l) in the promoter region of human serotonin transporter (SERT) gene 

(SLC6A4), the rs25531 (within the 5-HTTLPR) and rs25532, and the intron 2 variable 

number tandem repeat (VNTR) (9, 10 or 12 copies, termed STin2.9, STin2.10 and 

STin2.12, respectively), as well as the less common I425V, I425L, P339L and G56A 

variants in SLC6A4 coding regions. The short variant of the 5-HTTLPR (14 repeats) 

(Nakamura et al. 2000) as well as the single nucleotide polymorphism (SNP) rs25531 

and rs25532 variants (and most likely the shorter STin2.9 and STin2.10, 9 and 10 

repeat alleles, respectively) plus the P339L SNP may be responsible for as much as 

50–80% lower SERT expression (Murphy et al. 2008, Sakai et al. 2002). In contrast, 

the higher-expressing SLC6A4 alleles (such as the 16 repeats long allele of the 5-

HTTLPR) can result in a 5-fold increase in serotonin uptake capacity (Hu et al. 2006, 

Prasad et al. 2005, Wendland et al. 2007, Wendland et al. 2008b). Thus, 

combinations of the frequent SLC6A4 variants, and possibly the less common 

variants such as P339L (Prasad et al. 2005), may act together to confer from five to 

twenty-fold differences in SERT expression and function levels (Murphy et al. 2008).  

The human 5-HTTLPR homozygous s/s genotype plus SLC6A4 P339L 

genotype closely resembles the heterozygote Slc6a4 KO mice in regard to reduced 
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levels of SERT expression, decreased number of SERT binding sites and reduced 5-

HT uptake rate (Murphy et al. 2008). Anxiety and depression-related personality traits 

(such as neuroticism and harm avoidance) and affective disorders including MDD 

(Lesch et al. 1996, Munafo et al. 2008, Sen et al. 2004, Lopez-Leon et al. 2008) have 

been associated with SLC6A4 polymorphisms, particularly the 5HTTLPR s/s 

genotype. Other associations with SLC6A4 have been reported for alcohol and other 

drug dependencies (Lesch 2005), as well as sleep and thermoregulatory disorders 

(Rausch et al. 2003, Wisor et al. 2003).  

How the loss of 5-HT reuptake results in depression remains unknown but one 

hypothesis suggests that loss of SLC6A4 gene function results in the failure of cortical 

systems to exert sufficient inhibitory control over the amygdala during stressful 

situations. Increased amygdala activity then reduces the individual’s capacity to cope 

with stress, which results in anxiety and depression. In this model, serotonin acts as a 

moderator on amygdala activity. In humans, Hariri and colleagues first demonstrated 

in a relatively small sample (n=14) that exposure to threatening faces, a stimulus that 

reliably engages the amygdala in humans, produces a relatively greater amygdala 

response in s allele carriers than long (l) allele carriers, as measured by fMRI (Hariri 

et al. 2002). During the task, s allele carriers exhibited nearly five-fold greater 

amygdala activity than l/l homozygotes, a difference that accounted for approximately 

20% of the total variance in the amygdala response to fearful and angry faces. This 

amygdala hyperactivity in s allele carriers to emotionally provocative stimuli in 

comparison with emotionally neutral stimuli has been corroborated by further studies 

in five independent cohorts, as well as panic disorder patients and social phobics 

(Hariri and Holmes 2006).  

The 5-HTTLPR has been studied extensively in antidepressant response. 

Results appear to indicate that the l/l genotype is associated with better and earlier 

response than the s/s genotype to SSRI antidepressant treatment (such as 

citalopram, fluoxetine and paroxetine) (Schlosser and Kasper 2009). However, the 

literature is not entirely consistent. The heterozygous genotype has been shown to be 

associated with both better (Smeraldi et al. 1998, Kato et al. 2005) and poorer 

response (Yu et al. 2002) and the s/s genotype has been associated with better 

response (Kim et al. 2000) whilst in several studies no association has been found at 

all (Schlosser and Kasper 2009). 
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Finally, structural MRI studies found that the l/l genotype was associated with 

smaller hippocampal volumes in patients with MDD. This was also observed in 

geriatric depressed patients with late onset depression. However, another study was 

unable to show any difference in hippocampus/amygdala volume differences between 

the genotype groups (Frodl et al. 2008). 

The VNTR promoter polymorphism is not the only potentially interesting variant 

in the human SLC6A4 gene. An intron2 VNTR polymorphism in SLC6A4 has also 

been associated with depression and suicide, although the findings have been 

inconsistent (Anguelova et al. 2003a, Anguelova et al. 2003b). This VNTR is an 

intronic 17 bp repeat, followed by an AP1 motif, a putative binding site for a 

transcription factor comprising the heterodimer c-fos/c-jun, and may play a role in the 

regulation of SERT expression (Lesch et al. 1994). In functional studies the 12 copy 

variant was shown to be the stronger enhancer when compared to the 10 copy 

variant (D’Souza and Craig 2006). This intronic variant as well as a rare gain-of-

function mutation (I425V) (Kilic et al. 2003), has recently been implicated in other 

psychiatric conditions with major stress components, including autism and obsessive 

compulsive disorder (Ozaki et al. 2003, Sutcliffe et al. 2005, Delorme et al. 2005).  

Other coding SNPs are also present in the SLC6A4 gene. T4A and G56A 

(rs6355) in exon2, E215K in exon3, I425V (rs28914832) in exon9, K605N (rs6352) in 

exon12, P621S in exon13 seem to increase serotonin transport in transfected cells; 

meanwhile P33L seems to decrease transport (Murphy et al. 2008). 

Despite SERT’s important role in the synapse, the association between 

depression, anxiety and the SLC6A4 genetic variations is somewhat inconclusive 

(Anguelova et al. 2003a, Lasky-Su et al. 2005, Gratacos et al. 2008). The reasons for 

this include the use of different diagnostic measures and population stratification 

where the frequencies of susceptibility alleles may be significantly different between 

populations and therefore give different results (Moskvina et al. 2010). Another factor 

that may result in between report discrepancies is that the different receptors (not 

only the serotonergic ones) act together and influence each-others function. An 

example of this is that in the Slc6a4 KO mice the 5-ht1a receptors are downregulated 

in the raphe and 5-ht2a receptor binding is decreased in the cortex and increased in 

the hypothalamus. This may indicate that one receptor may compensate in response 

to a change in another receptor. This compensation may also occur between different 
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neurotransmitter systems. In Slc6a4 KO mice the dopamine transporter (DAT) is 

capable of transporting the excess serotonin in the substantia nigra (Zhou et al. 

2002). Also, the SLC6A4 gene itself is known to have alternative promoters (in exon1) 

(Philibert et al. 2007) involved in alternative splicing (Ozsarac et al. 2002, Bradley and 

Blakely 1997) and the 3’ untranslated region’s variability (Vallender et al. 2008) can 

yield different mRNAs from the same gene with different stability. Finally, as an 

epigenetic effect, methylation also should be taken into account, as the SLC6A4 gene 

has at least one methylation CpG island in its promoter (Philibert et al. 2007). 

In conclusion, it is very likely that the serotonergic system and particularly the 

genotypic variants of the SERT molecule have a role in the aetiology of depression. 

However, being such an important molecule in the body, the level of serotonin is very 

tightly regulated. Therefore when searching for the biological explanations of 

depression and anxiety one may have to investigate additional factors. 

 

1.3.2 Genetics of 5-HT1A receptor 

1.3.2.1 Animal models 

As a significantl increase in anxiety behaviour is present in both the homozygous and 

heterozygous Ht1a KO mice, it seems that unlike the serotonin transporter, the 

mouse requires both copies of the gene to maintain the wild-type phenotype. Indeed, 

both anxiety-related responses and harm avoidance have been shown to increase 

and exploratory activity decrease in KO homo- and heterozygous animals (Zhuang et 

al. 1999 and as reviewed in Akimova et al. 2009). 

Using a tissue specific and conditional inducible gene KO (so called “rescue” 

mouse line) researchers showed that increased anxiety only appears when the 

receptor is not present in the raphe nuclei at a critical period of the early postnatal 

development, whereas KO of the gene in adulthood does not affect anxiety (Gross et 

al. 2002, Zhuang et al. 1999). During this critical early postnatal period the 

serotonergic system is still under heavy development and the Ht1a receptor may be a 

critical mediator of at least some of the developmental effects of serotonin. 

Observations, such as increased 5-HT turnover in the hippocampus of rat pups which 

were separated from their mothers, compared to undisturbed pups (Mitchell et al. 
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1990) and elevated anxiety-like behaviour in the offspring of mothers who lick and 

groom their pups less frequently (Caldji et al. 1998) suggest that early stress in life 

may cause disturbances in the serotonergic system with long lasting consequences. 

The rescue mouse models also showed that rescuing the expression of the Ht1a 

receptor in the hippocampus and the cortex in the early postnatal period is enough to 

rescue the behavioural phenotype of the KO mice (Gross et al. 2002). 

Overexpression of Ht1a receptors has been reported to decreas anxiety-related 

responses and harm avoidance as well as result in increased aggression and 

exploratory activity (Akimova et al. 2009). 

Finally, it is worth mentioning that Slc6a4 KO mice have reduced Ht1a receptor 

binding in the raphe, hypothalamus and amygdala (Bouali et al. 2003, Fabre et al. 

2000, Gobbi et al. 2001, Li et al. 1999, Li et al. 2000, Li et al. 2004) indicating a 

complex interplay within the serotonergic system.  

 

1.3.2.2 HTR1A genetic variants in humans 

An SNP (rs6295, -C1019G) exists in an imperfect 26 bp palindromic region of the 

promoter of the gene (Wu and Comings 1999). This palindrome sequence harbours a 

transcription factor-binding site for two transcription factors: deformed epidermal 

autoregulatory Nuclear DEAF-1 Related protein (NUDR; which shares a 46% amino 

acid similarity with the Drosophila Deaf-1) and Hairy and enhancer of split 5 (Hes5). 

NUDR shows differential activity at somatodendritic and postsynaptic 5-HT1A 

receptors. In the raphe, NUDR has a presynaptic inhibitory action, whilst 

postsynaptically it acts as an enhancer of transcription in nonserotonergic neurons in 

the amygdala and the hypothalamus and the interneuronal cells of the cortex and 

hippocampus (Czesak et al. 2006). In a functional study it has been demonstrated 

that the rs6295 mutant G allele disrupts the NUDR/Hes5 binding site (Lemonde et al. 

2003). In the raphe, the G allele up-regulates autoreceptor expression, decreasing 

the firing rate of these cells, and reducing serotonergic neurotransmission in 

projection areas (Lemonde et al. 2003). Consistent with this hypothesis, the G/G 

genotype has been associated with an increase in raphe 5-HT1A autoreceptor 

expression (Savitz et al. 2009). Meanwhile, postsynaptically the G allele results in 

lowered expression of the 5-HT1A receptor, as an abrogation of enhancer function 
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(Czesak et al. 2006, Savitz et al. 2009). This hypothesis was confirmed in a post-

mortem study, which found both decreased 5-HT1A receptor and Deaf-1 protein 

numbers in the PFC of depressed female suicide victims (Szewczyk et al. 2009). The 

G allele also prevents the binding of Hes5 which represses transcription at both 

somatodendritic and postsynaptic 5-HT1A receptor expressing neurons (Czesak et al. 

2006, Savitz et al. 2009). The initial finding of this polymorphism in depression and 

suicide (Lemonde et al. 2003) was replicated in numerous studies (as reviewed by 

Drago et al. 2008) and with other psychiatric phenotypes such as anxiety (Akimova et 

al. 2009 and neuroticism (Strobel et al. 2003) and with antidepressant treatment 

response (Le Francois et al. 2008). However, attempts at replication were not always 

successful (Drago et al. 2008, Gratacos et al. 2008). Another serotonin-related 

transcription factor, Five-prime repressor element under dual repression or CC2D1A, 

coiled-coil C2 domain 1A (Freud-1), may be another factor connecting the 5-HT1A 

receptor and stress. Freud-1 is a transcriptional repressor factor for the 5-HT1A 

receptor (Ou et al. 2003), and in male rats exposed to constant stress the mRNA and 

protein levels of this repressor have been demonstrated to decrease in the PFC, 

together with equally enhanced levels of 5-HT1A receptor mRNA (Iya et al. 2009). 

The correspondent repressor of 5-HT1A on non-serotonergic neurons is Freud-2 

(CC2D1B) (Hadjighassem et al. 2009). It is a very attractive speculation that these 

repressors may malfunction in psychiatric phenotypes.  

Finally, fMRI studies have reported that G allele carriers showed hyperactivity 

of the amygdala in response to emotional stimuli and that this was negatively 

associated with amygdala volume in depressed patients with borderline personality 

disorder (Savitz et al. 2009). 

Several other SNPs in the HTR1A gene exist with possible involvement in 

depression, anxiety and other psychiatric illnesses (as reviewed in Drago et al. 2008). 

Among them is a non-synonymous Arg→Leu change (rs1800044) in the coding 

region that has been associated with impairment in signal transduction (Bruess et al. 

2005). 

In conclusion, the role of HTR1A in anxiety and depression has received much 

support for some well characterized functional genetic variants. However, the gene 

itself is very unlikely to be the only factor influencing the aetiology of depression and 

related behavioural traits.  
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1.3.3 Genetics of the 5-HT1B receptor 

1.3.3.1 Animal models 

Together with the 5-HT1A receptor, 5-HT1B also shows reduced receptor binding in 

Slc6a4 KO homozygous and heterozygous mice models (Fabre et al. 2000). On the 

other hand, Htr1b KO animals show opposite phenotypes to those of Htr1a KO mice, 

namely decreased anxiety and increased exploratory behaviour in standard tests 

(Zhuang et al. 1999). These mice also show increased aggressiveness and reduced 

impulse control (Zhuang et al. 1999, Holmes 2008, Saudou et al. 1994) which may be 

important clues for suicide in human depression if it were to be interpreted as self-

directed aggression. These animals are also prone to increased alcohol and cocaine 

consumption (Crabbe et al. 1996, Moret and Briley 2000, Rocha et al. 1997). 

In rat models virus-induced overexpression of Htr1b in the dorsal raphe nuclei 

(DRN) with exposure to a stressor has been shown to increase the animals’ anxiety-

like behaviour 24 h later; meanwhile, in the absence of stress it increased exploratory 

behaviour (Clark et al. 2002). This suggests that the impact of overexpression of 

Htr1b in the DRN depends on the context, i.e. presence or absence of stressor 

provokes different types of behavioural response. An intracellular molecule, called 

p11 (or S100A10) also may play an important role in depression and anxiety. This 

molecule, which localizes 5-Ht1b receptor to the cell surface, was found to be 

downregulated in mouse brain after antidepressant treatment and was also 

downregulated in the post-mortem brains of human depressive suicide victims 

(Svenningsson et al. 2006). P11 KO mice models showed increased depression-

related behaviour, lower 5-Ht1b receptor binding and increased level of 5-HT turnover 

(Svenningsson et al. 2006). In contrast, the same study showed that overexpression 

of p11 gene yielded the opposite phenotype and increased functional 5-Ht1b 

receptors in the substantia nigra. 

Htr1b animal models further corroborate the finding on the importance of stress 

factors in the development of depression and demonstrate important interactions 

between various genes. 
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1.3.3.2 HTR1B genetic variants in humans 

The HTR1B gene harbours eight mutations in the coding region, one of which 

(rs6296; G861C) is featured extensively in the literature. Its role seems to be most 

significant in substance abuse/dependence (Huang et al. 2003, Fehr et al. 2000, 

Drago et al. 2010) and antisocial alcoholism (Lappalainen et al. 1998) but it also 

seems to be involved in depression (Huang et al. 2003, Drago et al. 2010 Review) 

and anxiety related disorders, such as obsessive-compulsive disorder (OCD) (Drago 

et al. 2010). The literature is not in agreement with regards to which allele confers 

susceptibility (C or G) and some studies have found no association (Drago et al. 

2010, Sanders et al. 2002, Gratacos et al. 2008). In a post-mortem study the G allele 

was associated with a 20% reduction in receptor number in the PFC, but was not 

associated with depression or alcoholism (Huan et al. 1999). Another SNP (rs6298; 

C129T) was investigated in the same study, with the C allele responsible for a lower 

expression of 5-HT1B receptor although no association has been reported for any of 

the phenotypes mentioned above (Huan et al. 1999, Drago et al. 2010). Both of these 

variations are synonymous and therefore cause no change in the amino acid residue. 

Therefore, an explanation for the influence on receptor density may be that these two 

SNPs are in linkage disequilibrium with another functional polymorphism(s) nearby. A 

study investigating this possibility has found that a haplotype of HTR1B, containing 

the G allele of rs11568817 (T-261G) and the A allele of rs130058 (A-161T) 

surrounded a deletion in between (-182INS-181) and this yielded a 2.3-fold enhanced 

transcriptional activity. The SNPs rs11568817 and rs130058 were found in LD with 

rs6296 whilst rs6296 and rs6298 were in perfect LD with each other (Duan et al. 

2003). In the same study it has been found that the rs11568817 G allele generates a 

new AP2 transcription factor binding site, meanwhile the T allele of rs130058 disrupts 

a site for c-Jun (central component of AP1 complexes) binding (Duan et al. 2003). On 

the other hand, within the 3’UTR region another polymorphism’s (rs13212041) G 

allele disrupts a binding site for a microRNA (miR-96), which is a repressor element 

and which has been reported to increase expression in a reporter system (Jensen et 

al. 2009). In the same study, individuals carrying the A allele (capable of binding the 

silencer miR-96) were more likely to be involved in aggressive actions (Jensen et al. 

2009) as hypothesised by KO animal models.  
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The role of this receptor is established in aggressivity and substance abuse with 

possible involvement in depression, possibly due to variations in the 5’ and 3’ 

regulatory regions. However, inconsistency within the literature indicates either false 

positive results or that other factors may be involved. 

 

1.3.4. Genetics of 5-HT1D, E and F receptors 

1.3.4.1 Animal models 

There are no animal models existing for these receptors to date. 

 

1.3.4.2 HTR1D, E and F variants in humans  

Although the role of these receptors is not well known, genetic polymorphisms in both 

HTR1D and HTR1E have been associated with attention deficit hyperactivity disorder 

(Amin et al. 2009,Lasky-Su et al. 2008). A post-mortem study (Goswami et al. 2010) 

showed that mRNA concentrations of the 5-HT1D receptor and the transcription 

factor NUDR (See HTR1B receptor) were increased in dorsal raphe neurons of 

female MDD subjects compared to female controls. No differences were found 

between male patients and controls. No genetic association of the 5-HT1D receptor to 

depression is known but it may have a role in substance abuse and OCD (Gratacos 

et al. 2008). 

As for the 5-HT1F receptor, no association with chronic fatigue syndrome 

(often present in MDD (Smith et al. 2008)) and a nominal significance in eating and 

bipolar disorder have been reported (Gratacos et al. 2008). 

 

1.3.5 Genetics of the 5-HT2A receptors 

1.3.5.1 Animal models 

In homozygous Slc6a4 KO animal models 5-HT2A receptors are decreased in the 

cortex but increased in the hypothalamus (Murphy and Lesch 2008).  
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Gene knock-out in mice yields a decrease in anxiety-like behaviour in various 

tests, without affecting depression-related behaviour in the forced swim test 

(Weisstaub et al. 2006). Rescuing the expression in these KO animals in the cortex 

was enough to normalize the anxiety-like behaviour, showing the importance of 

cortical 5-Ht2a receptors in stress related behaviours (Weisstaub et al. 2006). 

Recently, a study investigated the hypothesis that increases in Slc6a4 gene 

expression may influence the abundance and function of 5-Ht2a receptors, using a 

transgenic mouse model, which overexpresses the transporter 2-3 fold (Jennings et 

al. 2008). Using the 5-Ht2a receptor agonist 1-[2,5-dimethoxy-4-iodophenyl]-2-

aminopropane (DOI) in these mice they found increased expression of Arc (activity-

regulated cytoskeleton-associated protein, Lynford et al. 1995) and c-fos (an 

immediate early gene) genes. This is evidence of increased 5-Ht2a receptor function 

because the expression of these genes is mediated via the 5-Ht2a receptor, as 

previous studies have shown in rat models (Pei et al. 2000, Scruggs et al. 2000). The 

distribution of Htr2a mRNA and the receptor binding sites of 5-Ht2a did not differ in 

the brains of 5-HT overexpressing and wild type mice (Jennings et al. 2008).  

Finally, an in vitro study has showed increased levels and stability of Htr2a 

mRNA levels in rat pituitary cells (P11 cells) exposed to 5-HT (Wohlpart et al. 1998). 

 

1.3.5.2 HTR2A genetic variants in humans 

On the National Center for Biotechnology Information (NCBI) Reference Assembly 

website (http://www.ncbi.nlm.nih.gov/projects/SNP/) there are 6 SNPs listed within the 

HTR2A gene which cause amino acid residue change. One of them is rs6314 in 

exon3 which yield in a His→Tyr change in the protein. In a study the 452Tyr residue 

was associated with a smaller peak amplitude in Ca2+-mobilisation after stimulation 

with 5-HT, and also exhibited a different time course of response, compared to the 

452His residue, whilst there was no observed difference between the two variants in 

5-HT binding and the levels of G-protein coupled to the receptor (Ozaki et al. 1997). 

The A allele of the rs6311 polymorphism in the 5’ region has been show to 

significantly enhance promoter activity when compared against the G allele (Parsons 

et al. 2004). A possible explanation for this finding is that the A allele creates a 

consensus binding site for Th1/E47 which is a transcription factor implicated in the 
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development of the nervous system (Smith et al. 2008). This increased promoter 

activity does not necessarily manifest in increased mRNA level (Spurlock et al. 1998) 

indicating the presence of perhaps additional promoter polymorphisims or balancing 

mechanisms. 

The role of these polymorphisms along with others without known function, 

such as rs6313 (Bray et al. 2004) have been investigated in the literature of affective 

disorders. In MDD no association has been found for any of these SNPs (Anguelova 

et al. 2003a, Norton and Owen 2005, Gratacos et al. 2008). However, the SNP 

rs6311 has been reported to be associated with anxiety by two independent studies 

of obsessive-compulsive disorder (OCD) (Enoch et al. 1998, Walitza et al. 2002). 

Recent investigations raised the interesting possibility of an interaction 

between the 5-HT2A receptor and SERT. Pharmacological studies found that efficacy 

of SSRI antidepressant medications were significantly associated with polymorphisms 

in the HTR2A gene (Wilkie et al. 2009, McMahon et al. 2006, Choi et al. 2005, Peters 

et al. 2004), whilst polymorphisms within the SLC6A4 gene were not associated 

(Wilkie et al. 2009, McMahon et al. 2006, Peters et al. 2009, Kraft et al. 2007). 

Recently, in a genome-wide association study (GWAS) similar results were found. 

Ten previously MDD- or antidepressant-related SNPs of the HTR2A gene were 

associated either with response or remission to citalopram SSRI treatment (7 of them 

with both) but none of the SNPs in the SLC6A4 gene (Garriock et al. 2010). 

The possible functional relationship between the 5-HT2A receptor and SERT 

(mentioned among the animal models) may be apparent in humans, too. One study 

showed that HTR2A SNPs (rs733412, rs7997012, rs977003) were associated with 

SERT binding potential (which is proportional with SERT density) in the thalamus and 

insula, and association with another two SNPs (rs985933 and rs594242) was 

observed only in the thalamus (Laje et al. 2010). Notably, two of these SNPs 

(rs7997012 and rs799003) have been shown to be associated with SSRI treatment 

response in previous studies (McMahon et al. 2006, Garriock et al. 2010). This 

receptor seems to have a role in chronic fatigue syndrome, often present in 

depressed patients, as three SNPs (rs6311, rs6313 and rs1923884) showed 

significant association to this syndrome in a recent study (Smith et al. 2008). 

Finally, like the SLC6A4, the HTR2A gene also has some very interesting 

features including a possible four transcription initiation sites (Shih et al. 1996, Zhu et 
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al. 1995). In addition, one study observed significant negative heterosis with rs6313 

on neuroticism scores (Comings and MacMurray 2000). Negative heterosis occurs 

when heterozygous subjects show a significantly lesser effect for a quantitative or 

dichotomous trait than homozygous subjects. Another study suggested gender 

differences in the allele distribution of the rs6311 polymorphism in OCD, with female 

OCD patients possessing a higher A allele frequency compared to male OCD patients 

(Enoch et al. 2001). Gender differences have also been noticed in receptor binding, 

with men demonstrating significantly more receptor binding capacity than women, 

especially in the frontal and cingulate cortices (Biver et al. 1996) and expression of 

HTR2A (together with HTR2C) being generally higher in men than in women (Sugden 

et al. 2009). 

 

1.3.6 Genetics of 5-HT2B receptors 

1.3.6.1 Animal models 

 

In mice inactivation of this gene led to embryonic and neonatal death caused by heart 

defects, accompanied by reduction in the levels of a tyrosine kinase receptor, ERBB2 

(Nebigil et al. 2000). This result suggests that 5-HT2B receptors use tyrosine kinase 

receptor ERBB2 signaling pathway for cardiac differentiation.  

 

1.3.6.2 HTR2B genetic variants in humans  

This receptor has been rarely investigated in psychiatric phenotypes. One study 

which investigated various psychiatric phenotypes such as major depression, panic 

disorder, OCD, and substance abuse found no evidence of association (Gratacos et 

al. 2008). However, in another study that investigated (Lin et al. 2004) two missense 

variations in the coding region (Arg6Gly and Glu42Gly), observed that the Gly/Gly 

variant showed a trend toward drug abuse. In the same study and a third variant (a 

synonymous Gln11Gln) was significantly associated with drug abuse. Furthermore, 

the 247 bp allele of a microsatellite marker (termed D2S427, a tetranucleotide repeat) 

which is 216 kb upstream of the HTR2B gene has also been demonstrated to be 
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significantly associated with drug abuse (Lin et al. 2004). Finally, a group 

investigating the role of serotonergic genes in chronic fatigue syndrome which often 

accompanies depression, found no evidence for this gene’s role in the syndrome 

(Smith et al. 2008). 

 

1.3.7 Genetics of 5-HT2C receptors 

1.3.7.1 Animal models 

 

In Slc6a4 KO homozygous mice 5-Ht2c binding sites are increased in the amygdala 

and the choroid plexus (Murphy et al. 2008).  

Mice lacking 5-Ht2c receptors suffer from obesity by abnormal feeding 

behaviour, are prone to spontaneous death by convulsions (Telcott et al. 1995) and 

dysregulation in anxiety-like behaviours (Heisler et al. 2007).  

This receptor is unique among the serotonin receptors, in that its mRNA 

undergoes A-to-I type RNA editing. During this process two adenosine-deaminase 

enzymes acting on the mRNA convert adenosine to inosine on the pre-mRNA. These 

inosine residues are then recognized as guanosines by the translation machinery, 

and depending on the number of editing sites, yield several different mRNAs and 

proteins. There are 11 potential transcription combinations, generating 7 protein 

isoforms in rats due to four editing sites (A, B, C and D). The editing occurs in the 

second intracellular loop of the receptor, which is crucial for the association to G-

proteins. Therefore, it is proposed that the different variants have different receptor 

activities (Burns et al. 1997). Without major changes in the different receptor isoforms’ 

ligand binding activity, the fully edited isoform (termed VSV) exhibits markedly 

reduced receptor-G protein coupling, meaning less efficient coupling to the 

intracellular signaling machinery. The distribution of 5-Ht2c isoforms has been shown 

to be different across brain regions (Burns et al. 1997). For example a partially edited 

isoform termed VNV is present in 36% of the hippocampus and only 6% in the 

choroid plexus. On the other hand, a common variant in the choroid plexus (INV, 

38%) is not present in the hippocampus (Burns et al. 1997). Later, with a discovery of 
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an additional minor editing site (termed E) the number of possible mRNA variants 

rose to 32 and the number of proteins to 24 (Niswender et al. 1998). 

In a rat model of depression (termed learned helplessness model; LH), mRNA 

editing efficiency at site E is increased (Iwamoto et al. 2005). This study also showed 

that administration of the SSRI fluoxetine decreased mRNA editing in three sites (A, B 

and E) and imipramine administration decreased at site E, and that the animals 

underwent a significant reversal of the LH condition (Iwamoto et al. 2005). 

mRNA editing of the 5-Ht2C receptor is present in mice too, which have five 

editing sites (Niswender et al. 1998, Du et al. 2006). Whilst measuring the mRNAs in 

four different developmental stages of the mouse brain, a study (Wahlstedt et al. 

2009) found that A-to-I editing is low in the early embryogenesis, with the non-edited 

version INI being the most common (39% throughout the brain), and that this steadily 

increased during development. At later postnatal stages only 7% percent of the 

transcripts are non-edited (Wahlstedt et al. 2009). This indicates that mRNA editing 

has an important role during brain maturation.  

 

1.3.7.2 HTR2C genetic variants in humans 

Many edited mRNA variants has been reported in humans as well as animals. With 

five editing sites (termed A, B, C, D and E) the possible HTR2C mRNA varieties are 

32 with 24 protein isoforms. In the human brain the full editing (change in all possible 

amino acids) is more prevalent (45%) than in the rat brain (11%) (Fitzgerald et 

al.1999). Unlike in rats, human mRNA editing changes the receptor’s ligand binding 

affinity. Finally, mRNA editing reduces both affinity of ligand binding and receptor-G 

protein binding in a graded fashion, with the unedited isoform (INI) having the least 

apparent reduction and the fully edited VGV isoform having the greatest reduction in 

binding (Fitzgerald et al. 1999, Niswender et al. 1999). Figure 5 summarises the 

amino acid residues of mRNA editing in human HTR2C. 
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Figure 5. The editing of human HTR2C mRNA 

(Adapted from Iwamoto et al. 2009) 
 

Studies using post-mortem brains attempted to link the mRNA editing variants 

to affective disorders like depression. Unfortunately, these studies reported mixed 

results. In a study (Gurevich et al. 2002) comparing mRNA variants in the dPFC of 

healthy controls and depressed suicide victims it was found that while non-edited 

mRNA was commonly found in controls, it was very rare in depressed suicides. Also, 

in the brains of suicide victims increased E and C side editing, and decreased D side 

editing was observed (Gurevich et al. 2002). Another study also found increased 

editing in depressives but in the D side in the PFC (Iwamoto and Kato 2003). A third 

study did not find any difference between controls, depressives and schizophrenics 

and reported only a small increase in A editing side in suicides, regardless of the 

diagnosis (Niswender et al. 2001).  

According to the NCBI Reference Assembly website (build 132) there are over 

2500 SNPs in the human HTR2C gene. Among the 10 missense variations is rs6318 

G/C, which causes a Cys→Ser amino acid change in position 23 (exon4), disrupting a 

disulfide (S-S) bridge in the protein (Drago and Serretti 2008). The Ser23 allele was 

shown to be more active than the Cys23 allele (Okada et al. 2004). Associations 

between this polymorphism and depression, drug efficacy and side effect studies 
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have yielded inconclusive results (Frisch et al. 1999, Lerer et al. 2001, Gratacos et al. 

2008, Drago and Serretti 2008). The SNP rs6318 has been investigated in other 

psychiatric phenotypes, and produced more consistent results in eating and bipolar 

disorders (Drago and Serretti 2008) but once again not all studies found an 

association (Gratacos et al. 2008). A polymorphism in the 5’ UTR region (rs3813929; 

-759C/T), where the C allele is associated with a reduction in transcriptional activity, 

has been reported to significantly influence antidepressant drug induced weight gain, 

but not all studies could replicate this finding (Drago and Serretti 2008). Two 

microsatellite repeated sequences in position -175 (GT, number of repats=12-14-15-

16-17-18) and a CT repeat (number of repeats=4 or 5) divided by a 45 bp spacer 

were also investigated in MDD in females, with no association and with no difference 

in expression rate (Meyer et al. 2002).  

Finally, a recent mutation screening study (Bundo et al. 2010) using post-

mortem brains of 58 psychiatric patients sequenced all exons, exon-intron boundaries 

and the promoter region and identified eight polymorphisms (among them were 

rs6318 and rs3813929). However, none of them was associated with altered mRNA 

expression or mRNA editing efficacy, nor specific to patients (Bundo et al. 2010), 

suggesting that either the study did not have sufficient power to detect association, 

that the HTR2C influence was dependent upon an non-investigated interaction with 

additional gene or environmental influences or that the HTR2C gene does not 

influence the behavioural phenotype. 

 

1.3.8 Genetics of 5-HTR3 receptors 

1.3.8.1 Animal models  

In homozygous Sert KO mice this receptor’s binding and mRNA level are increased in 

various brain regions, especially in the mPFC (50%) (Holmes et al. 2008).  

Hht3a KO mice show enhanced amygdala-mediated fear conditioning with 

male mice exhibiting reduced anxiety-related behaviours (Bhatnagar et al. 2004). 

Post-developmental transgenic overexpression of the 5-Ht3 receptor results in a 

reduction of voluntary ethanol self-administration (Holmes et al. 2008).  
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1.3.8.2 HTR3 genetic variants in humans 

The NCBI Reference Assembly lists 7 missense variations in the HTR3A gene. Two 

functional variants with unknown population frequencies are A33T and M257I in the 

5-HT3A receptor which are both associated with a reduced level of cell surface 

expression. The T allele of another SNP in the 5’ UTR region of the gene, 

(rs1062613; C178T) was associated with a significant increase in expression as 

measured using a luciferase report system (Niesler et al. 2001). Another study has 

reported that the T allele of this SNP was associated with lower harm avoidance in 

females (Melke et al. 2003). The C/C genotype has also been shown to significantly 

increase harm avoidance and neuroticism (Mizuta et al. 2008). An fMRI study 

indicated that the C/C genotype was associated with increased levels of neuronal 

activation in the right amygdala and the PFC during a face recognition task (Iidaka et 

al. 2005) and participants showed a faster reaction time compared with those 

possessing the C/T genotype. Two other SNPs (rs1150226 and rs1176713) showed 

no association to depression in an Estonian study (Koks et al. 2006). Finally, 

rs1062613 may have a role in antidepressant response in anxiety symptoms (Kato et 

al. 2006). 

The HTR3B gene harbours 6 missense polymorphisms (NCBI Reference 

Assembly). One of them is rs1176744 (A386C) which is thought to be functional. The 

A→C transversion causes a Tyr→Ser change with functional consequences. The 

mutant receptor’s deactivation and desensitization kinetics are slower, due to a 7-fold 

increased mean open time (Krzywkowski et al. 2008). This mutation does not affect 

the receptor’s surface expression or 5-HT binding (Krzywkowski et al. 2008). This 

finding was confirmed in another study which found that the mutant receptor had 

significantly increased eliciting concentration of 5-HT (a measure of 5-HT response) 

without cell surface expression alteration (Walstab et al. 2008). Interestingly, in a 

haplotype analysis a haplotype block (containing rs1176744) was associated with 

depression in females. Tyr/Tyr variant carrying individuals were found in significantly 

higher frequency in the depressed group (Yamada et al. 2006), indicating a Ser 

variant’s protective role against depression.  

 



 72 

Other functional mutations V183I (rs17116138) and S156R (rs72466469) 

(Walstab et al. 2008) and a deletion termed -100_-102AAG (rs3831455) (Meineke et 

al. 2008) have also been identified but their role in depression and anxiety has not yet 

been extensively investigated. However, one study observed significant improvement 

in somatic anxiety in response to paroxetine treatment (Kato et al. 2006). 

The HTR3C, HTR3D and HTR3E genes also harbour polymorphisms, but 

these have not been investigated in depression and anxiety (Walstab et al. 2010). 

 

1.3.9 Genetics of 5-HT4 receptors 

1.3.9.1 Animal models 

5-Ht4 KO mice show normal feeding and motor behaviours under baseline conditions, 

but stress-induced hypophagia (reduced food intake) and novelty-induced exploratory 

activity were decreased in these animals (Compan et al. 2004).  

 

1.3.9.2 HTR4 genetic variants in humans 

This receptor has not been investigated extensively in psychiatric phenotypes, but it 

may play a role in affective disorders. In a Japanese sample, haplotype analysis 

showed association between bipolar disorder (but not to depression) and two 

polymorphisms surrounding exon d, which encodes the divergent C-terminals of the 

receptor (Ohtsuki et al. 2002). This association was confirmed in an independent 

sample in the same study. However, other polymorphisms in exon1 to intron4 were 

not associated with any psychiatric phenotypes (Ohtsuki et al. 2002). An earlier study 

did not find an association between this receptor and various psychiatric phenotypes, 

whilst recent literature provides evidence of this receptor’s role in depression (Lewis 

et al. 2010) and in antidepressant response (Uher et al. 2010). No SNP in this region 

showed association to chronic fatigue syndrome in another study (Smith et al. 2008).  
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1.3.10 Genetics of 5-HT5 receptors 

1.3.10.1 Animal models 

The Htr5a KO mice showed increased exploratory behaviour, but not apparent 

changes in anxiety-like behaviours (Grailhe et al. 1999). 

 

1.3.10.2 HTR5 genetic variants in humans 

During a full screening of the HTR5A gene four variants were found: two in the 5’ 

UTR region (-19G/C, rs79028878 and -18C/T, rs74873317) and two in the coding 

region (12A/T, rs6320 and 789C/T, rs6319, none of them causing an amino acid 

change) (Shimron-Abarbanell et al. 1997). These latter synonymous mutations 

together with a 43T/C transition (rs79630720) showed no association in alcoholic 

patients (Iwata et al. 1998). The -19G/C however, showed association to psychiatric 

phenotypes, including depression in another study, where the G allele had a 

protective effect (Birkett et al. 2000). In the same study 12A/T also showed 

association to depression, although an attempt at replication by an independent study 

did not find an association (Arias et al. 2001). HTR5A SNPs showed no association to 

chronic fatigue syndrome (Smith et al. 2008) or psychiatric phenotypes (Gratacos et 

al. 2008) in the two aforementioned studies. 

HTR5B is considered as a pseudogene, due to the presence of a stop codon 

within the gene which would result in the expression of a short, probably non-

functional protein (Rees et al. 1994). 

 

1.3.11 Genetics of 5-HT6 receptors 

1.3.11.1 Animal models 

5-Ht6 KO mice appeared to perform normally in a wide-variety of cognition and 

anxiety tests (Bonasera et al. 2006) but showed reduced response to the ataxic and 

sedative effects of ethanol, without differences in ethanol-induced hypothermia, 

compared to the wild-type.  
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In rats, continuous intraventricular infusion of 5-HT6 receptor antisense 

oligonucleotides yielded increased anxiety-like behaviours (Otano et al. 1999).  

1.3.11.2 HTR6 genetic variants in humans 

The HTR6 SNP rs1805054 showed a positive heterosis effect in response to 

antidepressant treatment in depressive patients in a Korean study (Lee et al. 2005). 

However a case-control study using five haplotype-tagging SNPs (including 

rs1805054) and meta-analysis of four studies of rs1805054 found no evidence of the 

association between any of these polymorphisms and MDD (Fukuo et al. 2010). The 

5-HT6 receptor showed no association to chronic fatigue syndrome (Smith et al. 

2008) or psychiatric phenotypes (Gratacos et al. 2008) in the two aforementioned 

studies. 

 

1.3.12 Genetics of 5-HT7 receptors 

1.3.12.1 Animal models 

5-Ht7 KO mice showed no difference in psychotic and anxiety states compared to 

wild-type animals (Guscott et al. 2005). In the forced swim test they showed a 

significant decrease in immobility (Guscott et al. 2005). Similar findings were reported 

in a tail suspension test (Hedlund et al. 2005). (The forced swim and tail suspension 

tests are highly predictive for antidepressant drug activity.) KO animals also showed 

indications of disturbed circadian rhythm (Guscott et al. 2005) where they spent less 

time in and had less frequent episodes of rapid eye movement (REM) sleep, which is 

also consistent with the antidepressant phenotype (Hedlund et al. 2005). KO animals 

also showed evidence that 5-HT induced hypothermic response may be modulated 

by this receptor (Hedlund et al. 2003). 

 

1.3.12.2 HTR7 genetic variants in humans 

Despite the implications from animal and pharmacological studies the role of this 

receptor has been investigated in only in a few studies which found no association 
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with fatigue (Smith et al. 2008) or depression although an association with panic 

disorder has been reported (Gratacos et al. 2008). 

 

Table 10.2 in the Appendix shows the positions of serotonergic receptor genes and 

the SLC6A4 gene in the human genome. 

 

 

1.4. Genome-wide association studies 

In genome-wide association studies (GWAS) a large number of genetic 

polymorphisms across the genome are examined for association with phenotypes. 

The GWAS are conducted on chips that can characterize over a million SNPs and 

copy-number variants (CNV). These common variants (minor allele frequency >5%) 

cover around 90% of the human genome for those of European or East Asian 

ancestry (Craddock et al. 2008, Psychiatric GWAS Consortium Coordinating 

Committee 2009b).  

To date 9 GWAS on MDD have been conducted, with a total of 12926 case 

and 9618 control subjects (Psychiatric GWAS Consortium Coordinating Committee 

2009a, Psychiatric GWAS Consortium Coordinating Committee 2009b). The lessons 

from GWAS on depression are as follows. GWAS often fails to detect genome-wide 

significant evidence of association to depression (Shi et al. 2010, Shyn et al. 2009 , 

Muglia et al. 2010) and they occasionally fail to confirm previously reported 

associations, such as HTR1A, HTR2A, HTR2C and HTR3B (Bosker et al. 2010). A 

reason for this is that depression is thought to be genetically complex involving many 

small effect genes, with possible gene-gene and gene-environment interactions, and 

the criteria for genome-wide significance is very stringent with SNPs needing to reach 

10-8 to be considered significantly associated. On the other hand, these studies often 

come up with previously unidentified loci, such as 18q22.1 (rs17077540) (Shi et al. 

2010), 19q12 (rs12462886) (Shyn et al. 2009), 3p21.1 (rs2251219) (McMahon et al. 

2010) and Corf20 (Bosker et al. 2010). These findings, if they are not false positives 

are intriguing because they draw attention to the gene desert regions and help us, 

researchers to understand the organization of the genome. On a nominal significance 

level, (not on genome-wide significance level) GWAS corroborate previous findings, 
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such as HTR2A gene’s association to antidepressant treatment (Uher et al. 2009) and 

to major depression (Muglia et al. 2010), together with HTR3B (Bosker et al. 2010). In 

a study by McMahon and colleagues the HTR2A SNP rs7997012 was associated with 

antidepressant response (McMahon et al. 2006). An association was also observed 

by an independent study although with the opposite direction of effect (Horstmann et 

al. 2010). Neuroticism has also been investigated in GWAS. These studies 

investigated healthy individuals where neuroticism was measured as a continuous 

trait. Because neuroticism has a high correlation with depression and is thought to 

share genetic determinants (Hettema et al. 2006), the results of GWAS are often 

similar to those of depression studies. For example, neuroticism GWAS has failed to 

confirm previously implicated genes from candidate gene studies including 

serotonergic receptors and SLC6A4 (van den Oord et al. 2008, Shifman et al. 2008, 

Terracciano et al. 2010). However, new genes have been identified including 

MAMDC1, a gene involved in regulating neuronal migration and axonal guidance (van 

den Oord et al. 2008) and phosphodiestarease 4D cAMP specific (PDE4D) gene 

(Shifman et al. 2008). Also, they have found significant associations in gene desert 

regions (rs6047641, rs1159275 and rs7329003) (Terracciano et al. 2010). The most 

interesting finding was a confirmation of a previously suspected gene’s involvement in 

depression, SNAP25. This is a 25kDa synaptosomal associated protein with role in 

neurotransmitter release, axonal growth and synaptic plasticity. SNAP25 protein 

levels have been previously shown to be decreased in bipolar disorder and 

schizophrenia (Honer et al. 2002) and increased in depression (Fatemi et al. 2001). In 

a Dutch study a strong correlation was found between intelligence and three SNPs 

within the SNAP25 gene in two independent cohorts (Gosso et al. 2006), and in a 

Spanish cohort nominal association was observed between this gene and anxiety and 

schizophrenia (Gratacos et al. 2008). 

Finally, as these studies often use more than one independent cohort they are 

not always able to replicate the findings (van den Oord et al. 2008, Shifman et al. 

2008, Terracciano et al. 2010). 

GWAS are very useful tools but do have some limitations. 

� Some regions of the genome are not well covered and low-frequency alleles 

(minor allele-frequency is less than 1%) are generally not interrogated in 
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current designs. Therefore, GWAS are not particularly suitable to detect rare 

variants of small effects. 

� As GWAS produce a lot of significant results it may be tempting to focus on the 

strongest associations, meanwhile it has been shown that the true risk loci in 

suitable sample sizes may fall within the top few hundred or even thousand 

hits (Craddock et al. 2008). 

� Initial GWAS analyses often assumed a simple additive genetic model. In 

reality it is more likely, that behind different phenotypes (especially psychiatric 

ones) there are a very large number of contributing loci each with very small 

effects, more complex single locus effect (such as dominance or heterosis), 

interactions (within gene, gene x gene, gene x environment) and other factors, 

such as epigenetics and RNA editing (Craddock et al. 2008). 

� In psychiatric genetics the careful evaluation of phenotypes is crucial. The 

current official classification systems (Diagnostic and Statistical Manual of 

Mental Disorders and International Classification of Diseases) developed valid 

entities; but there are overlaps between the categories and heterogeneity 

within them. Among the possible solutions is to use endophenotypes which are 

heritable sub-clinical traits, associated with the expression of an illness (Hasler 

et al. 2004, Leboyer et al. 1998, Gottesman and Gould 2003). In major 

depression endophenotypes may be psychiatric, such as depressed mood 

(mood bias towards negative emotions) and anhedonia (impaired reward 

function) or biological such as REM sleep variations (Gottesman and Gould 

2003). This approach assumes that effect sizes of genetic loci contributing to 

endophenotypes are larger than those contributing to disease susceptibility, 

hence increasing the chance that genetic linkage and association tests will 

detect them. While endophenotypes measures may afford greater reliability, a 

meta-analysis has found no evidence of this larger effect size therefore it is 

unlikely that endophenotypes demonstrate simple genetic aetiology (Flint and 

Munafo 2007). In mood disorder GWAS for more accurate diagnosis it is also 

advantageous to use continuous variables instead of binary ones to measure 

the disease. 

� Finally, despite the continuously decreasing price this technique is still 

expensive. 
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1.5 Role of the environment 

This ‘pure genetics’ approach is not able to answer two problems: 

� Not every individual shows the signs of the psychiatric illness, even if they 

carry those alleles which are proven to modulate the gene’s function. This 

problem is mirrored very well in the inconclusive results of genetic association 

studies. 

� These models do not take into consideration that the observed phenotype is a 

product of the genotype and the environment. Individuals do not exist 

independently from their environment, but they are in constant interaction with 

it. Even metabolic illnesses can be modified from the environment; a good 

example is phenylketonuria. 

 

Since the infamous Harlow experiment (Harlow and Harlow 1962) it has been known 

that early social deprivation, such as separation from the mother, has a long-lasting 

and irreversible effect on the behaviour of monkeys. This experiment has been 

repeated with other mammalian species (including mice and rats) with the same 

result: animals exposed to stressful conditions during development manifest short- 

and long-term cognitive dysfunction and abnormal behaviour (Neigh et al. 2009). 

This phenomenon exists in humans, too. Epidemiologic studies indicate that 

children exposed to early adverse experiences are at increased risk for depression, 

anxiety disorders or both (Heim and Nemeroff 2001). One such study (Chapman et al. 

2004) showed that not only childhood emotional abuse increased the lifetime MDD 

with the odds ratio of 2.7 in women and 2.5 in men, but also concluded that this 

association was dose-dependent. In other words, multiple forms of abuse during 

childhood have particularly deleterious consequences on adult mental health. In some 

cases, childhood adverse experiences caused neurobiological changes, such as 

reduced hippocampal (Heim et al. 2008) or corpus callosum (Teicher et al. 2004) 

volumes. However, it was not always observed (Lenze et al. 2008).  

These studies showed that adverse events contribute to the increased risk of 

depression and anxiety disorders. Taken together with the estimated heritability of 

depression, which is 30-50% (Levinson 2006) it was obvious that the individual’s 
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sensitivity to stressful life events is moderated by genes as well. As for which genes, 

the serotonergic genes, especially the transporter gene, were plausible candidates. 

The serotonin pathway is thought to play an important role in the hypothalamic-

pituitary-adrenal (HPA) axis stress response. The amygdala triggers the response via 

this axis. In the amygdala the basolateral nuclei process the incoming sensory 

information and relay it to neurons in the central nucleus and when the central 

nucleus becomes active, the stress response commences. 5-HT inhibits the 

excitability of neurons in the basolateral nucleus of the amygdala, preventing the 

unnecessary stress response. In animal studies, stressed animals showed stress 

hormone and serotonergic abnormalities (Coplan et al. 2000, Rosenblum et al. 1994). 

Non-primate, human, and primate studies have found that adult influences, 

particularly maternal input, are critical to modulate the development of the CNS 

serotonin system. In the absence of adult influence, the development of serotonin 

functioning is impaired (Higley and Linnoila 1997). Also, the adverse consequences of 

early maternal separation were reversed by treatment with paroxetine SSRI 

antidepressants in an animal study (Huot et al. 2001). 

The landmark study of Caspi and colleagues suggested a link between nature 

and nurture in depression (Caspi et al. 2003). In their study no direct association 

between the SLC6A4 gene and depression was observed, but in young adults the 

effect of stressful life events of the past five years on depression symptoms was 

significantly stronger among individuals carrying the less active s allele than among l/l 

homozygotes. This study also recorded childhood maltreatment occurred during the 

first decade of life and concluded that childhood maltreatment predicted adult 

depression only among individuals carrying an s allele but not among l/l 

homozygotes. Many later studies found association between childhood adversity and 

lifetime negative events and depression too (Caspi et al. 2010).  

In the rhesus macaque (Macaca mulatta) there is an analogous 21 bp length 

variant rh5-HTTLPR, located in the same region as the human 5-HTTLPR 

polymorphism (Lesch et al. 1997). In a study (Barr et al. 2003) an interaction was 

found between rearing condition and rh5-HTTLPR interaction for both social play and 

aggression. While there was no behavioural difference between genotypes in the 

mother-reared group, the peer-reared monkeys who possessed the rh5-HTTLPR s/l 

genotype of the rh5-HTTLPR were engaged less in social play and were more 
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aggressive, compared to the l/l genotype monkeys. The CSF 5-HIAA concentrations 

were significantly influenced by the rh5-HTTLPR genotype in the peer-reared, but not 

in parent-reared monkeys in another study (Bennett et al. 2002). 

A known functional polymorphism in the HTR1A gene (rs6295) was also 

investigated, with regard to its role in MDD and negative environmental effects. In a 

Chinese study it was reported, that the G/G genotype had a modifying effect on the 5-

HTTLPR polymorphism and MDD in interaction with negative life events, especially in 

the younger age group (Zhang et al. 2009). In a recent study the association between 

the rs6295 polymorphism and depression or anxiety in interaction with childhood or 

recent life events were not confirmed (Chipman et al. 2010).  

The gene x environment interaction is a recent hot topic in the literature. There 

is no doubt, that not every attempt to replicate the original Caspi-finding has been 

successful (Caspi et al. 2010), some did not find association, and some did but in the 

opposite direction, like the aforementioned Chinese study (Zhang et al. 2009). These 

studies often use different methodologies to determine phenotypes and the individual 

genes affecting behaviour have small effect sizes. Furthermore, it appears that the 

effect of the stressor depends on its context (Kalin et al. 2008). Therefore, several 

researchers adopt the theory that gene x environment interaction is an important part 

of the genetic research and the results are not merely ‘findings by chance’, due to 

publication biases (Munafo and Flint 2009) or to the life events themselves (Risch et 

al. 2009).  

As a conclusion, it appears from the gene x environment studies, that stressful 

life events (recent or past) affect those individuals and cause depression and anxiety 

disorders in those who have the less effective transporter variant (s/s genotype), 

meaning more synaptic 5-HT. This seems to be in line with the animal study of the 

elevated 5-HIAA in CSF of maternally neglected rhesus monkeys. It cannot be linked 

directly to the HPA axis modulated stress response, as the 5-HT is thought to inhibit 

the excitability of the basolateral amygdala nuclei (Cheng et al. 1998), therefore 

preventing the stress response. Furthermore, SSRI antidepressant drugs which 

successfully treat depression and anxiety disorders (panic disorder, for example) also 

increase the amount of serotonin in the synaptic cleft. Perhaps, the way out of this 

contradiction is the observation of poor correlation between genotype of the 5-

HTTLPR and availability of serotonin transporter in the adult brain (Nordquist and 
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Oreland, 2010) which indicates highly complex not yet understood levels between 

genotypes and phenotypes.  
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2. Aims of the study 

2.1 Aim 1 

Based on the literature of association studies (Drago et al. 2008, Anguelova et al. 

2003a, Savitz et al. 2009, Filip and Bader 2009, Sari 2004) and animal models 

(Murphy and Lesch. 2008, Gross et al. 2002, Zhuang et al. 1999) I sought to confirm 

the possible role of HT1A and HT1B autoreceptors in depression and anxiety in the 

New Mood Manchester population. As environmental stress factors are thought to 

play a role in depression and anxiety (Sullivan et al. 2000, Kessler 1997), I 

hypothesised that childhood adversity, recent life events or both contribute towards 

the development of these phenotypes. 

fMRI studies have reported that HTR1A rs6295 G allele carriers showed 

hyperactivity of the amygdala in response to emotional stimuli (Savitz et al. 2009). In 

this study 101 healthy participants took part in a computerised face-recognition task 

which engages the amygdala. I hypothesised that HTR1A rs6295 G allele carriers 

react to negative emotions (fear and sadness) quicker than C allele carriers. 

2.2 Aim 2 

There is strong evidence in the literature that the SLC6A4 (especially the 5-HTTLPR 

polymorphism) and the HTR2A genes are involved in depression and anxiety 

(Reviewed in Murphy et al. 2008, Norton and Owen 2005). I wished to investigate 

whether these genes have any role in these psychiatric phenotypes in the New Mood 

cohort. The Caspi study (Caspi et al. 2003) showed genetic interaction with 

environmental stress factors. I sought to attempt to replicate this finding in the New 

Mood cohort by including recent life events or childhood maltreatment into the 

association analysis. 

2.3 Aim 3 

In the literature there is evidence of association between HTR2A polymorphisms and 

response to SSRI treatment (Uher et al. 2009, McMahon et al. 2006, Choi et al. 

2005). On the other hand, animal models indicate that genetic variation that alters the 
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SERT expression is linked to changes in the 5-HT2A receptor function (Jennings et 

al. 2008). Therefore, I wished to investigate the possible interaction between the 

SLC6A4 and HTR2A genes. 

2.4 Aim 4 

While the serotonin transporter (SLC6A4) and serotonin receptor (HTR1A, HTR1B 

and HTR2A) genes have received much attention in depression research, other 

serotonergic receptors, such as 5-HT1D, 5-HT1E, 5-HT1F, 5-HT2B, 5-HT3A, 5-HT3B, 

5-HT4, HT5A, 5-HT6 and 5-HT7 are lesser featured in the literature (Shimron-

Abarbanell et al. 1997, Birkett et al. 2000, Lee et al. 2005). I wished to investigate the 

involvement of these receptors in depression and associated phenotypes (anxiety 

and neuroticism) using existing Genome Wide Association study data from the Dyne 

Steel cohort. Based on the literature I hypothesised that among these receptors 5-

HT4 (Lewis et al. 2010, Uher et al. 2010), 5-HT6 (Riccio et al. 2009) and 5-HT7 (Uher 

et al. 2010, Lewis et al. 2010) may play a role in depression and in related 

phenotypes. 

2.5 Aim 5 

Association studies reported the possible involvement of the HTR2C gene in 

depression (Drago and Serretti 2008). I wished to investigate the association between 

this gene and depression in the New Mood cohort. 
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3. Methods 

3.1 New Mood cohort  

3.1.1 Participants 

Manchester 

This study was part of the EU funded New Mood (New Molecules for Mood Disorders) 

research program. The participants (aged between 18-60 years) were recruited from 

Greater Manchester, UK through general practices, and a web-site 

(http://www.newmood.co.uk). 

 

Flow-chart of the recruitment and DNA collection process in Manchester (phase Level 

1): 

 

                 

 

 

 

 

 

 

 

↓ 

 

Altogether, over 2000 participants returned the completed New Mood questionnaire 

(39% through general practices and 61% through the New Mood website). Of these, 

92% were white, 68% were women (which reflects the gender ratio of people with 

depression), 48% had a self-reported history of depression (28% in the last year), 

40% had had antidepressant treatment in the past, 35% had a family history of 

depression, and 84% were willing to give DNA. 

 

4500 information/questionnaire 
packs were sent to GPs in Greater 
Manchester Area (Heaton Mersey 
Medical Practice and Cheadle 
Medical Practice)     
                             ↓ 
Approximately 30% responded, of 
which approximately 60% agreed to 
participate 

200 information/questionnaire 
packs were sent to people 
enquiring through the New Mood 
website (launched in August 
2005) 
                     ↓ 
Over 65% responded 
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↓ 

 

Participants who returned the signed consent form to provide DNA (n=1679) were 

then sent a genetic sampling kit. 

 

↓ 

 

Of these subjects, 1520 returned the kit (35% from general practices and 65% from 

NewMood website). Women (78 vs 71% of men) and those who had a history of 

depression (55 vs 42% of those who reported no depression in the past) were more 

likely to send a DNA sample. 

 

↓ 

In the study there were 1387 participants included who were Caucasian origin and 

had a complete New Mood questionnaire. Participants who reported manic or 

hypomanic episodes, psychotic symptoms or obsessive-compulsive disorder were not 

excluded. 

 

Demographic data of this population can be seen in Table 2.  

In the second phase (Level2) a subgroup of Level1 participants supplemented by new 

recruits took part in face-to-face interviews and computerized tasks (n=257). 

This study was approved by the local ethics committees and was carried out in 

accordance with the Declaration of Helsinki. All participants provided written informed 

consent. 

 

Budapest 

The recruitment was conducted by colleagues in Budapest as described elsewhere 

(Lazary et al. 2008). Participants were recruited from: 

� The practices of general practitioners, 

� Adult students participating in a long-distance learning program, 

� Community-based population. 
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As the recruitment continued in Budapest in my study I used the phenotypic and 

genotypic data of 1053 participants instead of the 706 participants decribed by Lazary 

et al. 2008. The demographic data of this cohort can be seen in Table 2.  

 

Table 2. Demographic data of New Mood participants 
 Manchester Budapest 
Total number of volunteers included in the 
study 

 
1387 

 
1053 

Women (%) 968 (70%) 733 (70%) 
Men (%) 419 (30%) 320 (30%) 
Age, mean (SEM) in years 33.97 (0.27) 31.2 (0.31) 
Depression score (Brief Symptom Inventory, 
range 0-4); mean (SEM) 1.132 (0.03) 0.570 (0.024) 
Anxiety score (Brief Symptom Inventory, 
range  0-4); mean (SEM)  1.015 (0.027) 0.689 (0.022) 
Neuroticism score (Big Five Inventory, range 
1-5); mean (SEM)  3.365 (0.027) 

 
2.815 (0.026) 

Abbreviation: SEM: standard error of mean. 

 

3.1.2 Phenotypes 

Hungarian participants completed the same questionnaires as the Manchester 

participants; validated Hungarian versions of the questionnaires were used.  

3.1.2.1 Mood state 

 

Depression and anxiety questions from the 53-item Brief Symptom Inventory (BSI) 

were used to measure mood state over the past week (Derogatis 1993). A continuous 

weighted dimension score (sum of item scores on the dimension divided by the 

number of items completed) was calculated as questions occasionally left 

unanswered by participants. The sum of Depression and Anxiety were used in my 

study. 

The full list of questions in BSI can be found in the Appendix (10.3 Questionnaires). 
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3.1.2.2 Personality 

To assess personality the 44-item Big Five Inventory (BFI-44) was used (John et al. 

1991). For the analysis a continuous weighted dimension score was calculated for 

Neuroticism. The full list of questions used in BFI-44 can be found in the Appendix 

(10.3 Questionnaires).  

Validation data of neuroticism and symptom scores were published previously 

(Juhasz et al. 2009). Briefly, depression and anxiety symptoms of 140 participants 

were also rated by independent trained investigators using the Montgomery-Asberg 

Depression Rating Scale (Montgomery and Asberg 1979) and the Clinical Anxiety 

Scale (Snaith et al. 1982). The results showed highly significant (p<0.001) 

correlations between the self-reported symptom scores and the independent ratings 

(Pearson’s correlation: depression R=0.79; anxiety R=0.80) in the New Mood 

Manchester population. Also, 142 participants filled out both the NEO PI-R (Costa 

and McCrae 1992) and BFI-44 questionnaires for validation purposes and the results 

once again showed highly significant (p<0.001) correlations between the two 

instruments (Pearson’s correlation: neuroticism R=0.81). 

 

3.1.2.3 Recent negative life events 

The Recent Negative Life Events questionnaire was based on the validated List of 

Life Threatening Experiences (LTE) (Brugha et al. 1985, Rijsdijk et al. 2001). The full 

list of questions used in LTE can be found in the Appendix (10.3 Questionnaires).  

The sum of the life event items was used in my study. 

 

3.1.2.4 Childhood adversity 

Four questions derived from the Childhood Trauma Questionnaire (CTQ) (Bernstein 

et al. 1994) were used to determine Childhood Adversity related to emotional and 

physical abuse, and emotional and physical neglect. An additional question asked 

about parental loss during childhood. The sum of item scores was used in the 

analysis. Summary scores from the full version of CTQ significantly correlated with 
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scores derived from our short questionnaire (Pearson correlation: R=0.75, p<0.001, 

n=142). 

The full list of five questions used in CTQ can be found in the Appendix (10.3 

Questionnaires). 

 

3.1.2.5 Face emotion recognition task 

The detailed description of this task can be found in Paper 1 (The HTR1A and HTR1B 

receptor genes influence stress-related information processing.) 

 

3.1.3 SNP selection 

HaploView software (www.broad.mit.edu/personal/jcbarret/haploview/) was employed 

to identify haplotype tagging SNPs using the confidence interval method (Barrett et al. 

2005, Gabriel et al. 2002). Specifications: confidence interval minima for strong LD, 

upper: 0.98, lower: 0.7, upper confidence interval maximum for strong recombination: 

0.9, fraction of strong LD in informative comparisons at least: 0.95, markers excluded 

below 5% minor allele frequency, r2=0.8, pairwise method. 

The tagging was based on the CEPH population genotype data that were available at 

the International HapMap Project Phase I, June 2005 release (www.hapmap.org). In 

some cases, previously identified and possibly functional SNPs were also 

investigated (Duan et al. 2003, Lemonde et al. 2003, Ozaki et al. 1997).  

 

3.1.4 DNA sample collection, extraction and genotyp ing  

The same method was used for both the Manchester and the Budapest cohorts. After 

collection, the Budapest cohort’s DNA samples were sent to Manchester for further 

processing. The Manchester and Budapest DNA were extracted and genotyped 

together. The genotyping results were sent back to Budapest. 

The DNA collection and extraction is a modified version of Freeman et al. 2003 

(Freeman et al. 2003). 
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3.1.4.1. Extraction 

Sample collection buffer was made in the following concentration: 

100mM NaCl;  

10mM Tris HCl pH 8.0 

10mM EDTA 

0.2mg/ml Proteinase K enzyme 

0.5% SDS 

The sample collection buffer was kept at room temperature and in the dark.  

 

2 ml of sample collecting buffer was aliquoted in 15 ml Falcon tubes. Each participant 

received one sample kit containing the buffer and a cytological brush (Cytobrush plus 

C0012, Durbin PLC) and one New Mood questionnaire booklet by post. Participants 

were instructed to use the cytological brush and brush inside their cheeks, gums and 

teeth vigorously for a minute in the morning before having lunch, drink or cleaning 

their teeth. Then they were asked to put the brush into the Falcon tube containing the 

buffer. The sample kit and the completed questionnaire were returned by pre-paid 

post. 

 

The DNA extratction method: 

The samples were centrifuged at 1000RPM for 1 minute which collected all the liquid 

at the base. Then the samples were incubated at 65oC (water bath) overnight which 

activated the Proteinase-K enzyme. After a short centrifugation (to recover any 

condensation), the lids were removed and the 15 ml Falcon tubes (still containing the 

cytological brush) were placed upside down into larger (50ml) Falcon tubes (without 

lids). The double tubes were centrifuged at 2500RPM for 1 minute. The 15ml Falcon 

tubes were removed as well as the brushes. The supernatants were transferred to 

1.5ml Eppendorf tubes (two Eppendorf tubes/sample) 50µl organic deproteinisation 

reagent solution (Autogen Bioclear Yeast Reagent 3) was added to each tube and 

was mixed vigorously. The tubes were incubated on ice for 10 min, to promote the 

deproteinisation reaction. The tubes were centrifuged at 13000RPM for 5 minutes, so 

the denatured debris and remaining organic mix compacted at the bottom of the 

tubes. The clear supernatants (containing the DNA) were transferred to fresh 
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Eppendorf tubes. The deproteinising step was repeated to yield as clean samples as 

possible (free from protein and other cell debris). The supernatants were transferred 

to 15ml Falcon tubes and 2ml 95% ethanol (room temperature) were added and 

mixed gently to precipitate the DNA. The samples were centrifuged at 4000RPM for 

20 min, to collect the precipitated DNA. The ethanol was decanted and the tubes 

were left overnight to allow the pelleted DNA to dry. Next morning the dry DNA was 

resuspended in 100µl TE buffer (10mM Tris-HCl, 1mM EDTA, pH 8.0). After 

resuspension, the ribonucleic acid concentration was measured with a 

spectrophotometer. The absorbance of the suspension was measured at 260 

(absorbed by nucleic acids) and 280 nanometres (absorbed by Tryptophan and 

Tyrosine) (NanoDrop Technologies, USA). This technique cannot measure the DNA 

concentration directly. The DNA concentration is calculated by using the Lambert-

Beer law: 

 

c=(Ax ε)/b 

 

where  

c= DNA concentration [ng/µl] 

A=absorbance of the sample at 260 nm [AU] 

ε=wavelength dependent extinction coefficient [ngxcm/µl] 

b=path length [cm] 

 

The purity of the sample was estimated from the 260/280 absorbance ratio. A 

sample purity of 1.8 was considered as pure. 

 

The Manchester and Budapest population differed in the average DNA concentration 

(Table 3). 

 

Table 3. Parameters of extraction 
Samples Average DNA 

concentration (ng/ µl) 
Average purity 
(Absorbance ratio 
260/280nm) 

from Budapest 104.922 2.1 
from Manchester 328.016 2.0 
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The reasons for having less DNA in Budapest samples compared to Manchester 

samples may be due to the exposure of the sample buffer to colder temperature on 

the plane journey. 

 

After measuring the DNA concentrations, samples were normalized to 20 ng/µl with 

TE buffer. 

 

3.1.4.2 Genotyping by Sequenom 

 

Primers and probes for the PCR reactions were designed by the software Primer3 

version 0.4 (http://primer3.sourceforge.net)  

Background of the genotyping method (Sequenom Inc. San Diego, USA) 

This method’s most important property is that all reactions for the iPLEX assay are 

terminated after a single base extension (SBE). The use of a single base extension is 

coupled with Matrix-Assisted Laser Desorption Ionisation Time-of-Flight (MALDI-TOF) 

mass spectrometry. 

 

Steps involved in the iPLEX assay: 

 

3.1.4.2.1 Amplification  

In this step the amplification of a short region of DNA flanking the SNP of interest 

takes place. It is a standard PCR reaction performed in a Thermo-Fast® 384 PCR 

plate (ABgene Ltd, UK) using an MJ PTC-220 Dyad TM thermocycler (MJ 

research, San Francisco, Ca). 

This reaction uses HotStar Taq polymerase enzyme, which is more accurate than 

ordinary polymerases. The accuracy of a polymerase reaction is highly dependent 

on the temperature. If the temperature is high enough, bonds will only proceed 

between corresponding base pairs, namely between A and T, G and C. At a lower 

temperature than the optimal melting temperature mismatches are more frequent. 

The false base pairing can cause problems when primers anneal to non-specific 
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regions and yield non-specific PCR products or in the extension step resulting in 

incorrect combinations of base pairs which may result in wrong genotype calls. 

Previously used Taq-enzymes may initiate PCR reactions before reaching the 

optimal temperature, while HotStar Taq requires heat activation that ensures the 

reaction takes place under the optimal temperature. 

This amplification step can be seen on Figure 6 below, the SNP is coloured. 

 

[C/G]

[G/C]

Amplification

Genomic DNA

Reverse PCR primer

Forward PCR primer

3’

3’ 5’

5’
[C/G]

[G/C]

Amplification

Genomic DNA

Reverse PCR primer

Forward PCR primer

3’

3’ 5’

5’

 
Figure 6. PCR amplification reaction 

 
 

In Table 4 below the required concentrations of components of the PCR reaction 
can be seen as well as the reaction cycles. 
 

Table 4. Components of the PCR reaction 
Reagent Conc. in 5 µl 

reaction volume 
Volume (in 5 µl 
reaction mix) 

Volume of 
mastermix (420x)* 

Nanopure H2O NA 2.850µl 1197µl 
PCR Buffer with 
MgCl2 (10x) 

1.25x 0.625µl*** 162.5µl 

MgCl2 (25mM) 1.625mM 0.325µl 136.5µl 
DNTP mix 
(25mM)** 

500µM 0.100µl 42µl 

Primer mix 
(500nM each) 

100nM 1.000µl 420µl 

Hotstar Taq  
(5U/µl) 

0.5U 0.100µl 42µl 

TOTAL  5.000µl 2100µl 
Genomic DNA 
(25-30ng) 

25-30ng Dried down  

*Volume includes 180µl overhang 
**No more than 5 freeze thaw cycles 
***The buffer concentration in the reaction is 1.25 rather than 1 
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5µl of PCR mastermix was added to each sample. The PCR cycles can be seen in 
Table 5. 

 
Table 5. PCR cycles 

Temp Time Aim  

94oC 15 mins 
Activating HotStar Taq 
enzyme  

94oC 20 secs 
Denature strands of 
template DNA  

56oC 30 secs 
Primers bind to 
complementary DNA 35 cycles 

72oC 1 min 

HotStar Taq DNA 
polymerase extends 
strands from the 
primers using dNTPs   

72oC 3 mins Final extending step  
10oC forever    

 
 
 
 

3.1.4.2.2 PCR products  
The amplified product is approximately 100 bp long. The exact lengths of the PCR 

products depend on its primers (Figure 7).  

 

PCR Product
[C/G]
[G/C]

PCR Product
[C/G]
[G/C]

 

Figure 7. The PCR product 
 

3.1.4.2.3 SAP treatment 

In this step the Shrimp Alkaline Phosphatase (SAP) enzyme is used to 

dephosphorylate unincorporated dNTPs. It is essential; otherwise functional 

dNTPs can extend in the primer extension reactions causing contaminant peaks 

that greatly complicate data interpretation. 

The compound of the SAP reaction mix is as follows (Table 6). 
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Table 6. Components of the SAP treatment reaction 
Reagent Volume (in 2 µl 

reaction mix) 
Volume of mastermix 
(450x)* 

Nanopure H2O 1.530µl 688.5µl 
10x SAP Buffer  0.170µl** 76.5µl 
SAP enzyme (1U/µl) 0.300µl 135.0µl 
TOTAL 2.000µl 900.0µl 

    *Volume includes 132µl overhang 
    **The buffer concentration in the reaction is 0.85 rather than 1 

 
2µl of SAP mastermix was added to each 5 µl PCR reaction. 
 
The SAP-treated PCR reaction was incubated as follows (Table 7). 
 

Table 7. Incubation of the SAP treatment reaction 
Temp Time Aim 

37oC 40 mins Dephosphorylating reaction 
85oC 5 mins Deactivating SAP enzyme 
10oC 15 mins   

 
 

3.1.4.2.4 The iPLEX reaction  

In the next step, a PCR reaction takes place involving only one primer for each 

SNP.  

These oligonucleotide primers (termed probes) are designed to cover the DNA 

directly upstream of the SNP of interest. Their length and therefore their molecular 

weight are also very important as multiple probes of different length can be 

multiplexed. The probes are then extended by a single dideoxynucleotide called a 

terminator nucleotide in a thermal cycled reaction. 

A general method to select extension probes is to divide the probes into a low 

mass group and a high mass group. All probes in the high mass group are 

doubled in concentration with respect to the low mass group. This way, the peak 

heights are equilibrated. It is important to ensure that adequate signal-to-noise 

ratios and peak areas are generated from the high mass extension products. 

The incorporated terminator nucleotides are mass modified dideoxy nucleotides 

(ddNTPs). This mass modification intensifies the natural molecular weight 

differences of DNA bases. 
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Due to the mass modified ddNTPs and the different molecular weight of the 

different extension primers, no two alleles for the iPLEX assay are within 15Da of 

each other. It is therefore possible to perform highly multiplexed genotyping of 

SNPs. Table 8 shows the mass differences of the mass modified ddNTPs. 

 

Table 8. Mass differences between the iPLEX ddNTPs 
Terminator A C G T 
A 0 -24 16 55.9 
C 24 0 40 79.9 
G -16 -40 0 39.9 
T -55.9 -79.9 -39.9 0 

 
In the iPLEX step the single base extension takes place using the mass modified 
ddNTPs (Figure 8). 
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Figure 8. The iPLEX reaction 

  
The combined items and the two-step 200 short cycles program can be seen in 
Tables 9 and 10 below. 
 
Table 9. Components of the iPLEX reaction 
Reagent Conc. in 9 µl Volume (in 2 µl 

reaction mix) 
Volume of mastermix 
(450x)** 

Nanopure H2O NA 0.755µl 339.75µl 
iPLEX Buffer 
(10x) 

0.222x 0.200µl 90.00µl 

IPLEX 
termination mix 

1x 0.200µl 90.00µl 

Probe mix (7µM: 
14µM)* 

0.625µM: 1.25µM 0.804µl 361.80µl 

iPLEX enzyme 1x 0.041µl 18.45µl 
TOTAL  2.000µl 900.00µl 

*7µM and 14µM illustrate the doubled concentration of the high mass probes relative 
to the low mass probes. Low mass probes should be at 0.625µM and high mass 
probes at 1.25µM in the final 9µl reaction. 
**Volume includes 132µl overhang 
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2µl iPLEX mastermix was used to each sample. The final reaction volume of each 
sample was 9µl. 
 
The iPLEX reaction uses a two-step 200 short cycles program as shown in Table 10. 

It takes place using an MJ PTC-220 Dyad TM thermocycler (MJ research, San 

Francisco, Ca). 

 

Table 10. Cycles of the iPLEX reaction 
Temp Time    

94oC 30 secs     
94oC 5 secs      
52oC 5 secs   5 cycles 40 cycles 
80oC 5 secs      
         
72oC 3 secs     
10oC forever     
 

3.1.4.2.5 Clear Resin 

The iPLEX reaction has to undergo a desalting process to optimize mass 

spectrometric analysis. If samples are not properly desalted, sodium (22Da) and 

potassium (38Da) adducts are of concern since they can interfere with accurate 

heterozygote allele discrimination for A/C (24Da) and G/C (40Da). 

 

3.1.4.2.6 Dispensing to SpectroCHIP Bioarrays 

A nanodispenser (Sequenom Samsung Massarray Nanodispenser, Samsung Inc.) 

was used to dispense reaction products onto a 384-element SpectroCHIP 

(Sequenom Inc. San Diego, USA) bioarray, which serves as a solid matrix for the 

mass spectrometry. 

 

3.1.4.2.7 MALDI-TOF Analysis  

The instrument releases laser (λ=337nm) pulses onto the samples fixed on the 

chip producing charged ions which arrive at the detector through a vacuum area. 
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Spectra are acquired by measuring the time of flight. The data processing 

software automatically converts averaged time-of-flight to mass then to alleles. 

 

3.1.4.3 Specifications: 

All reactions were carried out according to the recommended method by Sequenom 

(Sequenom Inc. San Diego, USA). 

Amplification step. Reagents used: 

� Nanopure H2O 

� 10x PCR Buffer with MgCl2 from Bioline, UK 

� DNTPs were from Bioline, UK 

� Primers were from Metabion, GmbH, Germany. (The list of primers can be found 

in Appendix 10.4.1) 

� Hotstar Taq  (5U/µl) from Bioline, UK 

  

PCR reactions were performed in a Thermo-Fast® 384 PCR plate (ABgene Ltd, UK) 

using an MJ PTC-220 Dyad TM thermocycler (MJ research, San Francisco, Ca). 

 

SAP treatment step. Reagents used: 

� 10x SAP Buffer (iPLEX Gold, Sequenom Inc.) 

� SAP enzyme (1U/µl) (iPLEX Gold, Sequenom Inc.) 

SAP treatment reactions were performed in a Thermo-Fast® 384 PCR plate (ABgene 

Ltd, UK) using an MJ PTC-220 Dyad TM thermocycler (MJ research, San Francisco, 

Ca). 

 

Primer extension step (iPLEX reaction). Reagents used: 

� iPLEX Buffer (10x) (iPLEX Gold, Sequenom Inc.) 

� IPLEX termination mix (iPLEX Gold, Sequenom Inc.) 

� Probe mix (7µM: 14µM) were from Metabion, GmbH, Germany. (The list of 

probes can be found in Appendix 10.4.2) 

� iPLEX enzyme (iPLEX Gold, Sequenom Inc.) 
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SAP treatment reactions were performed in a Thermo-Fast® 384 PCR plate (ABgene 

Ltd, UK) using an MJ PTC-220 Dyad TM thermocycler (MJ research, San Francisco, 

Ca). 

 

Desalting reaction. Reagent used: 

� Resin from Sequenom Inc. San Diego, USA 

 

3.1.4.4 Determination of the 5HTTLPR genotype 

 

Polymerase chain reactions (PCR) used a forward primer (5’- 

GCCAGCACCTAACCCCTAAT -3’) labelled with 6-FAM (6-carboxyfluorescein) and a 

reverse primer (5’- GTAGGGTGCAAGGAGAATGC -3’), to give a product size of 366 

bp and 323bp for the long and the short allele, respectively. Reactions were 

performed in a Thermo-Fast® 384 PCR plate (ABgene Ltd, UK) on a PTC-220 

DyadTM thermocycler (Bio-rad, Hercules, CA). PCR amplification was performed in a 

final 10 µl volume containing 0.25 µM of each primer (Metabion GmbH, Germany), 1x 

NH4 buffer, 1.5 mM MgCl2, 0.1 mM of each dNTP, 0.2 units of Taq DNA polymerase 

(all from Bioline, UK) and 20 ng DNA. Cycling conditions were as follows: initial 15 

min denaturation at 95°C, then 34 cycles of denaturation at 94°C for 20 s, annealing 

at 64°C for 30 s and extension at 72°C for 30 s; and a final extension for 10 min at 

72°C. Polymerase chain reaction products were analyzed using an ABI3100 Genetic 

Analyzer and GeneScan analysis software (Applied Biosystems, Nieuwerkerk aan 

den IJssel, the Netherlands).  

 

3.1.4.5 Determination of the 5-HTTLPR short/long A/ G genotype 

(Triallelic method) 

 

The 5-HTTLPR region underwent PCR amplification using the following primers. 

Forward: 5’ ATGCCAGCACCTAACCCCTAATGT 3’, reverse: 5’ 

GGACCGCAAGGTGGGCGGGA 3’. Reactions were performed in Thermo-Fast® 384 
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PCR plate (ABgene Ltd. UK) on a PTC-220 Dyad TM thermocycler (MJ Research, 

San Francisco, CA). PCR amplification was performed in a final 20µl volume 

containing 0.25µM of each primer (Metabion GmbH, Germany),1xNH4 buffer, 1.5mM 

MgCl2, 0.1mM of each dNTP, 0.4 units of Taq polymerase (all from Bioline, UK) and 

20ng DNA. Cycling conditions were as follows: an initial 15 minute denaturation at 

95oC, then 34 cycles of denaturation at 95oC for 20 seconds, annealing at 64oC for 30 

seconds and extension at 72oC for 30 seconds, and a final extension for 10 minutes 

at 72oC. The amplicons were 419 bp and 376 bp for the long and the short allele, 

respectively. 

The MspI restriction digestion was performed in a final 20µl containing 1xNEB 

buffer2, 10 unit MspI endonuclease (both from New England Biolabs, Ipswich, MA, 

USA) and 10µl PCR product. The digestion was performed at 37oC for 3 hours, 

followed by deactivation of the enzyme at 65oC for 20 minutes. The digested products 

were ran on a 2% agarose gel with a 100bp DNA marker (Invitrogen Ltd, UK), and 

were visualised on a UV trans-illuminator with gel red stain (Cambridge Biosciences, 

UK). Long G alleles yield 152 bp fragments, long A alleles yield 326 bp fragments and 

short alleles yield 283 bp fragments when incubated with MspI. A second MspI site 93 

bp from the 3’ end of the amplicon provides a positive control for the restriction 

reactions yielding cut products of 326 or 283 bp for the long and short, alleles 

respectively. 

3.1.4.6 Determination of the rs25531 genotype (TaqM an) 

 

The TaqMan assay used a forward primer (5’- CCCTCGCGGCATCCC -3’), reverse 

primer (5’- ATGCTGGAAGGGCTGCA -3’), a reporter1 probe (5’ 

CTGCACCCCCAGCAT 3’) labelled with VIC® and a reporter2 probe (5’ 

CTGCACCCCCGGCAT 3’) labelled with FAMTM. Reactions were performed in 

Thermo-Fast® 384 PCR plate (ABgene Ltd. UK) on a PTC-220 Dyad TM 

thermocycler (MJ Research, San Francisco, CA). The final volume was 5µl, 

containing 36µM of each primer, 8 µM of each reporter probe (Applied Biosystems, 

Foster City, CA, USA), 2.5µl 2xABI TaqMan Master Mix without UNG (Roche 

Molecular Systems Inc., Alameda, CA, USA) and 20ng DNA. The cycling conditions 

were as follows: initial enzyme activation at 95oC for 10 min, then 40 cycles of 
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denaturation at 95oC for 15 s and annealing/extension at 60oC for 60 s. The reaction 

plate was covered with an optical lid and read on the LC480 Lightcycler (Roche 

Molecular Systems Inc., Alameda, CA, USA). 

 

3.1.4.7 Genotyping success rate 

Table 11 shows the genotyping success rates in the New Mood Manchester and 

Budapest cohorts. In the Manchester cohort the following SNPs were out of HWE: 

rs9316235 (HTR2A), rs2020932, rs2020933, rs2020934, rs25533 (SLC6A4) and 

therefore excluded from the analysis. In the Budapest cohort the success rate was 

lower and the SNPs included in Table 11 were in HWE. 

 

Table 11. Genotyping success of SNPs in the New Mood Manchester and Budapest 
cohorts. 
  Cohort  
Chr  Gene and SNP Manchester  Budapest  

5 HTR1A_6295 96.97   
5 HTR1A_878567 99.50   
5 HTR1A_749098 96.25   
6 HTR1B_6296 93.01   
6 HTR1B_130058 91.35   
6 HTR1B_1156881 98.63   

13 HTR2A_6311 99.71 98.00 
13 HTR2A_6310 92.86 61.00 
13 HTR2A_985934 95.20 92.90 
13 HTR2A_731779 92.10 93.90 
13 HTR2A_1928040 90.60 82.90 
13 HTR2A_2770296 97.30 95.40 
13 HTR2A_2296972 93.50 92.60 
13 HTR2A_9316232 95.70 94.20 
13 HTR2A_6314 99.93 70.70 
13 HTR2A_3125 92.43 57.26 
17 5HTT_LPR 97.60 95.30 
17 SLC6A4_25531 94.80 95.30 
17 SLC6A4_2020934 99.92 70.00 
17 SLC6A4_6354 99.71 70.37 
17 SLC6A4_2020942 95.70 93.00 
17 SLC6A4_140700 96.40 95.90 
17 SLC6A4_3794808 95.20 94.60 
17 SLC6A4_1042173 94.80 94.20 

 

The average call rate in the Manchester cohort was 92.00%, in the Budapest cohort it 

was 89.05%. 
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3.2 Dyne Steel cohort 

3.2.1 Participants 

A detailed description of recruitment and phenotype measures for this cohort can be 

found in Rabbit et al. 2004. 

Briefly, this study was funded by the U.K. Social Science Research Council in 1983 

for measuring cognitive changes in increasing age. During the 20 years of the study, 

participants completed repeated cognitive tests as well as provided DNA samples. As 

part of collecting background data, the participants completed questionnaires related 

to their emotional well being, which included measures of depression, anxiety and 

personality traits, such as neuroticism. 

Recruitment began in Newcastle-upon-Tyne during 1983/1984 with advertisements in 

local newspapers, radio and television. This attracted 2052 volunteers, 513 men aged 

from 49 to 86 years (mean= 65.2 years) and 1539 women aged from 46 to 92 years 

(mean=67.4 years). The recruitments continued until 1992 in the Newcastle-upon-

Tyne area. From 1984 to 1986 similar advertisements recruited 2193 residents of 

Greater Manchester, 690 men aged from 45 to 93 years (mean=65.6 years) and 1503 

women aged from 50 to 92 years (mean=64.4 years). The recruitment of new 

volunteers continued until 1994 in the Greater Manchester area. 

Table 12 shows the demographic data of this cohort. 
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Table 12. Demographic data of Dyne Steel participants (Manchester and Newcastle 
together) 
Total number of individuals 1563 
Women (%) 1109 (71%) 
Men (%) 454 (29%) 
Age mean (SEM) 67.40 (1.45) 
Depression score (Beck Depression Inventory, range: 0-63 (SEM) 6.834 (0.147) 
Depression score (Yesavage Geriatric Depression Scale, range: 
0-30) (SEM) 6.329 (0.134) 
Depression score (Cordell Medical Index, range: 0-6) (SEM) 0.277 (0.018) 
Anxiety score (Cordell Medical Index, range: 0-9) (SEM) 0.82 (0.033) 
Neuroticism score (Eysenck Personality Questionnaire, range: 0-
23) (SEM) 10.094 (0.15) 

Abbreviation: SEM: standard error of mean. 
 

3.2.2 Phenotypes 

3.2.2.1 Mood state 

I used the following phenotype data in my study: 

Depression was assessed by 

� Beck Depression Inventory, 21 items (Beck et al. 1961),  

� Yesavage Geriatric Depression scale 30 items (Yesavage et al. 1983)  

� Cordell Medical Inventory Depression Scale 6 items (Brodman et al. 1956). 

Anxiety was assessed by Cornell Medical Index Anxiety score 9 items 

(Brodman et al. 1956).  

Beck Depression Inventory was completed in two waves: 

� Manchester: Wave 1: 1985-1989 and 1991 

          Wave 2: 2002 

� Newcastle: Wave 1: 1983-1985, 1988-1990 and 1992 

        Wave 2: 1986-1987 

Yesavage Geriatric Depression Inventory was filled in  

� Manchester: Wave 1: 1991 and 1996 

          Wave 2: 1995 and 1999 

          Wave 3: 1999 and 2003 

          Wave 4: 2003 

� Newcastle: Wave 1: 1991 and 1995 

        Wave 2: 1995 and 2000 
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        Wave 3: 2000 

Cordell Medical Index was filled in  

� Manchester: Wave 1: 1994-1996 

          Wave 2: 1999           

          Wave 3: 2001-2002 

� Newcastle: Wave 1: 1994-1996 

        Wave 2: 1999-2001 

The original study was designed to measure cognition, therefore depression, 

anxiety and neuroticism were background information and participants often failed to 

fill in these questionnaires during their regular psychometric testing sessions. As a 

consequence despite the longitudinal design of the study data on psychiatric 

phenotypes were only collected once or twice during the study. To obtain the largest 

possible phenotypic data I compiled a data set, in which each individual has 3 scores 

for depression (measured on the three different inventories) and one score for 

anxiety. I used the first year of completion preferentially, to match this cohort’s mean 

age as close as possible to that of the New Mood cohort. Gaps of missing data were 

filled in from the second year of completion, and then third, finally fourth if existed. 

This way I obtained a large data set, in which nearly every individual has three 

depression scores and one anxiety score. Even with this compilation the number of 

individuals with available data on psychiatric phenotypes and with DNA sample 

remained well below the 6000 individuals that were originally recruited on to the 

study. When using the data I adjusted the phenotype data according to the age of the 

completion year. 

The full list of questions used in Beck Depression Inventory, Yesavage Geriatric 

Depression Inventory and Cordell Medical Index can be found in Appendix (10.3 

Questionnaires). 

 

3.2.2.2 Personality 

Personality was measured by using the Eysenck Personality Questionnaire (23 items) 

(Eysenck and Eysenck 1964). This questionnaire was completed once during the 20 

years: 

� Manchester: between 1986-1990. 
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� Newcastle: between 1988-1991. 

I used the neuroticism data in my study. 

The full list of questions used in Eysenck Personality Questionnaire can be found in 

the Appendix (10.3 Questionnaires). 

A summary table shows the phenotypic measures in the New Mood and Dyne Steel 

cohorts (Table 13). 

Table 13. Summary table of phenotypic measures used in the study 
Phenotype Assessed in the New 

Mood Manchester 

cohort by: 

Assessed in the New 

Mood Budapest 

cohort by: 

Assessed in the Dyne 

Steel cohort by: 

Depression Brief Symptom 

Inventory Depression 

Score (1.132, 1.12) 

Brief Symptom 

Inventory Depression 

Score (0.570, 0.78) 

Beck Depression Inventory 

(6.83, 5.82), 

Yesavage Geriatric 

Depression Inventory (6.33, 

5.30), Cordell Medical Index 

Depression Score (0.28, 

0.71) 

Anxiety Brief Symptom 

Inventory Anxiety 

Score (1.015, 1.00) 

Brief Symptom 

Inventory Anxiety 

Score (0.689, 0.71) 

Cordell Medical Index 

Anxiety Score (0.82, 1.31) 

Neuroticism Big Five Inventory 

Neuroticism Scores 

(3.365, 1.00) 

Big Five Inventory 

Neuroticism Scores 

(2.815, 0.84) 

Eysenck Personality 

Questionnaire Neuroticism 

Scores (10.10, 5.93) 

Recent life events 4 questions derived 

from the List of Life 

Threatening 

Experiences (1.32, 

1.38) 

Not assessed Not assessed 

Childhood Adversity Sortened version of 

Childhood Trauma 

Questionnaire (3.70, 

3.61) 

Not assessed Not assessed 

Mean and standard deviation values are in brackets. 
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3.2.3 DNA sample collection, extraction and genotyp ing 

Participants provided blood samples; the DNA was extracted with the phenol-

chloroform method. The genotyping data were part of a GWAS dataset, performed on 

the Illumina 610 Quad microarray (Illumina, Inc. San Diego, CA, USA). Genotyping 

were carried out at the Wellcome Trust Clinical Research Facility, Edinburgh. 

In my study I selected the serotonin receptors and serotonin transporter genes. In 

every case at least 10,000bp from the 5’UTR (untranslated region) and 4,000bp from 

the 3’ UTR were also covered. 

The following subsets of SNPs were used in the analyses: 

� HTR2A gene: 37 SNPs, from rs7333412 to rs6306. 

� SLC6A4 gene: 12 SNPs, from rs1906451 to rs1487971. 

� HTR1D gene: 3 SNPs, from rs2806566 to rs627304. 

� HTR1E gene: 24 SNPs, from 87872689 to rs7339124. 

� HTR1F gene: 4 SNPs, from rs7648805 to 9310061. 

� HTR2B gene: 6 SNPs, from rs11694724 to rs6437002. 

� HTR3 gene (AB subunits): 35 SNPs, from rs869451 to rs4938066. 

� HTR3 gene (C-E subunits): 22 SNPs, from rs7613237 to rs9815292. 

� HTR4 gene: 41 SNPs, from rs4274968 to rs1820076. 

� HTR5A gene: 7 SNPs, from rs6597451 to 732050. 

� HTR6 gene: 4 SNPs, from rs6693503 to rs6699866. 

� HTR7 gene: 20 SNPs, from 1107688 to rs4282910. 

The full list of SNPs can be found in the Appendix (10.5 List of Illumina SNPs of Dyne 

Steel cohort). 

 

3.3 Statistical analysis 

Statistical analyses (correlation analysis and residual value calculation for the 

epistatic interaction analysis) were performed with SPSS for Windows Statistical 

Analysis Software, Version 15.0 (SPSS Inc. Chicago, Illinois, USA). 

Haplotype analyses were performed with HelixTreeTM 6.4.1 (Golden Helix, USA) 

using haplotype trend regression.  
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PLINK v1.06 (http://pngu.mgh.harvard.edu/purcell/plink/) was used for testing 

association of different genetic models (dominant, recessive and additive; linear 

regression model, co-variation with age and sex), interactions between SNPs 

(epistasis) and with sex, and for calculating Hardy-Weinberg analysis.  

Quanto 1.2 version (http://hydra.usc.edu/gxe) was employed to calculate the power of 

the recruited populations.  

FDR Qvalue (http://genomics.princeton.edu/storeylab/qvalue/) was used to calculate 

false discovery rate. In paper 1 these q values are reported as a measure of 

significance of each test of many tests performed simultaneously.  

In all cases, data were adjusted for age and sex. 

A p value of < 0.05 was adopted for all statistical testing. 

A web-based tool Gliders (http://mather.well.ox.ac.uk/Gliders) was used to evaluate 

LD values between SNPs (Study 2 and Study 3). 

To evaluate the effects of SNPs on gene expression the Stanley Neuropathology 

Consortium Integrative Database (http://sncid.stanleyresearch.org) and the 

SNPExpress Database (Heinzen et al. 2008) were used (Study 2). 

Broad Institute web-based tool Tagger was used to evaluate the tagger SNPs 

(http://www.broadinstitute.org/mpg/tagger/) (Study 2). 

 

Individual description of statistical analyses, thresholds and parameters can be found 

in the manuscripts section. 
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Abstract 
The serotonergic system has been widely implicated in stress related psychiatric 

disorders such as depression and anxiety. We investigated the possible 

association between depression and anxiety scores and SNPs within the HTR1A 

and HTR1B genes in a population sample (n=1387). There was no direct SNP-

phenotype association, but in interaction with recent stressful life events rs6295 G, 

rs878567 T alleles and rs6296 C alleles were associated with significantly higher 

symptom scores. A subset of control subjects (n=101) took part in a computerised 

face emotion processing task. Healthy rs6295 GG carriers did not show an 

affective bias to perceive more negative emotions but reacted more quickly to 

fearful faces. Thus we conclude that the serotonin-1A receptor conveys 

vulnerability to these psychiatric disorders by modulating threat-related information 

processing. Our results extend previous findings of an interaction between 

stressful life events and the serotonin transporter gene to two other genes in the 

serotonergic pathway and emphasise the possible role of increased threat-related 

information processing as an intermediate phenotype. 

 

Keywords: stress, HTR1A, HTR1B, depression, anxiety 
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Introduction 
Depression has a strong genetic basis with twin studies reporting heritability 

estimates of 40-50% (Levinson 2006). Investigations that have attempted to 

identify the biochemical and genetic background of depression and the highly 

correlated trait of anxiety have been extensive (Mineka et al, 1998). Genes within 

the serotonergic system, particularly the serotonergic transporter gene (SLC6A4) 

have received much attention, since the proteins they encode are the most 

common targets for the treatment of anxiety disorders and depression. Interaction 

analysis, both epistatic and environmental, has provided important insights into the 

development of behavioural traits. In 2003 Caspi and colleagues demonstrated 

that stressful life events in the presence of the short allele residing within the 

SLC6A4 gene promoter (5-HTTLPR) predisposed to develop depression (Caspi et 

al, 2003). Since then several studies have aimed to replicate this finding (e.g. 

Cervilla et al, 2006; Contreras et al, 2009; Drachmann Bukh et al, 2009; Lazary et 

al, 2008; Wray et al, 2009; Zalsman et al, 2006). However, a meta-analysis, which 

included 14 studies, has not found evidence that 5-HTTLPR is associated with 

depression when analysed in interaction with stressful life events (Risch et al, 

2009). Another more extensive recent review of 34 studies found that 17 studies 

replicated the original Caspi-finding, 8 were partial replications and 9 were non-

replications (Uher and McGuffin, 2010). Success of replication heavily depended 

on the method used for evaluation of phenotypes and environmental factors 

(Caspi et al, 2010; Rutter et al, 2009; Uher and McGuffin, 2010). As most of the 

evidence supports the 5-HTTLPR findings, it can be hypothesised that other genes 

throughout the serotonergic pathway that modulate serotonergic activity, such as 

the serotonin receptor genes 1A and 1B (HTR1A and HTR1B), are potential 

candidates to mediate the risk of stressful life events on behaviour.  

5-HT1A receptors are present in high density in serotonergic cell body areas, 

particularly in the dorsal and median raphe nuclei, where they function as 

somatodendritic autoreceptors. Activation of these autoreceptors has been shown 

to decrease the rate of firing of serotonergic neurons and cause a reduction in the 

release of serotonin (Bohmaker et al, 1993; Kennett et al, 1987; Savitz et al, 

2009). 5-HT1A receptors are also postsynaptic receptors with high density in the 

hippocampus, septum, amygdala, hypothalamus and neocortex (Hall et al, 1997; 

Pazos and Palacios, 1985). Many of the serotonergic terminal areas are located in 
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the limbic system which has been shown to be involved in the modulation of 

emotions, raising the possibility that these receptors may regulate emotional states 

(Drevets et al, 2008; Fisher et al, 2006). 5-HT1B receptors are also located both 

pre- and postsynaptically and appear to regulate the release of 5-HT from the 

dorsal raphe nucleus (Lanfumey and Hamon, 2004). In addition, 5-HT1B receptors 

also modulate the release of other neurotransmitters, such as acetylcholine in the 

hippocampus, dopamine in the prefrontal cortex and γ-amino-butyric-acid (GABA)-

throughout the forebrain (Barnes and Sharp, 1999; Drago et al, 2010). In 

summary, there is evidence that the activity of serotonergic neurons, and also 

other neurotransmitter pathways, depends on 5-HT1A and probably 5-HT1B 

receptor function (Lanfumey and Hamon, 2004; Savitz et al, 2009). 

Mice lacking the 5-HT1A receptors show enhanced anxiety, increased 

response to stress (Parks et al, 1998) and changes of anxiety related behaviours, 

such as avoidance of open spaces and novel objects, increased cover seeking 

and reduced exploratory behaviour (Heisler et al, 1998). In contrast, mice without 

5-HT1B receptors exhibited an increase in aggression which is consistent with 

reduced anxiety and with increased impulsivity (Brunner and Hen, 1997; Ramboz 

et al, 1998). Other observations have shown that Htr1B knockout mice are more 

susceptible to the behavioural and reinforcing effects of cocaine (Crabbe et al, 

1996; Rocha et al, 1998), suggesting increased sensitivity to reward. However, it is 

important to note that in knockout animals the relevant genes are completely 

inactivated while in cases of human polymorphisms the physiological pattern of 

gene expression is altered but not totally disrupted in most instances (Plomin and 

Crabbe, 2000). 

Studies investigating the role of HTR1A genetic polymorphisms in human 

subjects with depression have produced mixed results (Supplementary material 

Table 1). Whilst a number of different single nucleotide polymorphisms (SNPs) 

have been studied, the majority of groups have looked at a functional promoter 

polymorphism (rs6295) which has been shown to increase binding potential in 

antidepressant naive major depressive disorder (MDD) patients (Parsey et al, 

2006b). Studies that observed an association with this polymorphism found 

significant interaction effects, either with other genes (Anttila et al, 2007; Neff et al, 

2009; Zhang et al, 2009) with genes and negative life events (Zhang et al, 2009), 

with interferon-induced depression (Kraus et al, 2007) or with sex specific effects 

(Wu et al, 2008). Interestingly, all these studies found that the presence of the 
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rs6295 G allele was associated with an increased susceptibility to depression. In 

support of these findings human drug studies have reported that carriers of the G 

allele respond less well to antidepressant treatment (Hong et al, 2006; Lemonde et 

al, 2004; Parsey et al, 2006a; Yu et al, 2006) although one study has found that 

carriers of the GG genotype respond better (Kato et al, 2009). The G allele also 

appears to play a role in anxiety-related disorders. In one study the G allele 

showed significant association to higher neuroticism scores on the NEO 

personality inventory (NEO-PI-R), which was mainly due to associations with the 

Neuroticism facets Anxiety and Depression. G allele carriers also showed higher 

Tridimensional Personality Questionnaire (TPQ) Harm Avoidance scores (Strobel 

et al, 2003). There was also significant association between this gene and panic 

disorder with agoraphobia (Rothe et al, 2004). In addition, GG homozygous panic 

disorder patients showed poorer response to selective serotonin reuptake inhibitor 

(SSRI) treatment (Yevtushenko et al, 2010). 

Investigation of the HTR1B gene is much less extensive with one report 

describing an association between depression and the synonymous SNP rs6296 

(Huang et al, 2003) and another report finding no association with two promoter 

SNPs rs130058 and rs11568817 (Zhang et al, 2009). 

Depression has been associated with a general perceptual deficit for face 

emotions with a mood-congruent response bias towards negative emotions (Gur et 

al, 1992; Surguladze et al, 2004) and anxiety with an increased threat-related 

emotion processing (Mogg and Bradley, 2002). Negative and threat-related biases 

in perception, attention and memory are believed to play a key role in maintaining 

symptoms of depression and anxiety (Harmer et al, 2004; Harmer, 2008). The 

serotonergic system is involved in the face emotion recognition (Merens et al, 

2007). In control subjects acute tryptophan depletion has been shown to impair 

emotional processing similar to that seen in acute depression, while acute 

administration of SSRIs showed the opposite effect (Harmer, 2008). Differences in 

emotional processing were apparent without measurable mood changes 

suggesting that face emotion recognition tasks are more sensitive to serotonergic 

changes than self-reported mood (Harmer et al, 2003; Harmer, 2008). 

Furthermore it has been demonstrated that the functional rs6295 polymorphism of 

the HTR1A gene influences threat-related face emotion processing and through 

modification of amygdala reactivity may drive trait anxiety (Fakra et al, 2009; Le 

Francois et al, 2008). 
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In our study we used a Caucasian cohort from the UK consisting of 1387 

individuals who had provided information on depression, anxiety and recent 

negative life events. HTR1A/1B genotypes derived from haplotype tagging 

(htSNPs) and functional SNPs were analysed independently against depression 

and anxiety scores and for interaction with stressful life events. Gender specific 

effects that have been previously reported were also investigated. In addition the 

effect of the known functional rs6296 polymorphism (HTR1A) was investigated on 

mood- and threat-related emotional face processing in a subset of control 

subjects. This intermediate phenotype is correlated with depression and anxiety as 

we mentioned above, and may be an indication of altered serotonergic function 

well before symptoms occur. We hypothesised that carriers of the rs6296 G allele 

would show more depressive and anxiety symptoms especially in relation to life 

stresses and that they would be biased towards threat-related information. We 

also hypothesized that other polymorphisms in the HTR1A and HTR1B gene 

would show similar associations with depression and anxiety as rs6296. 

 

Experimental procedures 
 

Participants 

This study was part of the EU funded NewMood (New Molecules for Mood 

Disorders) Integrated Program that aims to identify new molecular mechanisms of 

vulnerability to depression. In the first phase (Level1) we recruited and obtained 

DNA and completed questionnaires from 1387 unrelated Caucasian participants 

aged between 18-60 years from Greater Manchester, UK through general 

practices, and a web-site (http://www.newmood.co.uk). In the second phase 

(Level2) a subgroup of Level1 participants supplemented by new recruits took part 

in face-to-face interviews and computerized tasks. We report here on results from 

Level2 healthy control volunteers (55 from Level1 and 46 supplemental recruits). 

Details of our recruitment strategy and responses are described elsewhere 

(Juhasz et al, 2009). The study was approved by the local Ethics Committees 

(North Manchester Local Research Ethics Committee (LREC) (ref. 05/Q1406/26), 

the University of Manchester's Ethics Committee (ref. 05056)) and was carried out 

in accordance with the Declaration of Helsinki. All participants provided written 

informed consent.  
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Phenotype assessments 

The Level1 assessments consisted of brief or adapted versions of standard 

questionnaires that were designed for participants to complete and return to us by 

post. To properly test gene x environment interaction we followed the method 

suggested by Moffitt et al (Moffitt et al, 2005). We used the same background 

questionnaire as we used in our previous studies (Juhasz et al, 2009; Lazary et al, 

2008). This structured self-rating questionnaire consists of 22 items and collects 

information about medical history including psychiatric history (with special interest 

on depression), family psychiatric history, and socioeconomic background. The 

Brief Symptom Inventory (BSI) questionnaire (Derogatis L, 1993) was used for 

depressive symptoms (six items) and for anxiety symptoms (six items). A 

continuous weighted dimension score was calculated for both Depression and 

Anxiety symptoms, which were used in the analysis. The questionnaire data on 

depression and anxiety scores have been validated at a second level of the study, 

described in detail elsewhere (Juhasz et al, 2009). Our Recent Negative Life 

Events questionnaire was based on the validated List of Life Threatening 

Experiences (LTE) (Brugha et al, 1985; Rijsdijk et al, 2001) and was previously 

used to replicate a 5-HTTLPR x stressful life events interaction (Lazary et al, 2008) 

and demonstrate cannabinoid receptor 1 gene (CNR1) x stressful life events 

interaction (Juhasz et al, 2009). This questionnaire provided the total number of 

negative life events in the previous 12 months period and this sum was used in the 

interaction analysis. For figures and to exclude scaling effect we grouped the 

participants into three groups based on our previous studies: 0-1 life event, 2 life 

events and 3-more life events. Questions based on the Childhood Trauma 

Questionnaire (CTQ) (Bernstein et al, 1994) were used to determine Childhood 

Adversity as a Likert score (ranging from never true to very often true) related to 

emotional and physical abuse, and emotional and physical neglect. An additional 

question asked about parental loss during childhood. The sum of the Likert score 

plus parental loss was used in the interaction analysis. These questionnaire data 

were validated against the original CTQ (Pearson R=0.75, p<0.001, n=142) at a 

second level of the study, and were used to replicate significant interaction 

between rs6265 (BDNF Val66Met) and childhood adversity on depression (ACNP, 

Hollywood, Florida, USA, 6-10 December 2009). 
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Level2 participants provided background questionnaire, BSI data and took 

part in a face-to-face diagnostic interview and a computerised emotion recognition 

task. The participants in this study were free from any current or previous axis I 

psychiatric disorders based on Structured Clinical Interview for DSM-IV (SCID), 

(First et al, 2002) 

Face emotion recognition task 

The task contains six varieties of emotions (anger, disgust, fear, happiness, 

sadness and surprise) plus neutral. (Ekman and Friesen, 1976). These emotions 

are represented on faces, acted out by four actors on three different levels (30%, 

50% and 70%). During the practice session participants were shown 21 faces 

(each emotion three times) at 100% intensity. In the main task each of the six 

expressions was shown at each intensity four times, one presentation of each 

actor. A neutral expression of each individual was shown once in the task, giving a 

total of four neutral images. Therefore in the main task there were 76 stimuli 

presentations=6 expressions (anger, disgust, fear, happiness, sadness surprise) x 

four actors x three intensities (30, 50 and 70%) plus 4 neutral. Each face was 

displayed for 1000 milliseconds on the screen and was followed by a 4500 

millisecond interstimulus interval. Participants were asked to identify the emotion 

by pressing the appropriate computer key from the seven possible choices. We 

recorded the percentage of the correctly identified emotions and we calculated an 

average reaction time for each correctly recognised emotion for each patient and 

these values were used for analysis. Because our hypothesis focused on 

intermediate phenotypes to depression and anxiety, for genetic analysis we only 

used data for happiness, sad, and fear emotions, which activate specific neural 

networks that are important for mood and threat-related information processing 

(Fusar-Poli et al, 2009; Harmer, 2008). 

A summary of demographic and phenotypic data is given in Table 1. 

 

DNA extraction and genotyping 

Participants received a cytology brush (Cytobrush plus C0012, Durbin PLC) and a 

15-mL plastic tube containing 2.0 ml of collection buffer. Buccal mucosa cells were 

collected and genomic DNA was extracted according to a protocol previously 

described (Freeman et al, 2003). HaploView software 

(www.broad.mit.edu/personal/jcbarret/haploview/) was employed to identify 

htSNPs using the confidence interval method (Barrett et al, 2005; Gabriel et al, 
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2002). Specifications: confidence interval minima for strong LD, upper: 0.98, lower: 

0.7, upper confidence interval maximum for strong recombination: 0.9, fraction of 

strong LD in informative comparisons at least: 0.95, markers excluded below 5% 

minor allele frequency, r2=0.8, pairwise method. 

The tagging was based on the CEPH population genotype data that were 

available at the International HapMap Project Phase I. June 2005 release 

(www.hapmap.org. We also examined possibly functional htSNPs previously 

identified (Peters et al, 2004, Duan et al, 2003; Lemonde et al, 2003). Allele 

frequencies can be seen in Table 2.  

SNPs were genotyped using the Sequenom® MassARRAY technology 

(Sequenom®, San Diego, http://www.sequenom.com) using 25ng of DNA. Primer 

sequences are available upon request. Genotyping was performed blind with 

regard to phenotype. All laboratory work was performed under the ISO 9001:2000 

quality management requirements. In Level1 we genotyped six SNPs (See Table 

2.); in Level2 we only investigated rs6295 on HTR1A, as only this polymorphism of 

our candidates has a well established function (Lemonde et al, 2003) with 

suggested role in face emotion recognition (Fakra et al, 2009; Le Francois et al, 

2008). 

 

Statistical Analysis 

Allelic association (using linear regression analysis with 1000 permutations), 

Hardy-Weinberg equilibrium and linkage disequlibrium (LD) calculations were 

performed using HelixTreeTM 6.4.3 (Golden Helix, USA). PLINK v1.06 

(http://pngu.mgh.harvard.edu/purcell/plink/) was used for testing association of 

different genetic models (dominant, recessive and additive; linear regression 

model) in both cohorts. Interactions were calculated with recent life events and 

childhood adversity. All association analyses were adjusted for age and sex. 

Correlation calculations and repeated measure ANOVA (emotion as within-

subjects factor, genotype as between-subjects factor) were performed using SPSS 

15.0 for Windows software (SPSS Inc. Chicago, Illinois, USA). For PLINK analysis 

we used false discovery rate calculation at level of 5% (FDR; Qvalue: 

http://genomics.princeton.edu.storeylab/qvalue/) to adjust p values according to 

the number of hypotheses tested (Storey and Tibshirani, 2003). We report q value 

which is a measure of significance of each test of many tests performed 

simultaneously. 
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Results 
 

All HTR1A/1B SNPs were in Hardy-Weinberg equilibrium in both Level1 and 

Level2 participants. Strong LD was observed within both the HTR1A and HTR1B 

genes (r2>0.4), which is consistent with the HapMap data.  

The Pearson correlation value between depression scores and anxiety 

scores was R=0.778, (p<0.001). The recent life events were in moderate 

correlation with depression (R=0.251, p<0.001) and with anxiety (R=0.229, 

p<0.001) scores. Childhood adversity showed stronger but still moderate 

correlation with depression (R=0.366, p<0.001) and anxiety (R=0.313, p<0.001) 

scores. 

 

Allelic association test 

 

None of the alleles showed significant association to either BSI depression scores 

or BSI anxiety scores using allelic association test for Level1 (data not shown). In 

Level2 significant association was observed between rs6295 G allele and 

decreased recognition time of identification of fearful faces (β=-343.67, permuted 

p=0.014), but not to the other emotions. Rs6295 G allele carriers also recognised 

less sad faces correctly compared to C allele carriers (β=-14.61, permuted 

p=0.044) (data not shown). 

 

Genotypic association test  

 

In the Level1 participant group none of the genotypes showed association with 

depression or anxiety scores using genotypic association test, additive, dominant 

or recessive analytical models (data not shown).  

When recent negative life events were included as an interacting factor, 

three (rs6295, rs878567 and rs6296) out of the six investigated SNPs showed 

significant interaction on current depression state in the additive and dominant 

model even after correction for multiple testing (Table 2). The same SNPs plus 
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HTR1A rs749098 C also showed significant interaction on the current anxiety state 

in the additive model but only rs878567 and rs6296 effects remained significant 

after correction for multiple testing. These two SNPs also showed significant 

interaction with RLE on anxiety in the recessive model (Table 2 and Figure 1 a-d).  

Significant gene x RLE interactions were not due to association between 

RLE and SNPs as a preliminary analysis revealed no significant association 

between the HTR1A/1B SNPs and RLE scores, or childhood adversity scores, in 

any mathematical models (data not shown). This observation supports the role of 

effects of negative life events on the HTR1A and HTR1B genes.  

No significant interactions were observed between childhood adversity 

scores and genotype for any analytical model. No sex x SNP interactions were 

observed (data not shown). 

In the Level2 study, rs6295 GG carriers had reduced accuracy in identifying 

emotions independently of the valence of emotion (F=4.749, df=2,96 p=0.011; 

Figure 2a); for emotions considered separately this effect was only significant for 

sad faces (Table 3a). In general, rs6295 GG carriers were not significantly quicker 

to recognise emotions (F=2.283, df=2,93, p=0.107) but within-subjects contrasts 

showed significant interaction between happy and fear (F=3.113, df=2,93 p=0.049; 

Figure 2b). Thus, omitting happiness from the model rs6295 GG carriers showed 

significantly shorter reaction times for negative emotions (F=3.915, df=2,94 

p=0.023). As for separate emotions, this effect was significant for fear and a trend 

for sad (Table 3b, Figure 2b). 

 

Discussion 
Our results emphasise that genetic variations not only in the HTR1A but also in the 

HTR1B genes confer susceptibility to depression and anxiety in adults in the 

presence of exposure to stressful life events. We could not find a direct 

association between either the HTR1A or HTR1B SNPs and depressive or anxiety 

symptoms. However, interaction analysis with recent stressful life events showed 

significant associations between two HTR1A SNPs (rs878567 T and rs6295 G) 

and one HTR1B SNPs (rs6296 C) and both phenotypes. The number of life events 

was not significantly different according to genotypes which suggests that the main 

contributor to these phenotypes is the effect of negative life events on the HTR1A 

and HTR1B genes. Furthermore, we demonstrated that the effect of HTR1A 
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rs6295 G allele is correlated with enhanced threat-related information processing 

based on a face emotion recognition study. Thus our results extend previous 

findings of 5-HTTLPR and stressful life events interaction for two other genes in 

the serotonergic pathway and emphasise the possible role of increased threat-

related information processing as an intermediate phenotype. 

The association between these genes with both depression and anxiety also 

supports previous findings from twin studies, namely that these two traits share 

common genetic factors (Kendler, 1996; Mosing et al, 2009; Roy et al, 1995). 

These shared genetic factors partially mediated their effects through neuroticism 

but in the present study this was not directly associated with the investigated 

SNPs (data not shown), although previously Strobel et al reported significant 

association with neuroticism and HTR1A rs6295 (Strobel et al, 2003). However, 

our findings suggest the relevance of other non-neuroticism related shared 

mechanisms (Hettema, 2008; Kendler et al, 2007). Mixed presentation of anxiety 

and depressive symptoms is usual in population samples and categorisation into 

major depressive disorder, anxiety disorder or mixed anxiety-depressive disorder 

mainly reflects the severity and predominance of these dimensions (Das-Munshi et 

al, 2008). Frequent transitions between these syndromes also support common 

pathophysiology (Hettema, 2008). This observation has been corroborated by the 

strong correlation between depression scores and anxiety scores in our study.  

In our study the rs6295 G allele was not only a risk factor for anxiety and 

depression, but the healthy control GG carriers required less time to correctly 

identify fearful faces. They also responded more quickly to sad faces, although this 

difference did not reach significance, but there was no effect on reaction time to 

happy faces. Thus the increased tendency to stress-induced anxiety and 

depression in GG carriers may involve speeded psychomotor responses to the 

perception of threat at an intermediate level. This is not due to an affective bias to 

perceive negative emotions that has been described in anxiety and depression 

(Harmer, 2008; Mogg et al, 2007) because the GG carriers were less accurate in 

detecting face emotions including happy. A potentially related finding is the 

reported association of the rs6295 G allele with increased questionnaire measures 

of impulsivity (Benko et al, 2010). Further studies are needed to replicate our 

findings and to understand the nature of speeded responses to threat. One 

possible mechanism that can mediate this genetic effect is the activation of the 

amygdala (Fisher et al, 2006), although contradictory results have been reported 
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about the rs6295 G allele effect on amygdala activation in different imaging studies 

(Domschke et al, 2006; Fakra et al, 2009; Le Francois et al, 2008). This may be 

related to the less accurate perception of the three face emotions in the GG 

carriers, which is suggested by our results.  

HTR1A and rs6295 have previously been investigated in depression studies 

but many could not find a direct association with diagnosis or symptoms (Illi et al, 

2009; Serretti et al, 2009) as in our study (see, Supplementary Table 1). However, 

other studies, taking into consideration the stressful life events, have found 

associations. One study reported on 272 suicide attempter families and observed 

an over-transmission of the G allele in a subset where prior to the suicide attempt 

a high level of previous traumatic and/or stressful life events had occurred 

(Wasserman et al, 2006). There is no functional study available for the HTR1A 

3’UTR polymorphism, rs878567, but some studies have investigated its role in 

mental disorders and suicide. Three studies found no association between this 

SNP and susceptibility to human internalizing phenotypes, including major 

depression, a range of anxiety disorders and neuroticism (Hettema et al, 2008) 

and suicidal behaviour (Serretti et al, 2007; Serretti et al, 2009). However, 

including childhood physical abuse, the TT homozygote was associated with a 

lower risk of major depression (Brezo et al, 2009), a finding that we did not 

replicate. This contradiction to our findings may be due to the limited number of 

cases involved in the Brezo study or a false positive result. Of the other studies 

that have investigated an association between HTR1B and depression; one found 

associations between the C allele of rs6296 and MDD (Huang et al, 2003). 

Another investigated rs130058 and rs11568817 in depression and did not find an 

association; despite negative life events being included in the model (Zhang et al, 

2009). In our study also these two SNPs do not show any associative or 

interactive influences on depression. 

Animal studies support our findings as HTR1A or HTR1B knockout animals 

develop normally without any obvious behavioural disturbances but stressful 

paradigms provoke specific emotional phenotypes (Zhuang et al, 1999) suggesting 

that these receptors have major roles in coping with stress. Furthermore, these 

genetic variants may well influence the development of non-5-HT neural systems 

concerned with emotion processing. That 5-HT genes may act via development 

was indeed suggested by the finding in 5-HT knock out mice that impaired 5-HT1A 

function during development was necessary for expression of the adult anxious 
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phenotype whereas inducing impaired 5-HT1A function in adulthood did not affect 

anxiety (Gross et al, 2002). Exposure to childhood adversity is another 

developmental risk factor associated with greater sensitivity to later life events and 

the onset of depression. However, in our study none of the HTR1A and HTR1B 

SNPs showed an association with depression or anxiety when interaction with 

childhood adversity was tested. The interaction with recent life events rather than 

childhood adversity indicates that HTR1A/1B genes may act on a different 

pathway from the effect of childhood adversity to increase sensitivity to stressful 

events. However, since they act both pre- and postsynaptically, as auto- and 

heteroreceptors, it is difficult to make direct inferences about the mediating role of 

altered 5-HT function (Drago et al, 2010; Le Francois et al, 2008; Sari, 2004; 

Savitz et al, 2009). 

The HTR1A rs6295 G allele has been shown to interrupt a nuclear deformed 

epidermal autoregulatory factor (Deaf-1/NUDR) binding site in the promoter region 

of HTR1A gene in a cell specific manner. Deaf-1/NUDR is a repressor 

transcription factor in raphe cells but acts as an enhancer in postsynaptic cells 

expressing 5-HT1A receptors. Abrogation of its function leads to both the enhanced 

expression of HTR1A at the raphe and therefore reduced serotonergic tone, and to 

decreased postsynaptic HTR1A expression. Furthermore, the HTR1A rs6295 G 

allele, by interrupting the Hes5 (hairy and enhancer of split 5) transcription factor 

binding site, decreases HTR1A expression uniformly in raphe and cortical cell 

cultures (Le Francois et al, 2008; Savitz et al, 2009). Two PET studies in humans 

found increased raphe and hippocampal 5-HT1A receptor binding in those with the 

rs6295 G allele but G alleles were over-represented in the depressed group and 

this is a potential confound as the depressed sample overall had greater 5-HT1A 

binding (David et al, 2005; Parsey et al, 2006b). Further studies are needed to 

determine the influence of the HTR1A rs6295 polymorphism on the expression 

and function of the receptor in depression. 

The C allele of HTR1B rs6296 also showed association with depression and 

anxiety in interaction with recent life events in our study. Whether or not this 

synonymous SNP is functional, remains unknown. However, based on previous 

studies the C allele is in linkage disequilibrium with variants that code 

transcriptionally less active versions of the gene (Conner et al, 2010; Duan et al, 

2003). Animal studies suggest that the decreased expression of the HTR1B is 

linked with aggressiveness and impulsivity but not anxiety (Clark et al, 2004; 
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Drago et al, 2010). Moreover, one animal study found, that 24 hours after 

exposure to inescapable stress, 5-HT1B receptor was overexpressed in the dorsal 

raphe nuclei (DRN) and the rats’ anxiety behaviour was elevated. Meanwhile 5-

HT1B overexpression in the DRN, in the absence of stress, increased exploratory 

behaviour (Clark et al, 2002) This finding indicates that the impact of 5-HT1B in 

DRN is dependent on context i.e. stress and shows the complex role of 5-HT1B in 

anxiety behaviour. However, the human phenotype appears to be more complex 

with men who possess the lower expression haplotypes reporting significantly 

more hostility but also significantly more anxiety and sadness (Conner et al, 2010).  

The strength of our study is that we had relatively large number of individuals 

genotyped for these polymorphisms and we used continuous traits rather than 

diagnostic dichotomy. When using an additive linear model we had a 96% power 

in our population (N=1387) to detect a polymorphism (assuming a minor allele 

frequency of 25%, See Table 4) with an effect size of 1% at the 5% two-tailed 

significance level. To detect a gene x environment interaction with an effect size of 

3%, in the same model as above, we had 97% power. Furthermore, we tested the 

rs6295 genetic effect in a face emotion task that is sensitive to serotonergic 

changes. The potential limitations of our study are that we have not investigated all 

the polymorphisms in our Level 2 face emotion recognition study, the lack of 

independent replication sample and the unknown functional relevance some of the 

genotyped SNPs. A possible major limitation of our study is the selection bias 

resulting from non-systematic recruitment and low response rates during the 

recruitment. In our study the mean values for BSI depression, anxiety and BigFive 

Neuroticism were 1.132, 1.015 and 3.365, respectively. These normative values 

for the population are 0.28, 0.35 (Derogatis 1993) and 2.0 (Srivastava et al. 2003), 

therefore our cohort may not be a true representation of the general population. 

Also, it has been demonstrated in the literature that results of gene x environment 

studies are heavily dependent on the measures used for evaluation of the 

environmental adversity. Self-reported measures that we used in our study are 

often less reliable than more objective measures (Uher and McGuffin 2010) and 

therefore the observed gene x environment interaction may be a false positive 

result. 

In conclusion our results support previous studies suggesting that HTR1A 

and HTR1B polymorphisms are associated with stress-related neuropsychiatric 

conditions, such as depression and anxiety in the presence of environmental 



 16 

stress factors. In addition, our results propose that threat-related emotional 

processing might be an intermediate phenotype to these disorders. If so, 5HT1A 

and 5HT1B receptors may be targets for preventive treatment strategies of stress-

related neuropsychiatric disorders, especially in at-risk individuals. Further studies 

are needed to investigate this hypothesis, and to clarify the effect of HTR1A and 

the HTR1B genes in different brain neuronal networks and their role in human 

anxiety, depression and impulsivity. 
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Figures 

 

1a. HTR1A rs6295 and BSI depression score 

 

 

1b. HTR1A rs6295 BSI anxiety score 
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1c. HTR1B rs6296 and BSI depression score 

 

 

1d. HTR1B rs6296 and BSI anxiety score 

 

Figure 1  Interaction of recent negative life events with HTR1A rs6295 and HTR1B 

rs6296 polymorphisms on depression and anxiety in Level1. Individuals were 

grouped into 3 groups according to the number of stressful life events experienced 

in the past year, shown on the X-axis. 888 people (64%) experienced 0-1 stressful 
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life event, 261 individuals (19%) 2 stressful life events and 238 individuals (17%) 

3-8 life events. Mean values of BSI depression and anxiety scores were calculated 

for each group, shown on the Y axis. 

BSI: Brief Symptom Inventory 

For the number of individuals in each genotype group and for the mean values see 

Table 5. 
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2a HTR1A rs6295 and proportion of correctly recognised emotions 

 

 

2b. HTR1A and rs6295 and reaction time for correctly recognised emotions 

 

Figure 2  Correctly identified emotions (a, % mean) and reaction times for these (b, 

msec mean) according to HTR1A rs6295 genotypes (CC n=24; CG n=57; GG 

n=20). Rs6295 GG genotype carriers were less likely to correctly identify emotions 

but showed quicker response to negative emotions, such as sad and fear. For the 

mean values for each genotype group see Table 6. 
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Table 1  Demographic and phenotypic information of Level1 and Level2 
participants  
 
 Level1 Level2 
Number of volunteers   

Women 968 58 
Men 419 43 
Total 1387 101 
Age in years 33.97 (0.27) 30.47 (0.99) 

Symptom scores:   
BSI depression 1.13 (0.03) 0.28 (0.05) 
BSI anxiety 1.02 (0.03) 0.19 (0.03) 

Adversities:   
Recent negative life events 1.32 (0.037)  
Childhood adversity 3.70 (0.097)  

Emotion recognition task:   
Happiness correctly identified %   68.03   (1.78) 
Happiness identification RT   1950.40 (40.51) 
Sadness correctly identified %,    49.44   (1.89) 
Sadness identification RT   2234.35 (51.48) 
Fear correctly identified %,    51.20   (1.92) 
Fear identification RT   2114.85 (43.12) 

Values are presented as mean (SEM).  
SEM: Standard error of the mean  
BSI: Brief Symptom Inventory 
RT: reaction time for correctly identified emotions in msec 
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Table 2  Significant interaction results between SNPs and recent negative life events (RLE) on BSI depression and anxiety 
symptoms. 
 
 BSI depression score BSI anxiety score 

Model: Additive Dominant Recessive Additive Dominant Recessive 

Interaction: RLE RLE RLE RLE RLE RLE 

 β P β P β  P β P β P β P 

HTR1A_rs6295  G 0.078 0.009** 0.127 0.009** 0.085 0.088 0.062 0.018* 0.087 0.042* 0.084 0.056 

HTR1A_rs749098  C -0.048 0.167 -0.047 0.278 -0.105 0.210 -0.062 0.044* -0.060 0.121 -0.140 0.061 

HTR1A_rs878567  T 0.090 0.012** 0.133 0.021* 0.104 0.076 0.096 0.002** 0.113 0.026* 0.142 0.006** 

HTR1B_rs6296  C 0.108 0.005** 0.133 0.011** 0.178 0.039* 0.091 0.007** 0.096 0.036* 0.192 0.010** 

HTR1B_rs130058  T -0.009 0.807 -0.009 0.850 -0.023 0.786 0.001 0.982 -0.001 0.976 0.003 0.972 

HTR1B_rs11568817  G -0.023 0.502 -0.051 0.341 -0.007 0.916 -0.011 0.716 -0.058 0.224 0.040 0.462 

Minor alleles are in bold after the rs numbers 
Italic – trend in interaction (0.05 < p < 0.1) 
Bold – significant interaction (p < 0.05) 
* False discovery rate correction for multiple testing 0.05 < q < 0.1 
** False discovery rate correction for multiple testing q < 0.05 
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Table 3  The effect of rs6295 on correctly identified face emotions (%, table a) and on 
reaction time (RT) for correctly identified face emotions (table b).  
 
a Additive Dominant Recessive 

  β P  β P  β P  

Happiness_% -2.437 0.348  0.247 0.951  -7.151 0.099  

Sadness_% -7.307 0.005**  -5.409 0.193  -14.17 0.001** 

Fear_% -0.117 0.968  5.361 0.233  -6.667 0.172  

 
b Additive Dominant Recessive 

  β P  β P  β P  

Happiness_RT 8.174 0.891  -7.224 0.937  32.14 0.750  

Sadness_RT -116.3 0.127  -88.95 0.445  -225.3 0.082  

Fear_RT -171.8 0.008** -195.4 0.053  -253.2 0.020* 

Italic – trend in interaction (0.05 < p < 0.1) 
Bold – significant interaction (p < 0.05) 
* False discovery rate correction for multiple testing 0.05 < q < 0.1 
** False discovery rate correction for multiple testing q < 0.05 
 
 
Table 4  Allele frequencies of SNPs  

Marker Alleles 
Allele 
frequency 

HTR1A_rs6295 G 49.13% 
HTR1A_rs6295 C 50.87% 
HTR1A_rs878567 T 48.87% 
HTR1A_rs878567 C 51.13% 
HTR1A_rs749098 G 74.85% 
HTR1A_rs749098 C 25.15% 
HTR1B_rs6296 C 26.60% 
HTR1B_rs6296 G 73.40% 
HTR1B_rs130058 A 68.87% 
HTR1B_rs130058 T 31.13% 
HTR1B_rs11568817 T 53.81% 
HTR1B_rs11568817 G 46.19% 
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Table 5 Genotype frequencies in the three different life events groups 
 
Table 5a HTR1A rs6295 and mean BSI Depression scores in the three life events 
groups 

HTR1A_rs6295 
Mean (BSI 
Depression) 

Mean (BSI 
Depression) 

Mean (BSI 
Depression) 

Genotype 0-1 Life events 2 Life events 3-8 Life eve nts 
C_C 0.99  (n=223) 1.28 (n=79) 1.4 (n=63) 
G_C 0.89 (n=415) 1.39 (n=113) 1.59 (n=116) 
G_G 1.0 (n=219) 1.3 (n=63)  1.94 (n=54) 

The number of individuals in each group (n)  
 
Table 5b HTR1A rs6295 and mean BSI Anxiety scores in the three life events groups 

HTR1A_rs6295 Mean (BSI Anxiety) Mean (BSI Anxiety) 
Mean (BSI 
Anxiety) 

Genotype 0-1 Life events 2 Life events 3-8 Life eve nts 
C_C 0.91 (n=223) 1.04 (n=79) 1.28 (n=63) 
G_C 0.81 (n=415) 1.21 (n=113) 1.38 (n=116) 
G_G 0.91 (n=219) 1.23 (n=63) 1.74 (n=54) 

The number of individuals in each group (n)  
 
Table 5c HTR1B rs6296 and mean BSI Depression scores in the three life events 
groups 

HTR1B_rs6296 
Mean (BSI 
Depression) 

Mean (BSI 
Depression) 

Mean (BSI 
Depression) 

Genotype 0-1 Life events 2 Life events 3-8 Life eve nts 
C_C 0.69 (n=59) 1.14 (n=16) 2.14 (n=12) 
C_G 0.9 (n=230) 1.37 (n=78) 1.69 (n=58) 
G_G 1.03 (n=368) 1.35 (n=98) 1.49 (n=98) 

The number of individuals in each group (n)  
 
Table 5d HTR1B rs6296 and mean BSI Anxiety n scores in the three life events 
groups 

HTR1B_rs6296 Mean (BSI Anxiety) Mean (BSI Anxiety) 
Mean (BSI 
Anxiety) 

Genotype 0-1 Life events 2 Life events 3-8 Life eve nts 
C_C 0.65 (n=59) 1.32 (n=16) 1.87 (n=12) 
C_G 0.87 (n=230) 1.18 (n=78) 1.41 (n=58) 
G_G 0.91 (n=368) 1.16 (n=98) 1.33 (n=98) 

The number of individuals in each group (n)  
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Table 6. Mean values for Level2 healthy controls in the HTR1A rs6295 genotype 
groups 
 
Table 6a. Mean values for the proportion of correctly recognised emotions 
   Proportion of correctly recognised emotions 
   Happy Sad Fear 

rs6295_C_C n=24 mean: 68.75 54.51 46.88 
rs6295_G_C n=59 mean: 70.91 51.9 54.53 
rs6295_G_G n=20 mean: 63.75 40.83 46.67 

The number of individuals in each genotype group (n)  
 
Table 6b. Mean values for the reaction times for correctly recognised emotions 

   
Reaction time for correctly recognised 
emotions 

   Happy Sad Fear 

rs6295_C_C n=24  mean: 1948.82 2290.37 2275.08 
rs6295_G_C n=59  mean: 1944.65 2277.06 2134.83 
rs6295_G_G n=20 mean: 1932.00 1984.12 1909.54 

The number of individuals in each genotype group (n)  
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Abstract 

 

Vulnerability to depression is a complex behavioural trait whose aetiology is likely to 

be influenced by both genetic and environmental factors. Gene-environment 

interaction has been widely reported but less information is available for interactions 

between polymorphisms within and between genes. Both the SLC6A4 and HTR2A 

have been the focus of association studies in behavioural genetics but the results 

have been inconsistent and difficult to interpret. Here we use two large cohorts 

(n=1563 and 2440) of Caucasian volunteers and a haplotype tagging SNP (htSNP) 

approach to investigate both independent and interaction associations between 

SLC6A4/HTR2A genes and depression, neuroticism and anxiety. We found no 

compelling evidence for an independent association between any htSNPs and 

behavioural phenotypes. In contrast there were significant interactions (nominal 

p=0.04 to 0.0001) between several HTR2A haplotype blocks that was observed in 

both cohorts. Interaction was also found in both cohorts between several HTR2A 

htSNPs and the SLC6A4 SNP rs379808 (nominal p=0.04 to 0.0004) which is an SNP 

previously associated in mood disorders. The nominal p values did not survive the 

Bonferroni-correction for multiple testing. This data is suggestive of possible biological 

interactions between behavioural phenotypes (depression, anxiety and neuroticism) 

and SNPs that are worthy of replication.  

 

Introduction 

Depression is a serious mental health problem that affects over 16% of individuals 

within developed countries at least once in their lives (Kessler et al. 2005). The 

biochemical mechanisms behind depression and the closely related personality traits 

of anxiety and neuroticism have implicated the involvement of the serotonergic 

system in their aetiology (Murphy et al. 2008, Tamminga et al. 2002, Quintin et al. 

2001; Smith et al. 1997).  

A twin study meta-analysis has estimated the heritability of major depressive 

disorder (MDD) to be 37% (Sullivan et al. 2000). Unfortunately, finding robust genetic 

associations with depression has proven a difficult undertaking. A candidate gene 
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approach has resulted in the publication of a large number of often underpowered 

and inconsistent reports that are difficult for the reader to interpret and draw 

meaningful conclusions from. Meta-analysis of MDD candidate gene studies has 

provided evidence of association for a small number of genes of small effect although 

this type of analysis tends to be hampered by inadequate gene coverage and 

between study heterogeneity (Lopez-Leon et al. 2008). A recent comparison of 57 

previously associated MDD genes (78 publications) against Genome Wide 

Association Study (GWAS) data (1738 cases, 1802 controls) could only replicate the 

association with 4 genes (TNF, SLC6A2, NPY and C5orf20) and the authors 

concluded that “even these significant results may well be false positives” (Bosker et 

al. 2010). GWAS studies themselves have fared little better with several recent 

studies finding nothing of genome wide significance (Shi et al. 2010; Shyn et al. 2009; 

Muglia et al. 2010, Sullivan et al. 2009).  

Whilst factors such as population stratification, phenotype classification and 

sample size are all possible contributors towards literature discrepancies, other 

possible confounders are gene-gene and gene-environment interactions (Uher and 

McGuffin 2008, Eley et al. 2004, Jokela et al. 2007). The importance of gene-

environment interactions in depression was first shown by Caspi and colleagues who 

demonstrated that both a particular variant (s allele) of a functional promoter 

polymorphism (5-HTTLPR) within the serotonin transporter gene and exposure to 

stressful life events were required to observe a significant association (Caspi et al. 

2003). The large diversity of serotonin receptors (at least 14 identified so far) 

suggests an evolutionary requirement for a complex fine tuning of the pathway. It is 

therefore not inconceivable that not only will the environment modulate the action of 

genes but also there may exist complex interplay between the genes themselves. 

Two genes in particular have received much attention in MDD genetic 

association studies due to their central role in serotonergic function. Serotonin 2A 

receptors (5-HT2A) regulate the effects of serotonin and are located predominantly in 

cortical regions of the brain on γ-aminobutyric acid interneurons and glutamatergic 

pyramidal neurons (Jakab and Goldman-Rakic 2000; Willins et al. 1997). Several 

lines of evidence suggest that the serotonin receptor 2A gene (HTR2A) is a potential 

candidate for depression. The antidepressant Imipramine is an antagonist for 5-HT2A 

receptors and the mood stabiliser valproic acid has been shown to affect a signaling 
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cascade that involves 5-HTR2A receptors (Sullivan et al. 2004; Yatham et al. 2005). 

Post-mortem and positron emission tomography studies have found a significant 

increase in the number of 5-HT2A receptor binding sites in the frontal cortex of both 

suicide victims (Arora and Meltzer 1989; Arango et al. 1990; Turecki et al. 1999) and 

depression cases compared against controls (Yates et al. 1990; Hrdina et al. 1993; 

Bhagwagar et al. 2006) although others have found no association (Arranz et al. 

1994; Gross-Isseroff et al. 1989). 

Since 1999, 16 genetic studies have investigated the influence of HTR2A 

polymorphisms on depression with 6 reporting an association (Jokela et al. 2007, 

Christiansen et al. 2007, Choi et al. 2004, Eley et al. 2004, Jansson et al. 2003, 

Zhang et al. 1997) and 10 finding no association (Tencomnao et al. 2010, Illi et al. 

2009, Zhang et al. 2009, Kishi et al. 2009, Yoon and Kim 2009, Shaikh et al. 2008, 

Oswald et al. 2003, Minov et al. 2001, Frisch et al. 1999, Tsai et al. 1999). 

Unfortunately, the populations studied and assessments used have been varied and 

the sample sizes were often underpowered. In addition, most groups have 

investigated only a single SNP. This has resulted in an array of contrasting reports 

that fail to conclude whether HTR2A is associated with depression or not. 

One of the most intensively investigated genes in psychiatric genetics is the 

serotonin transporter gene (SLC6A4). This gene encodes the serotonin transporter 

protein (SERT) which is involved in the re-uptake of 5-HT from the synaptic cleft into 

the nerve endings. The selective serotonin reuptake inhibitors (SSRIs) are the most 

widely used agents in the treatment of depression and have a high affinity to the 

SERT molecule in the synaptic cleft (Murphy et al. 2004). The first suggestion of an 

interaction between HTR2A and SLC6A4 came from pharmacological studies of the 

SSRIs citalopram and paroxetine which both show a high specificity for SERT. Two 

independent candidate gene studies reported associations between polymorphisms in 

the HTR2A gene and response to citalopram in MDD patients (Choi et al. 2005, 

Peters et al. 2009). Another study identified a HTR2A polymorphism (rs6314) that 

was associated with response to paroxetine (Wilkie et al. 2009). Interestingly, two of 

these studies investigated SNPs within SLC6A4 and found no association with drug 

response (McMahon et al. 2006, Wilkie et al. 2009). A genome wide association study 

analyzing the same sample found that seven HTR2A SNPs were nominally 

associated with citalopram response and remission (p<0.05) in MDD but no 
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association was observed for SLC6A4 SNPs (Garriock et al. 2010). In a different 

sample two HTR2A SNPs were associated with response to antidepressant treatment 

(escitalopram or nortriptyline) but none in the SLC6A4 gene (Uher et al. 2009). 

Additional evidence for interaction has come from a study of a transgenic 

mouse model that overexpresses SERT (Jennings et al. 2008). It was found that an 

increase in SERT expression was accompanied by an increase in 5-HT2A receptor 

function which the authors hypothesized may influence SERT associated phenotypes. 

More recently a PET study in humans found that the HTR2A SNPs (rs7333412, 

rs7997012, rs977003, rs985933 and rs594242) were significantly associated with 

thalamic SERT binding potential, indicating a link between HTR2A genetic variation 

and either SERT expression or central serotonin transmission that regulates the 

therapeutic response of SERT in depression (Laje et al. 2010).  

 Here we investigated gene-gene interactions within and between HTR2A and 

SLC6A4 and depression, anxiety and neuroticism using two large independent 

cohorts.  

Methods 

 

Participants 

Two independent cohorts were used in this study which allowed for replication of 

significant associations. 

 

NewMood cohorts 

Two cohorts were parts of the EU funded NewMood (New Molecules for Mood 

Disorders) research program that aims to identify new molecular mechanisms 

involved in vulnerability towards depression. We recruited and obtained DNA and 

completed questionnaires from 1387 unrelated Caucasian participants aged between 

18-60 years (mean age 34 years) from Greater Manchester, UK through general 

practices, and a web-site (http://www.newmood.co.uk). Details of our recruitment 

strategy and responses are described elsewhere (Juhasz et al. 2009). The study was 

approved by the local Ethics Committees (North Manchester Local Research Ethics 

Committee (LREC) (ref. 05/Q1406/26), the University of Manchester's Ethics 

Committee (ref. 05056)) and was carried out in accordance with the Declaration of 
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Helsinki. All participants provided written informed consent. These participants are 

referred to as the NewMood Manchester cohort. 

The NewMood Budapest population was recruited in Hungary, consisting of 

1053 Caucasian participants. The mean age of this cohort was 31.2 years. The 

recruitment of participants was described elsewhere (Lazary et al. 2008). The method 

of DNA collection and extraction was identical to the Manchester group. The 

depression, anxiety and neuroticism questionnaires were the Hungarian translated 

and validated versions of the original questionnaires. All subjects were Hungarian and 

of Caucasian origin and they gave written informed consent before entering the study. 

The study was approved by the Central Ethics Committee. These participants are 

referred to as the NewMood Budapest cohort. 

 

Dyne Steel Cohort 

The Dyne Steel cohort is comprised of 1563 Caucasian volunteers (454 males and 

1109 females; mean age 67.4 years) from the Manchester and Newcastle areas of 

the UK with approximately equal numbers collected from the two regions. All 

volunteers achieved the maximum score on the MMSE (Mini Mental State 

Examination). Recruitment and sample composition details are described elsewhere 

(Rabbitt et al. 2004). Volunteers gave written consent for the use of their DNA. 

Genetics work for the cohort is approved by University of Manchester Research 

Ethics Committee and Salford and Trafford Local Research Ethics Committee. The 

DNA bank is formed from approximately equal numbers of samples collected from 

Manchester and Newcastle. 

 

Phenotype assessments 

The NewMood assessments consisted of standard questionnaires that were sent to 

participants to complete and return to us by post. We used the same background 

questionnaire as we used in our previous studies (Juhasz et al. 2009, Lazary et al. 

2008). This structured self-rating questionnaire consists of 22 items and collects 

information about medical history including psychiatric history (with special interest on 

depression), family psychiatric history, and socioeconomic background. The Brief 

Symptom Inventory (BSI) questionnaire (Derogatis 1993) was used to assess both 

depressive symptoms (six items) and anxiety symptoms (six items). A continuous 
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weighted dimension score was calculated for both depression and anxiety symptoms, 

which were used in the analysis. To assess personality the 44-item Big Five Inventory 

(BFI-44) was used (John et al. 1991). For the analysis a continuous weighted 

dimension score was calculated for Neuroticism. Validation data of neuroticism and 

symptom scores were published previously (Juhasz et al. 2009).  

The Dyne Steel cohort participants completed the Beck Depression Inventory 

(21 items, mean 6.834, Standard Error of Mean, SEM 0.147) (Beck et al. 1961), the 

Yesavage Geriatric Depression Questionnaire (mean 6.329, SEM 0.134) (30 items) 

(Yesavage et al. 1983), the Cornell Medical Index depression (mean 0.277, SEM 

0.018) and anxiety (mean 0.82, SEM 0.033) questionnaires (6 and 9 items) (Brodman 

et al. 1956), and the Eysenck Personality Questionnaire (only neuroticism was used 

in the analysis, mean 10.094, SEM 0.15) (23 Items) (Eysenck and Eysenck 1964).  

 

DNA extraction and genotyping 

 

NewMood 

NewMood participants received a cytology brush (Cytobrush plus C0012, Durbin PLC) 

and a 15-mL plastic tube containing 2.0 ml of collection buffer. Buccal mucosa cells 

were collected and genomic DNA was extracted according to a protocol previously 

described (Freeman et al. 2003). DNA for the Dyne Steel cohort was obtained from 

blood samples and was extracted using a standard phenol-chloroform method.  

HaploView software (www.broad.mit.edu/personal/jcbarret/haploview/) was used to 

identify htSNPs for the NewMood cohort using the confidence interval method (Barrett 

et al. 2005, Gabriel et al. 2002). Specifications: confidence interval minima for strong 

LD, upper: 0.98, lower: 0.7, upper confidence interval maximum for strong 

recombination: 0.9, fraction of strong LD in informative comparisons at least: 0.95, 

markers excluded below 5% minor allele frequency, r2=0.8, pairwise method. 

The tagging was based on the CEPH (Utah residents with ancestry from 

northern and western Europe) population genotype data that were available at the 

International HapMap Project Phase I. June 2005 release (www.hapmap.org). We 

also investigated functional SNPs (HTR2A rs6314, SLC6A4 LPR and rs25531) that 

had previously been reported (Ozaki et al. 1997, Lesch et al. 1996, Nakamura et al. 

2000). The NewMood SNPs were genotyped using the Sequenom® MassARRAY 
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technology (Sequenom®, San Diego, http://www.sequenom.com) using 25ng of DNA. 

Primer sequences are available upon request. The 5-HTTLPR was genotyped using a 

forward primer (5’- GCCAGCACCTAACCCCTAAT -3’) labelled with 6-FAM (6-

carboxyfluorescein) and a reverse primer (5’- GTAGGGTGCAAGGAGAATGC -3’), to 

give a product size of 366 bp and 323bp for the long and the short allele, respectively. 

Reactions were performed in a Thermo-Fast® 384 PCR plate (ABgene Ltd, UK) on a 

PTC-220 Dyad TM thermocycler (Bio-Rad, Hercules, CA). PCR amplification was 

performed in a final 10 µl volume containing 0.25 µM of each primer (Metabion, 

GmbH, Germany), 1x NH4 buffer, 1.5 mM MgCl2, 0.1 mM of each d NTP, 0.2 units of 

Taq DNA polymerase (all from Bioline, UK) and 20 ng DNA. Cycling conditions were 

as follows: initial 15 min denaturation at 95°C, then 34 cycles of denaturation at 94°C 

for 20 s, annealing at 64°C for 30 s and extension at 72°C for 30 s; and a final 

extension for 10 min at 72°C. Polymerase chain reaction products were analyzed 

using an ABI3100 Genetic Analyzer and GeneScan analysis software (Applied 

Biosystems, Nieuwerkerk aan den IJssel, the Netherlands).  

 

Dyne Steel 

Dyne Steel SNPs were selected from existing GWAS data which had been 

genotyped on the Illumina 610 Quad microarray (Illumina, inc. San Diego, CA, USA). 

These SNPs spanned the HTR2A gene (13:47’403’360 (rs7333412) to 47’471’761 

(rs6306)) and the SLC6A4 gene (17:28’515’479 (rs1906451) to 28’572’753 

(rs1487971)). HelixTreeTM 6.4.3 (Golden Helix, USA) software was used to select 

htSNPs from the Dyne Steel Cohort using a minimum MAF of 0.2 and a Carlson LD 

threshold of 0.8. Fourteen and four htSNPs were selected from the HTR2A and 

SLC6A4 genes, respectively. In addition, HTR2A rs6314 and rs731779 were selected 

as they were also genotyped in the NewMood study and therefore could be compared 

directly. All Dyne Steel SNP call rates were above 98%. 

All genotyping was performed blind with regard to phenotype. All laboratory 

work was performed under the ISO 9001:2000 quality management requirements.  

 

Statistical Analysis 
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Allelic association tests (using linear regression analysis), Hardy-Weinberg 

equilibrium (HWE) and linkage disequilibrium (LD) calculations were performed using 

HelixTreeTM 6.4.3 (Golden Helix, USA). PLINK v1.06 

(http://pngu.mgh.harvard.edu/purcell/plink/) was used for testing association of 

additive genetic model (linear regression) in all both cohorts. Gene-gene interactions 

were calculated between HTR2A and SLC6A4 SNPs with Plink. All association 

analyses were adjusted for age and sex. Correlation calculations between 

phenotypes were performed by using SPSS 15.0 for Windows software (SPSS Inc. 

Chicago, Illinois, USA). Statistical analyses were performed independently in the 

NewMood and Dyne Steel cohorts.  

A web-based tool Gliders (http://mather.well.ox.ac.uk/Gliders) was used to identify 

SNPs in perfect or high LD to attempt direct replication between the two cohorts. The 

LD r2 values for the SNPs can be seen in Table 5. 

To evaluate the effects of SNPs on gene expression the Stanley Neuropathology 

Consortium Integrative Database (http://sncid.stanleyresearch.org) and the 

SNPExpress Database (Heinzen et al. 2008) were used. 

Broad Institute web-based tool Tagger was used to evaluate the tagger SNPs 

(http://www.broadinstitute.org/mpg/tagger/). 

 

Results 

 

Allele frequencies in the three populations were similar (Tables 1 and 2) and the 

haplotype structures for the Manchester and Budapest NewMood samples were the 

same for the HTR2A gene (Figure1b and 1c). In the SLC6A4 gene in the Budapest 

cohort the LD between rs2020934 and rs25531 was not as strong as in the 

Manchester cohort (Figure2b and 2c). Regardless, the Manchester and Budapest 

NewMood populations were combined. NewMood SNPs were in Hardy-Weinberg 

equilibrium (HWE) with the exception of HTR2A rs1928040 (p=0.024). Four out of 

twenty SNPs (HTR2A rs2770298 (p=0.024), rs731779 (p=0.036), rs927544 (p=0.043) 

and SLC6A4 (rs3794808, (p=0.023)) were out of HWE in the Dyne Steel cohort using 

the p<0.05 threshold. Two of these SNPs (rs2770298 and rs731779) were in strong 

LD (r2=0.85). SNPs out of HWE were removed from the interaction analysis with the 
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exception of the Dyne Steel SNP rs731779 and rs3794808 which were also 

genotyped in the NewMood cohort and therefore were tentatively analysed for 

comparison purposes.  

Strong correlation existed between depression, neuroticism and anxiety scores 

within the NewMood cohorts (Pearson correlation R=0.61 - 0.76, p<0.01). Moderate 

to strong correlations were observed between depression scores (Perason correlation 

R=0.32 - 0.60, p<0.01), between the depression and anxiety scores (Perason 

correlation R=0.29 - 0.33, p<0.01) and between the depression and neuroticism 

scores (Perason correlation R=0.32 – 0.56, p<0.01) within the Dyne Steel cohort.  

Allelic analysis (uncorrected for multiple testing) of independent SNPs for the 

Dyne Steel data found a single significant association between HTR2A rs731779 and 

the CMI depression score (p=0.047) (Table 1). Allelic analysis of the NewMood data 

identified an association between the HTR2A SNP rs3125 and depression (p=0.012) 

and neuroticism (p=0.005) with anxiety showing a non-significant trend (p=0.095) 

(Table 2). Significance was also observed between HTR2A SNPs rs2770296, 

rs985934 and rs6310 and anxiety (p=0.028, 0.025 and 0.016, respectively). 

Significance of the above results did not remain after Bonferroni correction. Allelic 

analysis found no associations between SLC6A4 SNPs and behavioural phenotypes 

for either of the cohorts. Genotypic analysis using an additive model showed similar 

results to the allelic analysis.  

Gene-gene interaction was investigated within and between HTR2A and 

SLC6A4. Supplementary Table S2 and S3 contain all possible interactions for the 

Dyne Steel and for the New Mood SNPs, respectively.  

 

Interaction within HTR2A 

The Dyne Steel data showed six HTR2A htSNPs flanking exon 3 interacting with 

SNPs on the opposite side of the gene (Table 3). It is noteworthy, that the LD 

between the interacting SNPs was weak to moderate (r2=0.03 – 0.35, mean r2 =0.21). 

The strongest interactions were observed between SNPs within haplotype blocks 1 

and 3 (Table 3, Figure 1) where in particular rs1923884 and two SNPs approximately 

25kbp downstream (rs972979 and rs2770304) were strongly associated with the 

Yesavage depression score (p=0.0001 – 0.0002, respectively). Significant 

interactions and non-significant trends were observed between these htSNPs and all 
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other measures of depression, anxiety and neuroticism with the direction of effect 

being the same for each trait. In the HTR2A gene there were 3 blocks in the New 

Mood cohort instead of four (Figure 1b and 1c). Interactions were strongest between 

block 1 (rs9316232) and block 3 (rs731779 and rs985934) in the NewMood cohort 

(Table 4). Analysis of the NewMood data also found that two exon 2 SNPs 

(rs2770296 and rs731779) showed significant interaction with the promoter SNP 

rs6311 for both depression and anxiety scores (with rs2770296: for depression 

p=0.007, β=0.171, for anxiety p=0.006, β=0.151; with rs731779 for depression 

p=0.018, β=0.182, for anxiety p=0.007, β=0.18) (Table 4). In the original data set 3 

promoter SNPs were genotyped for the Dyne Steel cohort (rs6313, rs6312 and 

rs6306). SNP rs6312 showed interaction with rs2770296 in association with CMI 

depression scores (p=0.02, β=-0.246), and EPQ neuroticism scores (p=0.014, β=-

1.92) and with rs731779 in association with EPQ neuroticism scores (p=0.0039, β=-

2.384). This latter observation should be considered with caution as rs731779 was 

out of HWE in this cohort (p=0.036). SNP rs6306 interacted with rs2770296 in 

association with EPQ neuroticism (p=0.04, β=1.827) (Supplementary Table S2). (SNP 

rs2770296 is located in the third haplotype block in the original data set, data not 

shown.) It is noteworthy, that the direction of the interaction was not always the same 

between the two cohorts. Whilst direct comparisons between cohorts were difficult, 

two SNPs were genotyped in both the Dyne Steel and NewMood cohorts (HTR2A 

rs6314 and rs731779). Interaction analysis between these two SNPs reached 

significance for two measures of depression in the Dyne Steel cohort (Beck p=0.023; 

Yesavage p=0.015) and a non-significant trend with the same direction of effect was 

observed for CMI depression (p=0.149). It should be noted however, that rs731779 

was not in HWE (p=0.036) in this cohort. The interaction between these two SNPs 

was observed in the NewMood cohort although in a different test (BSI depression 

p=0.045). 
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Table 1: Allelic association analysis of independent HTR2A and SLC6A4 haplotype 
tagging SNPs in the Dyne Steel cohort 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Minor allele frequency (MAF), Hardy-Weinberg Equilibrium (HWE), Cornell Medical 
Index (CMI) and Eysenck Personality Questionnaire (EPQ) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gene SNP MAF (%) HWE 
Beck 
Depression 

Yesavage 
Depression 

CMI 
Depression 

CMI 
Anxiety 

EPQ 
Neuroticism 

   P-Value 

HTR2A rs7333412 22.8 0.596 0.845 0.540 0.449 0.169 0.298 

HTR2A rs6314 9.4 0.735 0.719 0.688 0.164 0.121 0.820 

HTR2A rs977003 45.3 0.940 0.767 0.416 0.671 0.140 0.610 

HTR2A rs1923884 13.1 0.299 0.428 0.715 0.537 0.996 0.578 

HTR2A rs1923886 46.5 0.675 0.507 0.643 0.709 0.865 0.982 

HTR2A rs622337 30.2 0.478 0.765 0.639 0.656 0.715 0.798 

HTR2A rs1928042 26.2 0.586 0.624 0.990 0.133 0.489 0.292 

HTR2A rs2770298 29.1 0.024 0.108 0.544 0.778 0.133 0.145 

HTR2A rs972979 37.5 0.501 0.073 0.920 0.986 0.425 0.377 

HTR2A rs731779 17.7 0.036 0.181 0.662 0.047 0.437 0.171 

HTR2A rs2770304 31.9 0.817 0.070 0.881 0.915 0.543 0.503 

HTR2A rs927544 28.3 0.043 0.068 0.966 0.365 0.762 0.229 

HTR2A rs4942587 22.6 0.060 0.103 0.684 0.226 0.999 0.410 

HTR2A rs4941573 41.4 0.198 0.063 0.842 0.514 0.165 0.997 

HTR2A rs1328684 36.2 0.434 0.639 0.847 0.106 0.239 0.426 

HTR2A rs9534511 49.5 0.896 0.178 0.504 0.816 0.726 0.680 

SLC6A4 rs3794808 40.8 0.023 0.136 0.151 0.430 0.927 0.237 

SLC6A4 rs6354 20.2 0.291 0.036 0.871 0.360 0.325 0.195 

SLC6A4 rs2066713 39.9 0.111 0.982 0.129 0.664 0.520 0.284 

SLC6A4 rs1487971 36.9 0.248 0.539 0.943 0.585 0.786 0.487 
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Table 2: Allelic association analysis of independent HTR2A and SLC6A4 haplotype 
tagging SNPs in the NewMood cohort 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Minor allele frequency (MAF), Hardy-Weinberg Equilibrium (HWE), Manchester and 
Budapest cohort together (Man+Bp) 
Depression: BSI Depression Score 
Anxiety: BSI Anxiety Score 
Neuroticism: Big5 Neuroticism Score 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Gene SNP Manchester Budapest HWE Depression Anxiety Neuroticism 

  MAF (%) MAF (%) (Man+Bp)                                 P-Value 

HTR2A rs3125 14.1 10.3 0.832 0.012 0.095 0.005 

HTR2A rs6314 8.9 8.3 0.843 0.061 0.118 0.728 

HTR2A rs9316232 35.1 33.9 0.825 0.588 0.127 0.758 

HTR2A rs2296972 29.7 29.3 0.111 0.408 0.130 0.836 

HTR2A rs2770296 28.9 25.4 0.777 0.073 0.028 0.115 

HTR2A rs1928040 44.8 48.1 0.024 0.087 0.325 0.972 

HTR2A rs731779 18.6 16.8 0.997 0.063 0.201 0.167 

HTR2A rs985934 37.8 35.9 0.567 0.160 0.025 0.536 

HTR2A rs6310 4.7 3.6 0.206 0.255 0.016 0.448 

HTR2A rs6311 40.1 42.4 0.338 0.330 0.400 0.589 

SLC6A4 rs1042173 44.9 47.3 0.961 0.491 0.454 0.607 

SLC6A4 rs3794808 42.8 44.9 0.146 0.238 0.326 0.141 

SLC6A4 rs140700 9.4 8.8 0.551 0.919 0.346 0.610 

SLC6A4 rs2020942 38.5 37.6 0.769 0.252 0.904 0.536 

SLC6A4 rs6354 19.6 18.9 0.703 0.848 0.278 0.889 

SLC6A4 rs2020934 48.9 48.4 0.104 0.512 0.692 0.556 

SLC6A4 LPR 43.5 41.6 0.490 0.689 0.058 0.482 
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Interaction between HTR2A and SLC6A4  

Interactions were observed within the Dyne Steel cohort between a cluster of three 

HTR2A SNPs (rs9534511, rs1328684 and rs4941573) spanning exon 2 and the 

SLC6A4 SNP rs3794808 (Table 3, Figures 1a and 2a). These reached significance or 

near significance for all measures of depression (p=0.0004 – 0.065). The third 

promoter SNP, rs6313 showed significant interaction with two SLC6A4 SNPs 

(rs3794808 and rs4583306) decreasing the depression symptoms (Supplementary 

Table 2). The NewMood samples also showed significant interactions between 

rs3794808 (and its 3’UTR neighbour rs1042173) although in this cohort they 

interacted with two HTR2A SNPs (rs9316232 and rs2296972) located in intron 2 

(p=0.007 - 0.016) (Table 4). HTR2A SNPs rs9316232 and rs2296972 were in strong 

LD (r2=0.98) (Figure 1b and 1c) as were the SLC6A4 SNPs rs1042173 and 

rs3794808 (r2=0.92) (Figure 2b and 2c). In addition, HTR2A rs985934 and rs6311 

interacted with the SLC6A4 SNP rs2020934 to significantly influence depression 

scores (p=0.05 and 0.03, respectively) in the NewMood cohort. These interactions 

between SLC6A4 and HTR2A were primarily observed for depression and not for 

anxiety or neuroticism.  
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Table 3: Interaction analysis between haplotype tagging SNPs within and between 
the HTR2A and SLC6A4 genes and depression, anxiety and neuroticism scores for 
the Dyne Steel cohort 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Linkage Disequilibrium (LD), Cornell Medical Index (CMI) and Eysenck Personality 
Questionnaire (EPQ) 
 

  
 

  Beck Yesavage 
CMI 
Depression 

CMI 
Anxiety 

EPQ 
Neuroticism 

Gene SNP1 Gene SNP2 LD (r2) 
                                                   
                                             P-Values 

HTR2A rs7333412 HTR2A rs4942578 0.127 0.070 0.113 0.771 0.017 0.050 

HTR2A rs7333412 HTR2A rs927544 0.105 0.012 0.041 0.323 0.090 0.149 

HTR2A rs6314 HTR2A rs731779 0.032 0.023 0.015 0.149 0.556 0.690 

HTR2A rs977003 HTR2A rs2770304 0.232 0.029 0.019 0.088 0.312 0.196 

HTR2A rs977003 HTR2A rs4942578 0.224 0.011 0.090 0.127 0.050 0.048 

HTR2A rs1923884 HTR2A rs972979 0.251 0.051 0.00011 0.086 0.086 0.039 

HTR2A rs1923884 HTR2A rs2770304 0.319 0.042 0.00017 0.019 0.054 0.033 

HTR2A rs1923884 HTR2A rs4942578 0.344 0.018 0.002 0.096 0.058 0.056 

HTR2A rs1923886 HTR2A rs1928042 0.346 0.063 0.077 0.008 0.938 0.524 

HTR2A rs1923886 HTR2A rs972979 0.089 0.911 0.040 0.090 0.025 0.042 

HTR2A rs1923886 HTR2A rs2770304 0.224 0.762 0.039 0.313 0.028 0.053 

HTR2A rs622337 HTR2A rs1928042 0.232 0.014 0.016 0.033 0.655 0.012 

HTR2A rs622337 HTR2A rs582385 0.295 0.059 0.022 0.308 0.657 0.014 

HTR2A rs4941573 SLC6A4 rs3794808 0.012 0.044 0.020 0.00038 0.106 0.734 

HTR2A rs1328684 SLC6A4 rs3794808 0.034 0.011 0.065 0.010 0.035 0.900 

HTR2A rs9534511 SLC6A4 rs3794808 0.010 0.036 0.014 0.002 0.341 0.680 

SLC6A4 rs3794808 SLC6A4 rs2066713 0.642 0.017 0.412 0.006 0.477 0.287 
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Table 4: Interaction analysis between haplotype tagging SNPs within and between 
the HTR2A and SLC6A4 genes and depression, anxiety and neuroticism scores for 
the NewMood cohort  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Linkage Disequilibrium (LD) 
 

      Depression Anxiety  Neuroticism 

Gene SNP1 Gene SNP2 LD (r2)                      P-Value 

HTR2A rs6314 HTR2A rs2770296 0.155 0.012 0.008 0.054 

HTR2A rs6314 HTR2A rs731779 0.077 0.045 0.062 0.251 

HTR2A rs9316232 HTR2A rs2770296 0.203 0.016 0.006 0.003 

HTR2A rs9316232 HTR2A rs731779 0.333 0.002 0.003 0.00013 

HTR2A rs9316232 HTR2A rs985934 0.205 0.009 0.00012 0.002 

HTR2A rs2296972 HTR2A rs731779 0.319 0.018 0.071 0.003 

HTR2A rs2770296 HTR2A rs6311 0.704 0.007 0.006 0.075 

HTR2A rs731779 HTR2A rs6311 0.205 0.018 0.007 0.277 

HTR2A rs985934 SLC6A4 rs2020934 0.081 0.047 0.291 0.800 

HTR2A rs6311 SLC6A4 rs2020934 0.048 0.033 0.200 0.647 

HTR2A rs9316232 SLC6A4 rs1042173 0.024 0.007 0.315 0.167 

HTR2A rs9316232 SLC6A4 rs3794808 0.020 0.014 0.504 0.413 

HTR2A rs2296972 SLC6A4 rs1042173 0.029 0.016 0.432 0.186 

HTR2A rs2296972 SLC6A4 rs3794808 0.029 0.014 0.560 0.305 

HTR2A rs2770296 SLC6A4 rs2020934 0.064 0.021 0.190 0.751 

SLC6A4 rs6354 SLC6A4 5-HTTLPR 0.086 0.034 0.060 0.130 
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Interaction within SLC6A4  

Finally, the SLC6A4 SNP rs3794808 was shown to interact in the Dyne Steel cohort 

with another SLC6A4 SNP rs20667713 to influence both the Beck and CMI 

depression scores (p=0.017 and 0.006, respectively) although this observation was 

not seen for the Yesavage depression measure (p=0.412). Interactions in this region 

were not observed for the NewMood cohort but a significant interaction was seen 

between rs6354 and the promoter polymorphism for depression (p=0.034) and a non-

significant trend for anxiety (p=0.060).  

 

To estimate the number of expected observations we used three subgroup 

CMI measures of health used for the Dyne Steel volunteers that were unlikely to be 

influenced by the serotonergic pathway. These comprised questions on vision and 

hearing, urinary/reproduction systems and the health of teeth. For vision and hearing 

we observed 1 significant association at p>0.01 and for urinary/reproduction and teeth 

we didn’t observe any significant associations either within or between HTR2A and 

SLC6A4. In contrast, for Beck, Yesavage and CMI depression measurements when 

all possible interactions were considered between the haplotype tagging SNPs, we 

observed 5, 3 and 7 significant observations (p>0.01), respectively (data not shown), 

with only weak to moderate LD between the associated SNPs (r2 =0.03 – 0. 35). 

Considering all the possible number of combinations between the 20 htSNPs (190) in 

the Dyne Steel cohort the corrected p-value for significance is 0.000263 for each 

phenotype. Two of the HTR2A interactions (rs1923884 – rs972979 associated with 

Yesavage depression scores, p=0.00011 and rs1923884 – rs2770304 associated 

with the same phenotype, p=0.00013) survived this correction. A third interaction 

between HTR2A rs4941573 and SLC6A4 rs3794808 associated with CMI depression 

scores approaches this threshold (p=0.00038). In the New Mood cohort this corrected 

threshold was 0.00037 (for 17 SNPs) and once again, two interactions survived 

(HTR2A rs9316232 – rs731779 associated with Big5 neuroticism scores, p=0.00013 

and rs9316232 – rs985934 associated with BSI anxiety scores, p=0.00012). In this 

cohort no associations between HTR2A and SLCA6A4 genes were strong enough to 

survive correction. 
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Direct replication attempt 

Using the Gliders software we attempted a direct replication between the two cohorts 

focusing on the most significant results. In the Dyne Steel cohort this was shown by 

rs1923884. This SNP is 4887 bp away from rs9316232 which is present in the New 

Mood data set. Despite the proximity there were no SNPs with adequate LD which 

could be used as a replication proxy. The third strongest association in the Dyne 

Steel cohort (between rs4941573 and rs3794808) was not replicated in the New 

Mood cohort (corresponding SNPs: rs6311 and rs3794808) (Supplementary Table 2 

and 3). In the New Mood cohort the strongest interactions were driven by rs9316232, 

increasing all symptom scores. Once again, this interaction was not replicated in the 

Dyne Steel cohort (corresponding SNPs: rs622337 and rs985933) (supplementary 

Table 2 and 3). Table 5 shows the corresponding SNPs between the two cohorts.  

 

Table 5. Corresponding SNPs between the two cohorts. 

Cohort1 SNP1 Cohort2 SNP2 LD (r2) 
New Mood rs9316232 Dyne Steel rs622337 0.87 
New Mood rs985934 Dyne Steel rs985933 1 
New Mood rs6311 Dyne Steel rs6313 1 
New Mood rs6311 Dyne Steel rs4941573 0.98 

LD value between the two SNPs was determined by the Gliders web-based tool 
(based on HapMap phase 3 CEU population). 
 

Evaluation of the effects of SNPs on gene expressio n  

Using the Stanley Neuropathology Consortium website we were not able to identify 

SNPs within or outside HTR2A and SLC6A4 genes with an effect on the expression 

of these genes below the p=0.00005 threshold in the cerebellum, frontal cortex or the 

hippocampus.  

SNPExpress revealed that 4 SLC6A4 SNPs and 1 HTR2A SNP had a cis-acting 

effect on the gene expression (Table 6).  
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Table 6. Cis-acting effects of polymorphisms within the HTR2A and SLC6A4 genes. 

     

SNP Gene  
Affected 
Transcript p value β coefficient 

rs1042173 SLC6A4 NM_001045 0.005 4.637 
rs3794808 SLC6A4 NM_001045 0.0073 -4.849 
rs6354 SLC6A4 NM_001045 0.02 4.884 
rs2066713 SLC6A4 NM_001045 0.058 -1.234 
rs3794808 SLC6A4 NM_001045 0.05 -15.82 
rs3794808 SLC6A4 NM_001045 0.046 1.754 
rs6354 SLC6A4 NM_001045 0.06 -4.316 
rs2066713 SLC6A4 NM_001045 0.051 -8.121 
rs6311 HTR2A NM_000621 0.053 -27.28 

SLC6A4 mRNA transcript (NM_001045) 
HTR2A mRNA transcript (NM_000621) 
 
 

Discussion 

 

We report a series of possible genetic interactions both within and between the 

HTR2A and SLC6A4 genes and the behavioural traits of depression, anxiety and 

neuroticism. In contrast, when we analysed SNPs independently within these genes 

we found no strong evidence of association. However a current genome-wide study of 

a large UK population suggests the involvement of rs132867 (HTR2A) and rs1487971 

(SLC6A4) in depression (Lewis et al. 2010). Our results suggest that interactions 

between serotonergic SNPs are important in determining phenotypic variation.  

The literature concerning HTR2A polymorphisms and depression is 

inconclusive. The reasons for these inconsistencies may include population 

stratification effects, inadequate sample size, different phenotypic assessment 

methods and failure to adjust for possible environment or gene-environment effects. 

Indeed, previous studies have investigated 11 different populations, used sample 

sizes ranging from 51 to 401 cases and have accessed depression using 7 different 

methods (Jokela et al. 2007, Christiansen et al. 2007, Choi et al. 2004, Eley et al. 

2004, Jansson et al. 2003, Zhang et al. 1997, Tencomnao et al. 2010, Illi et al. 2009, 

Zhang et al. 2009, Kishi et al. 2009, Yoon and Kim 2009, Shaikh et al. 2008, Oswald 

et al. 2003, Minov et al. 2001, Frisch et al. 1999, Tsai et al. 1999). Similar contrasting 

results have been reported between depression and SLC6A4 polymorphisms with two 
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out of four meta-analysis finding no association between the promoter (5-HTTLPR) 

and intron 2 VNTR polymorphism (Lopez-Leon et al. 2008; Anguelova et al. 2003; 

Lasky-Su et al. 2005; Furlong et al. 1998). Further confounders for the commonly 

investigated 5-HTTLPR include the interaction with stress sensitivity (Caspi et al. 

2010) and the tri-allelic grouping caused by the insertion of a guanine nucleotide in 

the long allele (Hu et al. 2006).  

Another explanation for inconsistency between reports is that a gene or 

pathway may contain more than one functional polymorphism and the overall effect 

on the phenotype may be determined by a combination of functional polymorphisms 

whose independent influence may or may not show the same direction of effect. 

These genetic interactions are well documented and have already been reported 

within the SLC6A4 gene (Hranilovic et al. 2004). The HTR2A (63kbp) and SLC6A4 

(38kbp) genes would require the genotyping of approximately 10 and 4 htSNPs, 

respectively, (assuming a MAF of 0.25 and a Carlson LD threshold of 0.8) for 

complete gene coverage. Ignoring the possibility of interaction, 11 of the 15 

HTR2A/depression studies opted to investigate only a single SNP with the remainder 

analysing between 2 and 4 SNPs. For reports on SLC6A4 the majority of groups have 

only investigated the 5-HTTLPR polymorphism. 

Our study used both tagging SNPs and two large independent cohorts 

comprised of 1563 (Dyne Steel) and 2440 (NewMood) individuals. Both cohorts have 

over 87% power to detect a genetic interaction effect size of 1% between two SNPs 

assuming a MAF of 0.2 and a significance threshold of 0.005 (2-sided). Significant 

interactions within and between HTR2A and SLC6A4 were found in both cohorts, 

although they were not between the same SNPs.  

Within the HTR2A gene similar interaction patterns emerged for both cohorts 

with the strongest interactions occurring between haplotype blocks 1 and 3 (Figure 1) 

although the structures of these blocks were different between the two cohorts. Two 

SNPs (rs6314 and rs731779) genotyped in both cohorts allowed direct replication of 

their associations to increased symptom scores in both cohorts. This association did 

not remain significant after correction for multiple testing. The strongest interaction 

results in the Dyne Steel were driven by rs1923884 which has been associated with 

worse outcome of treatment with nortiptyline in depression in a genome-wide study 

(Uher et al. 2010). 
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An additional interaction was observed between SNPs within haplotype block 3 

(rs2770296 and rs731779) and the promoter polymorphism rs6311 in the NewMood 

cohort. SNP rs6311 was not genotyped in the Dyne Steel cohort, but this SNP is in 

perfect LD with rs6313 (Table 5). SNP rs6313 did not show significant interaction with 

the HTR2A SNPs (rs2770296 and rs731779) in this cohort. Two other polymorphisms 

in the HTR2A gene also could be used for comparison (rs6312 and rs6306). SNP 

rs6312 showed interaction with rs2770296 and rs731779, similar to the New Mood 

but the direction of effect was opposite (dercreasing the symptom scores, rather than 

increasing it). The latter results should be considered with caution, as the rs731779 

was out of HWE (p=0.036) in the Dyne Steel cohort. The third promoter SNP in this 

cohort was rs6306 and it was in interaction with rs2770296 with the direction being 

the same as in the New Mood cohort. These results indicate the existence of at least 

two regions of interaction with the HTR2A gene, between blocks 1 and 3 and between 

the promoter and block 3. These interactions influenced not only reported depression 

and anxiety symptoms but also neuroticism that is a trait personality factor for major 

depressive disorder and anxiety disorders. Previous twin studies demonstrated that 

correlations between neuroticism and these disorders largely resulte from shared 

genetic risk factors (Kendler et al. 2006, Hettema et al. 2004). Despite twin studies 

indicating strong heritability of neuroticism genome wide association studies were not 

able to find common SNP variations that strongly influence neuroticism (Calboli et al. 

2010, Shifman et al. 2008). 

Interactions between genes and depression were the most consistent and 

strongest around the SLC6A4 SNP rs3794808 which reached significance with 

intron2/exon 2 HTR2A SNPs in both cohorts. Unfortunately, the rs3794808 SNP was 

marginally outside HWE in the Dyne Steel cohort, and given the Dyne Steel 

volunteers were not selected for depression status this makes the replication more 

tentative. In addition, the two cohorts showed different regions of the HTR2A gene 

that were interacting with rs3794808, with the Dyne Steel cohort showing interaction 

with tagging SNPs around exon 2 and the NewMood cohort showing interaction with 

SNPs approximately 35kb upstream within intron 2. The reasons for this difference in 

observation is unknown and is unlikely to be explained by LD as NewMood tagging 

SNPs closer to exon 2 showed no association. However, a recent study reported that 

rs3794808 contributed towards mood disorders via an interaction with childhood 
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physical abuse suggesting that a gene-environment as well as gene-gene influence 

may be required to determine the overall effect (Brezo et al. 2010). Further support 

for the role of rs3794808 in mood disorders comes from a recent study that showed a 

three SNP haplotype that included rs3794808, was associated with a 1.7 fold 

increase in panic disorder in European Americans (Strug et al. 2010). Another study 

supporting a relationship between SLC6A4 and HTR2A used positron emission 

tomography to show that three SNPs spanning the HTR2A 3’ untranslated region 

significantly influenced serotonin transporter binding in the thalamus (Laje et al. 

2010). Interestingly, our between gene results appeared only to influence depression 

and had minimum impact on anxiety or neuroticism with the exception of an 

interaction between HTR2A rs1328684 and SLC6A4 rs3794808 and anxiety which 

showed only a weak association. Unlike interactions within the HTR2A gene these 

results suggest that phenotypic specificity may reside in interactions of genetic risk 

variants throughout molecular pathways.  

SNP interactions within SLC6A4 were less convincing and were not replicated 

between cohorts. The promoter polymorphism 5-HTTLPR did show weak but 

significant interaction with rs6354 for depression and near significance with anxiety in 

the NewMood cohort but we were unable to replicate this finding in the Dyne Steel 

cohort which was not genotyped for 5-HTTLPR. 

The functional data available is not enough at the moment to establish the 

exact nature of these interactions. It is possible that the observed interactions reflect 

an additive effect caused by allelic combinations when their effects go in the same 

direction. It is also possible that the observed effects are the result of interaction and 

are not additive in nature. An interaction effect may confound results from expression 

studies. 

The strength of our study is the detailed phenotype assessments and the two 

large independent cohorts of Caucasian subjects which made it possible to detect the 

interaction between and within the HTR2A and SLC6A4 genes. On the other hand, 

the results were not always directly comparable, as not exactly the same SNPs were 

genotyped in the two cohorts and the phenotype assessments were slightly different. 

The limitations of our study are the large number of observations which have 

an impact on the statistical significance of the results. The four epistatic results 

showing the strongest association and which appeared to survive the Bonferroni-
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correction lose their significance if we consider the total number of observations. For 

the Dyne Steel cohort the total number of observations is 950 (190 SNP x SNP 

interactions x 5 phenotypes) for the New Mood cohort it is 408 (137 SNP x SNP 

interactions x 3 phenotypes). Then the previously significant p values now show only 

a significance trend. It should also be noted that the haplotype block structure 

especially in the New Mood cohort does not reflect current knowledge. The haplotype 

tagging SNPs based on the HapMap Project Phase I in June 2005 do not provide 

adequate coverage of the HTR2A and the SLC6A4 genes today. Choosing the same 

parameters (r2=0.8, MAF>0.05, confidence interval method, pairwise) 43 SNPs would 

tag the HTR2A and the SNPs used in the New Mood cohort give 32% coverage of 

this region (Supplementary Table 4b). For the SLC6A4 gene, 7 SNPs would tag the 

region, whilst SNPs selected in 2005 only cover 77% (Supplementary Table 4a). The 

37 HTR2A SNPs and the 12 SLC6A4 SNPs on the Illumina 610 Quad chip provide 

more complete coverage of these regions (77% and 82%). 

Another issue which may influence our results is the possibility of population 

stratification. As the allelic frequencies and haplotype structures were very similar in 

the New Mood Manchester and Budapest cohorts we merged them together to 

increase the power. However, current literature shows significant differences in allelic 

frequency between European Caucasian populations (Moskvina et al. 2010). 

Therefore we cannot exclude the possibility that our results are at least partially 

affected by population stratification. As New Mood was not a genome-wide 

association study we were not in the position to correct our data for population 

stratification. 

In conclusion, we have observed a complex interplay within and between two 

serotonergic genes that effected depression, anxiety and neuroticism phenotypes in 

volunteers. We recommend that future studies genotype and analyse for epistatic 

interaction within and between these entire genes. 
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Figures 
 
Figure 1. Serotonin Receptor 2A (HTR2A) haplotype tagging single nucleotide 
polymorphisms and linkage disequilibrium (r2) within the gene 
 
1a Dyne Steel cohort 

 
 
 
1b New Mood cohort Manchester 
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1c New Mood cohort Budapest 

 
 
 

Figure 2. Serotonin Transporter (SLC6A4) haplotype tagging single nucleotide 
polymorphisms and linkage disequilibrium (r2) within the gene 
 
2a Dyne Steel cohort 
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2b New Mood cohort Manchester 

 
 
2c New Mood cohort Budapest 
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Supplementary material for this study can be found in the Appendix (10.9 
Supplementary materials for Study 2, S 1-5). 
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Abstract 
Depression is a serious health problem worldwide. This disorder often co-occurs with 

various anxiety disorders and a personality trait, termed neuroticism, appears to be a 

common background for them. Extensive research focused on the role of the genes 

of the serotonergic pathway, with special attention to the HTR1A-1B autoreceptors, 

HTR2A-2C heteroreceptors and the serotonin transporter. The aim of this study was 

to review the literature and investigate the possible role of other serotonergic 

receptors (HTR1D, E, F, HTR2B, HTR3-7) in depression and related phenotypes. We 

used haplotype tagging SNPs in a Caucasian cohort of 1563 individuals and 

continuous phenotypic measures of depression, anxiety and neuroticism. We found 

several weak associations, but after correction for multiple testing, three of them 

remained marginally significant. These SNPs were located in the HTR4 and HTR6 

genes, and we found some possible indications in the literature to corroborate these 

findings. 

 

 

Introduction 
Depression is a major global public health problem that has a lifetime prevalence of 

between 6-30% (Waraich et al. 2004). Without treatment it has the tendency to 

assume a chronic course, to recur and to be associated with increasing disability over 

time. Family and twin studies suggest that major depression, anxiety disorders and 

related traits, such as neuroticism, have shared genetic risk factors (Hettema 2008). 

Despite intensive research, we still do not have a compelling genetic model for 

depression. Hypothesis-driven association studies and genome-wide association 

studies provided evidence for the role of certain serotonergic gene variants in 

depression; among the serotonergic pathway genes HTR1A, HTR1B, HTR2A, 

HTR2C, MAO-A and the serotonin transporter gene (SLC6A4) have received the 

most attention. Less is known about the remaining 9 serotonergic receptors. In our 

study, we reviewed and investigated the possible role of these lesser known 

receptors in depression, anxiety and neuroticism. 
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5-HT1D receptor 

5-HT1D receptor is expressed at very low levels in the brain. Its mRNA has been 

found in the caudate putamen, olfactory cortex, dorsal raphe nucleus and locus 

coeruleus. In the human heart these receptors may modulate 5-HT release (Hannon 

and Hoyer 2008). Interestingly, 5-HT1D may form homodimers with itself or 

heterodimers with the 5-HT1B receptor (Xie et al. 1999). As 5-HT1B appears to have 

a role in depression (Drago et al. 2010) this heterodimerization makes 5-HT1D a 

possible candidate too.  

No genetically modified mouse exists for this receptor to date. One study has 

suggested a possible involvement in substance abuse and obsessive-compulsive 

disorder (Gratacos et al. 2008). Drugs acting as antagonists at the 1D receptor were 

developed as a way of increasing 5-HT release by blocking pre-synaptic 5-HT1D 

receptors. They showed promise in animal models of depression but no clinical trials 

have been published. 

 

5-HT1E receptor 

In the human brain, 5-HT1E receptor mRNA is present in cortical areas, caudate, 

putamen, and with lower levels in the amygdala and hypothalamus (Hannon and 

Hoyer 2008).  

The phenotype of animals with genetically modified 5-HT1E receptors has not 

been published. In human association studies, 5-HT1E has been implicated in 

attention deficit hyperactivity disorder (Lasky-Su et al. 2008), substance abuse and 

obsessive-compulsive disorder (Gratacos et al. 2008). 

 

5-HT1F receptor 

There is not much known about this receptor. Its expression is similar to those of 5-

HT1E receptor (Filip and Bader, 2009) and no knock-out (KO) model has been 

described. 

In humans two SNPs showed nominal association with eating disorder 

(rs1027689) and bipolar disorder (rs1503433 and rs1027689) (Gratacos et al. 2008). 

 

5-HT2B receptor 
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5-HT2B receptor distribution is restricted mainly to cerebellum, hypothalamus and 

amygdala (Filip and Bader, 2009). 

HTR2B KO leads to embryonic and neonatal death caused by heart defects, 

accompanied by reduction in levels of a tyrosine kinase receptor, ERBB2 (Nebigil et 

al. 2000).  

Genetic studies are limited to reports of association with drug abuse (Lin et al. 

2004) and obsessive-compulsive disorder (Gratacos et al. 2008).  

 

5-HT3 receptor 

 

The unique feature of this receptor family among the other serotonergic receptors is 

that they are ligand-gated ion channels. They trigger rapid depolarisation of the 

neurons by the opening of non-selective cation channels (Na+, Ca2+ influx, K+ efflux). 

To date, five genes have been recognised to encode 5-HT3: the 5-HT3A receptor 

subunit (Maricq et al. 1991), the 5-HT3B subunit (Dubin et al. 1999) and the 5-HT3C-

E subunits (Niesler et al. 2003). 5-HT3 receptors are thought to exist as a 

homopentamer of A subunits or B subunits and heteropentamers of A and B subunits 

(Rajkumar and Mahesh 2010, Barnes et al. 2009). It is possible, that further subunits 

(C, D and E) may take part in the heteropentamer formation. 

Hht3a KO mice show enhanced amygdala-mediated fear conditioning with 

male mice exhibiting reduced anxiety-related behaviours (Bhatnagar et al. 2004). 

Post-developmental transgenic overexpression of the 5-Ht3 receptor results in 

reduced voluntary ethanol self-administration (Holmes, 2008) which therefore may be 

important in substance abuse disorders.  

Pharmacological studies showed that several commonly used antidepressants 

(such as tricyclic antidepressants desipramine and imipramine and the selective 

serotonin reuptake inhibitor fluoxetine) are functional antagonists of 5-HT3A receptor, 

as they effectively reduced the serotonin-induced Na+ and Ca2+ -currents through this 

receptor. These drugs also accelerated receptor desensitization (Eisensamer et al. 

2003). This inhibition of ion fluxes is non-competitive and requires the enrichment of 

drugs in raft-like domains within the cell membraine (Eisensamer et al. 2005). 

The human HTR3A gene has several polymorphisms. A functional one in the 

5’ untranslated region (UTR) (rs1062613) which causes increased transcription in 
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Luciferase reporter systems (Niesler et al. 2001) appears to be associated with 

personality traits. The SNP rs1062613 T allele was associated with lower harm 

avoidance in females in a study that used two cohorts (Melke et al. 2003). Another 

study has reported that the C/C genotype was associated with higher harm avoidance 

and neuroticism (Mizuta et al. 2008) An fMRI study indicated that the C/C genotype 

was associated with increased level of neuronal activation in the right amygdala and 

the PFC during a face recognition task (Iidaka et al. 2005) and showed faster reaction 

time, than the C/T genotype (T/T genotype was not measured). The SNP rs10160548 

was associated nominally with antisocial alcoholism (Corley et al. 2008). 

A polymorphism in the HTR3B gene (rs1176744) which causes reduced cell 

surface expression level (Krzywkowski et al. 2008) was associated with anorexia 

nervosa in a German study in two independent samples (Hammer et al. 2009) and 

with reduced response to antidepressant escitalopram in a genome-wide association 

study (Uher et al. 2010). In a Japanese study, a haplotype block containing 

rs1176744 was associated with depression in females subjects (Yamada et al. 2006). 

Other studies report association with heroin addiction (Levran at al. 2008) and 

antisocial alcoholism (Corley et al. 2008). Another functional SNP in this gene is 

rs3782025; its minor allele reduced the alpha power of the electroencephalogram’s 

rhythm and was associated with alcohol use disorders and with co-morbid antisocial 

personality disorders in two independent populations (Ducci et al. 2009). The same 

SNP together with rs1672717 showed nominal significance to cognitive impulsivity in 

a family-based attention-deficit hyperactivity disorder study (Oades et al. 2008). 

These studies suggest that variation in the 5-HT3 receptor may have a role in 

susceptibility to personality and addiction disorders.  

HTR3C variants have been associated with autism (Rehnstroem et al. 2009) 

and nausea during pregnancy (Goecke et al. 2010) and the HTR3E with irritable 

bowel syndrome, due to a functional polymorphism (rs62625044) in the 3’UTR 

(Kapeller et al. 2008). 

 

5-HT4 receptor 

The 5-HT4 receptor is concentrated in the olfactory tubercle, substantia nigra, 

striatum, septum, hippocampus and amygdala, and it is also expressed in the gut 

(Hannon and Hoyer, 2008). The 5-HT4 receptor gene is complex and generates a 
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number of C-terminus variants. At least ten 5-HT4 receptor splice variants have been 

reported so far (5-HT4a-5-HT4n); one of them (5-HT4d) seems to be unique to 

humans, and is limited to the gut, whereas the other isoforms are more widely 

distributed (Hannon and Hoyer, 2008). 

Ht4 KO mice show normal feeding and motor behaviours under baseline 

conditions, but stress-induced hypophagia (reduced food intake) and novelty-induced 

exploratory activity decreases in these animals (Compan et al. 2004). Furthermore, a 

5-HT4 receptor agonist (RS67333) augmented the acute effect of paroxetine in the 

ventral hippocampus (Licht et al. 2010). 

There are not many association studies available about the 5-HT4 receptor, 

but one reported association between a haplotype of four HTR4 polymorphism 

(around exon d) and bipolar disorder (Ohtsuki et al. 2002) but not to depression. The 

role in bipolar disorder was not confirmed in a family-based study (Shi et al. 2008). 

Importantly, a large UK genome-wide association study reported association between 

an intronic SNP, rs17108435 and depression (Lewis et al. 2010). Another genome-

wide association study found that an intronic SNP rs1345697 was associated with an 

improved response to the antidepressant drug notriptyline (Uher et al. 2010). There is 

no evidence of this receptor’s involvement in anxiety, substance abuse, panic 

disorder or eating disorder (Gratacos et al. 2008) or in chronic fatigue syndrome 

(Smith et al. 2008). 

 

5-HT5 receptor 

The function of the 5-HT5 receptor is not very well established. In humans two 

subtypes of this receptor exist. In the brain 5-HT5A mRNA expression is localised to 

the cerebral cortex, hippocampus and cerebellum (Hannon and Hoyer, 2008). HTR5B 

is considered to be a pseudogene, due to the presence of a stop codon within the 

gene which would result in the expression of a short, probably non-functional protein 

(Rees et al. 1994). 

Htr5a KO mice show increased exploratory behaviour but no apparent 

changes in anxiety-like behaviours (Grailhe et al. 1999). In humans a variant in the 5’ 

UTR region (-19G/C, rs79028878) of the HTR5A gene showed association with 

psychiatric phenotypes, including depression, where the G allele was protective 

(Birkett et al. 2000). In the same study 12A/T (rs6320, a transversion without amino 



Krisztina Mekli (Doctor of Philosophy)   7 

acid change) also showed association to depression, but this finding was not 

replicated by an independent study (Arias et al. 2001). HTR5A showed no association 

with chronic fatigue syndrome (Smith et al. 2008), antidepressant response (Uher et 

al. 2010) or psychiatric phenotypes (Gratacos et al. 2008) in a more recent study.  

 

5-HT6 receptors 

5-HT6 receptor mRNA is expressed in the striatum, amygdala, nucleus accumbens, 

hippocampus, cortex and olfactory tubercle (Hannon and Hoyer, 2008).  

5-Ht6 KO mice have been shown to perform normally in a wide-variety of 

cognition and anxiety tests (Bonasera et al. 2006) but showed reduced response to 

the ataxic and sedative effects of ethanol, without differences in ethanol-induced 

hypothermia, compared to the wild-type. In rats, continuous intraventricular infusion of 

5-HT6 receptor antisense oligonucleotides yielded increased anxiety-like behaviours 

(Otano et al. 1999). This receptor may have a role in establishing brain circuits. Riccio 

et al. (2009) have reported that in mice cortical regions 5-HT6 receptor blockade 

prevented the migratory effect of excess 5-HT on interneurons during embryonic 

development. In addition, several antidepressants (e.g. clomipramine, amitryptiline, 

doxepin and nortryptyline) are antagonists with high affinity for this receptor (Hoyer et 

al. 2002). 

The HTR6 rs1805054 showed positive heterosis effect in response to 

antidepressant treatment in Korean depressive patients (Lee et al. 2005). However a 

case-control study on five haplotype-tagging SNPs (including rs1805054) and meta-

analysis of four studies of rs1805054 found no evidence of the association between 

any of these polymorphisms and MDD (Fukuo et al. 2010). 5-HT6 receptor showed 

no association to chronic fatigue syndrome (Smith et al. 2008) or psychiatric 

phenotypes (Gratacos et al. 2008). 

 

5-HT7 receptors 

This receptor shares relatively low sequence homology with other members of the 5-

HT receptor family (lower than 50%), whereas the interspecies homology is over 90% 

(Hannon and Hoyer, 2008). This receptor has an extensive vascular distribution, and 

in non-vascular smooth muscle, but is also present in the brain, in the 

suprachiasmatic nucleus and amygdala (Hannon and Hoyer, 2008). 
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5-Ht7 KO mice show no difference in models of psychosis and anxiety states 

compared to wild-type animals (Guscott et al. 2005). In the forced swim test KO mice 

showed a significant decrease in immobility (Guscott et al. 2005). Decreased 

immobility was also observed in a tail suspension test (Hedlund et al. 2005). These 

phenotypes are similar to those seen in mice after antidepressant treatment. KO 

animals also showed indications of disturbed circadian rhythm (Guscott et al. 2005). 

They spent less time in, and had less frequent episodes of, rapid eye movement 

(REM) sleep which is also consistent with the antidepressant phenotype (Hedlund et 

al. 2005). KO animals also showed evidence that 5-HT induced hypothermic 

response may be modulated by this receptor (Hedlund et al. 2003). 

Despite the implications from animal and pharmacological studies the role of 

the 5-HT7 receptor has not been investigated thoroughly, although a genome-wide 

association study found that rs7920627_T allele carriers response was reduced to the 

antidepressant drug nortriptyline (Uher et al. 2010). This receptor may have a role in 

depression (rs7916720, Lewis et al. 2010), antisocial alcoholism (Corley et al. 2008) 

and panic disorder (Gratacos et al. 2008).  

The aim of this study was to investigate the role of these lesser known 

serotonergic receptors. We hypothesized that several of them, especially the 5-HT1D, 

5-HT3, 5-HT4, 5-HT6 and 5-HT7 receptors may have a role in depression, or in 

related phenotypes, such as anxiety and neuroticism. We used GWAS data for a 

large Caucasian cohort to test this hypothesis. 

 

 

Methods 
Participants 

The Dyne Steel cohort is comprised of 1563 Caucasian volunteers (454 males and 

1109 females; mean age 67.4 years) from the Manchester and Newcastle areas of 

the UK with approximately equal numbers collected from the two regions. 

Recruitment and study details are described in detail elsewhere (Rabbitt et al. 2004). 

Volunteers gave written consent for the use of their DNA. Genetics work for the 

cohort is approved by University of Manchester Research Ethics Committee and 

Salford and Trafford Local Research Ethics Committee. The DNA bank is formed 
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from approximately equal numbers of samples collected from Manchester and 

Newcastle. 

 

Phenotype assessments 

The Dyne Steel cohort participants completed the Beck Depression Inventory (21 

items, mean 6.834, Standard Error of Mean, SEM 0.147) (Beck et al. 1961), the 

Yesavage Geriatric Depression Questionnaire (mean 6.329, SEM 0.134) (30 items) 

(Yesavage et al .1983), the Cornell Medical Index depression (mean 0.277, SEM 

0.018) (6 items), anxiety (mean 0.82, SEM 0.033) (9 items), cardiovascular (mean 

2.24, SEM 0.059) (15 items), fatigue (mean 0.70, SEM 0.031) (7 items) and sleep 

disorders and habits (mean 1.30, SEM 0.028) (7 items) questionnaires (Brodman et 

al. 1956), and the Eysenck Personality Questionnaire (only EPQ neuroticism was 

used in the analysis, mean 10.094, SEM 0.15) (23 Items) (Eysenck and Eysenck, 

1964).  

 

DNA extraction and genotyping 

DNA was obtained from blood samples and was extracted using a standard phenol-

chloroform method.  

SNPs were genotyped on the Illumina 610 Quad microarray (Illumina, Inc. San Diego, 

CA, USA). Genotyping were carried out at the Wellcome Trust Clinical Research 

Facility, Edinburgh. 

These SNPs spanned the: 

HTR1D gene (1:23,379,759 –rs2806566 to 1:23,410,142-rs627304) 

HTR1E gene (6:87,672,689-rs9450576 to 6:87,806,534-rs7739124) 

HTR1F gene (3:88,086,502-rs7648805 to 3:88,146,455-rs9310061) 

HTR2B gene (2:231,655,711-rs11694724 to 2:231,733,528-rs6437002) 

HTR3A-B gene (11:113,258,222-rs869451 to 11:113,390,622-rs4938066) 

HTR3C-E gene (3:185,223,828 –rs7613237 to 3:185,317,184-rs9815292) 

HTR4 gene (5:147,805,783,-rs4274968 to 5:148,025,475-rs1820076) 

HTR5A gene (7:154,479,788-rs6597451 to 7:154,504,328-rs732050) 

HTR6 gene (1:19,847,256-rs2314331 to 1:19,889,882-rs12127394) 

HTR7 gene (10:92,484,316-rs1107688 to 10:92,621,224-rs4282910) 
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HelixTreeTM 6.4.3 (Golden Helix, USA) software was used to select haplotype 

tagging SNPs (htSNPs) from the Dyne Steel Cohort using a minimum allele frequency 

(MAF) of 0.01 and a Carlson LD threshold of 0.9. All call rates were above 98%. 

Genotyping was performed blind with regard to phenotype. All laboratory work 

was performed under the ISO 9001:2000 quality management requirements.  

 

Statistical Analysis 

Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD) calculations were 

performed using HelixTreeTM 6.4.3 (Golden Helix, USA). PLINK v1.06 

(http://pngu.mgh.harvard.edu/purcell/plink/) was used for testing association of 

additive genetic model (linear regression model). To correct for multiple testings, we 

applied LD-based set tests with the parameters as follows: r2=0.1, P-value=0.05, 

number of permutations=1000, maximum number of SNPs in the set=5, which is 

thought to be a moderately strict set of values. We also applied the Bonferroni-

correction. 

Gliders (http://mather.well.ox.ac.uk/Gliders) database was used to evaluate LDs 

between SNPs for replication purposes. 

 

Results 
Allele frequencies, Hardy-Weinberg Equilibrium and regression analysis p-values are 

shown in Table 1 for HTR1D-F, HTR2B, HTR5A and HTR6, in Table 2 for HTR4 and 

HTR7, and in Table 3 for HTR3 genes. All SNPs were in Hardy-Weinberg equilibrium 

with the exception of rs4912518, rs12493550 and rs1467257 (p-values: 0.029, 0.021 

and 0.040, respectively) in the HTR3CDE subunits gene. 

Relatively strong associations were observed between two SNPs in the HTR4 

gene and depression. The rs4280857_A allele was associated with an increase of 

Yesavage depression scores (nominal P-value 0.005) and rs1011427_T allele was 

associated with increased CMI depression scores (nominal P-value 0.004). Both 

alleles were significantly, however weakly, associated with other depression scores 

too (with the same effects). A third SNP in the HTR4 gene (rs17108435_C allele) was 

relatively strongly associated with decreased CMI anxiety scores (nominal P-value 

0.005), but with no other phenotype. Eight other SNPs within this gene were 
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associated at a weaker nominal significance level with decreased CMI anxiety scores 

(See Table 2). 

Three further 5-HT receptor gene SNPs showed relatively strong association 

values. Rs4912138_A allele in the HTR6 gene was associated with a decrease in the 

Yesavage depression scores (nominal P-value 0.005) and less strongly with a 

decrease in the Beck depression scores (See Table1). An SNP in the HTR3 A subunit 

(rs10891611_C allele) was associated with increased Beck depression scores 

(nominal P-value 0.009) and with Eysenck neuroticism scores (nominal P-value 

0.004) with the same effect. In the CDE subunit of this gene, rs939335_G allele was 

associated with decreased CMI anxiety scores (nominal P-value 0.005), and also 

associated with decreased CMI depression scores (See Table 3). 

A few more, weak associations were also observed (See Tables 1, 2 and 3). 

Applying LD-based set tests for multiple SNPs the following associations remained 

significant: rs4912138_A allele with decreased Yesavage depression scores 

(P=0.04), rs6693503_A with decreased CMI depression scores (P=0.042), both in 

HTR6 gene and rs1011427 (P=0.041) with increased CMI depression scores in the 

HTR4 gene.  

None of our results remained significant after the Bonferroni correction (below 

0.00009). 

Association analysis of HTR2B SNPs with cardiovascular symptoms and HTR7 SNPs 

with fatigue and with sleep disorders and habits revealed no significant results.  
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Table 1. Association analysis results for the HTR1D-1F, 2B, 5A and 6 genes 
1a P values 
     Depression   Anxiety Neuroticism 
     Beck Yesavage CMI CMI EPQ 

GENE CHR SNP 

HWE 
P-
value MAF P-value P-value P-value P-value P-value 

HTR1D 1 rs2806566_C 0.80 0.17 0.10 0.33 0.65 0.83 0.18 
 1 rs641032_G 0.59 0.34 0.12 0.48 0.89 0.67 0.47 
  1 rs627304_C 0.08 0.59 0.25 0.34 0.86 0.36 0.59 
HTR1E 6 rs9450576_G 0.77 0.22 0.17 0.91 0.22 0.29 0.35 
 6 rs12181765_G 0.83 0.10 0.43 0.57 0.04 0.30 0.15 
 6 rs16877989_C 0.85 0.11 0.24 0.65 0.97 0.68 0.94 
 6 rs828361_T 0.85 0.14 0.96 0.74 0.42 0.54 0.16 
 6 rs10944288_C 0.22 0.35 0.87 0.11 0.43 0.33 0.72 
 6 rs1886333_C 0.68 0.15 0.97 0.28 0.62 0.75 0.04 
 6 rs942472_C 0.21 0.31 0.76 0.75 0.90 0.29 0.84 
 6 rs1041058_T 0.70 0.13 0.46 0.59 0.15 0.45 0.57 
 6 rs10806386_T 0.70 0.26 0.52 0.33 0.66 0.86 0.33 
  6 rs7739124_C 0.81 0.27 0.78 0.16 0.67 0.78 0.91 
HTR1F 3 rs7648805_A 0.92 0.37 0.51 0.72 0.97 0.99 0.33 
 3 rs7653582_T 0.40 0.12 0.22 0.77 0.58 0.99 0.17 
  3 rs7652406_T 0.56 0.40 0.19 0.43 0.44 0.43 0.87 
HTR2B 2 rs11694724_G 1.00 0.08 0.63 0.68 0.71 0.85 0.79 
 2 rs13394402_T 0.36 0.16 0.39 0.35 0.93 0.15 0.85 
 2 rs17586405_G 0.25 0.03 0.40 0.09 0.23 0.48 0.29 
 2 rs10194776_T 0.83 0.38 0.30 0.33 0.92 0.39 0.38 
 2 rs4973377_A 0.29 0.15 0.20 0.80 0.03 0.41 0.54 
  2 rs6437002_G 0.35 0.32 0.22 0.75 0.39 0.21 0.88 
HTR5A 7 rs6597451_T 0.26 0.30 0.50 0.54 0.54 0.59 0.89 
 7 rs1440459_G 0.88 0.35 0.99 0.23 0.31 0.54 0.53 
  7 rs2241859_A 0.21 0.31 0.33 0.31 0.69 0.94 0.57 
HTR6 1 rs6693503_A 0.62 0.33 0.197 0.132 0.017* 0.38 0.20 
 1 rs4912138_A 0.63 0.18 0.01 0.005* 0.123 0.32 0.21 
  1 rs3790756_T 0.40 0.13 0.603 0.411 0.285 0.10 0.46 
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1b β-coefficients 
   Depression   Anxiety Neuroticism 
   Beck Yesav CMI CMI EPQ 
GENE CHR SNP β β β β β 
HTR1D 1 rs2806566_C 0.459 0.250 0.016 -0.013 0.381 
 1 rs641032_G 0.336 0.143 0.004 -0.021 0.161 
  1 rs627304_C 0.245 0.186 -0.005 -0.044 0.118 
HTR1E 6 rs9450576_G 0.340 -0.027 0.039 0.059 0.239 
 6 rs12181765_G 0.268 0.180 0.089 0.080 0.511 
 6 rs16877989_C 0.397 -0.138 -0.001 0.031 -0.025 
 6 rs828361_T 0.014 0.091 0.031 0.042 0.427 
 6 rs10944288_C -0.035 0.314 0.022 0.047 0.077 
 6 rs1886333_C -0.011 0.282 0.018 0.021 0.604 
 6 rs942472_C -0.067 0.064 -0.003 0.053 -0.045 
 6 rs1041058_T 0.227 -0.151 -0.056 -0.052 -0.177 
 6 rs10806386_T -0.150 -0.212 0.013 0.010 -0.233 
  6 rs7739124_C -0.064 -0.296 0.013 0.014 -0.025 
HTR1F 3 rs7648805_A -0.141 0.071 -0.001 -0.001 0.211 
 3 rs7653582_T -0.388 -0.087 -0.022 -0.001 -0.446 
  3 rs7652406_T -0.279 -0.153 -0.021 -0.037 0.036 
HTR2B 2 rs11694724_G -0.187 0.148 -0.018 0.017 0.105 
 2 rs13394402_T 0.237 0.236 -0.003 -0.088 0.051 
 2 rs17586405_G 0.528 0.980 0.096 0.099 0.682 
 2 rs10194776_T 0.221 0.189 -0.003 -0.041 0.189 
 2 rs4973377_A -0.363 -0.068 -0.079 -0.053 -0.179 
  2 rs6437002_G -0.267 -0.064 -0.024 -0.062 0.035 
HTR5A 7 rs6597451_T -0.154 0.127 -0.018 0.027 0.031 
 7 rs1440459_G -0.003 0.239 -0.028 0.030 0.139 
  7 rs2241859_A -0.219 0.213 -0.011 0.004 -0.133 
HTR6 1 rs6693503_A -0.281 -0.301 -0.066 -0.043 -0.281 
 1 rs4912138_A -0.653 -0.692 -0.052 0.060 -0.337 
  1 rs3790756_T 0.163 0.235 -0.042 -0.114 -0.232 
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Table 2 Association analysis results for the HTR4 and HTR7 genes 
2a. P values 
     Depression   Anxiety Neuroticism 
     Beck Yesavage CMI CMI EPQ 

GENE CHR SNP 
HWE P-
value MAF 

P-
value P-value P-value P-value P-value 

HTR4 5 rs4274968_T 0.12 0.28 0.65 0.41 0.39 0.51 0.38 
 5 rs17639006_C 0.70 0.12 0.43 0.24 0.22 0.01 0.68 
 5 rs3995090_C 0.32 0.43 0.34 0.26 0.39 0.80 0.49 
 5 rs4597955_G 0.83 0.40 0.09 0.23 0.12 0.25 0.11 
 5 rs7702840_G 0.52 0.04 0.91 0.33 0.13 0.01 0.83 
 5 rs7723153_A 0.87 0.42 0.52 0.40 0.09 0.20 0.26 
 5 rs1368383_T 0.62 0.04 0.71 0.34 0.08 0.03 0.89 
 5 rs1368384_C 0.45 0.23 0.57 0.90 0.44 0.29 0.65 
 5 rs7725785_A 0.48 0.05 0.06 0.48 0.91 0.11 0.48 
 5 rs12152801_G 0.71 0.35 0.57 0.61 0.26 0.92 0.12 
 5 rs13359903_C 0.60 0.11 0.98 0.94 0.84 0.04 0.48 
 5 rs2278392_A 0.54 0.09 0.52 0.44 0.97 0.05 0.37 
 5 rs1345697_G 0.33 0.49 0.51 0.91 0.41 0.17 0.60 
 5 rs17720733_C 0.51 0.09 0.50 0.55 0.28 0.01 0.82 
 5 rs4599527_C 0.93 0.15 0.77 0.80 0.80 0.01 0.20 
 5 rs17108435_C 0.42 0.13 0.34 0.64 0.28 0.005 0.56 
 5 rs4336354_C 0.20 0.34 0.70 0.98 0.52 0.66 0.13 
 5 rs867522_A 0.37 0.10 0.30 0.34 0.21 0.01 0.96 
 5 rs1833710_C 0.84 0.13 0.80 0.16 0.28 0.23 0.68 
 5 rs4280857_A 0.46 0.04 0.01 0.005 0.06 0.77 0.63 
 5 rs2964276_T 0.06 0.36 0.79 0.83 0.31 0.76 0.58 
 5 rs7711800_T 0.20 0.48 0.61 0.30 0.11 0.71 0.46 
 5 rs1011427_T 0.05 0.08 0.25 0.01 0.004* 0.33 0.80 
 5 rs13182913_C 0.08 0.33 0.43 0.60 0.32 0.71 0.38 
 5 rs2068190_T 0.08 0.43 0.68 0.27 0.52 0.87 0.32 
 5 rs17706942_C 0.08 0.04 0.70 0.61 0.19 0.23 0.68 
 5 rs13157587_G 0.86 0.07 0.53 0.85 0.96 0.65 0.72 
 5 rs9686886_A 0.37 0.28 0.48 0.56 0.30 0.99 0.23 
 5 rs5028114_T 0.13 0.43 0.77 0.97 0.63 0.17 0.26 
 5 rs6865654_T 0.66 0.36 0.98 0.33 0.52 0.72 0.23 
 5 rs1972644_A 0.29 0.40 0.57 0.98 0.96 0.47 0.39 
 5 rs1833704_G 0.41 0.18 0.09 0.50 0.15 0.67 0.63 
 5 rs7713886_C 0.65 0.20 0.64 0.56 0.17 0.63 0.06 
  5 rs888961_T 0.49 0.23 0.38 0.64 0.15 0.70 0.17 
HTR7 10 rs1107688_A 0.13 0.14 0.83 0.34 0.55 0.66 0.22 
 10 rs17526697_A 0.31 0.10 0.62 0.73 0.26 0.17 0.10 
 10 rs11812708_C 0.66 0.19 0.85 0.76 0.37 0.58 0.46 
 10 rs11186300_C 0.31 0.48 0.60 0.23 0.91 0.48 0.13 
 10 rs7086484_A 0.46 0.25 0.89 0.64 0.40 0.51 0.21 
 10 rs11599921_C 0.46 0.17 0.81 0.30 0.31 0.98 0.83 
 10 rs7916403_T 0.98 0.41 0.76 0.40 0.88 0.55 0.28 
 10 rs10881838_G 0.48 0.28 0.50 0.90 0.21 0.58 0.32 
 10 rs10785973_A 0.44 0.32 0.54 0.25 0.70 0.07 0.16 
 10 rs7074715_A 0.56 0.11 0.33 0.20 0.66 0.79 0.05 
 10 rs7916720_C 0.60 0.20 0.76 0.75 0.25 0.59 0.78 
  10 rs4282910_A 0.67 0.16 0.81 0.42 0.27 0.94 0.66 
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2.b β-coefficients 
   Depression   Anxiety Neuroticism 
   Beck Yesav CMI CMI EPQ 
GENE CHR SNP β β β β β 
HTR4 5 rs4274968_T -0.108 -0.179 -0.026 0.034 -0.207 
 5 rs17639006_C -0.247 -0.340 -0.050 -0.174 -0.133 
 5 rs3995090_C -0.200 -0.217 -0.023 0.012 -0.149 
 5 rs4597955_G 0.354 0.229 0.041 0.054 0.340 
 5 rs7702840_G -0.054 -0.452 -0.098 -0.282 -0.113 
 5 rs7723153_A -0.134 -0.163 -0.046 -0.061 -0.239 
 5 rs1368383_T 0.193 -0.459 -0.115 -0.260 0.072 
 5 rs1368384_C 0.140 -0.030 0.024 0.058 0.112 
 5 rs7725785_A 0.848 0.297 -0.006 -0.164 0.320 
 5 rs12152801_G -0.122 -0.102 -0.031 -0.005 -0.336 
 5 rs13359903_C -0.008 0.022 -0.008 -0.149 0.228 
 5 rs2278392_A 0.223 0.246 0.002 -0.157 0.314 
 5 rs1345697_G -0.137 0.021 -0.022 -0.065 -0.109 
 5 rs17720733_C -0.244 -0.198 -0.050 -0.205 0.085 
 5 rs4599527_C -0.082 0.067 -0.009 -0.157 0.369 
 5 rs17108435_C -0.291 -0.130 -0.042 -0.190 0.182 
 5 rs4336354_C -0.086 -0.005 -0.018 0.022 -0.332 
 5 rs867522_A -0.347 -0.289 -0.053 -0.185 -0.019 
 5 rs1833710_C -0.076 -0.388 -0.042 -0.082 -0.127 
 5 rs4280857_A 1.398 1.444 0.134 0.037 0.279 
 5 rs2964276_T -0.058 -0.044 -0.028 0.015 -0.124 
 5 rs7711800_T -0.107 -0.198 -0.042 -0.018 -0.156 
 5 rs1011427_T 0.435 0.869 0.136 -0.082 -0.098 
 5 rs13182913_C -0.177 -0.107 -0.028 0.019 -0.196 
 5 rs2068190_T 0.088 0.215 0.017 -0.008 -0.216 
 5 rs17706942_C -0.187 0.229 -0.083 0.132 0.204 
 5 rs13157587_G 0.248 0.071 0.003 0.040 0.146 
 5 rs9686886_A -0.164 -0.126 -0.031 0.000 -0.279 
 5 rs5028114_T 0.062 0.007 0.013 0.066 0.241 
 5 rs6865654_T 0.005 0.192 0.018 -0.018 -0.262 
 5 rs1972644_A 0.121 0.005 -0.001 -0.035 -0.186 
 5 rs1833704_G 0.463 0.170 0.051 -0.026 0.135 
 5 rs7713886_C -0.120 0.138 0.045 0.028 0.490 
  5 rs888961_T -0.214 -0.104 -0.045 -0.021 -0.342 
HTR7 10 rs1107688_A -0.065 -0.271 -0.023 -0.031 -0.389 
 10 rs17526697_A 0.168 0.109 0.049 0.106 0.579 
 10 rs11812708_C -0.050 -0.074 0.030 -0.033 -0.198 
 10 rs11186300_C -0.110 -0.233 -0.003 -0.034 -0.326 
 10 rs7086484_A 0.034 -0.103 0.026 -0.035 -0.305 
 10 rs11599921_C -0.066 -0.262 -0.036 0.002 -0.061 
 10 rs7916403_T -0.065 -0.162 0.004 -0.028 -0.227 
 10 rs10881838_G -0.157 -0.026 0.037 -0.029 -0.238 
 10 rs10785973_A 0.135 0.238 -0.011 0.091 0.313 
 10 rs7074715_A -0.321 -0.392 0.018 -0.020 -0.664 
 10 rs7916720_C 0.079 0.076 0.038 -0.031 0.075 
  10 rs4282910_A 0.065 0.210 0.039 0.004 0.126 

 



Krisztina Mekli (Doctor of Philosophy)   16 

Table 3 Association analysis results for the HTR3 gene 
3a P values 
     Depression Anxiety Neur 
     Beck Yesav CMI CMI EPQ 

Gene Chr SNP 
HWE 

p value MAF p value p value 
p 

value p value p value 
HTR3  3 rs7613237_C 0.07 0.12 0.67 0.89 0.25 0.84 0.91 
CDE 3 rs939335_G 0.16 0.49 0.69 0.25 0.04 0.005 0.13 
subunits 3 rs939334_G 0.94 0.33 0.51 0.73 0.37 0.05 0.35 
 3 rs4912518_T 0.03 0.38 0.57 0.86 0.29 0.15 0.20 
 3 rs12493550_A 0.02 0.07 0.65 0.62 0.63 0.06 0.46 
 3 rs6792482_C 0.90 0.45 0.98 0.39 0.37 0.07 0.16 
 3 rs1467257_A 0.04 0.43 0.27 0.52 0.41 0.76 0.81 
 3 rs7621975_A 0.28 0.18 0.51 0.44 0.86 0.52 0.92 
 3 rs10937160_T 0.73 0.41 0.42 0.74 0.69 0.73 0.85 
 3 rs9819507_C 0.07 0.23 0.74 0.83 0.83 0.80 0.59 
 3 rs6808122_G 0.65 0.38 0.13 0.12 0.30 0.21 0.34 
 3 rs6766410_A 0.47 0.43 0.78 0.86 0.43 0.65 0.59 
 3 rs9869582_C 0.72 0.10 0.02 0.19 0.12 0.33 0.05 
 3 rs6443940_A 0.42 0.38 0.45 0.31 0.34 0.16 0.53 
 3 rs4912521_T 0.56 0.11 0.08 0.49 0.43 1.00 0.24 
 3 rs7648737_G 0.72 0.43 0.85 0.40 0.57 0.16 0.73 
 3 rs6443942_A 0.38 0.47 0.44 0.87 0.97 0.16 0.61 
 3 rs7627615_G 0.10 0.39 0.54 0.28 0.28 0.03 0.49 
 3 rs7432211_C 0.64 0.39 0.70 0.74 0.73 0.95 0.62 
  3 rs11718245_A 0.54 0.19 0.60 0.57 0.99 0.82 0.53 
HTR3AB 11 rs869451_T 0.51 0.39 0.43 0.45 0.35 0.33 0.70 
 11 rs2097078_A 0.56 0.17 0.27 0.37 0.47 0.18 0.05 
subunits 11 rs2011249_T 0.52 0.19 0.39 0.47 0.89 0.91 0.09 
 11 rs1176758_C 0.44 0.44 0.70 0.12 0.65 0.87 0.26 
 11 rs3891484_C 0.75 0.13 0.11 0.67 0.71 0.53 0.15 
 11 rs1176744_G 0.15 0.31 0.50 0.97 0.75 0.34 0.35 
 11 rs2276307_G 0.12 0.22 0.63 0.38 0.60 0.62 0.68 
 11 rs3782025_C 0.84 0.49 0.55 0.04 0.45 0.68 0.05 
 11 rs1672717_C 0.31 0.44 0.96 0.39 0.66 0.64 0.57 
 11 rs7129190_A 0.45 0.48 0.69 0.14 0.70 0.30 0.17 
 11 rs7942029_G 0.84 0.17 0.12 0.20 0.96 0.17 0.12 
 11 rs1150229_T 0.09 0.48 0.54 0.89 0.89 0.49 0.92 
 11 rs1985242_A 0.36 0.32 0.05 0.19 0.84 0.35 0.19 
 11 rs10891611_C 0.84 0.15 0.01 0.07 0.59 0.58 0.004 
 11 rs909411_T 0.80 0.22 0.07 0.12 0.98 0.97 0.03 
 11 rs10160548_G 0.09 0.31 0.61 0.74 0.611 0.65 0.53 
 11 rs11214800_C 0.25 0.48 0.22 0.77 0.57 0.48 0.75 
 11 rs11214806_C 0.37 0.10 0.34 0.62 0.69 0.58 0.01 
  11 rs10891615_T 0.09 0.32 0.26 0.78 0.21 0.91 0.16 
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3b β-coefficients 
   Depression   Anxiety Neuroticism 
   Beck Yesav CMI CMI EPQ 
GENE CHR SNP β β β β β 
HTR3C 3 rs7613237_C 0.134 -0.040 -0.046 0.014 0.036 
subunits 3 rs939335_G 0.080 -0.214 -0.052 -0.127 -0.307 
 3 rs939334_G 0.142 -0.068 -0.025 -0.099 -0.209 
 3 rs4912518_T -0.117 0.035 0.028 0.067 0.271 
 3 rs12493550_A -0.174 0.179 0.024 0.162 0.294 
 3 rs6792482_C -0.004 -0.162 -0.024 -0.085 -0.291 
 3 rs1467257_A -0.224 -0.122 0.022 0.014 0.050 
 3 rs7621975_A 0.175 0.189 -0.006 0.039 -0.027 
 3 rs10937160_T 0.169 0.064 -0.010 -0.016 -0.041 
 3 rs9819507_C -0.082 -0.047 -0.007 0.014 -0.133 
 3 rs6808122_G 0.327 0.306 0.028 0.061 0.210 
 3 rs6766410_A 0.059 -0.035 -0.021 0.021 0.114 
 3 rs9869582_C -0.785 -0.413 -0.069 -0.077 -0.693 
 3 rs6443940_A 0.163 0.200 0.026 0.068 0.136 
 3 rs4912521_T -0.589 -0.210 -0.034 0.000 -0.405 
 3 rs7648737_G 0.040 0.164 0.015 0.066 0.072 
 3 rs6443942_A 0.162 -0.033 -0.001 -0.066 0.109 
 3 rs7627615_G -0.130 0.214 0.030 0.104 0.153 
 3 rs7432211_C -0.083 -0.065 -0.010 0.003 -0.105 
  3 rs11718245_A 0.137 0.140 0.000 -0.014 0.165 
HTR3AB 
 11 rs869451_T -0.164 0.146 0.025 -0.046 -0.084 
subunits  11 rs2097078_A 0.300 0.225 -0.025 0.082 0.552 
 11 rs2011249_T -0.225 -0.176 0.005 -0.007 -0.467 
 11 rs1176758_C -0.078 -0.294 -0.012 -0.007 -0.236 
 11 rs3891484_C -0.488 -0.122 0.015 -0.043 -0.447 
 11 rs1176744_G -0.148 -0.007 -0.009 -0.047 -0.210 
 11 rs2276307_G -0.118 0.197 0.016 -0.027 0.101 
 11 rs3782025_C -0.122 -0.388 -0.020 -0.019 -0.411 
 11 rs1672717_C -0.010 -0.163 0.012 0.022 -0.119 
 11 rs7129190_A 0.082 0.279 0.010 -0.047 0.289 
 11 rs7942029_G 0.429 0.322 0.002 0.084 0.439 
 11 rs1150229_T 0.124 0.025 -0.004 -0.032 0.022 
 11 rs1985242_A 0.445 0.273 0.006 -0.047 0.304 
 11 rs10891611_C 0.771 0.486 0.020 0.036 0.864 
 11 rs909411_T 0.454 0.365 0.001 -0.002 0.548 
 11 rs10160548_G 0.111 0.066 -0.014 -0.022 0.140 
 11 rs11214800_C 0.246 -0.054 -0.015 -0.032 0.065 
 11 rs11214806_C 0.323 0.152 -0.017 0.042 0.840 
  11 rs10891615_T 0.248 -0.056 -0.035 0.005 0.313 

Abbreviations for the tables 
Chr: chromosome 
HWE p value: Hardy-Weinberg Equilibrium P-value 
MAF: minor allele frequency 
Beck: Beck Depression Inventory 
Yesav: Yesavage Geriatric Depression Score 
CMI: Cornell Medical Index 
Neur: Neuroticism 
EPQ: Eysenck Personality Questionnaire 
Marginally significant P-values are indicated in italics 
Significant P-values are indicated in bold 
Asterisk marks the P-values remaining significant after correction for LD-based 
multiple testing 
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Discussion 
 
Here we report the results of a review and investigation of the possible role of less 

well investigated serotonergic receptors (HT1D, 1E, 1F, 2B and 3-7) in depression, 

anxiety and neuroticism. 

Using htSNPs from a genome-wide association study, we found several weak 

associations between certain variants of these genes and the psychiatric phenotypes. 

The strongest associations were observed between the rs4912138_A allele (in the 

HTR6 gene) and Yesavage depression score, three SNPs in the HTR4 gene 

(rs17108435_C, rs4280857_A and rs1011427_T) respectively with CMI anxiety 

scores, Yesavage scores and CMI depression scores. Two SNPs in the HTR3 gene 

also showed relatively strong association to CMI anxiety and Beck depression scores 

(rs939335_G and rs10891611_C, respectively). After correction for multiple testing 

(LD base method) even with moderately strict parameters, only three results 

remained weakly significantly  associated with depression, two SNPs in the HTR6 

gene and one in the HTR4 gene but none of them survived the Bonferroni-correction. 

There are not many studies that have looked at HTR4 and mental disorders 

and the majority of the reports found no association (Hirata et al. 2010, Elia et al. 

2009 Gratacos et al. 2008, Shi et al. 2008). Using haplotype analyses its role in 

bipolar disorder (Ohtsuki et al. 2002) and schizophrenia (Suzuki et al. 2003) was 

suggested in Japanese studies. Our study confirms a reported association between 

rs17108435 and depression (Lewis et al. 2010). As this association became very 

weak after correction for LD-based multiple testing and lost significance after 

Bonferroni-correction, it should be treated cautiously. On the other hand this gene is 

very complex (700 Kb, with 38 exons and numerous splice variants) which may mean 

that one SNP has a small effect in the function of the gene. Further support for our 

finding is that Ht4 KO animals show stress-induced hypophagia and reduced novelty 

seeking, which is co-morbid with depression in humans. 

The HTR6 gene has received some attention in depression research. The 

HTR6 SNP rs1805054 showed positive heterosis effect in response to antidepressant 

treatment in Korean depressive patients (Lee et al. 2005) although the association 

was not observed in a Japanese study (Kishi et al. 2010). Once again, several studies 
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report that association was not found between variants of this gene and depression 

(Illi et al. 2009, Gratacos et al. Fukuo et al. 2010). 

Despite several reports of a lack of association with depression, our positive 

finding may be valid. A recent study showed the importance of this receptor during 

embryonic development. 5-HT6 receptors are expressed in cortical interneurons and 

their activation decreased cortical interneuron migration in the developing brain 

(Riccio et al. 2009). It seems plausible to speculate that any mutation disturbing the 

normal function of this receptor can have a phenotypic effect. Indeed, our two SNPs 

(rs6693503 and rs4912138) are only 6191 bp away from each other (r2=0.45), 

straddling two other missense SNPs (rs8192530 and rs61733141). The first one of 

these missense mutations replaces a basic amino acid residue with a polar, 

uncharged one, whereas the second mutation introduces an S-containing residue 

without causing charge change. It may be possible that one or both of those SNPs 

cause the phenotypic change, and our two SNPs are in LD with them. As rs8192530 

and rs61733141 are not listed in the HapMap phase 3 CEU sample database this 

possibility remains a speculation. 

There are findings in the literature which we were able to corroborate, although 

our results only showed weak nominal significance and they did not survive the 

Bonferroni-correction. For example, the HTR3AB subunits SNP rs3782025 which was 

associated with both CMI anxiety (p-value 0.05) and Yesavage depression (p-value 

0.04) in this study has also been associated with alcohol use disorders, co-morbid 

personality disorder and reduced EEG alpha power in an independent study (Ducci et 

al. 2009). A weak association was also observed between an SNP (rs7627615) within 

the HTR3CDE subunits gene and anxiety (p-value 0.033). The SNP rs7627615 has 

also been associated with attention capacity in schizophrenia (Lennertz et al, 

2010).However, a functional SNP in the HTR3CDE subunits gene, rs1176744 

(Krzywkowski et al. 2008) did not result in any significant association in our sample. 

Another SNP, rs1062613 which is thought to be functional and showed association 

with bipolar affective disorder (Niesler et al. 2001) was not present among our SNPs. 

In the HapMap phase 3 CEU database this SNP was in strongest LD with 

rs10891611 (r2=0.55) which in our cohort showed the strongest association with Beck 

depression and EPQ neuroticism among the HTR3AB variants. Therefore it is 

possible that this gene region has some function in mental disorders.  
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A somewhat surprising result was the lack of association between HTR7 gene 

and the depressive phenotype in our sample. KO animal models suggest an 

important role in circadian rhythm (Guscott et al. 2005) and REM sleep (Hedlund et 

al. 2005), which is disturbed in depression. Also it has been associated with 

depression in a UK population (Lewis et al. 2010) and with antidepressant response 

(Uher et al. 2010). Despite these indications, we only found one SNP of this gene 

weakly associated with neuroticism. 

In the literature we were not able to find indications of 5-HT1D, 5-HT1E, 5-

HT1F and 5-HT2B receptors involvement in depression and related phenotypes 

which our finding corroborates. One report shows association between a SNP in the 

HTR5A gene and depression, -19G/C (rs79028878, Birkett et al. 2000). As our data 

did not contain this SNP and it is not listed on the HapMap phase 3 CEU database we 

cannot comment on this finding. 

Finally, also based on the literature review of animal and human studies, we 

found that these genes have an apparent effect on vegetative symptoms - such as 

function of the cardiovascular system (HTR2B), food intake (HTR4), and sleep pattern 

(HTR7) - that represent core symptoms or co-morbid states with depression. The 

phenotypic data available for us did not confirm the involvement of the HTR2B gene 

in cardiovascular symptoms or the HTR7 gene’s role in fatigue and sleep disorders. 

The major strength of this study was its use of a large sample size. Our cohort of over 

1500 individuals had over 87% power to detect a genetic effect size of 1% assuming 

a MAF of 28.5% (average MAF in this study) and a stringent significance threshold of 

0.005 (2-sided). As none of the observed associations survived Bonferroni correction, 

it suggests that either the results occurred by chance and were false positives or that 

the effect sizes were small. However, if the nominally significant results had occurred 

by chance we may have expected to see a more random distribution across the 

behavioural traits rather than the observed clustering in specific domains. Whilst 

linkage disequilibrium may account for some of this clustering it may also be an 

indication of true association. Another strength of this study is that depression was 

measured using three different tests. This allowed us to test the robustness of an 

association and provided further indication of false positive results. 

A weakness of this study is that the volunteers were not selected for 

depression but rather were a group who were used for a study of cognition. Unlike a 
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case control study where a comparison is made with the extreme end of the 

behavioural traits this study analysed the normal distribution of a continuous trait 

which can be a less powerful approach.  

In conclusion, we report three associations between HTR4 and HTR6 SNPs 

and depression. These associations are weak and did not remain significant after 

Bonferroni-correction, which may indicate the small involvement of these receptors in 

the behavioural and emotional phenotype. As many of these receptors appear to play 

a role in other vegetative function, which are disturbed in depression, we suggest that 

future genetic association studies which investigate the effect of the whole 

serotonergic pathway should take into account important vegetative phenotypes 

together with behavioural assessments. 
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7. General Discussion 

Within a couple of years after the completion of the entire human genome sequencing 

(International Human Genome Sequencing Consortium 2001a and 2001b) and the 

first haplotype map (The International HapMap Consortium 2005), the first whole 

genome association studies started. Three years ago when the first results started to 

emerge, the expectations were high. GWAS performed very well in identifying new 

genes and confirming previous susceptibility candidates in many disorders, such as 

type 1 and 2 diabetes and Crohn disease (Manolio et al. 2008). However, GWAS 

gave less conclusive results in psychiatric disorders. After 9 depression GWAS we 

still do not have a conclusive list of genes which would account for earlier estimates 

of depression heritability (30-40%, Sullivan et al. 2000). Why is this so? 

In 1918 RA Fisher wrote: ‘if several genes affect a trait, the trait will be 

normally distributed even though each gene is inherited according to Mendel’s laws’ 

(Fisher 1918) (Figure 9).  
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Figure 9. Fisher’s bell curve. As the number of alleles increases, the distribution of the 

genotype reaches the perfect bell curve shape (Adapted from Plomin et al. 2009). 
 

Nearly one hundred years later GWAS proved that this is indeed the case with 

depression, anxiety and neuroticism. Instead of a few genes with major effects, a 

large number of genes with very small individual effects appear to underlie these 

phenotypes. Genetic variations with small effects are hard to identify using GWAS. 

GWAS produces very large amounts of data and in the necessary correction of 

genome-wide significance these small significance values tend to be lost and are 

difficult to distinguish from the ‘noise’. Also, depression and anxiety (just like 

neuroticism) are continuously distributed in the population, which makes it difficult to 

treat them in the same way as a categorical disorder. Furthermore, GWAS are not 

suitable to take into consideration other effects which may take part in determining 

the phenotype, such as environmental factors, and gene x gene interaction. Using 

intermediate phenotypes, such as brain imaging and computerised tasks cannot help 

GWAS because of the large samples required to allow true statistical significance to 
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emerge from the multitude of false positives in comparisons of 500,000 to over 2 

million SNPs. 

Smaller, hypothesis-driven studies on the other hand are only able to 

investigate the role of a smaller number of candidate genes in any given phenotype. 

Precisely because of the relatively limited amount of data these studies produce, it is 

possible to include interactions into the models without reducing sensitivity through 

severe correction for multiple comparisons. A hypothesis-driven study, containing 

only 847 individuals was the first to prove the logical assumption that the environment 

and the serotonergic system are in interaction with each other (Caspi et al. 2003). 

This relationship has been replicated several times since then (Caspi et al. 2010). 

The link between the genotype of the 5-HTTLPR and emotional behaviour was 

provided with a small study (Hariri et al. 2002). With a simple perceptual task known 

to reliably engage the amygdala, the researchers showed that s allele carriers of the 

5-HTTLPR exhibited fivefold greater amygdala response to emotionally provocative 

stimuli (Hariri et al. 2002). This finding again has been replicated many times since 

(Scharinger et al. 2010). 

It seems reasonable to suggest that the future of genetic research is the 

combination of the GWAS and the hypothesis-driven, gene or pathway investigating 

studies, which instead of competing, complement each other. 

My study as a part of a large European study (New Molecules in Mood 

Disorders or New Mood) was a hypothesis-driven, pathway investigating study. The 

aim was to determine the role of the known 14 serotonergic receptors (HTR1A-F, 2A-

C, 3A, B, 4,5,6 and 7) and the transporter molecule (SERT) in the depression, trait 

anxiety and neuroticism phenotypes. I also investigated the possibility that other 

interacting factors, such as childhood adversity, recent life events and serotonergic 

gene x gene interactions would influence the trait (dimensional) and the diagnostic 

(categorical) phenotypes. 

 

Study 1: The HTR1A and HTR1B receptor genes influence stress-related information 

processing 

 

My results showed no association between HTR1A and HTR1B genes and 

depression and anxiety in the allelic or genotypic association tests. However, 
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significant association emerged between the HTR1A rs6295, rs878567 and HTR1B 

rs6296 and BSI depression and anxiety scores when recent life events were included 

as an interacting factor in the model. A previously identified functional HTR1A SNP 

(Lemonde et al. 2003) was investigated in a computerised task in a subset of healthy 

individuals. It showed that the possession of the overexpressing allele of rs6295 was 

associated with a quicker response in identifying fearful face emotions. These results 

suggest that 5-HT1A and perhaps 5-HT1B autoreceptors mediate changes in the 

serotonergic system that influence the depressogenic or anxiogenic effect of recent 

negative life events. In the case of the 5-HT1A receptor a possible pathomechanism 

that may play a role in stress-related depression and anxiety could be via its 

involvement in threat-related information processing. 

 

Study 2: Evidence for epistatic interaction between HTR2A and SLC6A4 genes in 

depression and associated phenotypes 

 

In this study I investigated the role of HTR2A and SLC6A4 genes in 

depression, trait anxiety and neuroticism. In the New Mood cohort no association 

emerged in the allelic and genotypic tests. When testing for epistasis, significant 

interactions emerged between a promoter SNP (rs6311) and the third haplotype 

block, and between the second and third haplotype blocks of the HTR2A gene in the 

New Mood cohort. In this cohort interaction was observed within the SLC6A4 gene (5-

HTTLPR and rs6354), and between the HTR2A and SLC6A4 genes (rs3794808 and 

a haplotype block in intron2).  

I found a similar interaction in an independent sample (Dyne Steel cohort) 

between haplotype blocks two and three within the HTR2A gene, also between the 

SLC6A4 and HTR2A, but with a different region of the latter (rs3794808 and a 

haplotype block within exon2). These observations add support for possible 

interactions within the HTR2A gene. Between the HTR2A and SLC6A4 genes the 

findings were less convincing which may indicate the absence of such an interaction 

or if it is present it is very weak. 

I attempted but could not replicate the original Caspi-finding in the New Mood 

cohort. This may be due to several reasons. First of all the phenotype assessment 

methods were different in the studies. In the original study participants were assessed 
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at age 26 with the use of the Diagnostic Interview Schedule which yielded a 

quantitative measure of depressive symptoms and a categorical diagnosis of a major 

depressive episode according to Diagnostic and Statistical Manual of Mental 

Disorders (DSM-IV) criteria. Stressful life events occurring after the 21st birthday and 

before the 26th birthday were assessed with the aid of a life-history calendar, thought 

to be a highly reliable method for ascertaining life-event histories (Caspi et al. 2003). 

In my study I used a self-administering questionnaire (Brief Symptom Inventory, 

Derogatis 1993) to assess depression. However, mood and anxiety symptoms of 140 

participants were also rated by independent trained investigators using the 

Montgomery-Asberg Depression Rating Scale (Montgomery and Asberg, 1979) and 

the Clinical Anxiety Scale (Snaith et al. 1982). The results showed highly significant 

(p=0.001) correlations between the self-reported symptom scores and the 

independent ratings (Pearson’s correlation: depression R=0.79; anxiety R=0.80) in 

the New Mood Manchester population (Juhasz et al. 2010, Biological Psychiatry, in 

press). Stressful life events were also assessed differently in my study. I used the 

Recent Negative Life Events questionnaire, based on the validated List of Life 

Threatening Experiences (LTE) (Brugha et al. 1985, Rijsdijk et al. 2001). As this 

questionnaire asks for recall of negative life events of the last year it is prone to recall 

bias (Moffit et al. 2005). However, it was previously used to replicate a 5-HTTLPR x 

stressful life events interaction in our Hungarian sample (Lazary et al. 2008) and to 

demonstrate cannabinoid receptor 1 gene (CNR1) x stressful life events interaction in 

the Manchester population (Juhasz et al. 2009) indicating its usefulness in population 

genetic studies. The Caspi-population was 26 years old, when assessed whilst the 

New Mood cohort average age was 34, which also may have a role in the lack of 

association. Finally, it is possible that interaction with other genes masked the effect 

of the 5-HTTLPR polymorphism’s effect in the New Mood population. 

 

Study 3: Investigation of serotonin receptors 1D, 1E, 1F, 2B and 3-7 in depression 

and related traits: a mini review and a further attempt to replicate previous findings in 

an elderly community dwelling population 

 

In this study I used GWAS data to investigate the role of other, less well known 

serotonergic receptors in depression, anxiety and neuroticism. I found that the HTR4 
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and HTR6 genes may play a role in depression. However the associations were weak 

and did not survive Bonferroni-correction for multiple testing. 

 

As a conclusion of my studies and based on the present literature I propose the 

following model for depression.  

 

The serotonergic system has a key role in brain development. In the embryo 

serotonergic fibres infiltrate all cortical layers and retract profoundly during the 

maturation of the brain (Lesch and Gutknecht 2005). 5-HT modulates the outgrowth 

of neurites from other neurotransmitter systems, such as glutamatergic neurons. 

Animal studies have demonstrated that excessive concentrations of extracellular 5-

HT in Slc6a4 and Mao-A KO mice disturbs the development of the somatosensory 

cortex resulting in axons with a decreased number of branches (Lesch and Gutknecht 

2005, Gaspar et al. 2003). Figure 4 shows the increase in synaptic content of 5-HT 

associated with the less active s allele by extension from dialysis studies in Slc6a4 

KO animals. The increase in synaptic 5-HT concentration may mediate the 

developmental abnormalities in cortical cytoarchitecture seen in KO animals (Gaspar 

et al. 2003, Riccio et al. 2009). Analogous developmental changes may occur in 

humans who possess the s allele as suggested by previously reviewed brain imaging 

studies (Hariri and Holmes 2006). 5-HT influences on brain development could also 

arise from less active autoreceptors (Gross et al. 2002) and variation in other 5-HT 

receptors (for example 5-HT6, Riccio et al. 2009). Thus some of the phenotypic 

effects of genetic variation in 5-HT receptors may be mediated by early influences on 

the development of the limbic system and its top down cognitive control (Savitz and 

Drevets 2009b) mechanisms that determine emotional reactivity, self-perception, 

memory and other cognitive biases that may be relevant to affective disorder 

(Wellman et al. 2007).  

It is interesting to note that there is a specific time window in development 

when the maturing brain is sensitive to serotonergic disturbances, which may be due 

to external manipulation of 5-HT function by using drugs or genetic modifications such 

as conditional KO and rescue lines in the case of animal models (Gross et al. 2002). 

Brain development in humans continues into adulthood and is modified by early 

experience including adverse influences such as physical abuse and neglect. 
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Increasing evidence suggests that 5-HT and environmental factors interact during 

brain development to produce long-term biases in cognitive-emotional processing that 

underpin vulnerability to depression. 

5-HT functioning is subject to many homeostatic control mechanisms that 

compensate for genotypic effects such that in optimal rearing conditions, minor or no 

phenotypic changes may be manifest. One mechanism can be seen in the adaptive 

changes in 5-HT receptors that have been described in the synapse of Sert KO 

animals that mitigate the effect of raised 5-HT content; for example down-regulation 

of 5-HT2A, 5-HT2C and 5-HT3 receptors (Hariri and Holmes, 2006). Whether genetic 

variation in 5-HT receptors can affect their ability to adapt to altered synaptic 

conditions is an interesting question, which has fuelled an increasing number of 

ongoing research studies with no definitive answer as yet. For example, the long 

variant of the SLC6A4 promoter polymorphism had a threefold higher basal luciferase 

activity compared to the short variant in human placental choriocarcinoma cells (Heils 

et al. 1996). Whilst this finding is generally accepted, it does not explain the 

mechanism of SSRIs which block the transporter molecule therefore their effects 

correspond to the s allele. In the HTR1A gene the effect of rs6296 alleles is more 

complex. This polymorphism disrupts a binding site for the NUDR/Hes5 transcription 

factors. The effect of the polymorphic allele was dependent on the transcription factor 

and on the cell type used (Lemonde et. al 2003).  
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Figure 10. Function of the serotonin transporter molecules in the synaptic cleft 
according to the 5-HTTLPR genotype (Adapted from Hariri et al). 

 

It is well documented that in adulthood 5-HT modifies functioning in neural 

systems that process emotional and stressful stimuli and control the behavioural, 

autonomic and endocrine response. The evidence is clear from acute 5-HT drug 

manipulation studies in both humans and animals on behaviour and imaging of 
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emotion processing. In humans for example, acute Tryptophan depletion and SSRI 

treatment can have opposite effects on the magnitude of amygdala fMRI response to 

viewing faces with fearful expressions. Because genetic variation in serotonergic 

genes has dual influences on 1. the development of neural systems mediating and 

controlling mood and emotion and 2. modulating the functioning of the same systems 

in adulthood, the separate contribution of these processes are difficult to disentangle. 

Healthy controls carrying the 5-HTTLPR s allele show increased reactivity in the 

emotion regulation pathway, especially in the amygdala, in fMRI studies (Hariri and 

Holmes 2006). Whether this is due to altered 5-HT in amygdala synapses or to 

developmental influences is not clear. Some evidence from connectivity and 

morphometric analysis suggest that the developmental effect is important (Pezawas 

et al. 2005). Similar uncertainties apply to the finding in this thesis that variation in the 

5-HT1A receptor influenced face emotion processing in healthy volunteers. 

Multimodal pharmacological-imaging studies (PET/fMRI or pharmacological fMRI 

techniques which can map individual differences in behaviorally relevant brain circuit 

function) may be one way of unravelling the intermediate processes between genetic 

variation and phenotype. 

The amygdala is a key structure in the organisation of behavioural and 

endocrine (HPA) stress responses. Serotonin controls the excitability of the amygdala 

(Cheng et al. 1998, Stutzmann et al. 1998, Stutzmann et al. 1999) and inhibits the 

stress responses via the 5-HT1A receptors, although 5-HT2 receptors may exert a 

facilitatory effect. Stress-induced activation of the HPA, increasing corticotrophin-

releasing hormone (CRH), adrenocorticotroph hormone (ACTH) and peripheral 

cortisol secretion is partly mediated by increased 5-HT release evoked by stress (van 

Praag, 2004). It is likely that the magnitude and duration of the 5-HT and HPA 

response to stress reflects the number and sensitivity of 5-HT receptors controlling 

firing and release and transmitting postsynaptic signalling. However, there have been 

no studies of the influence of genetic variation in 5-HT genes on measures of HPA 

function. If stress is persistent, and inescapable, the HPA system escapes from 

negative feedback control and becomes chronically overactive. High levels of cortisol 

and CRH reduce 5-HT turnover, release and neurotransmission. As a consequence 

of the regulatory role of the 5-HT, every process which influences the turnover of this 

neurotransmitter, may lead to a dysfunctional stress response. The crucial question is 
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how the brain can use adaptive changes to downregulate the stress response, which 

is strongly influenced by our genetic make-up (Figure 10). 

In addition to their role as 5-HT autoreceptors on 5-HT neurons, 5-HT1A, 5-

HT1B and 5-HT1D autoreceptors also act as heteroreceptors mediating the influence 

of 5-HT on the release of other neurotransmitters, such as acetylcholine, GABA and 

glutamate (Filip and Bader 2009). Therefore any change in the expression of 5-HT1A, 

5-HT1B and 5-HT1D receptors may causes changes in release of various 

neurotransmitters as well 5-HT itself. Many other serotonergic receptors act as 

heteroreceptors influencing the release of acetylcholine (5-HT3, 5-HT4, 5-HT6), 

GABA (5-HT2A, 5-HT2C, 5-HT3, 5-HT4, 5-HT5, 5-HT6, 5-HT7) glutamate (5-HT2A, 

5-HT2C, 5-HT3, 5-HT4, 5-HT7) and dopamine (5-HT2A, 5-HT2C, 5-HT6). Variation in 

synaptic 5-HT content thus has a widespread influence on a number of other 

neurotransmitter systems. Finally, 5-HT release can be increased by the activation of 

the 5-HT5 and 5-HT6 receptors and they influence other neurotransmitters. The 

developmental and behavioural phenotype is a result of these complicated 

interactions. A dysfunctional or pathological phenotype only occurs if the net effect of 

variation in many homeostatic mechanisms at different levels of 5-HT functioning fails 

to compensate for the initial changes in serotonin function (Figure 11). 

 

In summary, this model proposes: 

� An increase in 5-HT release, resulting for example from a temporary 

environmental stressor, initiates a complicated balancing mechanism. If stress 

persists and/or the balancing mechanism is inadequate stress-related anxiety 

or depression may occur. This ‘primary’ depression or anxiety is related to the 

maladaptive processes in the serotonergic system (e.g. 5-HT1A, 5-HT1B and 

5-HT1D autoreceptors and the transporter). 

� 5-HT initiates other systems’ involvement in the psychiatric phenotype, such as 

the GABA, glutamate, dopamine and acetylcholine via the serotonergic 

heteroreceptors. 

� This is a dynamic process, involving several systems, therefore possession of 

one polymorphism or even a few does not necessarily result in a pathological 

phenotype. 
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� The phenotype is a result of these complex interactions, which involve several 

neurotransmitter systems. Therefore the observed phenotype is a 

heterogenous set of symptoms. 

� This complexity explains why one genetic variant may show only a minor effect 

on the depressive or anxious phenotype. This may account for the reason why 

GWAS studies have identified genes in basic common pathways such as the 

GRM7 (metabotrobic glutamate receptor 7, Shyn et al. 2009), CACNA1C (alfa-

1c subunit of the L-type voltage-gated calcium channel) (Green et al. 2009), 

and PCLO (protein that localises to the cytomatrix of the presynaptic active 

zone and has a role in monoaminergic neurotransmission in the brain) 

(Sullivan et al. 2009). 
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Figure 11. Schematic figure of the role of serotonergic system in the development of 

depression. 
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This model was stimulated by my results but it is set in the context of previous 

literature. 

First, Study 1 showed that the 5-HT1A and 5-HT1B autoreceptors were 

positively associated with depression and anxiety when interacting with recent life 

events. This association was not attributable to the independent effect of life events 

themselves. Moreover, the rs6295 G allele which is known to cause increased 

transcriptional activity of the HTR1A gene (Lemonde et al. 2003) was associated with 

quicker amygdala response to emotionally threatening stimuli. An SNP in the HTR1B 

gene (rs6296) was also positively associated with depression and anxiety, which may 

be attributable to linkage disequilibrium to another transcriptionally overacting SNP 

allele nearby (rs13212041, Jensen et al. 2009). 

Study 2 showed the importance of interaction of SNPs within a gene or 

between genes. One SNP’s effect within the same gene may not lead to an altered 

phenotype if it is possible to compensate it with an opposite effect caused by other 

functional SNPs. Therefore, the pathological phenotype only occurs when two 

susceptibility alleles are present. This argument has some support from my study as 

this intragenic interaction was present in two populations, although not between 

exactly the same regions. Study 2 also showed that this compensation is possible 

between genes, as well. In my model of depression, this is a crucial argument.  

On the other hand, failing to replicate the original Caspi-finding may indirectly 

indicate that the transporter’s activity is only one component in the pathophysiology of 

depression and anxiety. The complex interplay between the different levels of the 

serotonergic pathway, such as the transporter, the autoreceptors and 

heteroreceptors, can balance the effect of life stresses in s allele carriers resulting in 

a normal phenotype.  

Finally, Study 3 demonstrated other serotonergic heteroreceptors’ involvement 

in the depressive phenotype. The weak association between HTR3, HTR4 and HTR6 

and depression and associated phenotypes suggests that either the contribution to 

the phenotype of the individual SNPs is small or that we were observing false positive 

associations. 

There are several strengths of my study. One of them is the use of two large 

independent cohorts. For example I had 96% power in the New Mood Manchester 
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population (N=1387) and 97% in the Dyne Steel cohort (N=1563) to detect a 

polymorphism (assuming a minor allele frequency of 25%) with an effect size of 1% at 

the 5% two-tailed significance level. To detect a gene x environment interaction with 

an effect size of 3%, in the same model as above, I had 97% power in the New Mood 

cohort (Study1). Secondly, I used continuous traits rather than diagnostic dichotomy 

to assess the phenotype in both cohorts. In the Dyne Steel cohort I applied three 

different depression measures. Finally, I used the gene-based approach with 

haplotype tagging SNPs instead of reporting on one or two SNPs. 

On the other hand, as a ‘typical’ population based study, my study suffered from the 

‘typical’ issues of other genetic association studies. 

First, as life events played a crucial part in the association between the HT1A 

and HT1B autoreceptors and depression and anxiety, it would have been 

advantageous to perform analyses such as epistatic analyses between HTR1A, 

HTR1B and SLC6A4 including the life events into the model, or the same with HTR2A 

and SLC6A4. Unfortunately, the New Mood population’s size is not large enough to 

do that. On the other hand, life events data were only available in a small subset of 

the Dyne Steel cohort; therefore I could not attempt to replicate the HTR1A/HTR1B x 

environment interaction in that independent population. Because of the lack of 

replication this finding remains a possible false positive finding, especially given that a 

recent study failed to find the same association (Chipman et al. 2010). 

Secondly, between-study heterogeneity was another issue. The New Mood 

and Dyne Steel cohorts were originated from two different study designs, and neither 

the phenotypes nor the majority of genotyped SNPs were the same, which made 

direct replication possibly only via the LD calculation method. As this method is based 

on probabilities the result should be considered with caution. In the case of the 5-

HT3, 5-HT4, 5-HT5, 5-HT6 and 5-HT7 receptors, their genes were not investigated in 

the New Mood cohort, which makes the weak association findings in the Dyne Steel 

cohort questionable.  

The failure to replicate the association between life events and the 5-HTTLPR 

genotype in depression is inconsistent with the majority of the literature. There could 

be several methodological differences that result in this non-replication, as I 

mentioned above. The two main differences were: 1. to assess depression self-

reported questionnaire was used and 2. life events were measured retrospectively. It 
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may also have some importance that the New Mood population was older than the 

original Caspi study because of the different recruitment method. However, it is also 

possible that other gene x gene interactions masked or balanced the effect of 

5HTTLPR x life events as my model explained above. 

Thirdly, the associations I found in my study were weak ones. This however is 

typical of many other findings in depression, anxiety and neuroticism, but also may 

indicate false positives.  

Finally, to build a more complete picture, other genes should have been 

investigated in the study, such as TPH2 (tryptophan hydroxylase) and MAO-A 

(monoamine oxidase A).  

 

Future directions 

To understand how depression and anxiety develops, the hypothesis-testing 

approach will need to involve a wide range of neurotransmitter-related and neuronal 

development genes and analyse for possible interactions between them. It may be 

also important to narrow or divide the phenotypic categories (such as depression) into 

subgroups, with homogenous symptoms within. Multi-modal imaging studies show 

promise in establishing the CNS processes that intervene between genetic variation 

and behavioural phenotype. Also, carefully measured environmental factors have to 

be included into the models, taking into account their context and time course. 

Recently epigenetics is receiving more and more attention in the literature with a good 

reason. Studies have found that adult children of Holocaust survivors exhibit an 

increased incidence of mood disorders and multiple alterations in the HPA axis 

function (Neigh et al. 2009). One possible mechanism for this is that serotonin is an 

important molecule during embryonic development at a very early stage when 

serotonin is only produced by the maternal body, thus the genetic make-up of the 

mother and not the offspring could have major effects for the developing brain. 

However, there may be many other, more complicated mechanisms yet to be 

discovered, acting during development, that have a long term influence on gene 

expression. 
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8. Conclusions 
In conclusion, my study provides evidence for the involvement of the serotonergic 

system in depression and related phenotypes, such as trait anxiety and neuroticism. I 

showed that recent life events take part in the development of depression, and that 

these are modulated via the 5-HT1A and 5-HT1B autoreceptors, but not via the SERT 

in the New Mood cohort. On the other hand, significant interaction emerged between 

the SLC6A4 and HTR2A genes in depression, anxiety and neuroticism in the New 

Mood cohort. Interactions were also observed in an independent cohort (Dyne Steel) 

although not always between identical SNPs and analysis of the whole data set did 

not survive correction for multiple testing. Finally, my study showed the possible 

importance of other less investigated serotonergic receptors (5-HT4 and 5-HT6) in 

these phenotypes. My results shed light on the very complex interactions between the 

environment and the serotonergic system, as well as within and between the gene 

members of this neurotransmitter system. 
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10. Appendix 

10.1 Imaging studies on depression and anxiety 

10.1.1 5-HT neurochemistry and depression; imaging with Magnetic 

Resonance Imaging 

The MRI technique gives a detailed map of the brain. In the most common form of 

MRI the hydrogen atoms are quantified. This technique is very valuable for detecting 

structural changes in the living brain, such as lesions, tumours and volume loss (Bear 

et al. 2007). 

Recent technological advances have allowed neuroscientists to observe the 

activity of the nervous system in living subjects. The functional MRI (fMRI) method 

takes advantage of the fact that the oxygenated form of haemoglobin 

(oxyhaemoglobin) has a different magnetic resonance than the deoxygenated form. 

FMRI detects the locations of increased neuronal activity by measuring changes in 

blood oxygenation dependent (BOLD) signal (Bear et al. 2007). The BOLD signal is 

not measured in absolute units and so cannot be used to compare neural activity at 

rest between groups. Rather, BOLD signal is sensitive to changes evoked by mental 

activity. During fMRI sessions participants are given various tasks and the task 

induced blood oxygen level dependent (BOLD) signal change is measured in different 

brain areas (Hariri and Weinberger 2003). 

Absolute quantification of regional metabolic activity and flow can be achieved 

using positron emission tomography (PET). The technique relies on the 

administration of trace amounts of positron emitting isotopes of oxygen or carbon. 

Emitted positrons are immediately annihilated by electrons to produce two photons 

that fly apart at 180 degrees. These are detected by a ring of photomultiplyer 

coincidence detectors around the head (the PET camera) that work out the line of 

flight and thus the location of the isotope in brain. The rate of clearance of a pulse of 

O15 labelled water is used to measure flow. [C15] flourodeoxyglucose (FDG) uptake is 

used as a measure of metabolism. This relies on the property of deoxyglucose that it 

cannot be fully metabolised and so becomes trapped in cells in proportion to recent 

metabolic activity.  
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The retention of C15 labelled drugs detected by PET has been extensively 

used to measure the density of drug binding sites including receptors and uptake 

sites.  In the serotonin system various radioligands have been used to estimate in 

5HT uptake sites and 5-HT1A and 5-HT2A receptor binding sites in depression and 

the studies are summarised in Table 10.1 below.     

Although the anatomical and physiological basis of depression is still the 

subject of extensive investigation, MDD most likely involves the limbic structures 

(amygdala and hippocampus), basal ganglia and some cortical regions some of which 

exert top-down regulatory control of limbic reponsiveness.  

 

10.1.1.1 Functional changes in the amygdala in depr ession and 

anxiety disorders 

The amygdala is found in the medial temporal lobe and is part of the limbic system. 

Its nuclei receive and projects to different brain areas with a major connection to the 

hypothalamus (Drago and Serretti 2008). The amygdala is thought to mediate the 

emotional aspects of life events and appears to play a primary role in colouring 

perceptual stimuli with emotion by emphasizing fear, anger and sadness (Gloor et al. 

1982, Drago and Serretti 2008). 

The finding of increased amygdala reactivity to negative stimuli is one of the 

most consistent findings in the literature both in depression and in various forms of 

anxiety disorder (PTSD, panic disorder, phobias, OCD) (for review see Savitz and 

Drevets 2009b, Etkin and Wagner 2007, Shin and Liberzon 2010, Damsa et al. 2008 

Review). In addition, it seems that amygdala responses to negative words are 

detectable for longer periods of time in depressed patients than in healthy controls 

(Siegle et al. 2002). Similarly, patients with MDD reportedly remember negative better 

than positive words (Watkins et al. 1992), a finding that correlates with increased 

BOLD activity of the right amygdala (Hamilton and Gotlib 2008).  In several studies 

the amygdala activation was positively correlated with depression and anxiety 

symptom severity (Savitz and Drevets 2009b, Shin and Liberzon 2010). Finally, an 

fMRI study involving 14 women found that greater amygdala activation to negative 

stimuli was associated with neuroticism, measured on the Big Five Inventory (Canli 

2004). This is particularly interesting, as neuroticism is considered as a trait rather 
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than an illness. The apparent efficacy of antidepressant medications and cognitive-

behaviour treatment in attenuating amygdala hyper-activity has been supported by 

other studies in depression (Sheline et al. 2001, Fu et al. 2004, Chen et al. 2008) and 

in anxiety disorders (Shin and Liberzon 2010, Damsa et al. 2008). Despite the 

majority of literature reports on increased activity of amygdala in depression and 

psychiatric disorders, there are some studies that have reported no changes or even 

decreased activity (Savitz and Drevets 2009b, Shin and Liberzon 2010, Damsa et al. 

2008). 

 

10.1.1.2 Morphological changes in the amygdala in d epression and 

anxiety disorders 

One study has found reduced connectivity between the left and right amygdala in 

MDD (Irwin et al. 2004). There is inconsistency in the volumetric MRI literature with 

studies reporting smaller left amygdala volumes in depressed patients (von Gunten et 

al. 2000, Caetano et al. 2007), no volume differences (Frodl et al. 2004, Frodl et al. 

2007, MacMaster et al. 2008) and an increased volume in women (Lange and Irle 

2004). In the anxiety literature finding varies between decreased amygdala volumes 

to no change (Shin and Liberzon 2010, Massana et al. 2003). This inconsistency may 

indicate that the volume itself is less important than the activity. 

 

10.1.1.3 Functional changes in the hippocampus in d epression and 

anxiety disorders 

The hippocampus is a key structure for the encoding of emotionally relevant data into 

memory and interacts with the amygdala to provide input regarding the context in 

which stimuli occur (LaBar and Cabeza 2006). A functional study has found increased 

activity of right hippocampus in MDD (Videbech et al. 2001). Recovery from MDD was 

associated with either decreased or increased hippocampal metabolism, depending 

on whether the therapy was drug based (Kennedy et al. 2001) or cognitive behaviour 

based (Goldapple et al. 2004). 

The anxiety literature is contradictory on functional changes in the 

hippocampus (Shin and Liberzon 2010, Damsa et al. 2008).  
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10.1.1.4 Morphological changes in the hippocampus i n depression 

and anxiety disorders 

Hippocampal volume reduction has been widely reported in the literature (Caetano et 

al. 2004, Lange and Irle 2004, MacQueen et al. 2003,O’Brien et al. 2004) particularly 

in the basolateral region (Steffens et al. 2000, Lloyd et al. 2004, MacMaster and 

Kusumakar 2004, Frodl et al. 2006), the left (Bremner et al. 2000, Tae et al. 2008, 

Mervaala et al. 2000) and the right regions (Bell-McGinty et al. 2002) indicating that 

hippocampal volume loss may be characteristic in depression. However, other studies 

did not find volume differences between depressed and control groups (von Gunten 

et al. 2000, Axelson et al. 1993, Ashtari et al. 1999, Vakili et al. 2008, Rusch et al. 

2001, Hastings et al. 2004, Keller et al. 2008). Similarly, in anxiety hippocampal 

volume loss is supported by several studies, with most reporting symptom severity 

being inversely associated with the hippocampal volume which appears to increase 

after treatment with serotonin reuptake inhibitors (Shin and Liberzon 2010, Bremner 

et al. 2003, Lindauer et al. 2004, Lindauer et al. 2005, Lindauer et al. 2006, Winter 

and Irle 2004, Vermetten et al. 2003, Carmona et al. 2007).  

 

10.1.1.5 Functional changes in the basal ganglia in  depression  

The basal ganglia are made up of the caudate nucleus, putamen, and globus pallidus 

and regulate voluntary movement, posture and muscle tone (Klein 2000). 

Studies of the basal ganglia in depression seem more consistent than other 

regions. Most of the fMRI studies have found decreased activity in the caudate 

(Baxter et al. 1985, Drevets et al. 1992, Mayberg et al. 2005), striatum (Dunn et al. 

2002, Wu et al. 1999) and the putamen (Kegeles et al. 2003). However, some studies 

did not find a reduced activity in these areas (Baxter et al. 1987, Videbech et al. 

2001). In depressed patients exposure to sad faces caused either an exaggerated 

response in the left ventral striatum and caudate which improved after antidepressant 

treatment (Fu et al. 2004) or reduced regional cerebral blood flow in the ventral 

striatum in remitted patients (Neumeister et al. 2006). Other studies have observed 

an increase in activity in the caudate (Brody et al. 2001, Chen et al. 2007) of MDD 
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patients. Tryptophan depletion has also been shown to trigger increased activity of 

the ventral striatum (Neumeister et al. 2004b). 

 

10.1.1.6 Morphological changes in the basal ganglia  in depression  

Several early studies reported basal ganglia volume reductions in MDD, such as 

smaller putamen (Husain et al. 1991), bilateral reduction in caudate nucleus 

(Krishnan et al. 1992), reduced volume of both caudate and putamen (Parashos et al. 

1998) and greater left caudate atrophy in late-onset compared to early-onset MDD 

(Greenwald et al. 1997). Later studies using depressed, euthymic and remitted 

patients found no significant associations with any basal ganglia area volumes 

(Sheline et al. 1998, Kim et al. 1999, Lenze et al. 1999, Bremner et al. 2000, 

Hannestad et al. 2006).  

 

10.1.1.7 Functional changes in cortical regions in depression and 

anxiety disorders 

Three cortical regions have been widely reported in the imaging literature in 

connection with depression and these comprise the orbital frontal cortex, the ventro-

medial prefrontal cortex and the dorso-lateral prefrontal cortex.  

The orbitofrontal cortex integrates limbic data with sensory input thus providing 

a first pass analysis before feeding into higher level processing circuits such as the 

medial-prefrontal cortex. Both these regions are under the control of the dorsal-

prefrontal cortex. The medial-prefrontal cortex acts together with the orbital frontal 

cortex to guide behaviour. According to a current model in depression and anxiety 

disorders; a deficit in the top-down inhibitory control of the dorso-lateral prefrontal 

cortex over the amygdala and limbic structures may result in chronic amygdala and 

limbic over-activity and negative emotions (Davidson 2002). 

 

� Orbital frontal cortex  

PET studies rather unanimously report increased metabolism and flow in OFC in 

depression. (Drevets et al. 2007, Biver et al. 1994, Drevets et al. 2002), which 

normalises after recovery on paroxetine antidepressant (Brody et al. 1999), after 
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deep brain stimulation (Mayberg et al. 2005) or cognitive behaviour therapy 

(Goldapple et al. 2004). One study investigating the activity of the OFC in anxiety 

reported increased activity in this region (Shin and Liberzon 2010 Review). 

 

� Medial-prefrontal cortex 

Studies have provided evidence of increased MDD-associated activity in the 

medial-prefrontal cortex (Drevets et al. 2007, Mayberg et al. 2005, Clark et al. 

2006). It is possible that this elevated activity is characteristic of the acute 

depressed phase of the illness, as it was not present in the remitted patients 

(Drevets et al. 2007) or decreased after deep brain stimulation therapy (Mayberg 

et al. 2005) and sleep deprivation (Clark et al. 2006). Consistent with this data, an 

fMRI study reported a decreased response to sad facial stimuli in the right 

subgenual anterior cingulate cortex (sgACC) after antidepressant treatment 

(Keedwell et al. 2009). 

The literature is inconsistent regarding activity changes in anxiety. The ventral 

regions showed mostly increased but sometimes decreased activity in various 

anxiety disorders (Shin and Liberzon 2010). The dorsal areas (dACC) responded 

with increased activity to various stimuli, which were decreased after 

antidepressant or cognitive-behaviour treatment (Shin and Liberzon 2010). 

 

� Dorsolateral-prefrontal cortex 

Hypometabolism of the dorsal PFC is one of the most robust findings in MDD 

(Hurwitz et al. 1990, Cohen et al. 1989, Biver et al. 1994, Bench et al. 1995, Dunn 

et al. 2002, Davidson et al. 2003, Chen et al. 2007) and in some studies appears 

to normalize with successful treatment (Hurwitz et al. 1990, Cohen et al. 1989, 

Mayberg et al. 2005, Kennedy et al. 2001, Fales et al. 2009). 

This area in anxiety has not been extensively investigated. Two studies found 

evidence of decreased activity which increased following antidepressant treatment 

(Shin and Liberzon 2010). 
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10.1.1.8 Morphological changes in the cortical regi ons in depression 

and anxiety disorders 

� The orbital frontal cortex 

Morphometric OFC volume loss in depression is widely reported in the literature. 

Bilateral reduction of OFC in MDD has been reported in three studies (Lai et al. 

2000, Steffens et al. 2003, Lavretsky et al. 2004), a 20-30% reduction in medial 

OFC (gyrus rectus) has been found in two studies (Ballmaier et al. 2004, Bremner 

et al. 2002) and an increased lesion of medial OFC has been correlated with the 

severity of depression in another study (MacFall et al. 2001). Not only the volume, 

but the integrity of the white matter tracts in the OFC is important. This was 

demonstrated by one study which found a negative association between integrity 

and the severity of depression (Nobuhara et al. 2006). Not every study found 

evidence of association between volume loss and depression (Parashos et al. 

1998, Hastings et al. 2004, Janssen et al. 2004). 

In certain anxiety disorders there are reports of reduction bilaterally (Atmaca et 

al. 2007, Atmaca et al. 2006) and in the left side (Kang et al. 2004, Choi et al. 

2004). 

 

� Medial-prefrontal cortex 

The first imaging study of the medial prefrontal cortex in MDD patients with a 

family history of affective illness (Drevets et al. 1997) showed left hemisphere grey 

matter loss in the sgACC. Further, medication-free patients displayed reduced 

metabolism of the left sgACC as demonstrated by positron emission tomography. 

Since then other studies have also provided evidence for MDD-associated grey 

matter loss in the sgACC (Boteron et al. 2002, Hastings et al. 2004, Boes et al. 

2008). A recent meta-analysis (Hajek et al. 2008) confirms that on average both 

left and right sgACC volumes are decreased in mood disorders, which especially 

effect the left hemisphere and that this appears to be driven by cases with a family 

history of illness. 

Grey matter volume and density appeared to be smaller in anxiety disorders 

(Shin and Liberzon 2010), with one study suggesting that the grey matter density 

decrease may be an acquired condition rather than a familiar risk factor (Kasai et 
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al. 2008). In the rostral anterior cingulate cortex (rACC) increased white matter 

integrity has also been reported in anxiety (Shin and Liberzon 2010). 

 

� Dorsolateral-prefrontal cortex 

Severity of depression has been negatively correlated with grey matter volume of 

dorsolateral-prefrontal cortex (DLPFC) (Chen et al. 2007). Once again the 

literature is conflicting on this matter (Brody et al. 1999, Brody et al. 2001, Drevets 

et al. 2002). This may be due to the fact that the vast area of the cortex is 

subsumed under the term of DLPFC and this makes the data difficult to interpret. 

 

In conclusion, there is strong evidence in the literature of increased amygdala 

reactivity to negative stimuli in depression and anxiety disorders, which can be 

reversed by antidepressant treatment. On the other hand, hippocampal volume 

loss also seems to be characteristic to these disorders. The early studies on 

volume loss in the basal ganglia were not confirmed by later studies, but 

decreased activity seems to be well established. As for the cortical regions, there 

is evidence for increased metabolism in the orbitofrontal cortex in depression (and 

perhaps in anxiety) which returns to normal after antidepressant treatment, 

psychotherapy or deep brain stimulation. Grey matter loss and reduced 

metabolism of the subgenual anterior cingulate cortex is characteristic to 

depression and anxiety. This metabolism increases in the acute phase of 

depression, and can be reverted by successful antidepressant treatment. Finally, 

the same is true for the dorsolateral-prefrontal cortex hypometabolism, which can 

be normalised by antidepressant treatment. 
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Table 10.1 Receptor binding studies in depression 
Receptor Radioligand Subjects, 

Diagnostics and 
Medication status 

Finding  Reference 

HT1A [11C]WAY-
100635 

15 unmedicated MDD  
20 medicated MDD                 
18 HC 

Decreased BP in OFC, dACC, VLPFC, DLPFC in 
both MDD groups. 

Sargent et al. 
2000 
 

HT1A [11C]WAY-
100635 

14 recovered 
depressed (SCID) 
medication free men         
18 HC  men 

17% less BP of [11C]WAY-100635 in recovered 
depressed in the in the cerebral cortex incl. 
amygdala and hippocampus, no difference in 
raphe nuclei. 

Bhagwagar et 
al. 2004 
 

HT1A [11C]WAY-
100635 

17 elderly depressed 
(SCID) medication 
free 
17 HC elderly 

37% less BP [11C]WAY-100635 in dorsal raphe in 
depressed elderly patients but no difference in 
hippocampus.  

Meltzer et al. 
2004 
 

HT1A [11C]WAY-
100635 

28 depressed (DSM-
IV) medication free for 
at least 2 weeks 

BP of HT1A receptor is positively correlated 
psychic anxiety and negatively with somatic 
anxiety in the anterior cingulate cortex, OPF 
cortex. No relationship between anxiety and BP of 
HT1A receptor in amygdala, hippocampus and 
raphe. 

Sullivan et al. 
2005 
 

HT1A [11C]WAY-
100635 

28 depressed MDD 
mediation free  
48 HC 

No difference in BP of HT1A receptor between 
depressed and healthy subjects. But 
antidepressant naïve patients have higher BP of 
HT1A receptor in hippocampus and DLPFC than 
antidepressant experienced patients and healthy 
controls. 

Parsey et al. 
2006b  
 

HT1A [11C]WAY-
100635 

21 depressed 
(Hamilton scale) 
medication and 
psychotherapy free 
15HC 

9-25% (average 19%) less binding of [11C]WAY-
100635 in amygdala, hippocampus and mPFC. 
No correlation between the BP of [11C]WAY-
100635 and the depressed patients’ clinical 
condition. 

Hirvonen et 
al. 2008 
 

HT1A [11C]WAY-
100635 

16 depressed (DSM-
IV) medication free 
8 HC 

43% less BP of [11C]WAY-100635 in raphe, on 
average 26% lower in amygdala and 
hippocampus in depressed. No correlation 

Drevets et al. 
2007 
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between the BP of [11C]WAY-100635 and the 
depressed patients’ clinical condition. 

HT1A [11C]WAY-
100635 

14 MDD (SCID) 
medication free 
17 HC 

No difference in BP of HT1A receptor either pre- 
or postsynaptical regions. 

Mickey et al. 
2008 
 

HT1A [11C]WAY-
100635 

15 depressed (SCID) 
before and after 
antidepressant 
treatment (citalopram, 
venlafaxine or both) 

No reliable effect of antidepressant drug on BP of 
HT1A receptor in amygdala, hippocampus and 
cerebral cortex. 

Moses-Kolko 
et al. 2007 
 

HT1A [18F]FCWAY 45 temporal lobe 
epileptic depressed 
patients (Beck 
depression inventory) 
medication free 
10 HC 

18% less binding of [18F]FCWAY in depressed 
epileptics in the hippocampal region compared to 
healthy subjects. 

Theodore et 
al. 2007 
 

HT1A [18F]MPPF 8 remitted depressive 
(SCID) medicated 
with citalopram 

Tryptophan depletion caused depression 
symptoms to reappear in most of the patients, but 
it had no effect on the BP of [18F]MPPF in frontal, 
temporal and cingulate cortex and hippocampus. 

Prashak-
Rieder et al. 
2004 
 

HT1A [18F]FCWAY 9 PD and 7PD+MDD 
(SCID) medication 
free 
15HC 

Reduced HT1A receptor binding in PD patients’ 
anterior and posterior cingulate cortex and raphe. 
No difference between patients with or without 
MDD. 

Neumeister 
et al. 2004 

HT1A [11C]WAY-
100635 

9 PD, unmedicated 
7 recovered after 
SSRI medication  
19 HC 

Reduced HT1A receptor binding in patients with 
PD in the raphe, amygdala and OFC, pre- and 
postsynaptically.  In recovered patients only 
presynaptic binding was reduced. 

Nash et al. 
2008 

HT1A [11C]WAY-
100635 

12 males, SAD, 
unmedicated 
18 HC 

Lower HT1A receptor BP in the hippocampus, 
anterior cingulate cortex, amygdala, raphe, OFC. 

Lanzenberger 
et al. 2007 

HT1A [11C]WAY-
100635 

12 patients with 
anxiety disorders 

Significant reduction in HT1A receptor binding 
after 12 weeks of escitalopram in patients with 
anxiety disorders. 

Spindelegger 
et al. 2009 
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SERT [11C]McNeil-
5652 

19 depressed 
unmedicated (SCID) 
41HC 

27% less binding in the amygdala, midbrain and 
cingulate of non-remitted depressed patients than 
in HC. 

Miller et al. 
2008 

SERT [11C]McNeil-
5652 

25 patients with 
current  MDD 
unmedicated (DSM-
IV) 
41 HC 

22% less binding in the amygdala and in the 
raphe. Reduced SERT BP was most pronounced 
in patient who never received AD medication. The 
SERT BP was not correlated with the severity of 
depression. 

Parsey et al. 
2006a 

SERT [11C]McNeil-
5652 

4 depressed (SCID) 
4 HC 

15-20% more binding in the left frontal and the 
right cingulate cortex of depressed. 

Reivich et al. 
2004 

SERT [11C]DASB 20 patients with 
current MDD (SCID) 
unmedicated 
20 HC 

The BP of [11C]DASB was not different in brain 
areas (including prefrontal and cingulate cortex, 
putamen and midbrain) in depressed and in HC. 

Meyer et al. 
2004 

SERT [11C]DASB 24 recovered 
depressed males, 
unmedicated 
20 HC 

No difference in binding in the cerebral cortex. Milham et al. 
2005 

SERT [11C]DASB 18 depressed (SCID) 
34 HC 

On average 20% more binding in the cingulate 
cortex and raphe in depressed, but the severity of 
depression correlated negatively with the BP of 
[11C]DASB in the cingular cortex (paradox) 

Cannon et al. 
2007 

SERT [11C]DASB 7 depressed with 
Parkinson disease, 
unmedicated with AD 
7 HC 

Parkinson patients showed increased binding of 
[11C]DASB in the prefrontal cortical regions and 
the severity of depression correlated with the 
[11C]DASB in the OFC. 

Boileau et al. 
2008 

SERT [11C]DASB 10 depressed (DSM-
IV) unmedicated 
19 HC 

No difference in the BP of [11C]DASB in amygdala 
and midbrain between groups. Less binding of 
[11C]DASB in anterior cingulate in depressed. 

Reimold et al. 
2008 

SERT [11C]DASB 12 depressed 
medicated with high 
dose of venlafaxine, 
citalopram or 
sertraline  
12 HC 

High dose AD produced 84-98% of serotonin 
transporters in midbrain and cerebral cortex of 
depressed. 

Voineskos et 
al. 2007 
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HTR2A [18F]Altanserin 46 depressed (DSM-
IV) medication free 
29 HC 

29% less binding in hippocampus of depressed, 
no difference in cerebral cortex. 

Mintun et al. 
2004 

HTR2A [18F]Altanserin 16 depressed (DSM-
IV) medication free 
9 HC 

39% less binding in hippocampus of depressed, 
no difference in cerebral cortex. 

Sheline et al. 
2004 

HTR2A [11C]MDL100,
907 

20 recovered 
depressive (SCID) 
medication free  
20 HC 

More binding in certain cortical regions of 
recovered depressed (among them the frontal 
cortex). 

Bhagwagar et 
al. 2006 

HTR2 [18F]Setoperon
e 

22 depressed (SCID) 
medication free 
22 HC 

21-29% more binding in the cerebral cortex in 
depressed with high dysfunctional attitude. No 
correlation to the duration of illness and past use 
of antidepressant drugs. 

Meyer et al. 
2003 

HTR2 [18F]FESP 19 drug-naïve 
depressed (DSM-IV) 
15 paroxetine treated 
remitted  
20 HC 

20-26% less binding in the cerebral cortex of 
antidepressant naïve depressed compared to 
controls.  

Messa et al. 
2003 

Abbreviations 
 
BP: binding potential 
MDD: major depressive disorder 
PD: panic disorder 
SAD: social anxiety disorder 
SCID:  
DSM-IV 
HC: healthy controls 
SSRI: selective serotonin reuptake inhibitor 
AD: antidepressant  
 
Tracers: 
[11C]WAY-100635: N-[2-[4-(2-Methoxyphenyl)-1-piperazynil] ethyl]-N-2-pyridinyl-cyclohexylcarboxamide 
[18F]FCWAY: N-[2-[4-(2-Methoxyphenyl)-1-piperazynil] ethyl]-N-2-pyridinyl-trans-4-fluorocyclohexylcarboxamide 
[18F]MPPF: 4-Fluoro-N-[2-[4-(2-Methoxyphenyl)-1-piperazynil] ethyl]-N-2-pyridinylbenzamide 
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[11C]McNeil-5652: (6S, 10bR)-1,2,3,5,6,10b-Hexahydro-6-[4(methylthio)phenyl]-pyrrolo[2,1-a] isoqunoline 
[11C]DASB: 3-Amino-4-[[2-[(dimethylamino) methyl] phenyl] thio] benzonitrile 
[18F]Altanserin: 3-(2-(4-(4-Fluorobenzoyl)-1-piperidinyl)ethyl)-2,3-dihydro-2-thioxo-4(1H)-quinazolinone 
[11C]MDL100,907: (R)-1-[2-(4-Fluorophenyl)ethyl]-(4-(2,3-dimethoxyphenyl)-4-piperidinemethano 
[18F]Setoperone: 6-[2-[4-(4-Fluorobenzoyl)-1-piperidinyl]ethyl]-2,3-dihydro-7-methyl-5H-thiazolo[3,2a]pyrimidin-5-one 
[18F]FESP: 3-(2-Fluoroethyl)-8-[4-(4-fluorophenyl)-4-oxobutyl]-1-phenyl-1,3,8-triazospiro[4.5]decan-4-one 
 
Brain regions: 
OFC: orbitofrontal cortex 
dACC: dorsal anterior cingulate cortex 
VLPFC: ventrolateral prefrontal cortex 
DLPFC: dorsolateral prefrontal cortex 
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10.2 Genetics of the serotonergic system 
Table 10.2. Genome position of genes investigated in this study 

Gene Chr  
Position 
(hg19) Size (bp) Strand 

Exon 
(coding) Gene structure Amino acid Remark 

HTR1A 5 
63,256,279-
63,257,546 1,268 Rev 1 (1)  422   

HTR1B 6 
78,171,948-
78,173,120 1,173 Rev 1 (1)  390   

HTR1D 1 
23,518,389-
23,521,222 2,834 Rev 1 (1)   377   

HTR1E 6 
87,647,024-
87,726,390 79,367 Fwd 2 (1)   365   

HTR1F 3 
88,031,726-
88,042,919 11,194 Fwd 2 (1)   366   

HTR2A 13 
47,407,513-
46,470,369 62,857 Rev 4 (3)   471   

HTR2B 2 
231,972,952-
231,989,824 16,873 Rev 4 (3)   481   

HTR2C X 
113,818,551 -
114,144,624 326,074 Fwd 7 (4)   458   

HTR3A 11 
113,845,797-
113,861,032 15,236 Fwd 9 (9)   478   

HTR3B 11 
113,775,589-
113,817,282 41,694 Fwd 9 (9)   441   

HTR3C 3 
183,770,835 -
183,778,459 7,625 Fwd 9 (9)   447 

5-HT 
receptor 
3 subunit 
C 

HTR3D 3 
183,750,619-
183,757,156 6,538 Fwd 6 (4)   233 

5-HT 
receptor 
3 subunit 
D 

HTR3E 3 
183,817,967 -
183,824,782 6,816 Fwd 9 (9)   456 

5-HT 
receptor 
3 subunit 
E 
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HTR4 5 
147,861,120-
148,033,741 172,622 Rev 8 (7)   387 

Several 
isoforms 

HTR5A 7 
154,862,546-
154,877,459 14,914 Fwd 2 (2)    357   

HTR6 1 
19,991,780-
20,006,054 14,275 Fwd 3 (3)   440   

HTR7 10 
92,500,578-
92,617,671 117,094 Rev 4 (4)   445 

3 
isoforms 

SLC6A4 17 
28,523,380-
28,562,954 39,575 Rev 15 (13)   630   

Abbreviations: 
Genes 
HTR1A: 5-hydroxytryptamine receptor 1A 
HTR1B: 5-hydroxytryptamine receptor 1B 
HTR1D: 5-hydroxytryptamine receptor 1D 
HTR1E: 5-hydroxytryptamine receptor 1E 
HTR1F: 5-hydroxytryptamine receptor 1F 
HTR2A: 5-hydroxytryptamine receptor 2A 
HTR2B: 5-hydroxytryptamine receptor 2B 
HTR2C: 5-hydroxytryptamine receptor 2C 
HTR3A: 5-hydroxytryptamine receptor 3A 
HTR3B: 5-hydroxytryptamine receptor 3B 
HTR3C: 5-hydroxytryptamine receptor 3C 
HTR3D: 5-hydroxytryptamine receptor 3D 
HTR3E: 5-hydroxytryptamine receptor 3E 
HTR4: 5-hydroxytryptamine receptor 4 
HTR5: 5-hydroxytryptamine receptor 5 
HTR6: 5-hydroxytryptamine receptor 6 
HTR7: 5-hydroxytryptamine receptor 7 
SLC6A4: 5-hydroxytryptamine transporter 
 
Fwd: forward direction, (+) strand 
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Rev: Reverse direction, (-) strand 
Chr: Chromosome 
Source: UCSC Genome Browser (http://www.genome.ucsc.edu/). 
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10.3 Questionnaires used in this study 

10.3.1 Beck Depression Inventory 
� A (Mood) 

0 I do not feel sad 
1 I feel blue or sad 
2.a I am blue or sad all the time and I can’t snap out of it 
2.b I am so sad or unhappy, that it is very painful 
3 I am so sad or unhappy, that I can’t stand it 

� B. (Pessimism) 
0 I am not particularly pessimistic or discouraged about the future 
1.a I feel discouraged about the future 
2.a I feel I have nothing to look forward to 
2.b I feel that I won’t get over my troubles 
3 I feel that the future is hopeless and things cannot improve 

� C (Sense of Failure) 
0 I do not feel like a failure 
1 I feel I have failed more than the average person 
2.a I feel I have accomplished very little that is worthwhile or that means 
anything 
2.b As I look back on my life all I can see is a lot of failures 
3 I feel I am a complete failure as a person (parent, husband, wife) 

� D (Lack of Satisfaction) 
0 I am not particularly dissatisfied 
1.a I feel bored most of the time 
1.b I don't enjoy things the way I used to 
2 I don't get satisfaction out of anything any more 
3 I am dissatisfied with everything 

� E (Guilty Feeling) 
0 I don't feel particularly guilty 
1 I feel bad or unworthy a good part of the time 
2.a I feel quite guilty 
2.a I feel bad or unworthy practically all the time now 
3 I feel as though I am very bad or worthless 

� F (Sense of Punishment) 
0 I don't feel I am being punished 
1 I have a feeling that something bad may happen to me 
2 I feel I am being punished or will be punished 
3.a I feel I deserve to be punished 
3.b 1 want to be punished 

� G (Self Hate) 
0 I don't feel disappointed in myself 
1.a I am disappointed in myself 
1.b I don't like myself 
2 I am disgusted with myself 
3 I hate myself 

� H (Self Accusations) 
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0 I don't feel I am any worse than anybody else 
1 I am very critical of myself for my weaknesses or mistakes 
2.a I blame myself for everything that goes wrong 
2.b I feel I have many bad faults 

� I (Self-punitive Wishes) 
0 I don't have any thoughts of harming myself 
1 I have thoughts of harming myself but I would not carry them out 
2.a I feel I would be better off dead 
2.b I have definite plans about committing suicide 
2.c I feel my family would be better off if I were dead 
3 I would kill myself if I could 

� J (Crying Spells) 
0 I don’t cry any more than usual 
1 I cry more now then I used to 
2 I cry all the time now. I can't stop it 
3 I used to be able to cry but now I can’t cry at all even though I want to 

� K (Irritability) 
0 I am no more irritated now than I ever am 
1 I get annoyed or irritated more easily than I used to 
2 I feel irritated all the time 
3 I don’t get irritated at all at the things that used to irritate me 

� L (Social Withdrawal) 
0 I have not lost interest in other people 
1 I am less interested in other people now than I used to be 
2 I have lost most of my interest in other people and have little feeling for 
them 
3 I have lost all my interest in other people and don't care about them at all 

� M (Indecisiveness) 
0 I make decisions about as well as ever 
1 I am less sure of myself now and try to put off making decisions 
2 I can't make decisions any more without help 
3 I can't make any decisions at all any more 

� N (Body Image) 
0 I don't feel I look any worse than I used to  
1 I am worried that I am looking old or unattractive 
2 I feel that there are permanent changes in my appearance and they make 
me look unattractive 
3 I feel that I am ugly or repulsive looking 

� O (Work Inhibition) 
0 I can work about as well as before 
1.a It takes extra effort to get started at doing something 
1.b I don't work as well as I used to 
2 I have to push myself very hard to do anything 
3 I can’t do any work at all 

� P (Sleep Disturbance) 
0 I can sleep as well as usual 
1 I wake up more tired in the morning than I used to 
2 I wake up 1-2 hours earlier than usual and find it hard to get back to sleep 
3 I wake up early every day and can't get more than 5 hours sleep 
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� Q (Fatigability) 
0 I don't get any more tired than usual 
1 I get tired more easily than I used to 
2 I get tired from doing anything 
3 I get too tired to do anything 

� R (Loss of Appetite) 
0 My appetite is no worse than usual 
1 My appetite is not as good as it used to be 
2 My appetite is much worse now 
3 I have no appetite at all any more 

� S (Weight Loss) 
0 I haven't lost much weight, if any, lately 
1 I have lost more than 5 pounds 
2 I have lost more than 10 pounds 
3 I have lost more than 15 pounds 

� T (Somatic Preoccupation) 
0 I am no more concerned about my health than usual 
1 I am concerned about aches and pains or upset stomach or constipation 
or other unpleasant feelings in my body 
2 I am so concerned with how I feel or what I feel that it's hard to think of 
much else 
3 I am completely absorbed in what I feel 

� U (Loss of Libido) 
0 I have not noticed any recent change in my interest in sex 
1 I am less interested in sex than used to be 
2 I am much less interested in sex now 
3 I have lost interest in sex completely 

Participants should circle one statement/question. 
 

10.3.2 Eynseck Personality Questionnaire 
(Neuroticism questions are underlined) 

� Do you have many different hobbies? 
� Do you stop to think things over before doing anything? 
� Does your mood often go up and down? 
� Have you ever taken the praise for something you knew someone else had 

really done? 
� Are you a talkative person? 
� Would being in debt worry you? 
� Do you ever feel just miserable for no reason? 
� Were you ever greedy by helping yourself to more than your share of 

anything? 
� Do you lock up the house carefully at night? 
� Are you rather lively? 
� Would it upset you to see a child or animal suffer? 
� Do you often worry about things you should have done or said? 
� If you say you will do something, do you always keep your promise no 

matter how inconvenient it might be? 



Krisztina Mekli (Doctor of Philosophy)  206 

� Can you usually let yourself go and enjoy yourself at a lively party? 
� Are you an irritable person? 
� Have you ever blamed someone for doing something you knew was really 

your fault? 
� Do you enjoy meeting new people? 
� Do you believe insurance schemes are a good idea? 
� Are your feelings easily hurt? 
� Are all your habits good and desirable ones? 
� Do you tend to keep in the background on social occasions? 
� Would you take drugs, which may have strange or dangerous effects? 
� Do you often feel fed-up? 
� Have you ever taken anything (even a pin or a button) that belonged to 

someone else? 
� Do you like going out a lot? 
� Do you enjoy hurting people you love? 
� Are you often troubled about feelings of guilt? 
� Do you sometimes talk about things you know nothing about? 
� Do you prefer reading to meeting people? 
� Do you have enemies that want to harm you? 
� Would you call yourself a nervous person? 
� Do you have many friends? 
� Do you enjoy practical jokes that can sometimes really hurt people? 
� Are you a worrier? 
� As a child did you do as you were told immediately and without grumbling? 
� Would you call yourself happy-go-lucky? 
� Do good manners and cleanliness matter much to you? 
� Do you worry about awful things that might happen?  
� Have you ever broken or lost something belonging to someone else? 
� Do you usually take the initiative in making new friends? 
� Would you call yourself tense or highly-strung? 
� Are you mostly quiet when you are with other people? 
� Do you think marriage is old-fashioned and should be done away with? 
� Do you sometimes boast a little? 
� Can you easily get some life into a rather dull party? 
� Do people who drive carefully annoy you? 
� Do you worry about your health? 
� Have you ever said anything bad or nasty about anyone? 
� Do you like telling jokes and funny stories to your friends? 
� Do most things taste the same to you? 
� As a child were you ever cheeky to your parents? 
� Do you like mixing with people? 
� Does it worry you if you know there are mistakes in your work? 
� Do you suffer from sleeplessness? 
� Do you always wash before a meal? 
� Do you nearly always have a ready answer when people talk to you? 
� Do you like to arrive at appointments in plenty of time? 
� Have you often felt listless or tired for no reason? 
� Have you ever cheated at a game? 
� Do you like doing things in which you have to act quickly? 
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� Is (or was) your mother a good woman? 
� Do you often feel life is very dull? 
� Have you ever taken advantage of someone? 
� Do you often take on more activities than you have time for? 
� Are there several people who keep trying to avoid you? 
� Do you worry a lot about your looks? 
� Do you think people spend too much time safeguarding their future with 

savings and insurances? 
� Have you ever wished that you were dead? 
� Would you ever dodge paying taxes if you were sure you could never be 

found out? 
� Can you get a party going? 
� Do you try not to be rude to people? 
� Do you worry too long after an embarrassing experience? 
� Have you ever insisted on having your own way? 
� When you catch a train do you often arrive at the last minute? 
� Do you suffer from nerves? 
� Do your friendships break up easily without it being your fault? 
� Do you often feel lonely? 
� Do you always practice what you preach? 
� Do you like sometimes teasing animals? 
� Are you easily hurt when people find fault with you or the work you do? 
� Have you ever been late for an appointment or work? 
� Do you like plenty of bustle and excitement around you? 
� Would you like other people to be afraid of you? 
� Are you sometimes bubbling over with energy and sometimes very 

sluggish? 
� Do you sometimes put off until tomorrow what you ought to do today? 
� Do other people think of you as being very lively? 
� Do people tell you a lot of lies? 
� Are you touchy about some things? 
� Are you always willing to admit it when you have made a mistake? 
� Would you feel very sorry for an animal caught in a trap? 

Possible answers: yes or no to each question. 

10.3.3 Cornell Medical Index  

10.3.3.1 Personality 
� Do you sweat or tremble a lot during examinations or questioning? 
� Do you get nervous and shaky when approached by a superior? 
� Does your work fall to pieces when someone is watching you? 
� Does your thinking get completely mixed up when you have to do things 

quickly? 
� Must you do things very slowly in order to do them without mistakes? 
� Do you always get directions and orders wrong? 
� Do strange people or places make you afraid? 
� Are you scared to be alone when there are no friends near you? 
� Is it always hard for you to make up your mind? 
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� Do you wish you always had someone at your side to advise you? 
� Are you considered a clumsy person? 
� Does it bother you to eat anywhere except in your own home? 
� Do you feel alone and sad at a party? 
� Do you usually feel unhappy and depressed? 
� Do you often cry? 
� Are you always miserable and blue? 
� Does life look entirely hopeless? 
� Do you often wish you were dead and away from it all? 
� Does worrying continually get you down? 
� Does worrying run in your family? 
� Does every little thing get on your nerves and wear you out? 
� Are you considered a nervous person? 
� Does nervousness run in your family? 
� Did you ever have a nervous breakdown? 
� Did anyone in your family ever have a nervous breakdown? 
� Were you ever a patient in a mental hospital (for your nerves)? 
� Was anyone in your family ever a patient in a mental hospital (for their 

nerves)? 
� Are you extremely shy or sensitive? 
� Do you come from a shy or sensitive family? 
� Are your feelings easily hurt? 
� Does criticism always upset you? 
� Are you considered a touchy person? 
� Do people usually misunderstand you? 
� Do you have to be on your guard, even with friends? 
� Do you always do things on sudden impulse? 
� Are you easily upset or irritated? 
� Do you go to pieces if you don’t constantly control yourself? 
� Do little annoyances get on your nerves and make you angry? 
� Does it make you angry to have anyone tell you what to do? 
� Do people often annoy and irritate you? 
� Do you flare up in anger if you can’t have what you want right away? 
� Do you often get into a violent rage? 
� Do you often shake or tremble? 
� Are you constantly keyed up and jittery? 
� Do sudden noises make you jump or shake badly? 
� Do you tremble or feel weak whenever someone shouts at you? 
� Do you become scared at sudden movements or noises at night? 
� Are you often awakened out of your sleep by frightening dreams? 
� Do frightening thoughts keep coming back in your mind? 
� Do you often become suddenly scared for no good reason? 
� Do you often break out in a cold sweat? 
 
Possible answers: yes or no to each question. 
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10.3.3.2 CMI Cardiovascular system 
� Has a doctor ever said that your blood pressure was too high? 
� Has a doctor ever said that your blood pressure was too low? 
� Do you have pains in the heart or chest? 
� Are you often bothered by thumping of the heart? 
� Does your heart often race like mad? 
� Have you ever had a heart attack? 
� Do you often have difficulty breathing? 
� Do you get out of breath long before anyone else? 
� Do you sometimes get out of breath just sitting still? 
� Are your ankles often badly swollen? 
� Do cold hands or feet trouble you even in hot weather? 
� Do you suffer from frequent cramps in your legs? 
� Has your doctor ever said you have heart trouble? 
� Does heart trouble run in your family? 
� Do you suffer from any circulatory problems? 

 
Possible answers: yes or no to each question. 
 

10.3.3.3 CMI Fatigue 
� Do you often get spells of complete exhaustion or fatigue? 
� Does working tire you out completely? 
� Do you usually get up tired and exhausted in the morning? 
� Does every little effort wear you out? 
� Are you constantly too tired and exhausted even to eat? 
� Do you suffer from severe nervous exhaustion? 
� Does nervous exhaustion run in your family? 
� Are you frequently ill? 
� Are you frequently confined to bed by illness? 
� Are you always in poor health? 
� Are you considered a sickly person? 
� Do you come from a sickly family? 
� Do severe aches and pains make it impossible for you to do your work? 
� Do you wear yourself out worrying about your health? 
� Are you always ill and unhappy? 

 
Possible answers: yes or no to each question. 

10.3.3.4 CMI Sleep disorders and Addiction 
� Do you usually have great difficulty in falling asleep or staying asleep? 
� Do you find it impossible to take a regular rest period each day? 
� Do you find it impossible to take regular daily exercise? 
� Do you smoke? 
� Do you smoke more than 20 cigarettes a day? 
� Do you drink more than six cups of coffee or tea a day? 
� Do you usually take two or more alcoholic drinks a day? 
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Possible answers: yes or no to each question. 
 
 

10.3.4 Yesavage Geriatric Depression Inventory 
� Are you basically satisfied with your life? 
� Have you dropped many of your activities and interests? 
� Do you feel that your life is empty? 
� Do you often get bored? 
� Are you hopeful about the future? 
� Are you bothered by thoughts you can't get out of your head? 
� Are you in good spirits most of the time? 
� Are you afraid that something bad is going to happen to you? 
� Do you feel happy most of the time? 
� Do you often feel helpless? 
� Do you often get restless and fidgety? 
� Do you prefer to stay at home, rather than going out and doing new things? 
� Do you frequently worry about the future? 
� Do you feel you have more problems with memory than most? 
� Do you think it is wonderful to be alive now? 
� Do you often feel downhearted and blue? 
� Do you feel pretty worthless the way you are now? 
� Do you worry a lot about the past? 
� Do you find life very exciting? 
� Is it hard for you to get started on new projects? 
� Do you feel full of energy? 
� Do you feel that your situation is hopeless? 
� Do you think that most people are better off than you are? 
� Do you frequently get upset over little things? 
� Do you frequently feel like crying? 
� Do you have trouble concentrating? 
� Do you enjoy getting up in the morning? 
� Do you prefer to avoid social gatherings? 
� Is it easy for you to make decisions? 
� Is your mind as clear as it used to be? 

Possible answers are: yes or no to each question. 
 
 

10.3.5 Big Five Inventory (BFI-44) 
I see myself as someone who: 

� Is talkative 
� Tends to find fault with others 
� Does a thorough job 
� Is depressed, blue 
� Is original, comes up with new ideas 
� Is reserved 
� Is helpful and unselfish with others 
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� Can be somewhat careless 
� Is relaxed, handles stress well 
� Is curious about many different things 
� Is full of energy 
� Starts quarrels with others 
� Is a reliable worker 
� Can be tense 
� Is ingenious, a deep thinker 
� Generates a lot of enthusiasm 
� Has a forgiving nature 
� Tends to be disorganized 
� Worries a lot 
� Has an active imagination 
� Tends to be quiet 
� Is generally trusting 
� Tends to be lazy 
� Is emotionally stable, not easily upset 
� Is inventive 
� Has an assertive personality 
� Can be cool and aloof 
� Perseveres until the task is finished 
� Can be moody 
� Values artistic, aesthetic experiences 
� Is sometimes shy, inhibited 
� Is considerate and kind to almost everyone 
� Does thing efficiently 
� Remains calm in tense situations 
� Prefers work that is routine 
� Is outgoing, sociable 
� Is sometimes rude to others 
� Makes plans and follows through them 
� Gets nervous easily 
� Likes to reflect, play with ideas 
� Has few artistic interest 
� Likes to cooperate with others 
� Is easily distracted 
� Is sophisticated in art, music and literature 

Participants are asked to mark how much they agree with each statement (disagree 
strongly, disagree a little, neither agree nor disagree, agree a little, agree strongly). 
Neuroticism items are underlined. 
 

10.3.6 Brief Symptom Inventory 
How much were you distressed by: 

� Nervousness or shakiness inside 
� Trouble remembering things 
� Thought of ending your life 
� Poor appetite 
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� Suddenly scared for no reason 
� Feeling blocked in getting things done 
� Feeling lonely 
� Feeling blue 
� Feeling no interest in things 
� Feeling fearful 
� Your feeling easily hurt 
� Feeling that people are unfriendly or dislike you 
� Feeling inferior to others 
� Trouble falling asleep 
� Having to check and double-check what you do 
� Difficulty making decisions 
� Your mind going blank 
� Feeling hopeless about the future 
� Trouble concentrating 
� Feeling tense or keyed up 
� Thoughts of death or dying 
� Feeling very self-conscious with others 
� Spells of terror or panic 
� Feeling so restless you couldn’t sit still 
� Feeling of worthlessness 
� Feeling of guilt 

Participants are asked to mark how much each problem has distressed them or 
bothered them during the past week. Possibilities are: not at all, a little bit, 
moderately, quite a bit, extremely. Depression items are underlined, anxiety items are 
in italics. 
 

10.3.7 Life Events Questionnaire 
Event: 

� You yourself suffered a serious illness, injury or an assault 
� A serious illness, injury or assault happened to a close relative 
� Your parent, child, spouse died 
� A close family friend or another relative (aunt, cousin, grandparent) died 
� You had a separation due to marital difficulties 
� You broke off a steady relationship 
� You had a serious problem with a close friend, neighbour or relative 
� You became unemployed or you were seeking work unsuccessfully for more 

than one month 
� You were sacked from your job 
� You had a major financial crisis 
� You had problems with the police and a court appearance 
� Something you valued was lost or stolen. 
� Additional question; In the last year has anything else serious happened? 

(Please, specify.)  
Participants were asked to indicate whether or not each event has happened to them 
in the past. Possibities: it did not happen, it happened in the last 2 months, it 
happened in the last year, it happened in more than a year. Then they were asked to 
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decide, how much each event still affects them. Possibilities: still strongly affects me, 
doesn’t affect me strongly. 
 

10.3.8 Childhood Trauma Questionnaire 
When I was growing up: 

� I was happy 
� I believe that I was abused or neglected 
� People in my family looked out for each other 
� My parents/guardians weren’t able to take care of me 

Participants were asked to decide how much each statement is true for them. 
Possibilities: never true, rarely true, sometimes true, often true, very often true. 
 
Additional questions about lost parents 
When I was growing up: 

� I lost my mother 
� I lost my father 

Possible answers; yes or no. 
 

10.4 Primers and probes used in the New Mood study 

10.4.1 Primers 
 Oligo Name Oligo Sequence 
HTR1A rs6295_FWD_PRIM ACG TTG GAT GCG AGA ACG GAG GTA GCT TTT 
HTR1A rs6295_REV_PRIM ACG TTG GAT GGT CAG TCT CCC AAT TAT TGC 
HTR1A rs749098_FWD_PRIM ACG TTG GAT GGA TTG CAA AAA TTG CCA GTG 
HTR1A rs749098_REV_PRIM ACG TTG GAT GTT CAA CTG ACA GAG CTG TCC 
HTR1A rs878567_FWD_PRIM ACG TTG GAT GCC ACC GCA AAG ATT TAG GAG 
HTR1A rs878567_REV_PRIM ACG TTG GAT GAG CGA CAT TGG CTC AGA CTT 
HTR1B rs11568817_FWD_PRIM ACG TTG GAT GTT CCA GAG CGC CTA GCT AAG 
HTR1B rs11568817_REV_PRIM ACG TTG GAT GGT GGG CCA GCT CTT AGC AA 
HTR1B rs130058_FWD_PRIM ACG TTG GAT GCA GGT TCA CAG CTG AAA CTA 
HTR1B rs130058_REV_PRIM ACG TTG GAT GTT AGC TAG GCG CTC TGG AAG 
HTR1B RS6296_FWD_PRIM ACG TTG GAT GTC GGA GAC TCG CAC TTT GAC 
HTR1B RS6296_REV_PRIM ACG TTG GAT GCT CTA TTA ACT CGC GGG TTC 
HTR1B RS6297_FWD_PRIM ACG TTG GAT GGC ATT CCA TAA ACT GAT ACG 
HTR1B RS6297_REV_PRIM ACG TTG GAT GAA CTT GGT CCC CAA AGG TCG 
HTR2A rs1928040_FWD_PRIM ACG TTG GAT GAT CAC TCA TAA CTG AAG ATC 
HTR2A rs1928040_REV_PRIM ACG TTG GAT GTG TTT CCT GAC TTT GCC TAG 
HTR2A rs2296972_FWD_PRIM ACG TTG GAT GCT GGA GTT GAC AGG AGG ATC 
HTR2A rs2296972_REV_PRIM ACG TTG GAT GCT GAG GAA CAC CTA AGC TTG 
HTR2A rs2770296_FWD_PRIM ACG TTG GAT GTC TGC AGA GCT ATC CTG TAC 
HTR2A rs2770296_REV_PRIM ACG TTG GAT GCA CCA TTT ACA TTC CTC AGC 
HTR2A rs3125_FWD_PRIM ACG TTG GAT GTT TGT AGC ATT GAA CCC CGC 
HTR2A rs3125_REV_PRIM ACG TTG GAT GCA AGT CTA GTG GAA CCA ACG 
HTR2A rs518147_FWD_PRIM ACG TTG GAT GAA GAG CGT GGT GCA GAT TCA 
HTR2A rs518147_REV_PRIM ACG TTG GAT GAG GCA GTA TCG GGA AGA TCG 
HTR2A rs6310_FWD_PRIM ACG TTG GAT GTT AGC ATA GAG GTT GCA GGG 
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HTR2A rs6310_REV_PRIM ACG TTG GAT GGT TAA ACA AGA GTC CCA GTA G 
HTR2A rs6311_FWD_PRIM ACG TTG GAT GTG GAC ACA AAC ACT GTT GGC 
HTR2A rs6311_REV_PRIM ACG TTG GAT GGG CTA GAA AAC AGT ATG TCC 
HTR2A rs6314_FWD_PRIM ACG TTG GAT GTG CTC AAT GGT TGC TCT AGG 
HTR2A rs6314_REV_PRIM ACG TTG GAT GCT TTT CAT TCA CTC CGT CGC 
HTR2A rs731779_FWD_PRIM ACG TTG GAT GAA AGT AGA AGG CAG CTA GGC 
HTR2A rs731779_REV_PRIM ACG TTG GAT GTC ATG TCA TTT CAC TCC CAC 
HTR2A rs9316232_FWD_PRIM ACG TTG GAT GGG GAC AAA CGA TGA GCT ATG 
HTR2A rs9316232_REV_PRIM ACG TTG GAT GTG CCG CTC CTC ATA TCA TAG 
HTR2A rs985934_FWD_PRIM ACG TTG GAT GAA ACC AAA GGA GAC TTG GAC 
HTR2A rs985934_REV_PRIM ACG TTG GAT GAC TTC CAC TTC TGG GAG ATC 
HTR2C rs10875536_FWD_PRIM ACG TTG GAT GTT TGA CAC CCC TTG GTA GTG 
HTR2C rs10875536_REV_PRIM ACG TTG GAT GAT GAG AAC TGG CTT CAC ACC 
HTR2C rs3813928_FWD_PRIM ACG TTG GAT GGG AGG GGT ATG CTA TGA ATC 
HTR2C rs3813928_REV_PRIM ACG TTG GAT GAT GGC ACC GGA TAG AGA GAG 
HTR2C rs3813929_FWD_PRIM ACG TTG GAT GGA ATC TGC ACC ACG CTC TTG 
HTR2C rs3813929_REV_PRIM ACG TTG GAT GCA CGT AAT GCT GAG TGC TG 
HTR2C rs498207_FWD_PRIM ACG TTG GAT GCT TTG CGC ACT CAC CAA ATG 
HTR2C rs498207_REV_PRIM ACG TTG GAT GCT TCA AGG GTC TCT GTT CCG 
HTR2C rs6318_FWD_PRIM ACG TTG GAT GTC AGT GTG CAC CTA ATT GGC 
HTR2C rs6318_REV_PRIM ACG TTG GAT GTA CTA TAG CTG CTA CTG GGC 
SLC6A4 RS1042173_FWD_PRIM ACG TTG GAT GGA ACA GGG ATG CTA TCT CGC 
SLC6A4 RS1042173_REV_PRIM ACG TTG GAT GAG GTT CTA GTA GAT TCC AGC 
SLC6A4 rs140700_FWD_PRIM ACG TTG GAT GGT GTG ACT CCA AGG GTT GTG 
SLC6A4 rs140700_REV_PRIM ACG TTG GAT GGG TGA ATG GAT GTC AGT GTC 
SLC6A4 rs2020934+_FWD_PRIM ACG TTG GAT GCA AAC CTC ATA AGA ACC TGC 
SLC6A4 rs2020934+_REV_PRIM ACG TTG GAT GTT TTC CTG CCA CGC ACT CTG 
SLC6A4 rs2020942_FWD_PRIM ACG TTG GAT GGA AGG CCA TCA CGA GAA CAC 
SLC6A4 rs2020942_REV_PRIM ACG TTG GAT GAC CTG AGG TCT GTG CAA ATC 
SLC6A4 rs3794808_FWD_PRIM ACG TTG GAT GTG AAC GTA GAA GTG GAA GAC 
SLC6A4 rs3794808_REV_PRIM ACG TTG GAT GAT GTT TGC CAT ACT CAC CCC 
SLC6A4 rs6354_FWD_PRIM ACG TTG GAT GGT GGC TAA GCC CCT TGT TAT 
SLC6A4 rs6354_REV_PRIM ACG TTG GAT GAC ACT CTT CTC CCT AGG TC 
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10.4.2 Probes 
  Oligo Name Oligo Sequence 
HTR1A rs6295_PROBE_A AGA CCG AGT GTG TCT TC 
HTR1A rs749098_PROBE_A TCG TCC TTT CAC TTT CTT AAT TAT AAA 
HTR1A rs878567_PROBE_A TCA TCA GTT TTG ATC CCA G 
HTR1B rs11568817_PROBE_A GCC CGC TCT TAG CAA CCC AGG 
HTR1B rs130058_PROBE_A CCC CTT GCC TTG GCT GCC GCA CCC 
HTR1B RS6296_PROBE_A GAG TCC GGA TCT CCT GTG TAT GT 
HTR1B RS6297_PROBE_A GCG ACC CCA CTG CAA A 
HTR2A rs1928040_PROBE_A AAC AAG AGA CAA ATT CTC ATT CAA A 
HTR2A rs2296972_PROBE_A GGA TTT GTA ATG CTG CTT ATT AGA 
HTR2A rs2770296_PROBE_A AGC TGC TCT CTC CCC T 
HTR2A rs3125_PROBE_A AGT GGA ACC AAC GAT CAT ATC T 
HTR2A rs518147_PROBE_A GGA GTA GGA AGG AAG CGT CCT C 
HTR2A rs6310_PROBE_A CCC GGA CAT TTA TCT TCC CGA 
HTR2A rs6311_PROBE_A GAG TGC TGT GAG TGT C 
HTR2A rs6314_PROBE_A GGG ATT TAG AAG CCT CTT CAG AAT 
HTR2A rs731779_PROBE_A ATG TCA TTT CAC TCC CAC ACT TTC A 
HTR2A rs9316232_PROBE_A CCG CTC CTC ATA TCA TAG AAC AAT TA 
HTR2A rs985934_PROBE_A CCG GTA GCA TCT ACC AGA ATA CAA A 
HTR2C rs10875536_PROBE_A AAC ACA CCA CTA GAA TGG CTA AAA 
HTR2C rs3813928_PROBE_A AAG GCT TTC TCA AGA ATG TA 
HTR2C rs3813929_PROBE_A GCT CCT CCC CTC ATC C 
HTR2C rs498207_PROBE_A GAC GAC TCT TGC CCA TTC 
HTR2C rs6318_PROBE_A TGG GCT CAC AGA AAT ATC A 
SLC6A4 RS1042173_PROBE_A AGT AGA TTC CAG CAA TAA AAT T 
SLC6A4 rs140700_PROBE_A TGA CCT TGA GAA AGG AGG G 
SLC6A4 rs2020934+_PROBE_A GCA GTG ACC GTT CCA A 
SLC6A4 rs2020942_PROBE_A AAG TTA CAG TCA CAC TGG GTA AAC C 
SLC6A4 rs3794808_PROBE_A GGC CTA GTG CCT GAG AGA 
SLC6A4 rs6354_PROBE_A CGA CCT TGC TTG CCC TCT 

 

10.4.3 Other primers and probes 
I have genotyped these SNPs, but they were excluded from the analysis as they were 
out of the Hardy-Weinberg equilibrium. 
SLC6A4 rs1042173x_FWD_PRIM ACG TTG GAT GAG GTT CTA GTA GAT TCC AGC 
SLC6A4 rs1042173x_PROBE_A CCA TAT ATT TTC TGA GTA GCA TAT A 
SLC6A4 rs1042173x_REV_PRIM ACG TTG GAT GAG AAC AGG GAT GCT ATC TCG 
SLC6A4 rs2020932_FWD_PRIM ACG TTG GAT GAA CAC AAG CGC GAG CAA CCA 
SLC6A4 rs2020932_PROBE_A CCA CCC CAT CTC TAG AAA AAA AA 
SLC6A4 rs2020932_REV_PRIM ACG TTG GAT GGC AAG ACC CCA TCT CTA GAA 
SLC6A4 rs2020933+_FWD_PRIM ACG TTG GAT GGA TGA GAG TTA GCT AGC AGG 
SLC6A4 rs2020933+_PROBE_A TGT CCA GAA AAG TGA ACC 
SLC6A4 rs2020933+_REV_PRIM ACG TTG GAT GTT ACC ATC AGT TTT GTC CAG 
SLC6A4 rs2228673_FWD_PRIM ACG TTG GAT GGC GCT ATA CTA CCT CAT CTC 
SLC6A4 rs2228673_PROBE_A GGG GCC AGT GTT CCA GGA GTT 
SLC6A4 rs2228673_REV_PRIM ACG TTG GAT GCG GAG AAG TAA TTG GTG CAG 
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SLC6A4 rs25533_FWD_PRIM ACG TTG GAT GCT CCC GCT GGA TGG GGT TG 
SLC6A4 rs25533_PROBE_A TTG TAG CGC GGC CCC TCC C 
SLC6A4 rs25533_REV_PRIM ACG TTG GAT GTC CCT CCC CTC CTG GCT CT 

 

10.5 List of Illumina SNPs of Dyne Steel cohort 
 

10.5.1 HTR2A gene 
Chr        SNP              Position 

13 rs7333412 46301361 
13 rs3803189 46306571 
13 rs6314 46307035 
13 rs977003 46313002 
13 rs1923884 46319837 
13 rs1923885 46321087 
13 rs1923886 46321292 
13 rs1745837 46322813 
13 rs622337 46325627 
13 rs655854 46326201 
13 rs2296972 46326472 
13 rs4942578 46330611 
13 rs1928042 46335217 
13 rs2760345 46336575 
13 rs2770296 46338561 
13 rs1328674 46339708 
13 rs9316235 46343704 
13 rs582385 46343995 
13 rs2770298 46344848 
13 rs972979 46347165 
13 rs731779 46350039 
13 rs2770304 46353366 
13 rs985933 46353864 
13 rs927544 46354052 
13 rs17288723 46355694 
13 rs9534505 46358745 
13 rs9534507 46359735 
13 rs4942587 46360801 
13 rs4941573 46362858 
13 rs12584920 46363038 
13 rs1328684 46364231 
13 rs2296973 46364782 
13 rs2070037 46365071 
13 rs9534511 46366581 
13 rs6313 46367941 
13 rs6312 46368825 
13 rs6306 46369462 
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10.5.2 SLC6A4 gene 
Chr        SNP              Position 
17 rs1906451 25539605 
17 rs1042173 25549137 
17 rs12449783 25551779 
17 rs3794808 25555919 
17 rs4583306 25562841 
17 rs140700 25567515 
17 rs6354 25574024 
17 rs2020936 25574940 
17 rs2066713 25575791 
17 rs4251417 25575984 
17 rs8071667 25576899 
17 rs1487971 25596879 

 

10.5.3 HTR6 gene 
Chr        SNP              Position 

1 rs6693503 19859881 
1 rs4912138 19866072 
1 rs3790756 19868819 
1 rs6699866 19872232 

 

10.5.4 HTR1D gene 
Chr        SNP              Position 

1 rs2806566 23379759 
1 rs641032 23386567 
1 rs627304 23410142 

 

10.5.5 HTR2B gene 
Chr        SNP              Position 

2 rs1011502 217516448 
2 rs11694724 231655711 
2 rs13394402 231677164 
2 rs17586405 231687502 
2 rs10194776 231688263 
2 rs4973377 231690236 
2 rs6437002 231733528 

 

10.5.6 HTR1F gene 
Chr        SNP              Position 

3 rs7648805 88086502 
3 rs7653582 88103530 
3 rs7652406 88135928 
3 rs9310061 88146455 
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10.5.7 HTR3 gene, C,D, E subunits 
Chr        SNP              Position 

3 rs7613237 185223828 
3 rs939335 185228357 
3 rs939334 185232425 
3 rs4912518 185234721 
3 rs12493550 185235467 
3 rs6792482 185236723 
3 rs1467257 185238225 
3 rs7621975 185241200 
3 rs10937160 185241479 
3 rs9819507 185249395 
3 rs6808122 185255515 
3 rs6766410 185257456 
3 rs9869582 185269372 
3 rs6443940 185277130 
3 rs4912521 185280657 
3 rs7648737 185283157 
3 rs6443942 185285291 
3 rs9784375 185289100 
3 rs7627615 185301110 
3 rs7432211 185301849 
3 rs11718245 185313087 
3 rs9815292 185317184 

 

10.5 8 HTR4 gene 
Chr        SNP              Position 

5 rs4274968 147805783 
5 rs9325098 147807631 
5 rs7727161 147812679 
5 rs17639006 147816439 
5 rs3995090 147826008 
5 rs4597955 147827466 
5 rs7702840 147846075 
5 rs7723153 147857917 
5 rs1368383 147870317 
5 rs1368384 147875141 
5 rs1368386 147875331 
5 rs1368387 147876501 
5 rs7725785 147882896 
5 rs2277049 147883281 
5 rs12152801 147888538 
5 rs13359903 147908092 
5 rs2278392 147908418 
5 rs1345697 147922431 
5 rs17720733 147930671 
5 rs4599527 147932732 
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5 rs17108435 147933440 
5 rs4336354 147939379 
5 rs6580557 147940321 
5 rs867522 147946439 
5 rs1833710 147947939 
5 rs4280857 147952812 
5 rs2964276 147959171 
5 rs7711800 147963048 
5 rs1011427 147968170 
5 rs13182913 147975798 
5 rs2068190 147987206 
5 rs17706942 147987905 
5 rs13157587 147988614 
5 rs9686886 147991106 
5 rs5028114 147991932 
5 rs6865654 147992149 
5 rs1972644 147999741 
5 rs1833704 148004894 
5 rs7713886 148005351 
5 rs888961 148019090 
5 rs1820076 148025475 

 

10.5 9 HTR1E gene 
Chr        SNP              Position 

6 rs9450576 87672689 
6 rs12181765 87673857 
6 rs9450587 87680287 
6 rs16877971 87680749 
6 rs16877989 87683168 
6 rs16877997 87685278 
6 rs11966339 87686726 
6 rs9450594 87695058 
6 rs1819144 87699703 
6 rs828361 87705190 
6 rs10944288 87708461 
6 rs1886333 87721328 
6 rs2875512 87731570 
6 rs942472 87733426 
6 rs6922679 87738844 
6 rs7751022 87741519 
6 rs1041058 87754721 
6 rs1324433 87755477 
6 rs6926547 87760844 
6 rs11961178 87786587 
6 rs16878151 87787574 
6 rs7740936 87794412 
6 rs10806386 87796903 
6 rs7739124 87806534 
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10.5.10 HTR5A gene 
Chr        SNP              Position 

7 rs6597451 154479788 
7 rs1440459 154480786 
7 rs1561603 154486412 
7 rs1561602 154486574 
7 rs2919435 154489085 
7 rs2241859 154494400 
7 rs732050 154504328 

 

10.5.11 HTR7 gene 
Chr        SNP              Position 

10 rs1107688 92485316 
10 rs17526697 92490499 
10 rs1418213 92491630 
10 rs11812708 92495245 
10 rs10881830 92503229 
10 rs11186300 92504719 
10 rs7072526 92519250 
10 rs7086484 92523709 
10 rs11599921 92523921 
10 rs7920627 92534625 
10 rs10881832 92538743 
10 rs7916403 92549888 
10 rs10881838 92580213 
10 rs2901127 92585046 
10 rs10785973 92588151 
10 rs11596991 92588438 
10 rs11186333 92595099 
10 rs7074715 92599286 
10 rs7916720 92616547 
10 rs4282910 92621224 

 

10.5.12 HTR3 gene, AB subunits 
Chr        SNP              Position 

11 rs869451 113258222 
11 rs2097078 113258726 
11 rs2011249 113273848 
11 rs1176758 113275565 
11 rs3891484 113277799 
11 rs11606194 113286191 
11 rs1176744 113308238 
11 rs2276307 113309097 
11 rs3782025 113312817 
11 rs1672717 113317943 
11 rs7129190 113323962 
11 rs720396 113327955 
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11 rs7942029 113329075 
11 rs1176754 113332860 
11 rs1150229 113338362 
11 rs10789980 113346213 
11 rs1176752 113348687 
11 rs1150226 113350751 
11 rs1150225 113351898 
11 rs1985242 113353483 
11 rs2276302 113355350 
11 rs10891611 113356623 
11 rs1176719 113357397 
11 rs909411 113359492 
11 rs10160548 113361891 
11 rs1176713 113365635 
11 rs1182457 113366959 
11 rs17543669 113367667 
11 rs11214800 113368140 
11 rs7115470 113368341 
11 rs897685 113369319 
11 rs1379170 113371761 
11 rs11214806 113377837 
11 rs10891615 113381063 
11 rs4938066 113390622 
11 rs10790208 117149721 
11 rs10488782 117179038 
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10.6. Supplementary material for Study 1 
Supplementary Table 1  Summary of association studies of HTR1A single nucleotide polymorphisms and depression/antidepressant treatment 

Study Sample size SNPs 
investigated 

Population Assessment Finding 

Association with depression   
Haenisch (2009) 426 cases 

643 controls 
rs1800044 
(R219L) 

German, mean age of 
cases 49 years, mean age 
of controls 44 years 

DSM-IV Association observed with rs1800044 and 
MDD.  

Brezo (2009) 1255 French 
speaking 
Canadians from 
Quebec  

rs878567 mean age: 27.3 years DSM-III-R Homozygosity for  rs878567_T allele was 
associated with lower risk for MDD in 
childhood physical abuse victims. 

Zhang (2009) 401 cases 
391 controls 

rs6295 (C-
1019G) 

Chinese, mean age of 
cases 33 years, mean age 
of controls 33 years 

DSM-IV Three-way interaction observed between 
rs6295, HTTLPR and negative life events. G 
allele frequency significantly increased in 
patients 

Neff (2009) 419 Utah cases 
182 Ashkenazi 
cases 
244 Utah controls 
85 Ashkenazi 
controls 

rs6295 (C-
1019G) 

Utah and Ashkenazi DSM-IV Possible interaction between HTR1A and 
LHPP gene which is associated with MDD. G 
allele frequency significantly increased in 
patients. No differences between sexes 

Wu (2008) 400 cases 
400 controls 

rs6295 (C-
1019G) 

Northern Han Chinese DSM-IV G allele frequency significantly increased in 
patients especially for late-onset depression 
and women  

Kraus (2007) 139 hepatitis C-
infected 
outpatients 

rs6295 (C-
1019G) 

German, mean age 43 
years  

HADS Association with interferon-induced 
depression. GG genotype frequency 
significantly increased in patients 

Anttila (2007) 119 cases 
392 controls 

rs6295 (C-
1019G) 

Finnish, mean age of cases 
58 years, mean age of 
controls 44 years 

DSM-IV HTR1A GG and BDNF Met alleles interact to 
increase risk of MDD 

Association with treatment  
Kato (2009) 137 cases rs6295 (C-

1019G) 
rs10042486 
rs1364043 

Japanese DSM-IV Improved response to antidepressant in 
rs10042486 C/C, rs6295 G/G and rs1364043 
T/T patients 

Hong (2006) 224 cases, 81 
responder, 143 
non-responders 

rs6295 (C-
1019G) 

Southern Taiwan Chinese, 
mean age 44 years 

DSM-IV and 
HAM-D 

CC carriers exhibited a better therapeutic 
response to fluoxetine 

Parsey (2006a) 22 cases rs6295 (C- American, mean age of DSM-IV GG carriers exhibited a poorer therapeutic 
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43 controls 1019G) cases 41 years, mean age 
of controls 38 years 

HAM-D response to antidepressant treatment 

Suzuki (2006) 65 cases Gly272Asp Japanese, mean age 41 
years 

DSM-IV 
HAM-D 

Presence of Asp allele associated with 
improved response to fluvoxamine 

Yu (2006) 222 cases Gly272Asp 
rs6295 (C-
1019G) 

Taiwanese ethnic Han 
Chinese, mean age 43 
years 

HAM-D No association between Gly272Asp and 
fluoxetine response. Association between 
improved fluoxetine response and rs6295 
C/C genotype in women patients 

Lemonde (2004) 118 cases rs6295 (C-
1019G) 

Caucasian, mean age 47 
years 

HAM-D GG carriers exhibited a poorer therapeutic 
response to antidepressant treatment 

No association with depression or treatment  
Illi (2009) 106 cases 

395 controls 
rs6295 (C-
1019G)  

Finnish, mean age of cases 
41 years, mean age of 
controls 44 years  

MADRS No association with MDD or treatment 
response 

Yoon (2009) 181 suicidal cases 
143 non-suicidal 
cases 
176 controls 

rs6295 (C-
1019G) 

Korean, mean age of 
suicidal cases 40 years, 
mean age of non-suicidal 
cases 41 years, mean age 
of controls 40 years 

DSM-IV No association with MDD 

Hettema (2008) 589 cases  
539 controls 

rs878567 and 
rs6295 (C-
1019G) 

Caucasians DSM-III-R No association with MDD 

Huang (2004) 326 cases 
107 controls 

rs6295 (C-
1019G) 

Various ethnic 
backgrounds, mean age of 
cases 38 years, mean age 
of controls 39 years 

DSM-IV No association with MDD 

Arias (2002) 249 cases 
170 controls 

rs6295 (C-
1019G) 
rs1799921 
(Ile28Val) 
Asp272Gly 
rs1800041 
(Pro16Leu) 

Spanish, mean age of 
cases 47 years, mean age 
of controls 38 years 

DSM-III-R No association with MDD 
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Other investigations 
Serretti (2009) 111psychiatric patient 

group of suicide 
attempters  
289 controls 

rs878567 and rs6295 
(C-1019G) 

German, mean age of 
cases 39.2 years, mean 
age of controls 45.2 
years 

Temperament 
and Character 
Inventory 

No association was observed to 
personality traits. 

Serretti (2007) 167 German suicide 
attempters, 92 
Caucasian suicide 
completers, 312 
German controls, 152 
Italian suicide 
attempters, 131 
Italian controls 

rs878567 and rs6295 
(C-1019G) 

 DSM-IV, State-
Trait Anger 
Expression 
Inventory 

No association with suicide-, 
anger-or aggression-related 
behaviour. 

Wasserman 
(2006) 

272 family trios of 
suicide attempters 

rs6295 (C-1019G) Caucasians DSM-IV, Life 
Event Inventory 

Overtransmission of G allele in a 
subset of subjects with stressful 
life events prior to suicide attempt. 

Parsey (2006b) 28 cases  
43 controls 

rs6295 (C-1019G) 18-65 years of age, 
antidepressant naïve 
cases 

DSM-IV The GG genotype was more 
common in MDD and correlated 
with higher binding potential of the 
receptor. 

Huang (2003) 208 cases (MDD) and 
183 controls,  
83 cases (substance 
abuse) and 311 
controls 

rs6296 (G861C) African-Americans, 
Caucasians, Hispanics, 
Asians and Others 

DSM-III R C allele is associated with MDD 
and substance abuse disorder. 

Diagnostic and Statistical Manual of Mental Disorders version 3 revised (DSM-III-R) and version 4 (DSM-IV)  
Hospital Anxiety and Depression Scale (HADS) 
Montgomery–Asberg Depression Rating Scale (MADRS) 
Hamilton Depression Rating Scale (HAM-D) 
Phospholysine phosphohistidine inorganic pyrophosphate phosphatise (LHPP) 
Major Depressive Disorder (MDD) 
Serotonin transporter promoter polymorphism (HTTLPR). 
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10.7 Manuscripts in preparation –Further results 
 

� I investigated the role of HTR2A and SLC6A4 in depression, trait 

anxiety and neuroticism in interaction with recent life events and 

childhood adversity in the New Mood cohort. When childhood adversity 

was included in the model, two of the HTR2A polymoprphisms showed 

nominally significant values (rs6314_T with BSI anxiety scores, 

p=0.015, β=0.043, rs3125_C to BigFive Neuroticism scores, p=0.02, 

β=0.034, none of them surviving correction for multiple testing. SLC6A4 

did not yield any significant results. Neither HTR2A nor SLC6A4 showed 

significant association to the psychiatric phenotypes in interaction with 

recent life events. 

� HTR2C was not associated with any psychiatric phenotypes in the New 

Mood cohort (Tables 13a and 13b shows the results). 

� Epistatic interaction has been observed in the Dyne Steel cohort 

between the subunits of the HTR3 gene. In depression, this interaction 

exists between the HTR3D subunit promoter region and the HTR3A 

subunit while in anxiety and neuroticism an interaction was observed 

between the HTR3D subunit promoter and the HTR3E subunit. 
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Table 13a. Results of association between HTR2C and psychiatric phenotypes in the 
New Mood cohort (Homozygote females) 

 Homozygote females  BSI Depression BSI Anxiety BiG5 Neuroticism 

CHR SNP BP β 
P-
value β 

P-
value β 

P-
value 

23 HTR2C rs498207  C 113724372 -0.143 0.387 -0.101 0.489 -0.047 0.709 

23 HTR2C rs3813928  A 113724538 -0.455 0.064 -0.383 0.080 -0.299 0.109 

23 HTR2C_3813929  T 113724776 -0.462 0.060 -0.380 0.082 -0.304 0.106 

23 HTR2C_518147  C 113724838 -0.356 0.064 -0.197 0.245 -0.156 0.285 

23 HTR2C_6318  C 113871991 0.140 0.501 0.064 0.730 0.177 0.261 

23 HTR2C_6643913  T 114034831 0.269 0.227 0.184 0.356 0.199 0.240 
 
 
Table 13b. Results of association between HTR2C and psychiatric phenotypes in the New Mood cohort (Males) 

 Males  BSI Depression BSI Anxiety BiG5 Neuroticism 

CHR SNP BP β 
P-
value β 

P-
value β 

P-
value 

23 HTR2C_498207  C 113724372 0.169 0.103 0.039 0.661 0.068 0.485 

23 HTR2C_3813928  A 113724538 0.108 0.479 -0.012 0.925 0.118 0.401 

23 HTR2C_3813929  T 113724776 0.112 0.454 -0.008 0.948 0.121 0.386 

23 HTR2C_518147  C 113724838 0.103 0.447 -0.011 0.921 -0.011 0.929 

23 HTR2C_6318  C 113871991 0.095 0.47 0.054 0.631 -0.045 0.717 

23 HTR2C_6643913  T 114034831 0.175 0.199 0.092 0.429 0.019 0.885 
 

Mathematical models were additive. Covariate: age. 
Phenotypes are identical as described in the Methods section. 
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10.8 Published version of Study 1 
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10.9 Supplementary materials for Study 2 
Supplementary Table 1: Genetic association studies investigating HTR2A and major depressive disorder (MDD) 

Study Sample size SNPs investigated Population Assessment Finding 
Association with depression  
Jokela (2007) 1212 twins rs6313 (Ser34Ser; T102C) Young Finnish, 3-18 yrs Modified BDI Interaction observed between maternal 

nurturance and depression. T allele 
protective 

Christiansen (2007) 684  randomly 
selected  

rs6311 
rs6314 (Tyr452His) 

Elderly Danish twins, mean age 77 
yrs 

Modified 
CAMDEX 

Association between rs6311 and 
depression score in males (230 men) 

Choi (2004) 189 cases 
148 controls 

rs6314 (Tyr452His) Korean, mean age 46 yrs DSM-IV (Korean 
version) 

G allele associated with MDD 

Eley (2004) 210 cases 
167 controls 

rs6313 (Ser34Ser; T102C) UK community based sample, 12-19 
yrs 

SMFQ Association with depression independent 
of sex or environment effects. T allele 
protective 

Jansson (2003) 377 cases 
1215 controls 

rs6314 (Tyr452His) 
 

Elderly Swedish twins, mean age 73 
yrs 

CES-D Association between depressed mood and 
rs6314 in males (123 men) 

Zhang (1997) 51 cases 
150 controls 

rs6313 (Ser34Ser; T102C) Japanese adults DSM-IV Association with MDD. T allele increases 
susceptibility and reduces age of onset 

No association with depression  
Tencomnao (2010) 180 cases 

183 controls 
rs6313 (Ser34Ser; T102C) Northeastern Thai, mean age 43 yrs DSM-IV No Association 

Illi (2009) 106 cases 
395 controls 

rs6313 (Ser34Ser; T102C) 
rs6311, rs7997012 

Finnish, mean age of cases 41 yrs, 
mean age of controls 44 yrs  

MADRS No association with MDD or treatment 
response 

Zhang (2009) 401 cases 
391 controls 

rs6313 (Ser34Ser; T102C) Chinese, mean age of cases 33 yrs, 
mean age of controls 33 yrs 

DSM-IV No association with MDD 

Kishi (2009) 325 cases 
802 controls 

rs6313 (Ser34Ser; T102C) 
rs6311 
rs7997012, rs1928040 

Japanese, case mean age 47 yrs, 
mean age of controls 38 yrs 

DSM-IV No association with MDD 

Yoon (2009) 181 suicidal cases 
143 non-suicidal 
cases 
176 controls 

rs6313 (Ser34Ser; T102C) Korean, mean age of suicidal cases 
40 yrs, mean age on non-suicidal 
cases 41 yrs, mean age of controls 
40 yrs 

DSM-IV No association with MDD 

Shaikh (2008) 135 cases rs6313 (Ser34Ser; T102C) US adults DSM-IV No association with MDD 
Oswald (2003) 142 cases 

142 controls 
rs6313 (Ser34Ser; T102C) European sample taken from the 

European Collaboration Project on 
Affective Disorders (ECPAD) 

DSM-III-R and 
DSM-IV 

No association with UPAD 

Minov (2001) 173 cases 
121 controls 

rs6313 (Ser34Ser; T102C) 
rs6314 (Tyr452His) 

German, mean age of cases 50 yrs, 
mean age of controls 47 yrs 

DSM-IV No association with MDD 

Frisch (1999) 102 cases 
172 controls 

rs6313 (Ser34Ser; T102C) Ashkenazi and non- Ashkenazi jews DSM-IV or 
SADS-L 

No association with MDD 

Tsai (1999) 79 cases 
96 controls 

rs6313 (Ser34Ser; T102C) Taiwanese adults, 60 yrs and over DSM-IV No association with depressive disorders 

 
Beck Depression Inventory (BDI); Cambridge Mental Disorders of the Elderly Examination (CAMDEX); Center for Epidemiologic Studies Depression Scale (CES-D); Montgomery–
Asberg Depression Rating Scale (MADRS); short form of the Mood and Feelings Questionnaire (SMFQ); Schedule for Affective Disorders and Schizophrenia— 
Lifetime Version (SADS-L), Unipolar affective disorder (UPAD). 
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Supplementary Table 2: All possible interactions between SNPs genotyped on the Illumina 610 Quad microarray in the Dyne Steel cohort 

    Beck Depression  Yesavage Depression CMI Depression  CMI Anxiety  EPQ Neuroticsm 

    Score   Score  Score   Score   Score   

CHR1 SNP1 CHR2 SNP2 β  p value β p value β p value β p value β p value 

13 rs7333412 13 rs3803189 -0.1551 0.796 0.4894 0.370 0.08554 0.256 -0.00899 0.946 0.4018 0.518 

13 rs7333412 13 rs6314 -0.6064 0.394 0.3409 0.595 -0.0293 0.745 0.0136 0.932 0.5261 0.475 

13 rs7333412 13 rs977003 -0.3233 0.441 0.3645 0.342 0.04466 0.401 0.09466 0.312 0.101 0.815 

13 rs7333412 13 rs1923884 -0.2973 0.667 -0.2684 0.669 -0.0225 0.797 0.08989 0.561 0.06795 0.921 

13 rs7333412 13 rs1923885 -0.3418 0.327 0.1109 0.727 0.00652 0.883 -0.01301 0.868 -0.2641 0.456 

13 rs7333412 13 rs1923886 0.6359 0.068 0.1483 0.643 0.02046 0.645 -0.0009 0.991 0.4925 0.167 

13 rs7333412 13 rs1745837 0.6033 0.099 0.474 0.158 0.07987 0.087 0.07213 0.382 0.6477 0.088 

13 rs7333412 13 rs622337 0.608 0.103 0.514 0.134 0.08615 0.071 0.1014 0.229 0.7031 0.067 

13 rs7333412 13 rs655854 0.5817 0.116 0.4312 0.204 0.08278 0.081 0.08742 0.296 0.6618 0.086 

13 rs7333412 13 rs2296972 0.6072 0.099 0.5024 0.138 0.08477 0.072 0.096 0.249 0.6748 0.078 

13 rs7333412 13 rs4942578 0.8191 0.070 0.6538 0.113 0.01669 0.771 0.2412 0.017 0.8964 0.050 

13 rs7333412 13 rs1928042 -0.3068 0.458 -0.362 0.330 -0.0087 0.866 -0.02653 0.770 -0.6672 0.103 

13 rs7333412 13 rs2760345 -0.3815 0.557 -0.1722 0.772 -0.064 0.439 0.03728 0.799 -0.415 0.533 

13 rs7333412 13 rs2770296 0.9575 0.017 0.5927 0.107 0.0112 0.827 0.01187 0.896 0.3246 0.437 

13 rs7333412 13 rs1328674 0.4169 0.631 0.0478 0.952 -0.0921 0.399 0.1095 0.570 -0.3422 0.692 

13 rs7333412 13 rs9316235 0.9193 0.026 0.6551 0.082 0.01077 0.837 -0.04227 0.648 0.3045 0.478 

13 rs7333412 13 rs582385 -0.53 0.248 -0.5194 0.207 0.01443 0.802 -0.03699 0.716 -0.5071 0.268 

13 rs7333412 13 rs2770298 0.9769 0.014 0.6728 0.065 0.00081 0.987 -0.01347 0.880 0.2204 0.594 

13 rs7333412 13 rs972979 0.8077 0.026 0.6157 0.066 0.00559 0.904 0.1256 0.125 0.5345 0.157 

13 rs7333412 13 rs731779 0.9123 0.055 0.3275 0.452 0.01294 0.831 -0.04299 0.688 0.4957 0.302 

13 rs7333412 13 rs2770304 0.676 0.074 0.3853 0.270 0.00329 0.946 0.1273 0.137 0.4946 0.202 

13 rs7333412 13 rs985933 0.7852 0.030 0.6168 0.065 0.00653 0.888 0.1202 0.142 0.5147 0.172 

13 rs7333412 13 rs927544 0.9946 0.012 0.7405 0.041 0.04978 0.323 0.1505 0.090 0.5916 0.149 

13 rs7333412 13 rs17288723 0.9227 0.071 0.1752 0.708 0.06009 0.356 0.00073 0.995 0.4774 0.355 

13 rs7333412 13 rs9534505 0.6025 0.299 0.6974 0.185 -0.0345 0.637 0.06114 0.637 -0.0774 0.901 

13 rs7333412 13 rs9534507 0.6158 0.407 1.121 0.095 0.01334 0.887 0.02168 0.896 0.09783 0.908 

13 rs7333412 13 rs4942587 0.9669 0.026 0.4802 0.226 0.03094 0.575 0.166 0.088 0.6501 0.137 

13 rs7333412 13 rs4941573 -0.4497 0.197 -0.3518 0.271 -0.011 0.803 -0.06165 0.429 0.0388 0.915 

13 rs7333412 13 rs12584920 0.8826 0.061 0.4391 0.307 0.08459 0.157 0.1708 0.106 0.6741 0.155 

13 rs7333412 13 rs1328684 -0.2403 0.522 0.0252 0.940 -0.009 0.847 -0.03874 0.639 -0.5329 0.159 

13 rs7333412 13 rs2296973 0.647 0.099 0.397 0.271 0.02025 0.686 0.116 0.190 0.5849 0.144 

13 rs7333412 13 rs2070037 0.989 0.022 0.4878 0.219 0.03567 0.518 0.1696 0.082 0.6511 0.137 

13 rs7333412 13 rs9534511 0.2928 0.388 0.1221 0.696 0.02044 0.637 0.04691 0.540 0.08641 0.806 
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13 rs7333412 13 rs6313 -0.4991 0.152 -0.3808 0.234 -0.0169 0.702 -0.06402 0.412 -0.0658 0.856 

13 rs7333412 13 rs6312 -0.4008 0.621 0.0273 0.971 -0.0311 0.766 -0.0993 0.590 0.617 0.465 

13 rs7333412 13 rs6306 -0.0903 0.909 -0.8483 0.235 0.04463 0.654 0.04411 0.802 -0.4449 0.576 

13 rs7333412 17 rs1906451 -0.2735 0.440 0.0768 0.814 -0.0081 0.857 -0.08627 0.281 -0.1303 0.726 

13 rs7333412 17 rs1042173 -0.3304 0.354 0.0428 0.896 -0.0164 0.720 -0.0976 0.226 -0.1434 0.700 

13 rs7333412 17 rs12449783 -0.3368 0.346 0.0314 0.924 -0.0166 0.716 -0.09885 0.221 -0.1437 0.699 

13 rs7333412 17 rs3794808 -0.2205 0.538 0.0678 0.838 -0.0116 0.801 -0.06598 0.417 -0.0181 0.962 

13 rs7333412 17 rs4583306 -0.4079 0.258 -0.0787 0.812 -0.0414 0.370 -0.06736 0.409 0.1167 0.756 

13 rs7333412 17 rs140700 0.4411 0.456 0.4028 0.461 0.08268 0.270 0.09142 0.490 0.8819 0.133 

13 rs7333412 17 rs6354 0.1271 0.775 -0.4657 0.255 0.01426 0.802 -0.0478 0.634 0.2979 0.509 

13 rs7333412 17 rs2020936 0.0576 0.897 -0.4333 0.289 0.00972 0.864 -0.0687 0.493 0.3363 0.455 

13 rs7333412 17 rs2066713 0.3502 0.331 0.3194 0.329 0.03297 0.470 0.1314 0.103 -0.3152 0.396 

13 rs7333412 17 rs4251417 0.1541 0.800 1.13 0.043 -0.016 0.836 0.02143 0.875 1.398 0.023 

13 rs7333412 17 rs8071667 0.1678 0.707 -0.4716 0.252 0.01194 0.835 -0.1015 0.315 0.18 0.692 

13 rs7333412 17 rs1487971 0.5903 0.105 0.1031 0.757 0.04254 0.357 0.1075 0.188 0.1813 0.622 

13 rs3803189 13 rs6314 -0.4128 0.684 1.292 0.152 -0.0364 0.773 -0.01219 0.956 0.7943 0.434 

13 rs3803189 13 rs977003 -0.1103 0.844 0.2536 0.622 0.08108 0.253 0.06047 0.628 -0.2184 0.708 

13 rs3803189 13 rs1923884 -0.5821 0.484 0.567 0.455 -0.024 0.820 0.1841 0.323 0.2351 0.775 

13 rs3803189 13 rs1923885 0.2956 0.565 -0.0783 0.866 0.01184 0.854 0.01128 0.921 -0.3794 0.469 

13 rs3803189 13 rs1923886 0.0779 0.880 0.0304 0.948 0.01571 0.808 -0.04091 0.721 0.5697 0.280 

13 rs3803189 13 rs1745837 0.053 0.921 0.4019 0.413 0.08425 0.213 0.07404 0.536 0.3807 0.494 

13 rs3803189 13 rs622337 -0.039 0.942 0.3498 0.482 0.1041 0.129 0.101 0.405 0.4635 0.413 

13 rs3803189 13 rs655854 0.0062 0.991 0.276 0.579 0.1029 0.135 0.09579 0.430 0.3828 0.501 

13 rs3803189 13 rs2296972 0.0264 0.961 0.3551 0.475 0.1068 0.119 0.109 0.368 0.3789 0.502 

13 rs3803189 13 rs4942578 0.7663 0.170 0.5452 0.285 0.07277 0.303 0.2559 0.040 0.3487 0.537 

13 rs3803189 13 rs1928042 -0.4422 0.372 0.0536 0.905 0.01898 0.759 -0.0277 0.800 -0.999 0.043 

13 rs3803189 13 rs2760345 -0.877 0.256 -0.5188 0.468 -0.042 0.671 0.1603 0.358 -0.7606 0.333 

13 rs3803189 13 rs2770296 0.5715 0.255 0.0613 0.894 -0.0164 0.797 0.00919 0.935 0.552 0.298 

13 rs3803189 13 rs1328674 0.2914 0.782 -0.1774 0.855 -0.088 0.511 0.2195 0.354 -0.7133 0.500 

13 rs3803189 13 rs9316235 0.5585 0.283 0.2776 0.558 -0.0172 0.793 -0.09005 0.438 0.5882 0.282 

13 rs3803189 13 rs582385 -0.6273 0.263 -0.0013 0.998 0.03858 0.577 -0.05408 0.658 -0.7182 0.197 

13 rs3803189 13 rs2770298 0.6077 0.224 0.2581 0.573 -0.0239 0.705 -0.03283 0.769 0.3764 0.473 

13 rs3803189 13 rs972979 0.3489 0.447 0.1645 0.697 0.00247 0.966 0.1449 0.158 0.5504 0.246 

13 rs3803189 13 rs731779 0.1732 0.775 -0.7766 0.162 -0.0802 0.298 -0.1521 0.265 0.6427 0.300 

13 rs3803189 13 rs2770304 0.0232 0.961 -0.3828 0.385 -0.0322 0.597 0.1178 0.273 0.3416 0.485 

13 rs3803189 13 rs985933 0.3287 0.473 0.1612 0.702 0.00321 0.956 0.1502 0.144 0.5462 0.249 

13 rs3803189 13 rs927544 0.6823 0.168 0.2989 0.510 0.02421 0.701 0.1244 0.264 0.7258 0.159 
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13 rs3803189 13 rs17288723 0.1543 0.813 -0.8976 0.133 -0.0789 0.342 -0.2156 0.142 0.4363 0.517 

13 rs3803189 13 rs9534505 0.8543 0.235 1.189 0.072 0.04194 0.647 0.206 0.203 0.1636 0.835 

13 rs3803189 13 rs9534507 1.099 0.239 2.059 0.015 0.1327 0.262 0.1696 0.417 1.14 0.301 

13 rs3803189 13 rs4942587 0.4416 0.418 -0.3532 0.479 -0.0399 0.565 0.08427 0.490 0.5768 0.298 

13 rs3803189 13 rs4941573 0.0541 0.904 -0.3209 0.435 -0.0202 0.721 -0.08561 0.389 0.2029 0.658 

13 rs3803189 13 rs12584920 0.5894 0.309 -0.0287 0.957 -0.0169 0.819 0.1383 0.289 0.8581 0.150 

13 rs3803189 13 rs1328684 -0.3767 0.416 0.5959 0.154 0.04803 0.406 0.02076 0.839 -0.6443 0.166 

13 rs3803189 13 rs2296973 0.0045 0.993 -0.3187 0.485 -0.0233 0.713 0.08397 0.453 0.5731 0.257 

13 rs3803189 13 rs2070037 0.4541 0.405 -0.3164 0.526 -0.0371 0.592 0.08779 0.473 0.6228 0.261 

13 rs3803189 13 rs9534511 -0.2889 0.507 0.0128 0.974 0.01117 0.839 0.01784 0.854 -0.0103 0.982 

13 rs3803189 13 rs6313 -0.0118 0.979 -0.4477 0.276 -0.0349 0.536 -0.08927 0.370 -0.0043 0.993 

13 rs3803189 13 rs6312 -1.485 0.126 -0.0502 0.956 0.04249 0.734 0.0588 0.790 0.4138 0.681 

13 rs3803189 13 rs6306 -0.4971 0.585 -1.365 0.103 -0.0993 0.394 -0.1594 0.439 0.4837 0.606 

13 rs3803189 17 rs1906451 0.0147 0.973 0.0994 0.807 -0.0178 0.751 -0.01257 0.899 -0.2134 0.647 

13 rs3803189 17 rs1042173 0.0505 0.909 0.1336 0.743 -0.0133 0.815 -0.00013 0.999 -0.1925 0.679 

13 rs3803189 17 rs12449783 0.0459 0.918 0.1255 0.758 -0.0134 0.813 -0.00087 0.993 -0.1893 0.684 

13 rs3803189 17 rs3794808 0.1601 0.718 0.1878 0.647 -0.012 0.833 0.02356 0.815 -0.1086 0.815 

13 rs3803189 17 rs4583306 -0.0496 0.911 -0.0003 1.000 -0.0518 0.363 0.01005 0.920 0.09957 0.831 

13 rs3803189 17 rs140700 0.8086 0.303 0.3126 0.661 0.08752 0.373 -0.1233 0.477 1.112 0.145 

13 rs3803189 17 rs6354 0.2327 0.669 -0.6521 0.195 -0.0195 0.780 -0.2114 0.086 0.2889 0.605 

13 rs3803189 17 rs2020936 0.1744 0.749 -0.6085 0.227 -0.0191 0.784 -0.2256 0.067 0.326 0.559 

13 rs3803189 17 rs2066713 -0.1025 0.818 0.3116 0.444 0.06716 0.235 0.1457 0.145 -0.3236 0.488 

13 rs3803189 17 rs4251417 0.0521 0.946 0.8118 0.245 -0.0516 0.589 -0.02539 0.880 2.507 0.001 

13 rs3803189 17 rs8071667 0.262 0.633 -0.6649 0.189 -0.0086 0.903 -0.2335 0.060 0.174 0.758 

13 rs3803189 17 rs1487971 0.326 0.463 0.0118 0.977 0.09518 0.091 0.08065 0.417 0.2378 0.597 

13 rs6314 13 rs977003 -0.6469 0.327 0.5874 0.332 0.0105 0.901 0.1493 0.317 0.4264 0.530 

13 rs6314 13 rs1923884 0.2736 0.793 -1.426 0.128 -0.0197 0.881 -0.08272 0.721 -0.1966 0.845 

13 rs6314 13 rs1923885 -0.9732 0.044 0.2391 0.589 -0.0328 0.597 0.00957 0.930 -0.0647 0.895 

13 rs6314 13 rs1923886 1.11 0.020 0.2572 0.557 0.05732 0.349 -0.0076 0.944 0.3093 0.523 

13 rs6314 13 rs1745837 1.123 0.023 0.5438 0.232 0.1072 0.093 0.02586 0.819 0.7884 0.124 

13 rs6314 13 rs622337 1.185 0.019 0.6286 0.176 0.1005 0.124 0.0475 0.681 0.8036 0.119 

13 rs6314 13 rs655854 1.091 0.028 0.5729 0.210 0.09751 0.129 0.0319 0.778 0.7832 0.129 

13 rs6314 13 rs2296972 1.124 0.023 0.6089 0.183 0.09621 0.134 0.032 0.778 0.8168 0.112 

13 rs6314 13 rs4942578 0.7062 0.287 0.6735 0.268 -0.0785 0.361 0.1672 0.270 1.549 0.024 

13 rs6314 13 rs1928042 -0.0395 0.950 -0.9606 0.098 -0.0715 0.379 0.01675 0.907 -0.0131 0.984 

13 rs6314 13 rs2760345 0.5783 0.561 0.4978 0.588 -0.0958 0.456 -0.1715 0.450 0.4264 0.692 

13 rs6314 13 rs2770296 1.167 0.036 1.07 0.037 0.04594 0.522 0.00083 0.995 0.00093 0.999 
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13 rs6314 13 rs1328674 0.5076 0.687 0.4393 0.702 -0.074 0.645 -0.08136 0.774 0.3245 0.806 

13 rs6314 13 rs9316235 1.113 0.052 0.912 0.083 0.04541 0.537 0.01961 0.880 -0.0677 0.907 

13 rs6314 13 rs582385 -0.3241 0.649 -1.32 0.044 -0.0516 0.575 0.04383 0.788 -0.1279 0.860 

13 rs6314 13 rs2770298 1.16 0.035 0.9791 0.053 0.03415 0.630 0.00483 0.969 0.01377 0.980 

13 rs6314 13 rs972979 1.246 0.017 1.059 0.028 0.00303 0.964 0.06984 0.558 0.4382 0.419 

13 rs6314 13 rs731779 1.451 0.023 1.419 0.015 0.118 0.149 0.08517 0.556 0.2543 0.690 

13 rs6314 13 rs2770304 1.343 0.012 1.25 0.012 0.04207 0.544 0.1134 0.355 0.6319 0.255 

13 rs6314 13 rs985933 1.222 0.019 1.062 0.027 0.00388 0.954 0.0525 0.659 0.4005 0.459 

13 rs6314 13 rs927544 1.178 0.039 1.127 0.032 0.06912 0.347 0.1508 0.245 0.2991 0.606 

13 rs6314 13 rs17288723 1.457 0.032 1.247 0.046 0.1987 0.023 0.2382 0.124 0.4505 0.507 

13 rs6314 13 rs9534505 0.1359 0.868 -0.0549 0.942 -0.1245 0.235 -0.1583 0.393 -0.3403 0.689 

13 rs6314 13 rs9534507 -0.1414 0.894 -0.3118 0.748 -0.1448 0.286 -0.1944 0.417 -0.9907 0.368 

13 rs6314 13 rs4942587 1.376 0.025 1.381 0.014 0.111 0.159 0.2329 0.094 0.6214 0.313 

13 rs6314 13 rs4941573 -0.9537 0.056 -0.3099 0.497 0.01734 0.786 -0.03527 0.754 -0.1747 0.736 

13 rs6314 13 rs12584920 1.149 0.123 1.043 0.122 0.2104 0.026 0.2441 0.143 0.3856 0.598 

13 rs6314 13 rs1328684 -0.0102 0.986 -0.8138 0.111 -0.11 0.125 -0.1017 0.423 -0.2828 0.622 

13 rs6314 13 rs2296973 1.319 0.019 1.194 0.021 0.06623 0.360 0.1382 0.280 0.5307 0.358 

13 rs6314 13 rs2070037 1.406 0.022 1.351 0.016 0.1169 0.138 0.2366 0.089 0.5674 0.357 

13 rs6314 13 rs9534511 0.9052 0.059 0.2049 0.644 0.01304 0.834 0.09591 0.381 0.199 0.691 

13 rs6314 13 rs6313 -0.9743 0.050 -0.2118 0.641 0.0234 0.713 -0.03786 0.736 -0.1261 0.807 

13 rs6314 13 rs6312 1.37 0.251 0.1392 0.901 -0.1481 0.345 -0.3068 0.267 0.7929 0.532 

13 rs6314 13 rs6306 0.7886 0.553 0.4138 0.727 0.2965 0.074 0.4854 0.098 -2.188 0.097 

13 rs6314 17 rs1906451 -0.6284 0.220 0.0274 0.954 0.01403 0.832 -0.1666 0.155 -0.0232 0.966 

13 rs6314 17 rs1042173 -0.7984 0.121 -0.0978 0.837 -0.011 0.869 -0.2089 0.077 -0.083 0.879 

13 rs6314 17 rs12449783 -0.8048 0.118 -0.1095 0.818 -0.0113 0.865 -0.2103 0.074 -0.0869 0.874 

13 rs6314 17 rs3794808 -0.6905 0.186 -0.1048 0.829 -0.0028 0.966 -0.1781 0.137 0.1192 0.829 

13 rs6314 17 rs4583306 -0.7967 0.129 -0.1562 0.747 -0.01 0.883 -0.1633 0.173 0.1198 0.828 

13 rs6314 17 rs140700 -0.0132 0.988 0.4879 0.537 0.06541 0.550 0.3485 0.071 0.4739 0.575 

13 rs6314 17 rs6354 -0.0808 0.901 -0.1148 0.850 0.04961 0.558 0.2192 0.142 0.3391 0.608 

13 rs6314 17 rs2020936 -0.1451 0.823 -0.109 0.857 0.03956 0.639 0.1913 0.199 0.3693 0.576 

13 rs6314 17 rs2066713 0.9504 0.078 0.278 0.572 -0.0225 0.746 0.0763 0.533 -0.3332 0.547 

13 rs6314 17 rs4251417 0.2853 0.736 1.227 0.117 0.03778 0.729 0.06781 0.725 -0.4158 0.628 

13 rs6314 17 rs8071667 -0.0356 0.957 -0.107 0.860 0.02964 0.727 0.1269 0.397 0.2561 0.700 

13 rs6314 17 rs1487971 0.7728 0.147 0.1698 0.732 -0.0465 0.501 0.1157 0.343 0.04242 0.938 

13 rs977003 13 rs1923884 -0.2706 0.636 -0.2231 0.670 -0.029 0.690 0.00251 0.984 -0.3002 0.602 

13 rs977003 13 rs1923885 -0.1289 0.677 0.3447 0.228 0.02413 0.542 0.06151 0.377 0.04514 0.887 

13 rs977003 13 rs1923886 0.4077 0.164 -0.0427 0.875 -0.0082 0.826 -0.02107 0.750 0.2921 0.329 
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13 rs977003 13 rs1745837 0.4093 0.199 0.2757 0.350 0.02875 0.481 0.01492 0.835 0.3294 0.322 

13 rs977003 13 rs622337 0.3089 0.345 0.1918 0.526 0.03109 0.458 0.03394 0.645 0.3717 0.272 

13 rs977003 13 rs655854 0.3043 0.350 0.1613 0.591 0.03009 0.472 0.03173 0.666 0.3861 0.256 

13 rs977003 13 rs2296972 0.3153 0.332 0.2063 0.491 0.03175 0.445 0.03739 0.609 0.3785 0.262 

13 rs977003 13 rs4942578 0.1399 0.713 0.4146 0.238 -0.0311 0.522 0.05655 0.508 0.1984 0.613 

13 rs977003 13 rs1928042 0.1316 0.690 -0.1543 0.611 0.0629 0.133 -0.07369 0.317 -0.2178 0.512 

13 rs977003 13 rs2760345 -0.4128 0.436 0.3052 0.533 0.04069 0.548 -0.1069 0.370 -0.7707 0.157 

13 rs977003 13 rs2770296 0.8682 0.009 0.559 0.070 0.04371 0.307 0.01745 0.817 0.5262 0.122 

13 rs977003 13 rs1328674 0.024 0.974 0.4904 0.459 0.1821 0.046 0.0716 0.655 -0.4243 0.556 

13 rs977003 13 rs9316235 0.9637 0.005 0.3929 0.215 -0.018 0.681 -0.0392 0.611 0.5417 0.124 

13 rs977003 13 rs582385 0.072 0.841 -0.2376 0.472 0.02863 0.533 -0.05913 0.464 0.09414 0.795 

13 rs977003 13 rs2770298 0.943 0.004 0.53 0.083 0.04075 0.336 -0.01808 0.808 0.4356 0.198 

13 rs977003 13 rs972979 0.7236 0.016 0.7269 0.009 0.03357 0.386 0.04455 0.512 0.4136 0.187 

13 rs977003 13 rs731779 1.011 0.009 0.4322 0.226 0.03579 0.469 0.02916 0.738 0.8137 0.037 

13 rs977003 13 rs2770304 0.6874 0.029 0.6838 0.019 0.06897 0.087 0.07178 0.312 0.4234 0.196 

13 rs977003 13 rs985933 0.7102 0.018 0.7331 0.009 0.03323 0.390 0.04316 0.526 0.3936 0.210 

13 rs977003 13 rs927544 0.8912 0.007 0.6506 0.031 0.03388 0.418 0.1114 0.130 0.6407 0.058 

13 rs977003 13 rs17288723 1.303 0.002 0.24 0.531 0.04941 0.350 0.07694 0.409 1.07 0.010 

13 rs977003 13 rs9534505 0.2134 0.670 0.5474 0.231 0.00769 0.903 -0.02117 0.850 -0.215 0.677 

13 rs977003 13 rs9534507 0.1963 0.764 0.4975 0.401 -0.1395 0.091 -0.09893 0.496 -0.0365 0.958 

13 rs977003 13 rs4942587 0.8964 0.011 0.5563 0.090 0.06951 0.127 0.1568 0.050 0.7202 0.048 

13 rs977003 13 rs4941573 -0.7236 0.014 -0.4439 0.104 -0.0469 0.212 0.0314 0.634 -0.2242 0.460 

13 rs977003 13 rs12584920 1.005 0.007 0.5488 0.115 0.09456 0.050 0.1712 0.043 0.8439 0.028 

13 rs977003 13 rs1328684 0.0633 0.838 0.0752 0.790 0.00252 0.949 -0.1535 0.026 -0.3229 0.300 

13 rs977003 13 rs2296973 0.6965 0.033 0.5681 0.062 0.02906 0.491 0.06342 0.393 0.5165 0.132 

13 rs977003 13 rs2070037 0.9074 0.010 0.5467 0.096 0.06817 0.134 0.1619 0.043 0.7173 0.048 

13 rs977003 13 rs9534511 0.6233 0.029 0.2611 0.326 0.03811 0.299 -0.03883 0.547 0.2907 0.327 

13 rs977003 13 rs6313 -0.8074 0.006 -0.4985 0.069 -0.0528 0.162 0.0349 0.599 -0.3021 0.321 

13 rs977003 13 rs6312 -0.2275 0.740 0.6912 0.272 -0.112 0.203 -0.3184 0.039 -0.0477 0.947 

13 rs977003 13 rs6306 0.8622 0.144 0.0206 0.970 0.03485 0.644 0.03542 0.790 0.4919 0.416 

13 rs977003 17 rs1906451 0.3084 0.304 0.0192 0.945 0.04275 0.266 -0.07122 0.294 0.3301 0.291 

13 rs977003 17 rs1042173 0.2977 0.320 0.0031 0.991 0.04154 0.281 -0.07338 0.279 0.3307 0.288 

13 rs977003 17 rs12449783 0.3057 0.309 0.0173 0.950 0.042 0.276 -0.07183 0.290 0.3277 0.294 

13 rs977003 17 rs3794808 0.2942 0.332 0.0929 0.743 0.05639 0.150 -0.06565 0.342 0.4221 0.186 

13 rs977003 17 rs4583306 0.1177 0.700 0.0389 0.891 0.03496 0.373 -0.0518 0.453 0.4785 0.132 

13 rs977003 17 rs140700 -0.0521 0.916 -0.3257 0.475 -0.0179 0.776 0.1011 0.359 0.205 0.676 

13 rs977003 17 rs6354 -0.1644 0.653 -0.4652 0.169 -0.0193 0.681 -0.00145 0.986 -0.2203 0.552 
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13 rs977003 17 rs2020936 -0.1558 0.671 -0.3927 0.246 -0.0205 0.663 -0.00126 0.988 -0.129 0.727 

13 rs977003 17 rs2066713 -0.0016 0.996 0.3145 0.260 -0.0208 0.591 0.06325 0.353 -0.3786 0.223 

13 rs977003 17 rs4251417 0.5144 0.322 0.6388 0.185 0.00591 0.929 0.2307 0.049 1.008 0.063 

13 rs977003 17 rs8071667 -0.1168 0.752 -0.4188 0.221 -0.0242 0.611 -0.01831 0.827 -0.1528 0.684 

13 rs977003 17 rs1487971 0.2187 0.479 0.181 0.527 -0.0268 0.497 -0.04565 0.510 -0.6097 0.054 

13 rs1923884 13 rs1923885 -0.7478 0.210 -0.4759 0.387 -0.0521 0.497 -0.08314 0.539 -0.8539 0.156 

13 rs1923884 13 rs1923886 0.5673 0.322 0.3017 0.570 0.1471 0.045 0.1688 0.194 0.9427 0.106 

13 rs1923884 13 rs1745837 0.5796 0.266 0.324 0.501 -0.0099 0.883 0.1615 0.170 0.6817 0.204 

13 rs1923884 13 rs622337 0.8919 0.143 0.2364 0.675 -0.0003 0.997 0.1403 0.310 0.8862 0.160 

13 rs1923884 13 rs655854 0.6478 0.272 0.1187 0.828 -0.0297 0.696 0.04292 0.748 0.7745 0.207 

13 rs1923884 13 rs2296972 0.5836 0.319 0.0871 0.873 -0.0195 0.796 0.06354 0.633 0.7525 0.217 

13 rs1923884 13 rs4942578 -0.4295 0.429 -0.6425 0.203 -0.019 0.787 -0.00071 0.995 -0.442 0.438 

13 rs1923884 13 rs1928042 0.6457 0.242 0.5731 0.266 0.01395 0.846 0.1213 0.338 0.1944 0.730 

13 rs1923884 13 rs2760345 0.3258 0.683 -0.9463 0.206 -0.1131 0.273 -0.1163 0.524 -0.3024 0.713 

13 rs1923884 13 rs2770296 -0.7235 0.151 -1.305 0.005 -0.0802 0.217 -0.2421 0.035 -0.8882 0.081 

13 rs1923884 13 rs1328674 1.271 0.304 -0.5367 0.648 -0.03 0.852 -0.2071 0.464 0.439 0.726 

13 rs1923884 13 rs9316235 -1.003 0.052 -1.031 0.031 -0.0221 0.740 -0.1665 0.156 -1.053 0.044 

13 rs1923884 13 rs582385 0.6011 0.324 0.5876 0.299 -0.0447 0.574 0.1138 0.418 0.2391 0.702 

13 rs1923884 13 rs2770298 -0.7014 0.156 -1.106 0.016 -0.0544 0.392 -0.1858 0.097 -0.9133 0.067 

13 rs1923884 13 rs972979 -0.9009 0.051 -1.654 0.000 -0.1016 0.086 -0.1795 0.086 -0.9788 0.039 

13 rs1923884 13 rs731779 -1.319 0.022 -1.487 0.006 -0.1354 0.071 -0.3058 0.021 -1.316 0.024 

13 rs1923884 13 rs2770304 -0.9676 0.042 -1.657 0.000 -0.1434 0.019 -0.2087 0.053 -1.049 0.033 

13 rs1923884 13 rs985933 -0.8266 0.075 -1.68 0.000 -0.1009 0.091 -0.1669 0.113 -0.8962 0.061 

13 rs1923884 13 rs927544 -1.076 0.032 -1.507 0.001 -0.074 0.253 -0.1792 0.117 -0.7604 0.134 

13 rs1923884 13 rs17288723 -1.619 0.007 -1.37 0.014 -0.1449 0.064 -0.3221 0.020 -1.367 0.025 

13 rs1923884 13 rs9534505 1.154 0.183 -0.6616 0.413 0.1236 0.267 -0.00711 0.971 0.5906 0.499 

13 rs1923884 13 rs9534507 0.9278 0.438 -0.7931 0.468 0.2409 0.115 0.1735 0.521 0.7432 0.536 

13 rs1923884 13 rs4942587 -1.236 0.018 -1.506 0.002 -0.1127 0.096 -0.2266 0.058 -1.014 0.056 

13 rs1923884 13 rs4941573 0.4169 0.372 1.157 0.007 0.1057 0.077 0.07197 0.495 0.7672 0.103 

13 rs1923884 13 rs12584920 -1.159 0.034 -1.444 0.004 -0.1185 0.094 -0.2013 0.108 -0.8786 0.113 

13 rs1923884 13 rs1328684 0.6957 0.165 0.0069 0.988 -0.0051 0.937 0.1256 0.271 0.1336 0.793 

13 rs1923884 13 rs2296973 -1.254 0.011 -1.7 0.000 -0.1393 0.028 -0.1883 0.093 -1.226 0.016 

13 rs1923884 13 rs2070037 -1.222 0.020 -1.466 0.003 -0.1096 0.105 -0.2232 0.062 -0.9632 0.069 

13 rs1923884 13 rs9534511 -0.737 0.102 -0.9302 0.025 -0.1221 0.035 -0.03823 0.709 -0.7501 0.100 

13 rs1923884 13 rs6313 0.6575 0.160 1.152 0.007 0.117 0.050 0.07502 0.477 0.7876 0.094 

13 rs1923884 13 rs6312 -0.6588 0.481 -1.306 0.132 -0.1407 0.243 0.023 0.914 -1.03 0.292 

13 rs1923884 13 rs6306 -0.9494 0.225 -0.4658 0.524 -0.0513 0.618 -0.1807 0.320 -1.1 0.169 
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13 rs1923884 17 rs1906451 -0.0487 0.912 -0.1632 0.690 -0.057 0.310 0.00115 0.991 0.4112 0.365 

13 rs1923884 17 rs1042173 -0.0092 0.984 -0.1239 0.763 -0.0522 0.359 0.01468 0.884 0.4375 0.335 

13 rs1923884 17 rs12449783 -0.016 0.971 -0.1358 0.741 -0.0525 0.356 0.01338 0.894 0.4364 0.337 

13 rs1923884 17 rs3794808 -0.0623 0.889 -0.2273 0.586 -0.0625 0.279 0.03319 0.745 0.1055 0.820 

13 rs1923884 17 rs4583306 -0.0138 0.975 -0.2231 0.589 -0.0622 0.278 0.04211 0.678 0.2034 0.657 

13 rs1923884 17 rs140700 -0.1783 0.804 0.0545 0.935 0.01813 0.843 -0.03306 0.838 -0.7629 0.278 

13 rs1923884 17 rs6354 -0.1006 0.857 -0.1098 0.832 0.00692 0.923 0.05599 0.658 -0.8274 0.139 

13 rs1923884 17 rs2020936 0.0047 0.993 -0.0223 0.965 0.01567 0.826 0.09843 0.433 -0.7547 0.174 

13 rs1923884 17 rs2066713 0.0579 0.899 0.3021 0.484 0.0647 0.278 -0.102 0.333 0.3244 0.485 

13 rs1923884 17 rs4251417 -0.0982 0.897 -0.2763 0.690 -0.0498 0.605 0.02967 0.861 0.2704 0.729 

13 rs1923884 17 rs8071667 -0.0281 0.960 0.0301 0.953 0.00892 0.901 0.09017 0.475 -0.7155 0.200 

13 rs1923884 17 rs1487971 -0.2191 0.642 0.3346 0.444 0.09004 0.137 -0.08538 0.425 0.5108 0.286 

13 rs1923885 13 rs1923886 0.2623 0.441 -0.198 0.528 -0.0269 0.538 0.00147 0.985 0.4771 0.171 

13 rs1923885 13 rs1745837 0.2242 0.569 0.045 0.901 -0.0221 0.661 0.03919 0.660 0.3754 0.360 

13 rs1923885 13 rs622337 0.0703 0.862 -0.1668 0.655 -0.021 0.686 0.04297 0.639 0.4021 0.340 

13 rs1923885 13 rs655854 0.1046 0.796 -0.1631 0.661 -0.0213 0.681 0.04663 0.610 0.4109 0.329 

13 rs1923885 13 rs2296972 0.0964 0.811 -0.1463 0.694 -0.0198 0.702 0.05079 0.577 0.3777 0.367 

13 rs1923885 13 rs4942578 -0.059 0.884 0.0247 0.947 -0.0437 0.401 -0.06179 0.501 -0.4833 0.237 

13 rs1923885 13 rs1928042 0.2222 0.507 0.1127 0.715 0.08606 0.043 -0.04746 0.528 0.00051 0.999 

13 rs1923885 13 rs2760345 -0.2938 0.581 0.4916 0.318 0.05437 0.424 -0.07076 0.557 -0.5262 0.332 

13 rs1923885 13 rs2770296 0.5119 0.139 0.0091 0.977 -0.0129 0.772 -0.0785 0.317 0.1056 0.763 

13 rs1923885 13 rs1328674 -0.1944 0.788 0.2894 0.664 0.1724 0.061 0.04044 0.804 -0.5349 0.456 

13 rs1923885 13 rs9316235 0.5935 0.098 -0.1021 0.757 -0.0743 0.104 -0.1136 0.159 0.2367 0.514 

13 rs1923885 13 rs582385 0.3161 0.394 0.0815 0.810 0.05226 0.269 -0.04186 0.616 0.2638 0.475 

13 rs1923885 13 rs2770298 0.5334 0.118 0.0164 0.958 -0.0086 0.844 -0.09213 0.231 0.1196 0.729 

13 rs1923885 13 rs972979 0.4472 0.151 0.2815 0.330 -0.0143 0.721 -0.06198 0.379 -0.0814 0.799 

13 rs1923885 13 rs731779 0.7582 0.061 -0.1555 0.676 -0.0225 0.663 -0.07203 0.430 0.3537 0.381 

13 rs1923885 13 rs2770304 0.4833 0.134 0.2499 0.404 0.02426 0.558 -0.03266 0.655 -0.0646 0.845 

13 rs1923885 13 rs985933 0.4411 0.156 0.2828 0.327 -0.015 0.706 -0.05667 0.421 -0.0915 0.774 

13 rs1923885 13 rs927544 0.53 0.123 0.0441 0.890 -0.0416 0.344 -0.01663 0.831 -0.0108 0.976 

13 rs1923885 13 rs17288723 0.9796 0.026 -0.4573 0.258 -0.0213 0.704 -0.05252 0.597 0.6027 0.170 

13 rs1923885 13 rs9534505 -0.1378 0.780 0.259 0.568 -0.0035 0.956 -0.05045 0.650 -0.3663 0.466 

13 rs1923885 13 rs9534507 -0.1476 0.820 0.2158 0.716 -0.1598 0.053 -0.1186 0.417 -0.2486 0.715 

13 rs1923885 13 rs4942587 0.6218 0.094 -0.0621 0.856 -0.0003 0.994 0.01243 0.882 -0.0088 0.981 

13 rs1923885 13 rs4941573 -0.5907 0.049 -0.2268 0.413 -0.0185 0.629 0.08251 0.222 -0.0296 0.923 

13 rs1923885 13 rs12584920 0.8692 0.027 -0.015 0.967 0.01253 0.803 0.07568 0.394 0.2925 0.463 

13 rs1923885 13 rs1328684 0.1616 0.610 0.3157 0.274 0.02091 0.602 -0.1184 0.094 -0.0167 0.958 
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13 rs1923885 13 rs2296973 0.5482 0.102 0.1684 0.588 -0.0215 0.618 -0.04535 0.552 0.03544 0.918 

13 rs1923885 13 rs2070037 0.6236 0.093 -0.0585 0.864 -0.0038 0.937 0.01709 0.839 0.01163 0.975 

13 rs1923885 13 rs9534511 0.5821 0.043 0.185 0.486 0.01863 0.614 -0.08671 0.183 0.1519 0.604 

13 rs1923885 13 rs6313 -0.6831 0.023 -0.3158 0.257 -0.0249 0.519 0.09684 0.154 -0.0921 0.764 

13 rs1923885 13 rs6312 0.1948 0.778 1.035 0.102 -0.0794 0.366 -0.2266 0.144 0.3475 0.627 

13 rs1923885 13 rs6306 1.038 0.096 -0.4914 0.387 -0.0154 0.845 -0.1152 0.410 0.6009 0.336 

13 rs1923885 17 rs1906451 0.7325 0.019 0.1772 0.540 0.0477 0.231 -0.02101 0.766 0.4348 0.180 

13 rs1923885 17 rs1042173 0.7038 0.025 0.1451 0.617 0.04503 0.263 -0.02875 0.686 0.4237 0.189 

13 rs1923885 17 rs12449783 0.7173 0.023 0.1652 0.570 0.04576 0.256 -0.0265 0.710 0.4234 0.192 

13 rs1923885 17 rs3794808 0.5978 0.057 0.2288 0.434 0.04607 0.255 -0.03081 0.667 0.5481 0.093 

13 rs1923885 17 rs4583306 0.5081 0.107 0.25 0.391 0.029 0.473 -0.02513 0.725 0.6163 0.057 

13 rs1923885 17 rs140700 -0.3957 0.449 -0.7161 0.132 -0.0427 0.517 -0.09841 0.398 0.00984 0.985 

13 rs1923885 17 rs6354 -0.3593 0.350 -0.7013 0.049 -0.0295 0.551 -0.1613 0.065 -0.4547 0.236 

13 rs1923885 17 rs2020936 -0.3284 0.393 -0.6223 0.080 -0.0274 0.580 -0.1533 0.079 -0.3647 0.342 

13 rs1923885 17 rs2066713 -0.275 0.378 0.2447 0.396 -0.0135 0.734 0.1322 0.060 -0.3697 0.243 

13 rs1923885 17 rs4251417 0.6229 0.249 0.2573 0.605 -0.014 0.838 0.1933 0.111 1.134 0.039 

13 rs1923885 17 rs8071667 -0.2909 0.455 -0.6131 0.089 -0.0255 0.612 -0.1442 0.104 -0.3044 0.435 

13 rs1923885 17 rs1487971 -0.0253 0.936 0.2165 0.458 -0.0145 0.718 -0.04165 0.557 -0.5868 0.065 

13 rs1923886 13 rs1745837 -0.2657 0.433 -0.1511 0.631 0.02129 0.626 -0.1024 0.184 -0.5156 0.141 

13 rs1923886 13 rs622337 -0.186 0.603 0.0744 0.822 0.02231 0.628 -0.09129 0.261 -0.5982 0.106 

13 rs1923886 13 rs655854 -0.1075 0.761 0.118 0.718 0.03382 0.458 -0.05454 0.497 -0.5591 0.127 

13 rs1923886 13 rs2296972 -0.0818 0.817 0.1104 0.736 0.02924 0.519 -0.06554 0.413 -0.5298 0.146 

13 rs1923886 13 rs4942578 0.2536 0.500 0.3828 0.269 0.04615 0.342 0.06778 0.429 0.5774 0.126 

13 rs1923886 13 rs1928042 -0.6051 0.063 -0.5307 0.077 -0.1104 0.008 -0.00575 0.938 -0.206 0.524 

13 rs1923886 13 rs2760345 0.189 0.713 0.1061 0.824 -0.0062 0.925 0.1057 0.364 0.7357 0.157 

13 rs1923886 13 rs2770296 -0.1117 0.740 0.6307 0.042 0.05538 0.199 0.1944 0.011 0.3665 0.277 

13 rs1923886 13 rs1328674 -0.2557 0.721 -0.0075 0.991 -0.1665 0.067 0.02849 0.859 0.5973 0.394 

13 rs1923886 13 rs9316235 -0.1261 0.721 0.6066 0.060 0.09215 0.040 0.2068 0.009 0.2168 0.539 

13 rs1923886 13 rs582385 -0.6085 0.087 -0.5802 0.076 -0.0594 0.193 -0.01639 0.839 -0.475 0.177 

13 rs1923886 13 rs2770298 -0.2156 0.521 0.5442 0.077 0.03927 0.360 0.1931 0.011 0.3147 0.349 

13 rs1923886 13 rs972979 0.0343 0.911 0.5815 0.040 0.06722 0.088 0.156 0.025 0.6342 0.042 

13 rs1923886 13 rs731779 -0.2062 0.601 0.854 0.019 0.08589 0.089 0.2504 0.005 0.2717 0.488 

13 rs1923886 13 rs2770304 -0.0957 0.763 0.6064 0.038 0.0411 0.313 0.1576 0.028 0.6224 0.052 

13 rs1923886 13 rs985933 0.0051 0.987 0.5819 0.040 0.06757 0.087 0.1447 0.038 0.6052 0.052 

13 rs1923886 13 rs927544 0.0448 0.894 0.6787 0.027 0.08302 0.052 0.117 0.122 0.4438 0.189 

13 rs1923886 13 rs17288723 -0.1915 0.647 1.09 0.005 0.09418 0.079 0.2475 0.009 0.1265 0.762 

13 rs1923886 13 rs9534505 0.0497 0.917 0.0513 0.907 -0.0197 0.746 0.01846 0.863 0.3124 0.512 
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13 rs1923886 13 rs9534507 0.3522 0.568 0.1009 0.859 0.1123 0.155 0.00924 0.947 0.1068 0.865 

13 rs1923886 13 rs4942587 -0.0915 0.800 0.8247 0.013 0.05588 0.229 0.1434 0.080 0.5614 0.122 

13 rs1923886 13 rs4941573 0.4749 0.109 -0.1584 0.562 -0.0153 0.687 -0.1202 0.071 -0.2629 0.381 

13 rs1923886 13 rs12584920 -0.3295 0.385 0.7826 0.025 0.0518 0.286 0.07863 0.360 0.2896 0.448 

13 rs1923886 13 rs1328684 -0.439 0.154 -0.4415 0.118 -0.0287 0.464 0.04669 0.500 -0.1181 0.702 

13 rs1923886 13 rs2296973 -0.0222 0.947 0.7132 0.020 0.08845 0.039 0.1682 0.026 0.578 0.087 

13 rs1923886 13 rs2070037 -0.1014 0.780 0.7984 0.017 0.05735 0.217 0.1372 0.094 0.5133 0.158 

13 rs1923886 13 rs9534511 -0.419 0.137 0.0715 0.784 0.01616 0.655 0.121 0.058 0.07588 0.790 

13 rs1923886 13 rs6313 0.4682 0.116 -0.0763 0.781 -0.0135 0.723 -0.1379 0.040 -0.2062 0.493 

13 rs1923886 13 rs6312 0.2469 0.714 -0.0756 0.903 0.1522 0.076 0.1907 0.208 0.2156 0.756 

13 rs1923886 13 rs6306 -0.4172 0.450 0.7262 0.153 0.0468 0.509 0.2613 0.037 0.1768 0.748 

13 rs1923886 17 rs1906451 -0.5338 0.075 -0.0375 0.893 -0.0056 0.884 0.0227 0.737 -0.4038 0.188 

13 rs1923886 17 rs1042173 -0.5321 0.077 -0.0297 0.915 -0.006 0.877 0.02266 0.740 -0.4079 0.183 

13 rs1923886 17 rs12449783 -0.5391 0.074 -0.0417 0.881 -0.0063 0.870 0.02131 0.755 -0.4062 0.186 

13 rs1923886 17 rs3794808 -0.3901 0.196 -0.0694 0.805 -0.0005 0.989 0.01519 0.825 -0.3622 0.240 

13 rs1923886 17 rs4583306 -0.3465 0.249 -0.0593 0.831 0.01184 0.759 0.00466 0.946 -0.4675 0.125 

13 rs1923886 17 rs140700 0.5217 0.304 0.8924 0.057 0.03153 0.625 0.1338 0.241 0.3128 0.529 

13 rs1923886 17 rs6354 0.3524 0.344 0.7293 0.035 0.02922 0.543 0.1499 0.077 0.6869 0.066 

13 rs1923886 17 rs2020936 0.2904 0.434 0.6111 0.077 0.02512 0.600 0.1278 0.131 0.5661 0.129 

13 rs1923886 17 rs2066713 0.1178 0.698 -0.4692 0.096 -0.0305 0.433 -0.1044 0.128 0.06827 0.822 

13 rs1923886 17 rs4251417 -0.5472 0.310 -0.1359 0.784 0.04829 0.482 -0.2091 0.085 -0.9248 0.085 

13 rs1923886 17 rs8071667 0.2593 0.490 0.5617 0.107 0.02576 0.595 0.1212 0.157 0.4762 0.207 

13 rs1923886 17 rs1487971 0.0516 0.866 -0.319 0.257 -0.0369 0.345 0.06333 0.358 0.3234 0.289 

13 rs1745837 13 rs622337 0.1764 0.611 0.0424 0.895 0.02304 0.605 -0.08343 0.289 -0.1625 0.651 

13 rs1745837 13 rs655854 0.1936 0.574 0.0464 0.884 0.03025 0.496 -0.06699 0.392 -0.182 0.611 

13 rs1745837 13 rs2296972 0.2167 0.528 0.0545 0.864 0.02833 0.521 -0.0714 0.360 -0.1389 0.696 

13 rs1745837 13 rs4942578 0.0297 0.938 0.3572 0.311 -0.0382 0.441 0.09288 0.288 0.7372 0.058 

13 rs1745837 13 rs1928042 -0.8222 0.019 -0.8021 0.014 -0.1159 0.011 -0.08055 0.315 -0.9089 0.011 

13 rs1745837 13 rs2760345 -0.1168 0.832 0.0834 0.871 0.00837 0.907 -0.01302 0.918 0.3711 0.512 

13 rs1745837 13 rs2770296 -0.1494 0.677 0.3549 0.285 0.08958 0.052 0.09564 0.241 0.0444 0.904 

13 rs1745837 13 rs1328674 -0.913 0.265 -0.2033 0.789 -0.1236 0.241 0.03795 0.839 -0.0933 0.910 

13 rs1745837 13 rs9316235 0.0718 0.843 0.3205 0.336 0.09084 0.050 0.06646 0.416 0.07331 0.842 

13 rs1745837 13 rs582385 -0.7391 0.053 -0.8361 0.018 -0.0649 0.189 -0.06822 0.434 -0.9495 0.014 

13 rs1745837 13 rs2770298 -0.1539 0.664 0.3105 0.342 0.06952 0.126 0.07197 0.369 0.04833 0.894 

13 rs1745837 13 rs972979 -0.0603 0.853 0.3055 0.310 0.05644 0.176 0.05958 0.418 0.4395 0.193 

13 rs1745837 13 rs731779 -0.2698 0.515 0.4101 0.283 0.09092 0.087 0.07256 0.441 -0.0433 0.918 

13 rs1745837 13 rs2770304 -0.3127 0.346 0.2704 0.382 0.02495 0.561 0.02748 0.717 0.3525 0.306 
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13 rs1745837 13 rs985933 -0.0967 0.765 0.3107 0.301 0.05698 0.171 0.04581 0.533 0.4093 0.224 

13 rs1745837 13 rs927544 -0.0201 0.954 0.3065 0.341 0.05442 0.224 0.04208 0.595 0.2385 0.506 

13 rs1745837 13 rs17288723 -0.1717 0.701 0.7535 0.068 0.1205 0.037 0.1177 0.249 -0.0095 0.983 

13 rs1745837 13 rs9534505 0.0386 0.940 0.1253 0.790 0.00864 0.895 0.08583 0.457 0.1453 0.780 

13 rs1745837 13 rs9534507 0.7316 0.256 0.3749 0.528 0.1207 0.145 0.1168 0.425 0.3805 0.567 

13 rs1745837 13 rs4942587 -0.3165 0.407 0.2984 0.398 0.00998 0.839 0.02374 0.784 0.2022 0.605 

13 rs1745837 13 rs4941573 0.6251 0.049 0.2464 0.405 -0.0041 0.921 0.03306 0.648 0.3144 0.340 

13 rs1745837 13 rs12584920 -0.5478 0.191 0.3528 0.360 0.03155 0.557 0.00103 0.991 0.09043 0.834 

13 rs1745837 13 rs1328684 -0.4345 0.183 -0.4955 0.101 -0.0097 0.818 -0.02414 0.745 -0.4614 0.161 

13 rs1745837 13 rs2296973 -0.1373 0.692 0.3559 0.269 0.05631 0.209 0.01602 0.840 0.4079 0.260 

13 rs1745837 13 rs2070037 -0.3169 0.407 0.2945 0.404 0.01714 0.727 0.01558 0.858 0.1592 0.684 

13 rs1745837 13 rs9534511 -0.5174 0.085 -0.2884 0.301 -0.0019 0.962 -0.02441 0.722 -0.2794 0.367 

13 rs1745837 13 rs6313 0.6066 0.059 0.304 0.308 -0.011 0.790 0.00336 0.963 0.2753 0.405 

13 rs1745837 13 rs6312 0.4898 0.481 0.4668 0.468 0.1667 0.064 0.00397 0.980 1.258 0.085 

13 rs1745837 13 rs6306 -1.038 0.101 -0.1107 0.849 0.03269 0.687 0.06086 0.671 -0.7172 0.266 

13 rs1745837 17 rs1906451 -0.4307 0.172 0.2294 0.434 0.01937 0.633 0.052 0.469 -0.3606 0.277 

13 rs1745837 17 rs1042173 -0.4643 0.144 0.2107 0.474 0.01439 0.725 0.04715 0.515 -0.3626 0.273 

13 rs1745837 17 rs12449783 -0.4675 0.142 0.2024 0.492 0.01413 0.730 0.04614 0.524 -0.3618 0.275 

13 rs1745837 17 rs3794808 -0.3984 0.216 0.1586 0.597 0.01298 0.755 0.03623 0.622 -0.2836 0.399 

13 rs1745837 17 rs4583306 -0.4145 0.202 0.1394 0.643 0.01532 0.714 0.0263 0.722 -0.3958 0.239 

13 rs1745837 17 rs140700 0.7758 0.151 1.074 0.030 0.08147 0.235 0.1367 0.259 0.4525 0.404 

13 rs1745837 17 rs6354 0.1909 0.626 0.1167 0.750 -0.0055 0.913 0.02736 0.761 0.3066 0.449 

13 rs1745837 17 rs2020936 0.2316 0.554 0.1349 0.712 -0.0015 0.977 0.03596 0.689 0.3205 0.428 

13 rs1745837 17 rs2066713 0.2246 0.488 -0.3329 0.268 -0.0185 0.657 -0.03255 0.657 0.04505 0.892 

13 rs1745837 17 rs4251417 -0.3486 0.528 0.2743 0.580 0.05992 0.385 -0.1155 0.344 -0.4616 0.411 

13 rs1745837 17 rs8071667 0.2115 0.594 0.1028 0.780 -0.0071 0.890 0.01431 0.874 0.2596 0.524 

13 rs1745837 17 rs1487971 -0.2121 0.516 -0.4373 0.146 -0.0416 0.319 0.05694 0.440 0.2909 0.385 

13 rs622337 13 rs655854 NA NA NA NA NA NA NA NA NA NA 

13 rs622337 13 rs2296972 NA NA NA NA NA NA NA NA NA NA 

13 rs622337 13 rs4942578 0.1157 0.767 0.4288 0.231 -0.0475 0.346 0.05646 0.526 0.7489 0.055 

13 rs622337 13 rs1928042 -0.8846 0.014 -0.8027 0.016 -0.0992 0.033 -0.03666 0.655 -0.9092 0.012 

13 rs622337 13 rs2760345 -0.1234 0.825 0.1144 0.826 0.00366 0.960 -0.03072 0.810 0.4053 0.473 

13 rs622337 13 rs2770296 -0.166 0.652 0.4771 0.162 0.106 0.025 0.1666 0.047 0.2514 0.505 

13 rs622337 13 rs1328674 -1.044 0.207 -0.0672 0.930 -0.1169 0.272 0.07392 0.695 -0.1455 0.860 

13 rs622337 13 rs9316235 0.0783 0.834 0.4253 0.217 0.113 0.018 0.1366 0.106 0.3147 0.409 

13 rs622337 13 rs582385 -0.7361 0.059 -0.8289 0.022 -0.0513 0.308 -0.0394 0.657 -0.9689 0.014 

13 rs622337 13 rs2770298 -0.1841 0.613 0.43 0.202 0.0896 0.056 0.1457 0.078 0.2648 0.478 
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13 rs622337 13 rs972979 -0.0462 0.890 0.3946 0.199 0.06874 0.107 0.07726 0.305 0.6019 0.080 

13 rs622337 13 rs731779 -0.2785 0.518 0.5576 0.161 0.1075 0.052 0.1539 0.116 0.2116 0.628 

13 rs622337 13 rs2770304 -0.3224 0.344 0.3617 0.254 0.03579 0.417 0.04519 0.562 0.5123 0.146 

13 rs622337 13 rs985933 -0.0847 0.798 0.3999 0.192 0.0693 0.104 0.06272 0.405 0.57 0.097 

13 rs622337 13 rs927544 0.0204 0.955 0.4043 0.220 0.07226 0.115 0.07216 0.373 0.3975 0.281 

13 rs622337 13 rs17288723 -0.2436 0.596 0.8985 0.034 0.1335 0.024 0.1842 0.079 0.1532 0.742 

13 rs622337 13 rs9534505 0.0207 0.968 0.1858 0.694 0.01285 0.844 0.09935 0.390 0.1365 0.793 

13 rs622337 13 rs9534507 0.7733 0.227 0.3712 0.530 0.1242 0.131 0.1157 0.426 0.3799 0.565 

13 rs622337 13 rs4942587 -0.3271 0.408 0.4151 0.256 0.02617 0.608 0.05643 0.530 0.3915 0.335 

13 rs622337 13 rs4941573 0.6095 0.059 0.1575 0.601 -0.0269 0.520 -0.00633 0.932 0.1579 0.635 

13 rs622337 13 rs12584920 -0.6641 0.124 0.453 0.256 0.04645 0.402 0.00683 0.945 0.1486 0.739 

13 rs622337 13 rs1328684 -0.4287 0.195 -0.4735 0.123 0.00097 0.982 -0.00255 0.973 -0.4355 0.192 

13 rs622337 13 rs2296973 -0.1144 0.750 0.4398 0.187 0.06962 0.133 0.02798 0.733 0.6045 0.105 

13 rs622337 13 rs2070037 -0.3287 0.406 0.4067 0.266 0.03361 0.510 0.0476 0.597 0.3405 0.402 

13 rs622337 13 rs9534511 -0.504 0.101 -0.2371 0.407 0.01723 0.666 0.00773 0.913 -0.1416 0.653 

13 rs622337 13 rs6313 0.5884 0.071 0.2122 0.484 -0.0342 0.417 -0.04026 0.588 0.1167 0.727 

13 rs622337 13 rs6312 0.6789 0.344 0.423 0.524 0.1617 0.081 -0.04424 0.787 1.359 0.066 

13 rs622337 13 rs6306 -1.077 0.087 -0.1224 0.832 0.05493 0.495 0.1355 0.341 -0.6669 0.297 

13 rs622337 17 rs1906451 -0.2836 0.383 0.3233 0.286 0.03523 0.399 0.07919 0.285 -0.3163 0.353 

13 rs622337 17 rs1042173 -0.3221 0.325 0.3009 0.321 0.02967 0.483 0.07324 0.327 -0.3199 0.347 

13 rs622337 17 rs12449783 -0.3246 0.322 0.293 0.335 0.0294 0.487 0.07222 0.334 -0.3193 0.348 

13 rs622337 17 rs3794808 -0.2589 0.434 0.2235 0.470 0.02798 0.514 0.05357 0.480 -0.2147 0.535 

13 rs622337 17 rs4583306 -0.2775 0.403 0.1866 0.545 0.03063 0.474 0.04652 0.539 -0.3409 0.323 

13 rs622337 17 rs140700 0.6815 0.206 1.068 0.031 0.08083 0.237 0.1046 0.386 0.4143 0.444 

13 rs622337 17 rs6354 0.0991 0.804 0.2104 0.572 -0.0233 0.652 -0.02444 0.789 0.2528 0.540 

13 rs622337 17 rs2020936 0.0492 0.901 0.1652 0.657 -0.0256 0.620 -0.04082 0.654 0.1867 0.650 

13 rs622337 17 rs2066713 0.2159 0.514 -0.4032 0.189 -0.0176 0.679 -0.00482 0.949 0.07379 0.828 

13 rs622337 17 rs4251417 -0.4945 0.398 0.1022 0.849 0.06866 0.358 -0.0855 0.517 -0.584 0.332 

13 rs622337 17 rs8071667 0.0451 0.911 0.1195 0.749 -0.0319 0.539 -0.06758 0.461 0.1188 0.774 

13 rs622337 17 rs1487971 -0.0573 0.863 -0.456 0.136 -0.0411 0.333 0.07949 0.290 0.2875 0.399 

13 rs655854 13 rs2296972 NA NA NA NA NA NA NA NA NA NA 

13 rs655854 13 rs4942578 0.0864 0.823 0.4337 0.221 -0.0483 0.335 0.05269 0.551 0.7121 0.067 

13 rs655854 13 rs1928042 -0.875 0.016 -0.8168 0.015 -0.0945 0.043 -0.03498 0.672 -1.033 0.005 

13 rs655854 13 rs2760345 -0.0517 0.926 0.2298 0.659 0.00516 0.943 -0.02473 0.847 0.3177 0.576 

13 rs655854 13 rs2770296 -0.1871 0.611 0.5494 0.105 0.1113 0.019 0.1797 0.031 0.2951 0.435 

13 rs655854 13 rs1328674 -1.042 0.218 0.1318 0.867 -0.1003 0.357 0.1018 0.596 -0.2176 0.796 

13 rs655854 13 rs9316235 0.0471 0.899 0.4589 0.182 0.1149 0.016 0.147 0.082 0.3693 0.334 
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13 rs655854 13 rs582385 -0.7229 0.063 -0.876 0.015 -0.0493 0.327 -0.04413 0.619 -1.079 0.006 

13 rs655854 13 rs2770298 -0.2023 0.577 0.5001 0.136 0.09487 0.043 0.1596 0.053 0.3055 0.413 

13 rs655854 13 rs972979 -0.0776 0.815 0.4329 0.157 0.07012 0.100 0.08402 0.263 0.6163 0.073 

13 rs655854 13 rs731779 -0.3111 0.470 0.598 0.132 0.1078 0.052 0.1597 0.103 0.2957 0.499 

13 rs655854 13 rs2770304 -0.3473 0.307 0.3988 0.207 0.03626 0.411 0.04933 0.525 0.5349 0.130 

13 rs655854 13 rs985933 -0.0995 0.764 0.4368 0.152 0.07113 0.094 0.07122 0.342 0.5846 0.089 

13 rs655854 13 rs927544 -0.0255 0.943 0.4065 0.216 0.07344 0.109 0.07953 0.325 0.4518 0.221 

13 rs655854 13 rs17288723 -0.3389 0.462 0.9052 0.033 0.1322 0.027 0.1792 0.089 0.2051 0.661 

13 rs655854 13 rs9534505 0.0563 0.912 0.2744 0.562 0.02534 0.700 0.1197 0.302 0.1007 0.847 

13 rs655854 13 rs9534507 0.7915 0.216 0.3725 0.528 0.13 0.115 0.1316 0.365 0.3558 0.590 

13 rs655854 13 rs4942587 -0.3932 0.319 0.4169 0.253 0.02558 0.616 0.05807 0.518 0.4676 0.251 

13 rs655854 13 rs4941573 0.6062 0.060 0.15 0.616 -0.0302 0.469 -0.01258 0.864 0.2207 0.510 

13 rs655854 13 rs12584920 -0.7408 0.085 0.4383 0.269 0.04481 0.419 0.00505 0.959 0.2263 0.612 

13 rs655854 13 rs1328684 -0.3884 0.243 -0.473 0.125 0.00496 0.908 0.00255 0.973 -0.5595 0.097 

13 rs655854 13 rs2296973 -0.1516 0.672 0.4431 0.182 0.06633 0.153 0.02781 0.734 0.6441 0.084 

13 rs655854 13 rs2070037 -0.3951 0.317 0.4086 0.262 0.03293 0.518 0.04909 0.585 0.417 0.306 

13 rs655854 13 rs9534511 -0.5108 0.095 -0.2601 0.360 0.01677 0.673 0.00584 0.934 -0.1868 0.555 

13 rs655854 13 rs6313 0.6011 0.064 0.2196 0.465 -0.0359 0.391 -0.04153 0.574 0.1709 0.610 

13 rs655854 13 rs6312 0.7428 0.296 0.4423 0.501 0.149 0.106 -0.04767 0.769 1.228 0.094 

13 rs655854 13 rs6306 -1.132 0.075 -0.0005 0.999 0.05741 0.481 0.1454 0.312 -0.5737 0.375 

13 rs655854 17 rs1906451 -0.3576 0.270 0.3179 0.291 0.03741 0.370 0.07436 0.313 -0.3894 0.253 

13 rs655854 17 rs1042173 -0.3946 0.226 0.2964 0.326 0.03198 0.449 0.06874 0.356 -0.3922 0.249 

13 rs655854 17 rs12449783 -0.3974 0.223 0.2883 0.340 0.03172 0.452 0.06769 0.363 -0.3917 0.251 

13 rs655854 17 rs3794808 -0.2904 0.381 0.2508 0.417 0.03119 0.468 0.05546 0.465 -0.2771 0.425 

13 rs655854 17 rs4583306 -0.3139 0.344 0.2188 0.476 0.0338 0.430 0.0475 0.529 -0.4085 0.237 

13 rs655854 17 rs140700 0.7543 0.162 1.047 0.034 0.08838 0.197 0.08452 0.484 0.5288 0.329 

13 rs655854 17 rs6354 0.2435 0.542 0.1809 0.627 -0.0241 0.642 -0.03335 0.715 0.2899 0.485 

13 rs655854 17 rs2020936 0.1914 0.631 0.1356 0.715 -0.0264 0.609 -0.04984 0.584 0.2233 0.589 

13 rs655854 17 rs2066713 0.1476 0.654 -0.4113 0.177 -0.0206 0.626 0.00016 0.998 0.1173 0.730 

13 rs655854 17 rs4251417 -0.4921 0.398 0.1064 0.842 0.06957 0.351 -0.08316 0.527 -0.6222 0.299 

13 rs655854 17 rs8071667 0.1885 0.641 0.0885 0.812 -0.033 0.527 -0.07694 0.401 0.1568 0.706 

13 rs655854 17 rs1487971 -0.0942 0.778 -0.4747 0.123 -0.0451 0.293 0.07857 0.299 0.2956 0.390 

13 rs2296972 13 rs4942578 0.1002 0.795 0.3683 0.298 -0.051 0.306 0.05277 0.549 0.714 0.064 

13 rs2296972 13 rs1928042 -0.8365 0.020 -0.806 0.016 -0.0974 0.035 -0.03979 0.627 -0.9634 0.008 

13 rs2296972 13 rs2760345 -0.0711 0.898 0.0645 0.901 -0.0028 0.969 -0.02878 0.821 0.3622 0.519 

13 rs2296972 13 rs2770296 -0.1908 0.603 0.4863 0.152 0.1069 0.024 0.1676 0.044 0.2894 0.442 

13 rs2296972 13 rs1328674 -0.9896 0.233 -0.0766 0.921 -0.1177 0.271 0.07802 0.679 -0.1338 0.871 
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13 rs2296972 13 rs9316235 0.0395 0.916 0.4386 0.202 0.1143 0.017 0.1376 0.104 0.3231 0.397 

13 rs2296972 13 rs582385 -0.7002 0.071 -0.8322 0.021 -0.0495 0.323 -0.04534 0.608 -1.034 0.008 

13 rs2296972 13 rs2770298 -0.2082 0.566 0.44 0.190 0.09021 0.053 0.1465 0.075 0.2755 0.460 

13 rs2296972 13 rs972979 -0.0747 0.822 0.3814 0.213 0.06735 0.113 0.07628 0.309 0.5941 0.084 

13 rs2296972 13 rs731779 -0.3219 0.454 0.5532 0.163 0.1085 0.049 0.1461 0.135 0.236 0.588 

13 rs2296972 13 rs2770304 -0.3455 0.310 0.3345 0.290 0.03401 0.439 0.03851 0.620 0.4879 0.166 

13 rs2296972 13 rs985933 -0.0966 0.770 0.3852 0.208 0.06837 0.107 0.0635 0.397 0.5623 0.101 

13 rs2296972 13 rs927544 -0.0139 0.969 0.4058 0.217 0.0734 0.108 0.07226 0.371 0.4048 0.271 

13 rs2296972 13 rs17288723 -0.345 0.454 0.8833 0.038 0.1345 0.024 0.1652 0.117 0.1299 0.781 

13 rs2296972 13 rs9534505 0.0636 0.901 0.2014 0.670 0.01395 0.831 0.1175 0.310 0.1888 0.716 

13 rs2296972 13 rs9534507 0.7937 0.217 0.4034 0.497 0.1265 0.126 0.1455 0.319 0.4762 0.472 

13 rs2296972 13 rs4942587 -0.3849 0.330 0.3995 0.274 0.02651 0.602 0.04622 0.606 0.3812 0.348 

13 rs2296972 13 rs4941573 0.5887 0.067 0.1722 0.565 -0.0271 0.515 -0.00428 0.953 0.2133 0.522 

13 rs2296972 13 rs12584920 -0.7442 0.084 0.4207 0.290 0.04518 0.414 -0.00878 0.928 0.1349 0.762 

13 rs2296972 13 rs1328684 -0.3724 0.260 -0.4816 0.116 0.00114 0.979 0.00249 0.974 -0.4803 0.151 

13 rs2296972 13 rs2296973 -0.1528 0.670 0.4101 0.217 0.06765 0.144 0.02006 0.806 0.5765 0.121 

13 rs2296972 13 rs2070037 -0.3871 0.327 0.3911 0.284 0.03389 0.505 0.03728 0.678 0.3307 0.415 

13 rs2296972 13 rs9534511 -0.5002 0.102 -0.2598 0.362 0.01736 0.662 -0.00113 0.987 -0.2118 0.502 

13 rs2296972 13 rs6313 0.5838 0.071 0.2257 0.453 -0.0338 0.419 -0.03581 0.628 0.1741 0.602 

13 rs2296972 13 rs6312 0.7059 0.320 0.3565 0.587 0.1512 0.099 -0.03926 0.809 1.256 0.085 

13 rs2296972 13 rs6306 -1.206 0.055 -0.1882 0.745 0.05367 0.505 0.09738 0.494 -0.6731 0.292 

13 rs2296972 17 rs1906451 -0.2917 0.367 0.3434 0.254 0.03625 0.383 0.0812 0.270 -0.3226 0.342 

13 rs2296972 17 rs1042173 -0.3227 0.322 0.3253 0.281 0.0315 0.454 0.0737 0.321 -0.3371 0.321 

13 rs2296972 17 rs12449783 -0.3254 0.318 0.3173 0.294 0.03123 0.458 0.07266 0.328 -0.3365 0.322 

13 rs2296972 17 rs3794808 -0.22 0.507 0.2759 0.372 0.03076 0.473 0.06076 0.423 -0.2239 0.518 

13 rs2296972 17 rs4583306 -0.2469 0.456 0.2407 0.433 0.03342 0.434 0.05284 0.484 -0.3586 0.297 

13 rs2296972 17 rs140700 0.6886 0.200 1.019 0.039 0.08572 0.208 0.08775 0.466 0.4948 0.359 

13 rs2296972 17 rs6354 0.1403 0.724 0.1718 0.644 -0.0242 0.639 -0.03431 0.706 0.2458 0.550 

13 rs2296972 17 rs2020936 0.0903 0.820 0.127 0.732 -0.0266 0.606 -0.05069 0.577 0.1802 0.661 

13 rs2296972 17 rs2066713 0.1511 0.646 -0.4284 0.160 -0.02 0.635 -0.00421 0.955 0.09917 0.769 

13 rs2296972 17 rs4251417 -0.4117 0.480 0.1547 0.773 0.06769 0.363 -0.08913 0.498 -0.6044 0.312 

13 rs2296972 17 rs8071667 0.0847 0.833 0.0791 0.832 -0.033 0.524 -0.07761 0.396 0.1126 0.785 

13 rs2296972 17 rs1487971 -0.1035 0.755 -0.4938 0.106 -0.0423 0.320 0.0746 0.320 0.3319 0.329 

13 rs4942578 13 rs1928042 -0.2156 0.623 -0.5991 0.141 -0.0787 0.163 -0.1189 0.232 -0.474 0.282 

13 rs4942578 13 rs2760345 0.2308 0.704 0.0021 0.997 -0.0181 0.816 -0.0393 0.775 0.7499 0.216 

13 rs4942578 13 rs2770296 0.3699 0.394 0.5855 0.144 0.03581 0.521 0.1303 0.186 -0.0594 0.892 

13 rs4942578 13 rs1328674 -0.8671 0.276 -0.3931 0.597 -0.1379 0.176 -0.06248 0.729 -0.5723 0.473 
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13 rs4942578 13 rs9316235 0.72 0.133 0.9605 0.029 0.01122 0.856 0.2025 0.062 0.2613 0.590 

13 rs4942578 13 rs582385 0.2945 0.617 -0.7328 0.177 -0.0833 0.272 -0.2056 0.125 -0.475 0.424 

13 rs4942578 13 rs2770298 0.2961 0.492 0.6127 0.125 0.01932 0.728 0.1407 0.151 -0.0116 0.979 

13 rs4942578 13 rs972979 0.7698 0.049 0.8213 0.024 0.1008 0.045 0.2026 0.022 0.69 0.088 

13 rs4942578 13 rs731779 0.8025 0.122 0.9935 0.037 0.00983 0.883 0.1946 0.099 0.6036 0.247 

13 rs4942578 13 rs2770304 0.7028 0.073 0.7352 0.043 0.07855 0.119 0.1879 0.035 0.9236 0.022 

13 rs4942578 13 rs985933 0.7492 0.055 0.8174 0.024 0.1013 0.044 0.2073 0.019 0.6881 0.088 

13 rs4942578 13 rs927544 0.8178 0.051 0.7873 0.039 0.04929 0.354 0.2842 0.002 0.293 0.481 

13 rs4942578 13 rs17288723 0.5897 0.284 0.4981 0.326 -0.0484 0.496 0.2371 0.059 0.3303 0.551 

13 rs4942578 13 rs9534505 -0.3489 0.537 -0.1239 0.812 0.02831 0.696 -0.00142 0.991 -0.833 0.143 

13 rs4942578 13 rs9534507 0.7359 0.511 0.4478 0.658 0.2074 0.143 0.1205 0.630 -1.797 0.116 

13 rs4942578 13 rs4942587 0.741 0.088 0.6415 0.106 0.03067 0.579 0.2802 0.004 0.4896 0.255 

13 rs4942578 13 rs4941573 -0.8373 0.039 -0.5289 0.160 -0.0534 0.305 -0.1339 0.145 -0.4583 0.273 

13 rs4942578 13 rs12584920 0.3233 0.484 0.2109 0.621 0.04258 0.473 0.2406 0.022 0.251 0.588 

13 rs4942578 13 rs1328684 0.2649 0.500 -0.0705 0.845 0.02732 0.585 -0.08671 0.327 0.0173 0.965 

13 rs4942578 13 rs2296973 1.012 0.010 0.8078 0.027 0.09485 0.061 0.2182 0.015 1.074 0.008 

13 rs4942578 13 rs2070037 0.7519 0.083 0.6184 0.119 0.03874 0.483 0.2727 0.005 0.4354 0.311 

13 rs4942578 13 rs9534511 0.926 0.013 0.5257 0.130 0.02989 0.535 0.1585 0.062 0.7222 0.060 

13 rs4942578 13 rs6313 -0.9142 0.025 -0.5765 0.127 -0.0579 0.269 -0.1769 0.056 -0.4727 0.261 

13 rs4942578 13 rs6312 1.596 0.038 1.087 0.123 0.2227 0.022 0.03003 0.861 2.778 0.000 

13 rs4942578 13 rs6306 -0.9404 0.236 -0.6073 0.409 -0.0687 0.503 0.05036 0.782 -0.5143 0.531 

13 rs4942578 17 rs1906451 0.269 0.484 0.4101 0.252 0.03641 0.459 0.159 0.068 0.2261 0.571 

13 rs4942578 17 rs1042173 0.3133 0.418 0.4499 0.211 0.04238 0.394 0.1722 0.050 0.2484 0.533 

13 rs4942578 17 rs12449783 0.3082 0.427 0.4413 0.220 0.04235 0.394 0.1715 0.051 0.2525 0.527 

13 rs4942578 17 rs3794808 0.2944 0.454 0.5714 0.120 0.0352 0.487 0.1205 0.178 0.4778 0.240 

13 rs4942578 17 rs4583306 0.4795 0.225 0.7312 0.047 0.04165 0.413 0.1115 0.214 0.5706 0.157 

13 rs4942578 17 rs140700 -0.233 0.718 0.5083 0.388 -0.0276 0.735 -0.184 0.201 0.5894 0.349 

13 rs4942578 17 rs6354 -0.1218 0.807 -0.1127 0.806 -0.0221 0.729 -0.07833 0.487 -0.3073 0.542 

13 rs4942578 17 rs2020936 -0.2089 0.675 -0.1013 0.825 -0.0246 0.699 -0.09775 0.386 -0.2841 0.572 

13 rs4942578 17 rs2066713 -0.3324 0.402 -0.5673 0.123 0.00602 0.906 0.00094 0.992 -0.2908 0.476 

13 rs4942578 17 rs4251417 0.1606 0.816 -0.0034 0.996 0.06638 0.452 0.1531 0.326 0.3267 0.648 

13 rs4942578 17 rs8071667 -0.0745 0.882 0.0303 0.948 -0.0218 0.735 -0.1251 0.270 -0.2629 0.603 

13 rs4942578 17 rs1487971 -0.0982 0.804 -0.1945 0.596 0.00389 0.939 0.00942 0.917 -0.3955 0.326 

13 rs1928042 13 rs2760345 -0.7235 0.193 -0.8028 0.119 -0.059 0.406 -0.02303 0.854 -1.099 0.048 

13 rs1928042 13 rs2770296 -0.4031 0.306 -0.5521 0.131 -0.0275 0.587 0.077 0.389 -0.5673 0.153 

13 rs1928042 13 rs1328674 -2.156 0.058 -1.835 0.079 -0.1317 0.357 -0.2152 0.394 -2.296 0.037 

13 rs1928042 13 rs9316235 -0.2175 0.636 0.0034 0.994 -0.0109 0.853 0.1328 0.200 0.06896 0.883 
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13 rs1928042 13 rs582385 0.3273 0.454 0.1345 0.741 0.03175 0.573 -0.06706 0.500 -0.2393 0.590 

13 rs1928042 13 rs2770298 -0.3686 0.328 -0.3695 0.296 0.00164 0.973 0.06952 0.416 -0.3343 0.385 

13 rs1928042 13 rs972979 -0.255 0.472 -0.4584 0.166 -0.0483 0.288 0.04005 0.617 -0.4321 0.231 

13 rs1928042 13 rs731779 0.3161 0.586 0.0648 0.904 -0.0122 0.871 0.1686 0.202 0.5646 0.342 

13 rs1928042 13 rs2770304 -0.0068 0.985 -0.3013 0.375 -0.0064 0.891 -0.00738 0.929 -0.1148 0.756 

13 rs1928042 13 rs985933 -0.2786 0.431 -0.4564 0.167 -0.0481 0.289 0.02437 0.761 -0.4598 0.202 

13 rs1928042 13 rs927544 -0.3632 0.431 -0.3074 0.475 -0.102 0.085 0.02786 0.790 -0.3006 0.525 

13 rs1928042 13 rs17288723 -0.0918 0.884 -0.2268 0.700 -0.0302 0.711 0.08179 0.571 -0.2949 0.647 

13 rs1928042 13 rs9534505 -1.148 0.029 -0.9042 0.062 -0.0813 0.224 0.00754 0.949 -1.465 0.005 

13 rs1928042 13 rs9534507 -2.238 0.030 -1.659 0.081 -0.3251 0.014 0.1952 0.402 -3.071 0.004 

13 rs1928042 13 rs4942587 0.1682 0.735 -0.0095 0.984 -0.0333 0.602 -0.01697 0.880 0.3807 0.452 

13 rs1928042 13 rs4941573 0.2364 0.573 0.5465 0.162 0.09151 0.090 0.00137 0.989 0.9379 0.029 

13 rs1928042 13 rs12584920 0.0178 0.973 -0.1394 0.775 -0.0482 0.473 -0.074 0.533 -0.0878 0.869 

13 rs1928042 13 rs1328684 -0.2385 0.516 -0.4054 0.233 -0.054 0.250 0.01391 0.867 -0.8515 0.022 

13 rs1928042 13 rs2296973 0.2015 0.662 0.0759 0.859 -0.0386 0.514 0.03549 0.734 0.4688 0.322 

13 rs1928042 13 rs2070037 0.181 0.715 0.0295 0.949 -0.0303 0.634 -0.01335 0.906 0.4293 0.396 

13 rs1928042 13 rs9534511 0.4155 0.221 0.0843 0.791 -0.0316 0.472 0.02197 0.777 0.2951 0.397 

13 rs1928042 13 rs6313 0.3232 0.438 0.5449 0.161 0.08485 0.114 -0.00498 0.958 0.7689 0.073 

13 rs1928042 13 rs6312 0.5006 0.611 -0.0285 0.975 -0.0671 0.593 0.1825 0.410 0.28 0.783 

13 rs1928042 13 rs6306 -0.0071 0.993 -0.2904 0.692 -0.1447 0.156 0.1461 0.417 0.9403 0.239 

13 rs1928042 17 rs1906451 0.854 0.013 0.3123 0.332 0.04683 0.290 0.06214 0.428 -0.0555 0.876 

13 rs1928042 17 rs1042173 0.8717 0.012 0.3142 0.328 0.05077 0.255 0.07306 0.354 -0.0204 0.954 

13 rs1928042 17 rs12449783 0.892 0.010 0.344 0.287 0.05216 0.244 0.07636 0.334 -0.026 0.942 

13 rs1928042 17 rs3794808 1.044 0.003 0.6091 0.067 0.06013 0.191 0.1558 0.055 0.146 0.689 

13 rs1928042 17 rs4583306 0.8004 0.024 0.4714 0.154 0.02874 0.531 0.1375 0.089 0.2079 0.566 

13 rs1928042 17 rs140700 -1.014 0.067 -0.8503 0.094 -0.1061 0.129 -0.0633 0.608 0.1104 0.838 

13 rs1928042 17 rs6354 -0.5884 0.151 -0.7855 0.037 -0.0769 0.141 -0.1653 0.072 -0.5069 0.213 

13 rs1928042 17 rs2020936 -0.6184 0.130 -0.8344 0.026 -0.0821 0.115 -0.1814 0.048 -0.5165 0.203 

13 rs1928042 17 rs2066713 -0.3285 0.345 0.1622 0.616 0.02601 0.562 -0.00537 0.946 0.2347 0.510 

13 rs1928042 17 rs4251417 0.7711 0.161 0.3049 0.549 0.01457 0.837 0.07493 0.548 0.5204 0.353 

13 rs1928042 17 rs8071667 -0.6519 0.112 -0.8446 0.027 -0.0745 0.159 -0.1696 0.069 -0.6177 0.135 

13 rs1928042 17 rs1487971 -0.1804 0.604 -0.0393 0.903 0.01873 0.674 -0.03552 0.651 0.2262 0.525 

13 rs2760345 13 rs2770296 -0.5127 0.342 -0.4968 0.321 0.02024 0.772 -0.02915 0.813 -1.06 0.053 

13 rs2760345 13 rs1328674 -2.275 0.077 -1.054 0.377 -0.1444 0.386 0.03728 0.899 -1.908 0.126 

13 rs2760345 13 rs9316235 -0.3281 0.689 0.0867 0.910 -0.0239 0.822 -0.1147 0.541 -1.234 0.157 

13 rs2760345 13 rs582385 0.4034 0.693 -0.9516 0.301 -0.0675 0.596 -0.08537 0.704 0.2039 0.839 

13 rs2760345 13 rs2770298 -0.6437 0.232 -0.4995 0.319 -0.0127 0.855 -0.02335 0.850 -1.187 0.030 
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13 rs2760345 13 rs972979 -0.0485 0.944 0.6081 0.343 0.03355 0.706 0.041 0.794 -0.5183 0.462 

13 rs2760345 13 rs731779 0.1883 0.841 0.2869 0.744 -0.0302 0.804 -0.0892 0.678 -0.327 0.743 

13 rs2760345 13 rs2770304 0.0808 0.907 0.7422 0.251 -0.0119 0.894 0.07509 0.636 -0.0066 0.993 

13 rs2760345 13 rs985933 -0.0421 0.951 0.6004 0.349 0.03294 0.711 0.04192 0.790 -0.5246 0.456 

13 rs2760345 13 rs927544 0.5868 0.452 0.6699 0.359 0.06201 0.539 0.03537 0.843 -0.5389 0.512 

13 rs2760345 13 rs17288723 0.5629 0.591 -0.8978 0.355 -0.1267 0.350 -0.01276 0.958 -0.9067 0.412 

13 rs2760345 13 rs9534505 -0.9457 0.134 -0.69 0.237 -0.0017 0.983 -0.00873 0.952 -1.369 0.032 

13 rs2760345 13 rs9534507 -0.7631 0.646 -0.8094 0.599 0.2673 0.214 -0.1977 0.603 -3.11 0.071 

13 rs2760345 13 rs4942587 0.8592 0.303 0.9006 0.248 0.017 0.875 0.1024 0.592 0.2343 0.792 

13 rs2760345 13 rs4941573 0.0664 0.926 -0.1802 0.787 0.03979 0.667 -0.02264 0.890 0.5825 0.430 

13 rs2760345 13 rs12584920 0.8369 0.357 0.6422 0.449 -0.001 0.993 0.1753 0.400 -0.1022 0.914 

13 rs2760345 13 rs1328684 -0.6897 0.324 -0.4882 0.451 -0.0471 0.600 -0.06793 0.669 -0.7161 0.312 

13 rs2760345 13 rs2296973 1.034 0.060 1.055 0.040 0.03916 0.583 0.08081 0.522 1.129 0.048 

13 rs2760345 13 rs2070037 0.8698 0.297 0.9332 0.231 0.0195 0.857 0.1053 0.582 0.2742 0.757 

13 rs2760345 13 rs9534511 0.8529 0.093 0.688 0.148 -0.0301 0.648 0.09618 0.409 1.001 0.061 

13 rs2760345 13 rs6313 -0.0407 0.955 -0.2905 0.663 0.03936 0.669 -0.1194 0.463 0.248 0.736 

13 rs2760345 13 rs6312 1.452 0.132 1.972 0.024 0.1936 0.112 0.1565 0.469 2.846 0.002 

13 rs2760345 13 rs6306 -1.757 0.240 -1.756 0.206 -0.2655 0.172 -0.1009 0.769 0.1853 0.910 

13 rs2760345 17 rs1906451 0.6949 0.171 0.4209 0.378 0.1679 0.010 0.1653 0.153 -0.1249 0.812 

13 rs2760345 17 rs1042173 0.7418 0.147 0.4613 0.335 0.1751 0.008 0.1778 0.128 -0.1028 0.845 

13 rs2760345 17 rs12449783 0.7378 0.150 0.4542 0.343 0.1751 0.008 0.1772 0.129 -0.1 0.849 

13 rs2760345 17 rs3794808 0.8915 0.101 0.8457 0.099 0.1807 0.010 0.1746 0.162 0.3379 0.547 

13 rs2760345 17 rs4583306 1.061 0.055 0.9258 0.075 0.1504 0.035 0.1081 0.393 0.2038 0.718 

13 rs2760345 17 rs140700 -0.9913 0.164 -0.8324 0.211 -0.1124 0.218 -0.07427 0.645 -0.0781 0.911 

13 rs2760345 17 rs6354 -0.6256 0.306 -0.9015 0.112 -0.0576 0.462 0.05571 0.687 -0.6877 0.261 

13 rs2760345 17 rs2020936 -0.6938 0.256 -0.9387 0.097 -0.0649 0.406 0.03848 0.781 -0.6865 0.261 

13 rs2760345 17 rs2066713 -0.4989 0.342 -0.0103 0.983 -0.0805 0.236 -0.09468 0.431 0.5861 0.277 

13 rs2760345 17 rs4251417 -0.3162 0.719 -0.6932 0.397 0.1153 0.307 0.2419 0.226 -0.7909 0.380 

13 rs2760345 17 rs8071667 -0.6571 0.283 -0.8156 0.154 -0.0518 0.512 0.08665 0.535 -0.6731 0.276 

13 rs2760345 17 rs1487971 0.0665 0.900 0.0686 0.890 -0.0204 0.765 -0.03306 0.784 0.7925 0.139 

13 rs2770296 13 rs1328674 -1.03 0.334 -1.009 0.308 -0.1256 0.361 -0.2189 0.368 -2.197 0.040 

13 rs2770296 13 rs9316235 0.3662 0.343 0.3493 0.324 -0.0243 0.623 -0.1153 0.186 0.3675 0.350 

13 rs2770296 13 rs582385 -0.5251 0.344 -0.4139 0.417 -0.1228 0.084 0.1687 0.179 -0.5094 0.365 

13 rs2770296 13 rs2770298 0.1876 0.616 0.3397 0.324 0.03076 0.521 -0.1628 0.054 0.2306 0.545 

13 rs2770296 13 rs972979 0.2561 0.496 0.4995 0.149 0.04278 0.376 -0.1954 0.022 0.017 0.965 

13 rs2770296 13 rs731779 0.5526 0.277 0.8027 0.087 0.03474 0.595 -0.2165 0.061 0.4868 0.342 

13 rs2770296 13 rs2770304 0.2585 0.464 0.2369 0.469 -0.0132 0.773 -0.1492 0.064 -0.3024 0.403 
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13 rs2770296 13 rs985933 0.3011 0.423 0.4788 0.166 0.04278 0.376 -0.1904 0.025 0.03725 0.922 

13 rs2770296 13 rs927544 0.7721 0.039 0.6296 0.066 0.02481 0.604 -0.1647 0.051 0.5137 0.175 

13 rs2770296 13 rs17288723 0.7284 0.216 1.223 0.024 -0.0132 0.862 -0.1764 0.188 0.8064 0.169 

13 rs2770296 13 rs9534505 -0.2198 0.745 -0.022 0.972 0.03728 0.667 -0.1973 0.198 -0.136 0.844 

13 rs2770296 13 rs9534507 0.2771 0.768 0.6494 0.449 0.159 0.185 -0.2152 0.309 1.575 0.105 

13 rs2770296 13 rs4942587 0.8061 0.043 0.6499 0.078 -0.0099 0.847 -0.1623 0.073 0.3598 0.376 

13 rs2770296 13 rs4941573 -0.1713 0.675 -0.4276 0.257 0.01405 0.789 0.099 0.284 0.1273 0.760 

13 rs2770296 13 rs12584920 0.8101 0.062 0.6466 0.107 -0.0494 0.377 -0.1715 0.082 0.331 0.453 

13 rs2770296 13 rs1328684 -0.2188 0.523 -0.3512 0.267 -0.0086 0.846 0.04912 0.527 -0.4867 0.163 

13 rs2770296 13 rs2296973 0.4611 0.204 0.4687 0.164 -0.0392 0.404 -0.1145 0.167 -0.0673 0.856 

13 rs2770296 13 rs2070037 0.8107 0.042 0.6311 0.087 -0.0116 0.822 -0.1596 0.078 0.3458 0.394 

13 rs2770296 13 rs9534511 0.3113 0.350 0.3048 0.325 -0.0872 0.043 0.01731 0.820 -0.2707 0.427 

13 rs2770296 13 rs6313 -0.1946 0.636 -0.4605 0.225 0.0148 0.779 0.08126 0.383 0.2101 0.617 

13 rs2770296 13 rs6312 -0.8207 0.283 -0.6176 0.382 -0.1018 0.302 -0.0456 0.793 -1.92 0.014 

13 rs2770296 13 rs6306 1.184 0.189 1.613 0.050 -0.0676 0.558 -0.1123 0.582 1.827 0.041 

13 rs2770296 17 rs1906451 -0.6353 0.060 -0.3367 0.279 0.03875 0.367 -0.1458 0.055 -0.4372 0.210 

13 rs2770296 17 rs1042173 -0.5912 0.082 -0.3098 0.321 0.04474 0.304 -0.1359 0.077 -0.4263 0.221 

13 rs2770296 17 rs12449783 -0.5854 0.085 -0.2991 0.338 0.04498 0.301 -0.1349 0.079 -0.4269 0.221 

13 rs2770296 17 rs3794808 -0.4471 0.204 -0.1308 0.689 0.06855 0.130 -0.1768 0.027 -0.1762 0.628 

13 rs2770296 17 rs4583306 -0.4827 0.172 0.0000 1.000 0.08673 0.056 -0.1338 0.095 -0.1595 0.661 

13 rs2770296 17 rs140700 0.2152 0.700 0.7928 0.125 0.1293 0.071 -0.03483 0.783 -0.3448 0.535 

13 rs2770296 17 rs6354 0.6885 0.108 0.6034 0.128 0.04588 0.405 0.01277 0.896 0.3275 0.452 

13 rs2770296 17 rs2020936 0.6624 0.121 0.5731 0.148 0.04101 0.456 -0.00775 0.936 0.3018 0.487 

13 rs2770296 17 rs2066713 0.0311 0.929 -0.411 0.203 -0.1033 0.021 0.1226 0.121 0.01146 0.974 

13 rs2770296 17 rs4251417 -0.9477 0.120 -0.1747 0.755 0.1322 0.088 -0.02934 0.831 -0.5122 0.408 

13 rs2770296 17 rs8071667 0.5232 0.224 0.5005 0.209 0.03495 0.528 0.0094 0.924 0.2746 0.530 

13 rs2770296 17 rs1487971 0.069 0.842 -0.2406 0.453 -0.0294 0.510 -0.05697 0.469 -0.1411 0.691 

13 rs1328674 13 rs9316235 0.8977 0.453 0.5053 0.653 -0.0223 0.886 -0.09543 0.727 -0.3843 0.757 

13 rs1328674 13 rs582385 0.8014 0.619 -0.639 0.643 -0.0617 0.748 -0.296 0.384 -0.4336 0.763 

13 rs1328674 13 rs2770298 -1.226 0.245 -1.124 0.254 -0.1651 0.225 -0.1908 0.427 -2.249 0.035 

13 rs1328674 13 rs972979 -0.2755 0.785 0.4244 0.651 -0.0701 0.589 -0.05256 0.818 -1.341 0.189 

13 rs1328674 13 rs731779 1.957 0.160 1.457 0.260 0.2514 0.163 -0.1263 0.692 0.9048 0.529 

13 rs1328674 13 rs2770304 -0.0737 0.943 0.7068 0.457 0.03086 0.814 -0.02805 0.904 -0.6969 0.499 

13 rs1328674 13 rs985933 -0.2689 0.790 0.4162 0.657 -0.0707 0.585 -0.0516 0.822 -1.348 0.186 

13 rs1328674 13 rs927544 1.787 0.107 1.325 0.198 0.0238 0.867 -0.0865 0.731 -0.0863 0.939 

13 rs1328674 13 rs17288723 2.474 0.097 0.8878 0.522 0.02041 0.916 -0.1415 0.679 -0.1364 0.927 

13 rs1328674 13 rs9534505 -2.978 0.017 -2.507 0.030 -0.3727 0.020 -0.198 0.487 -3.523 0.004 
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13 rs1328674 13 rs9534507 -0.9191 0.662 -1.188 0.542 -0.4475 0.100 -0.1059 0.826 -2.905 0.177 

13 rs1328674 13 rs4942587 2.292 0.055 1.87 0.092 0.1717 0.262 -0.07087 0.793 0.7945 0.517 

13 rs1328674 13 rs4941573 0.1871 0.856 0.0263 0.978 0.1502 0.259 0.1637 0.485 1.832 0.086 

13 rs1328674 13 rs12584920 2.815 0.025 1.756 0.134 0.02475 0.878 -0.04353 0.879 0.0602 0.962 

13 rs1328674 13 rs1328684 -1.922 0.066 -1.425 0.138 -0.2732 0.040 -0.125 0.595 -2.284 0.027 

13 rs1328674 13 rs2296973 2.027 0.067 2.494 0.015 0.2075 0.144 0.09509 0.705 1.353 0.228 

13 rs1328674 13 rs2070037 2.302 0.054 1.901 0.087 0.174 0.256 -0.06807 0.801 0.8331 0.496 

13 rs1328674 13 rs9534511 1.721 0.082 1.793 0.050 0.08845 0.484 -0.02902 0.897 1.127 0.256 

13 rs1328674 13 rs6313 -0.0441 0.966 -0.2994 0.755 0.1197 0.365 0.1366 0.558 1.526 0.148 

13 rs1328674 13 rs6312 0.1665 0.937 3.205 0.100 0.223 0.413 0.5813 0.227 2.23 0.271 

13 rs1328674 13 rs6306 0.1695 0.939 0.3875 0.851 -0.3154 0.273 0.00132 0.998 2.093 0.328 

13 rs1328674 17 rs1906451 0.2461 0.736 -0.1107 0.871 0.08209 0.379 0.09084 0.583 0.02357 0.975 

13 rs1328674 17 rs1042173 0.2773 0.706 -0.0811 0.906 0.08597 0.364 0.1015 0.544 0.04182 0.955 

13 rs1328674 17 rs12449783 0.2735 0.711 -0.088 0.898 0.0859 0.364 0.1009 0.546 0.04434 0.953 

13 rs1328674 17 rs3794808 0.6793 0.409 0.7672 0.318 0.143 0.177 0.1224 0.514 0.9794 0.249 

13 rs1328674 17 rs4583306 0.3697 0.653 0.7584 0.323 0.1154 0.274 0.1467 0.432 0.7009 0.408 

13 rs1328674 17 rs140700 -0.4107 0.670 -1.079 0.241 -0.0282 0.819 -0.1731 0.427 -0.0136 0.988 

13 rs1328674 17 rs6354 0.0892 0.916 -0.6427 0.415 -0.0439 0.682 -0.1669 0.378 0.07421 0.928 

13 rs1328674 17 rs2020936 0.067 0.937 -0.6448 0.413 -0.0485 0.650 -0.1773 0.349 0.09611 0.907 

13 rs1328674 17 rs2066713 -0.4636 0.550 0.0092 0.990 -0.0411 0.681 0.05827 0.742 -0.3626 0.642 

13 rs1328674 17 rs4251417 -0.1505 0.900 -0.8162 0.455 0.1186 0.437 0.3464 0.199 -0.6483 0.581 

13 rs1328674 17 rs8071667 -0.0129 0.988 -0.7037 0.381 -0.0445 0.683 -0.1587 0.411 0.01507 0.986 

13 rs1328674 17 rs1487971 0.3934 0.589 -0.2243 0.741 0.05085 0.583 -0.1577 0.336 -0.02 0.978 

13 rs9316235 13 rs582385 -0.5323 0.347 -0.3175 0.543 -0.1018 0.162 0.2312 0.072 -0.3475 0.550 

13 rs9316235 13 rs2770298 0.2936 0.465 0.3395 0.356 0.01607 0.754 -0.1478 0.102 0.4565 0.263 

13 rs9316235 13 rs972979 0.2615 0.487 0.2136 0.539 -0.0217 0.654 -0.1633 0.055 -0.1344 0.728 

13 rs9316235 13 rs731779 0.3332 0.518 0.5026 0.290 0.00545 0.934 -0.1826 0.119 0.3753 0.469 

13 rs9316235 13 rs2770304 0.2426 0.504 0.126 0.708 -0.0753 0.107 -0.1226 0.138 -0.3981 0.282 

13 rs9316235 13 rs985933 0.2923 0.436 0.1975 0.570 -0.0218 0.651 -0.1601 0.060 -0.1109 0.774 

13 rs9316235 13 rs927544 0.5458 0.158 0.3066 0.390 0.0323 0.513 -0.1502 0.084 0.3722 0.348 

13 rs9316235 13 rs17288723 0.355 0.550 0.8994 0.100 -0.0012 0.987 -0.122 0.366 0.6574 0.267 

13 rs9316235 13 rs9534505 0.6596 0.216 0.4325 0.378 0.0265 0.697 -0.02696 0.823 0.7708 0.158 

13 rs9316235 13 rs9534507 0.4937 0.613 0.8189 0.357 0.2316 0.062 -0.2164 0.324 2.298 0.024 

13 rs9316235 13 rs4942587 0.5795 0.155 0.3341 0.377 -0.0137 0.795 -0.1503 0.105 0.1406 0.736 

13 rs9316235 13 rs4941573 -0.1641 0.700 -0.3822 0.330 0.01354 0.803 0.06579 0.492 -0.0047 0.991 

13 rs9316235 13 rs12584920 0.5038 0.254 0.3171 0.438 -0.0264 0.642 -0.1534 0.126 0.1474 0.743 

13 rs9316235 13 rs1328684 -0.0757 0.838 -0.0832 0.807 -0.0029 0.951 0.07106 0.395 -0.1429 0.706 
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13 rs9316235 13 rs2296973 0.2165 0.565 0.1004 0.774 -0.0576 0.236 -0.1288 0.133 -0.4049 0.293 

13 rs9316235 13 rs2070037 0.5834 0.152 0.3093 0.413 -0.0158 0.764 -0.1477 0.111 0.119 0.775 

13 rs9316235 13 rs9534511 0.0675 0.849 0.1127 0.731 -0.0567 0.213 0.01819 0.821 -0.3964 0.272 

13 rs9316235 13 rs6313 -0.1254 0.770 -0.3538 0.370 0.02102 0.701 0.042 0.664 0.05825 0.894 

13 rs9316235 13 rs6312 -0.9428 0.214 -1.051 0.133 -0.1561 0.109 -0.1335 0.439 -2.458 0.001 

13 rs9316235 13 rs6306 0.804 0.363 1.183 0.143 -0.0578 0.607 -0.03315 0.868 1.492 0.088 

13 rs9316235 17 rs1906451 -0.6291 0.075 -0.2404 0.455 0.02837 0.524 -0.1989 0.011 -0.5245 0.143 

13 rs9316235 17 rs1042173 -0.583 0.101 -0.2133 0.509 0.0346 0.442 -0.1889 0.017 -0.514 0.151 

13 rs9316235 17 rs12449783 -0.5764 0.106 -0.2016 0.533 0.03485 0.439 -0.1879 0.018 -0.5153 0.150 

13 rs9316235 17 rs3794808 -0.5101 0.162 -0.1791 0.594 0.05559 0.233 -0.2327 0.005 -0.4744 0.204 

13 rs9316235 17 rs4583306 -0.4973 0.176 -0.05 0.882 0.08315 0.075 -0.1885 0.022 -0.3775 0.312 

13 rs9316235 17 rs140700 0.3653 0.520 1.079 0.040 0.1241 0.087 0.1043 0.416 -0.1721 0.760 

13 rs9316235 17 rs6354 0.6201 0.160 0.6079 0.136 0.02514 0.657 0.1061 0.288 0.3999 0.371 

13 rs9316235 17 rs2020936 0.5965 0.176 0.5767 0.157 0.02089 0.712 0.0861 0.388 0.3687 0.409 

13 rs9316235 17 rs2066713 0.1129 0.757 -0.4029 0.231 -0.0911 0.051 0.1096 0.184 0.1219 0.745 

13 rs9316235 17 rs4251417 -0.8998 0.156 0.0579 0.917 0.05832 0.450 -0.1708 0.211 -0.2679 0.665 

13 rs9316235 17 rs8071667 0.4628 0.296 0.5016 0.220 0.01267 0.824 0.09851 0.327 0.3675 0.413 

13 rs9316235 17 rs1487971 0.0873 0.813 -0.0979 0.773 -0.0314 0.505 0.03274 0.694 0.0042 0.991 

13 rs582385 13 rs2770298 -0.4623 0.397 -0.3384 0.500 -0.1073 0.125 0.1791 0.147 -0.3833 0.489 

13 rs582385 13 rs972979 -0.4969 0.322 -0.8718 0.060 -0.152 0.018 0.07989 0.482 -0.3016 0.555 

13 rs582385 13 rs731779 0.0794 0.902 0.0362 0.952 -0.0478 0.565 0.2018 0.170 0.316 0.633 

13 rs582385 13 rs2770304 -0.1012 0.848 -0.6946 0.155 -0.1177 0.083 0.0058 0.962 0.1431 0.790 

13 rs582385 13 rs985933 -0.5155 0.304 -0.8651 0.061 -0.1507 0.019 0.06328 0.577 -0.3322 0.515 

13 rs582385 13 rs927544 -0.8379 0.121 -0.7537 0.133 -0.1476 0.035 0.06059 0.624 -0.478 0.390 

13 rs582385 13 rs17288723 -0.3772 0.586 -0.1043 0.872 -0.0322 0.721 0.06842 0.667 -0.3946 0.580 

13 rs582385 13 rs9534505 -1.536 0.105 -1.109 0.191 -0.1982 0.092 0.08103 0.697 -1.798 0.052 

13 rs582385 13 rs9534507 -2.343 0.040 -1.277 0.221 -0.2288 0.112 0.2836 0.266 -2.435 0.038 

13 rs582385 13 rs4942587 -0.3154 0.591 -0.562 0.303 -0.1045 0.170 -0.00441 0.974 0.1213 0.841 

13 rs582385 13 rs4941573 0.1617 0.734 0.5357 0.225 0.07739 0.206 -0.00784 0.942 0.5666 0.247 

13 rs582385 13 rs12584920 -0.5867 0.344 -0.7087 0.218 -0.1034 0.198 -0.1209 0.394 -0.268 0.672 

13 rs582385 13 rs1328684 0.0292 0.947 -0.1334 0.743 -0.0051 0.928 0.00956 0.924 -0.4945 0.268 

13 rs582385 13 rs2296973 -0.1545 0.778 -0.6792 0.180 -0.1034 0.143 0.04126 0.741 0.2391 0.671 

13 rs582385 13 rs2070037 -0.304 0.605 -0.5262 0.335 -0.1019 0.181 -0.00119 0.993 0.1656 0.784 

13 rs582385 13 rs9534511 0.118 0.794 -0.2378 0.569 -0.0116 0.842 -0.02102 0.837 0.0619 0.894 

13 rs582385 13 rs6313 0.3031 0.525 0.6117 0.166 0.06953 0.257 -0.01485 0.891 0.6115 0.213 

13 rs582385 13 rs6312 0.7268 0.523 -1.149 0.265 -0.081 0.570 0.154 0.541 0.2492 0.829 

13 rs582385 13 rs6306 0.2393 0.782 -0.1088 0.893 -0.059 0.601 0.09109 0.647 0.2564 0.772 
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13 rs582385 17 rs1906451 0.6712 0.075 0.2163 0.537 0.03207 0.509 0.06432 0.454 -0.085 0.828 

13 rs582385 17 rs1042173 0.6937 0.068 0.2291 0.515 0.03636 0.459 0.07522 0.386 -0.054 0.890 

13 rs582385 17 rs12449783 0.7038 0.064 0.2438 0.489 0.03656 0.457 0.07666 0.377 -0.0596 0.879 

13 rs582385 17 rs3794808 0.7769 0.044 0.3316 0.357 0.03521 0.481 0.1625 0.066 -0.0705 0.859 

13 rs582385 17 rs4583306 0.5349 0.158 0.1519 0.666 -0.0024 0.961 0.1071 0.215 0.02004 0.959 

13 rs582385 17 rs140700 -0.4272 0.473 -0.2447 0.654 -0.0962 0.203 -0.05643 0.673 0.4016 0.492 

13 rs582385 17 rs6354 -0.2355 0.591 -0.309 0.446 -0.0249 0.659 -0.1404 0.158 -0.397 0.368 

13 rs582385 17 rs2020936 -0.263 0.548 -0.3116 0.442 -0.0306 0.586 -0.1531 0.123 -0.3695 0.401 

13 rs582385 17 rs2066713 -0.3638 0.326 0.0181 0.958 0.0095 0.842 -0.02734 0.745 0.2217 0.559 

13 rs582385 17 rs4251417 0.6025 0.332 0.4081 0.476 0.04134 0.604 -0.03203 0.820 0.3013 0.634 

13 rs582385 17 rs8071667 -0.2768 0.530 -0.3112 0.444 -0.023 0.684 -0.1438 0.150 -0.4525 0.307 

13 rs582385 17 rs1487971 -0.3421 0.361 -0.0399 0.909 -0.0243 0.613 -0.08479 0.318 0.1452 0.706 

13 rs2770298 13 rs972979 0.2048 0.559 0.2122 0.512 -0.011 0.808 -0.1564 0.048 -0.295 0.412 

13 rs2770298 13 rs731779 0.5144 0.309 0.6901 0.139 0.03875 0.551 -0.1909 0.096 0.4755 0.351 

13 rs2770298 13 rs2770304 0.2057 0.553 0.0953 0.767 -0.0415 0.356 -0.1354 0.087 -0.5034 0.157 

13 rs2770298 13 rs985933 0.2319 0.507 0.1952 0.546 -0.0111 0.805 -0.1538 0.052 -0.2777 0.440 

13 rs2770298 13 rs927544 0.7323 0.043 0.4294 0.200 0.00393 0.933 -0.1539 0.060 0.3202 0.389 

13 rs2770298 13 rs17288723 0.618 0.284 0.9961 0.061 0.00127 0.986 -0.1349 0.303 0.598 0.300 

13 rs2770298 13 rs9534505 -0.2949 0.661 -0.1187 0.848 0.01096 0.899 -0.1887 0.215 -0.1947 0.778 

13 rs2770298 13 rs9534507 0.2954 0.752 0.5487 0.520 0.1384 0.246 -0.2175 0.302 1.516 0.119 

13 rs2770298 13 rs4942587 0.7828 0.046 0.4862 0.183 -0.0226 0.656 -0.1531 0.087 0.1895 0.637 

13 rs2770298 13 rs4941573 -0.1024 0.797 -0.3662 0.320 0.01829 0.720 0.08084 0.368 0.2511 0.537 

13 rs2770298 13 rs12584920 0.7721 0.070 0.4536 0.251 -0.0556 0.311 -0.1517 0.118 0.1043 0.810 

13 rs2770298 13 rs1328684 -0.2674 0.432 -0.2399 0.448 0.00434 0.921 0.04854 0.529 -0.4038 0.245 

13 rs2770298 13 rs2296973 0.4156 0.245 0.3502 0.293 -0.0574 0.215 -0.1076 0.188 -0.2517 0.492 

13 rs2770298 13 rs2070037 0.7883 0.045 0.471 0.197 -0.024 0.636 -0.1502 0.093 0.1795 0.655 

13 rs2770298 13 rs9534511 0.2761 0.402 0.3357 0.271 -0.0701 0.098 0.02207 0.768 -0.2417 0.470 

13 rs2770298 13 rs6313 -0.1055 0.792 -0.3959 0.285 0.02199 0.668 0.05541 0.540 0.266 0.516 

13 rs2770298 13 rs6312 -0.8791 0.241 -0.564 0.416 -0.1267 0.190 -0.05659 0.740 -2.073 0.007 

13 rs2770298 13 rs6306 0.871 0.321 1.304 0.105 -0.1 0.371 -0.03459 0.861 1.84 0.035 

13 rs2770298 17 rs1906451 -0.4716 0.156 -0.1765 0.562 0.05799 0.168 -0.1576 0.034 -0.4492 0.186 

13 rs2770298 17 rs1042173 -0.4265 0.203 -0.1481 0.628 0.06409 0.132 -0.1469 0.050 -0.4372 0.198 

13 rs2770298 17 rs12449783 -0.4209 0.209 -0.1386 0.650 0.06433 0.131 -0.146 0.052 -0.4372 0.198 

13 rs2770298 17 rs3794808 -0.306 0.379 0.0329 0.919 0.091 0.041 -0.1889 0.016 -0.2394 0.503 

13 rs2770298 17 rs4583306 -0.3478 0.319 0.149 0.642 0.1104 0.013 -0.143 0.069 -0.1985 0.578 

13 rs2770298 17 rs140700 0.0302 0.955 0.6512 0.194 0.1082 0.119 0.03705 0.762 -0.2058 0.702 

13 rs2770298 17 rs6354 0.4965 0.236 0.404 0.298 0.01945 0.718 0.05419 0.569 0.3748 0.378 
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13 rs2770298 17 rs2020936 0.4703 0.260 0.3754 0.332 0.01456 0.787 0.03364 0.723 0.3517 0.407 

13 rs2770298 17 rs2066713 0.0322 0.926 -0.4349 0.176 -0.1116 0.012 0.1089 0.167 0.01834 0.959 

13 rs2770298 17 rs4251417 -0.8335 0.169 -0.1113 0.836 0.0927 0.214 -0.07559 0.567 -0.3957 0.504 

13 rs2770298 17 rs8071667 0.3284 0.435 0.2982 0.443 0.00853 0.875 0.05042 0.598 0.3283 0.441 

13 rs2770298 17 rs1487971 0.0908 0.793 -0.2409 0.452 -0.0398 0.371 -0.01338 0.865 -0.0505 0.887 

13 rs972979 13 rs731779 0.295 0.549 0.6441 0.157 0.01294 0.838 -0.2089 0.061 0.07405 0.882 

13 rs972979 13 rs2770304 0.2776 0.412 0.6317 0.044 0.04891 0.261 -0.03754 0.625 -0.0568 0.870 

13 rs972979 13 rs985933 NA NA NA NA NA NA NA NA NA NA 

13 rs972979 13 rs927544 0.431 0.242 0.5937 0.080 0.07213 0.127 -0.1021 0.220 0.2372 0.526 

13 rs972979 13 rs17288723 0.4499 0.417 0.3758 0.464 -0.0685 0.338 -0.1814 0.150 0.06356 0.910 

13 rs972979 13 rs9534505 0.1713 0.794 0.404 0.503 0.1118 0.181 -0.2069 0.161 -0.1957 0.771 

13 rs972979 13 rs9534507 0.4132 0.643 0.3442 0.673 0.2392 0.035 -0.343 0.087 0.7513 0.417 

13 rs972979 13 rs4942587 0.3629 0.390 0.6954 0.074 0.05561 0.305 -0.05191 0.586 0.07887 0.854 

13 rs972979 13 rs4941573 -0.207 0.559 -0.3918 0.234 -0.0065 0.887 0.03956 0.621 0.0774 0.831 

13 rs972979 13 rs12584920 0.254 0.590 0.5037 0.247 -0.0041 0.946 -0.04682 0.661 -0.1145 0.810 

13 rs972979 13 rs1328684 0.1688 0.588 -0.2108 0.465 -0.0046 0.909 0.00263 0.970 -0.1384 0.661 

13 rs972979 13 rs2296973 0.3456 0.350 0.7437 0.029 0.06699 0.159 -0.02603 0.757 0.131 0.730 

13 rs972979 13 rs2070037 0.3744 0.375 0.7235 0.063 0.05783 0.286 -0.04908 0.608 0.1152 0.788 

13 rs972979 13 rs9534511 0.2276 0.451 0.293 0.298 -0.0572 0.143 0.07882 0.252 -0.0894 0.774 

13 rs972979 13 rs6313 -0.2372 0.506 -0.3886 0.240 -0.0009 0.984 0.01146 0.887 0.1102 0.763 

13 rs972979 13 rs6312 0.2814 0.749 1.052 0.198 0.1249 0.272 0.06061 0.762 0.3407 0.708 

13 rs972979 13 rs6306 0.1624 0.842 0.3654 0.627 -0.0982 0.348 -0.335 0.069 0.2527 0.760 

13 rs972979 17 rs1906451 -0.2596 0.401 0.1172 0.683 0.07651 0.052 0.00166 0.981 -0.1595 0.620 

13 rs972979 17 rs1042173 -0.1968 0.527 0.1698 0.555 0.08454 0.034 0.01689 0.810 -0.1444 0.653 

13 rs972979 17 rs12449783 -0.2003 0.521 0.1622 0.574 0.08454 0.034 0.01593 0.821 -0.1404 0.663 

13 rs972979 17 rs3794808 -0.0412 0.897 0.3565 0.230 0.1 0.014 0.00307 0.966 0.1375 0.676 

13 rs972979 17 rs4583306 0.071 0.824 0.5658 0.056 0.1139 0.005 -0.00258 0.972 0.2295 0.484 

13 rs972979 17 rs140700 -0.1229 0.814 0.7486 0.122 0.09552 0.154 -0.06961 0.556 -0.2346 0.655 

13 rs972979 17 rs6354 0.1281 0.741 0.1795 0.618 0.04869 0.330 0.05181 0.557 -0.018 0.964 

13 rs972979 17 rs2020936 0.0609 0.875 0.1002 0.780 0.04328 0.385 0.0288 0.743 -0.07 0.859 

13 rs972979 17 rs2066713 -0.1101 0.726 -0.5739 0.049 -0.1181 0.003 -0.00882 0.901 -0.0234 0.942 

13 rs972979 17 rs4251417 -0.4107 0.455 0.2928 0.569 0.1281 0.070 0.1136 0.362 -0.0848 0.879 

13 rs972979 17 rs8071667 0.0049 0.990 0.0999 0.782 0.04385 0.382 0.02741 0.757 -0.1501 0.705 

13 rs972979 17 rs1487971 0.1275 0.688 -0.1816 0.538 -0.004 0.922 -0.02935 0.682 0.06416 0.845 

13 rs731779 13 rs2770304 0.6665 0.179 0.6444 0.160 0.02712 0.671 -0.1434 0.204 -0.0957 0.849 

13 rs731779 13 rs985933 0.3136 0.524 0.6345 0.163 0.01227 0.846 -0.2084 0.062 0.06864 0.891 

13 rs731779 13 rs927544 0.5027 0.312 0.7049 0.121 0.05866 0.355 -0.1558 0.164 0.5483 0.270 
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13 rs731779 13 rs17288723 1.035 0.108 0.931 0.118 0.03821 0.646 -0.07522 0.609 0.7199 0.259 

13 rs731779 13 rs9534505 -0.2857 0.761 0.6027 0.481 0.04475 0.708 -0.3148 0.135 1.179 0.224 

13 rs731779 13 rs9534507 -1.554 0.198 -0.0022 0.998 -0.0795 0.601 -0.4194 0.118 1.436 0.251 

13 rs731779 13 rs4942587 0.9767 0.054 0.7962 0.088 0.08004 0.218 -0.0905 0.430 0.4 0.431 

13 rs731779 13 rs4941573 -0.5976 0.233 -0.7377 0.110 0.01183 0.854 0.06928 0.540 -0.3913 0.440 

13 rs731779 13 rs12584920 0.7183 0.153 0.4199 0.365 0.03852 0.551 -0.1344 0.239 0.3775 0.455 

13 rs731779 13 rs1328684 -0.2183 0.664 -0.1075 0.815 -0.0961 0.131 0.02667 0.813 0.00921 0.986 

13 rs731779 13 rs2296973 0.5811 0.243 0.4749 0.302 -0.004 0.950 -0.1128 0.320 -0.2578 0.608 

13 rs731779 13 rs2070037 0.962 0.056 0.6908 0.136 0.07062 0.274 -0.08947 0.433 0.3011 0.551 

13 rs731779 13 rs9534511 0.8455 0.076 0.4658 0.290 -0.0085 0.889 0.08439 0.435 -0.0488 0.920 

13 rs731779 13 rs6313 -0.6847 0.172 -0.6856 0.138 0.01193 0.852 0.02162 0.849 -0.3722 0.464 

13 rs731779 13 rs6312 -0.958 0.244 -1.204 0.112 -0.2455 0.020 -0.13 0.486 -2.384 0.004 

13 rs731779 13 rs6306 1.854 0.061 1.424 0.121 0.06957 0.589 -0.01248 0.956 1.452 0.143 

13 rs731779 17 rs1906451 -0.5884 0.140 -0.1683 0.649 0.05039 0.324 -0.2608 0.004 -0.6324 0.125 

13 rs731779 17 rs1042173 -0.5559 0.167 -0.1371 0.712 0.05512 0.286 -0.2471 0.007 -0.6086 0.139 

13 rs731779 17 rs12449783 -0.5539 0.169 -0.1396 0.707 0.05495 0.287 -0.2478 0.007 -0.6055 0.142 

13 rs731779 17 rs3794808 -0.4132 0.311 -0.1003 0.792 0.06734 0.201 -0.2615 0.005 -0.4571 0.278 

13 rs731779 17 rs4583306 -0.4427 0.283 0.0338 0.929 0.09259 0.081 -0.23 0.014 -0.3891 0.359 

13 rs731779 17 rs140700 0.1681 0.796 1.187 0.047 -0.0201 0.808 0.107 0.464 -0.321 0.619 

13 rs731779 17 rs6354 0.6862 0.169 0.8889 0.054 0.0299 0.641 0.1637 0.149 0.4329 0.391 

13 rs731779 17 rs2020936 0.6689 0.180 0.8509 0.065 0.02684 0.675 0.144 0.204 0.3817 0.449 

13 rs731779 17 rs2066713 0.1296 0.752 -0.6414 0.090 -0.0985 0.061 0.1003 0.281 0.1725 0.683 

13 rs731779 17 rs4251417 -1.018 0.146 0.1568 0.806 0.08644 0.329 -0.1524 0.331 -0.4074 0.577 

13 rs731779 17 rs8071667 0.5243 0.297 0.7644 0.099 0.0162 0.802 0.1544 0.175 0.3751 0.459 

13 rs731779 17 rs1487971 0.0754 0.853 0.2089 0.579 -0.0636 0.223 0.06579 0.476 0.02528 0.952 

13 rs2770304 13 rs985933 0.2854 0.400 0.64 0.041 0.04805 0.270 -0.03549 0.645 -0.0632 0.856 

13 rs2770304 13 rs927544 0.2547 0.463 0.5042 0.115 0.00636 0.887 -0.00518 0.948 -0.0349 0.921 

13 rs2770304 13 rs17288723 0.8872 0.114 0.0615 0.906 -0.0393 0.588 -0.1071 0.403 -0.1551 0.784 

13 rs2770304 13 rs9534505 -0.1699 0.729 -0.0575 0.899 0.05878 0.350 -0.1229 0.268 -0.2214 0.657 

13 rs2770304 13 rs9534507 -1.008 0.302 -0.5018 0.571 -0.0241 0.846 -0.4575 0.036 -0.4726 0.638 

13 rs2770304 13 rs4942587 0.5613 0.183 0.6411 0.099 0.07331 0.175 0.02297 0.810 -0.0299 0.944 

13 rs2770304 13 rs4941573 -0.3929 0.300 -0.4321 0.220 0.0081 0.868 0.03435 0.689 0.03164 0.935 

13 rs2770304 13 rs12584920 0.4223 0.372 0.333 0.447 0.03326 0.585 0.02365 0.826 -0.2391 0.617 

13 rs2770304 13 rs1328684 0.1568 0.634 -0.1438 0.637 -0.0233 0.583 -0.04066 0.587 0.0451 0.892 

13 rs2770304 13 rs2296973 0.4996 0.171 0.6779 0.044 0.05398 0.250 0.03313 0.690 0.0768 0.837 

13 rs2770304 13 rs2070037 0.5712 0.175 0.6639 0.087 0.07519 0.165 0.0254 0.791 0.001 0.998 

13 rs2770304 13 rs9534511 0.5646 0.081 0.3921 0.193 -0.0469 0.262 0.0928 0.208 0.08578 0.796 
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13 rs2770304 13 rs6313 -0.4729 0.214 -0.4643 0.190 0.01147 0.814 -0.0132 0.878 -0.0286 0.942 

13 rs2770304 13 rs6312 0.3304 0.712 1.114 0.181 -0.0176 0.880 0.08422 0.681 0.5133 0.578 

13 rs2770304 13 rs6306 0.5824 0.498 0.0602 0.940 -0.0531 0.633 -0.2864 0.145 0.00238 0.998 

13 rs2770304 17 rs1906451 -0.0218 0.946 0.3047 0.309 0.09365 0.022 -0.01163 0.873 -0.1674 0.617 

13 rs2770304 17 rs1042173 0.0244 0.940 0.3467 0.248 0.1001 0.016 0.00465 0.950 -0.139 0.678 

13 rs2770304 17 rs12449783 0.0224 0.945 0.341 0.257 0.1001 0.016 0.00383 0.958 -0.1348 0.687 

13 rs2770304 17 rs3794808 0.1884 0.566 0.5634 0.067 0.1107 0.009 0.00605 0.936 0.1676 0.623 

13 rs2770304 17 rs4583306 0.2848 0.389 0.7603 0.014 0.1211 0.004 -0.00471 0.950 0.2649 0.437 

13 rs2770304 17 rs140700 -0.4805 0.365 0.5564 0.257 -0.0322 0.635 -0.03346 0.780 -0.2019 0.706 

13 rs2770304 17 rs6354 -0.0885 0.822 0.0749 0.838 0.0223 0.660 0.09792 0.274 -0.0296 0.941 

13 rs2770304 17 rs2020936 -0.1304 0.739 -0.0108 0.976 0.0172 0.733 0.07374 0.408 -0.0942 0.813 

13 rs2770304 17 rs2066713 -0.1087 0.735 -0.6443 0.032 -0.1027 0.013 -0.03803 0.604 0.0064 0.985 

13 rs2770304 17 rs4251417 -0.3064 0.579 0.3583 0.489 0.1 0.160 0.1253 0.319 -0.0364 0.949 

13 rs2770304 17 rs8071667 -0.169 0.668 0.0138 0.970 0.01872 0.713 0.07195 0.423 -0.1796 0.654 

13 rs2770304 17 rs1487971 0.1178 0.715 0.1021 0.734 -0.0075 0.856 0.02337 0.749 0.1779 0.595 

13 rs985933 13 rs927544 0.4264 0.248 0.605 0.074 0.0711 0.132 -0.1027 0.219 0.2335 0.533 

13 rs985933 13 rs17288723 0.5419 0.328 0.3551 0.488 -0.0688 0.334 -0.169 0.180 0.129 0.818 

13 rs985933 13 rs9534505 0.1775 0.786 0.3961 0.511 0.1112 0.184 -0.206 0.163 -0.2025 0.763 

13 rs985933 13 rs9534507 0.4196 0.638 0.336 0.680 0.2386 0.036 -0.342 0.088 0.744 0.421 

13 rs985933 13 rs4942587 0.373 0.378 0.713 0.067 0.05489 0.312 -0.0494 0.606 0.0739 0.863 

13 rs985933 13 rs4941573 -0.1945 0.584 -0.3718 0.259 -0.0054 0.906 0.04975 0.535 0.1249 0.731 

13 rs985933 13 rs12584920 0.2715 0.564 0.4946 0.255 -0.0048 0.937 -0.0463 0.665 -0.1197 0.802 

13 rs985933 13 rs1328684 0.1485 0.633 -0.2129 0.460 -0.0045 0.911 -0.01222 0.863 -0.169 0.592 

13 rs985933 13 rs2296973 0.3582 0.332 0.7349 0.031 0.06639 0.163 -0.02543 0.762 0.1255 0.741 

13 rs985933 13 rs2070037 0.3845 0.364 0.7416 0.057 0.05715 0.293 -0.04659 0.628 0.1108 0.796 

13 rs985933 13 rs9534511 0.2173 0.471 0.2989 0.287 -0.0573 0.141 0.06791 0.323 -0.1236 0.690 

13 rs985933 13 rs6313 -0.2373 0.506 -0.399 0.228 -0.0002 0.996 0.01766 0.827 0.1348 0.713 

13 rs985933 13 rs6312 0.2878 0.743 1.044 0.201 0.1243 0.274 0.06151 0.759 0.3332 0.714 

13 rs985933 13 rs6306 0.204 0.802 0.3505 0.642 -0.099 0.343 -0.3349 0.070 0.2483 0.765 

13 rs985933 17 rs1906451 -0.2327 0.452 0.1072 0.709 0.07674 0.052 0.01166 0.868 -0.1279 0.691 

13 rs985933 17 rs1042173 -0.1701 0.585 0.1596 0.579 0.08476 0.034 0.02676 0.705 -0.1131 0.725 

13 rs985933 17 rs12449783 -0.1735 0.578 0.152 0.598 0.08476 0.034 0.02583 0.715 -0.109 0.735 

13 rs985933 17 rs3794808 -0.0223 0.944 0.3534 0.235 0.1013 0.013 0.00728 0.920 0.1647 0.617 

13 rs985933 17 rs4583306 0.0977 0.760 0.558 0.060 0.1145 0.005 0.00737 0.919 0.2643 0.421 

13 rs985933 17 rs140700 -0.1421 0.785 0.7574 0.117 0.09668 0.148 -0.08905 0.451 -0.2705 0.606 

13 rs985933 17 rs6354 0.1027 0.791 0.1833 0.611 0.04999 0.317 0.04533 0.607 -0.0367 0.926 

13 rs985933 17 rs2020936 0.0545 0.888 0.0985 0.783 0.04353 0.381 0.01935 0.826 -0.094 0.811 
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13 rs985933 17 rs2066713 -0.1351 0.667 -0.5657 0.052 -0.1189 0.003 -0.01259 0.860 -0.0426 0.896 

13 rs985933 17 rs4251417 -0.4416 0.421 0.2951 0.565 0.129 0.067 0.1208 0.332 -0.085 0.879 

13 rs985933 17 rs8071667 -0.0016 0.997 0.0987 0.784 0.04413 0.378 0.01775 0.841 -0.1744 0.659 

13 rs985933 17 rs1487971 0.096 0.762 -0.1687 0.567 -0.0034 0.933 -0.03878 0.588 0.0595 0.856 

13 rs927544 13 rs17288723 0.6383 0.274 0.7425 0.168 -0.0281 0.708 -0.1666 0.209 0.7067 0.225 

13 rs927544 13 rs9534505 0.9936 0.059 0.5826 0.228 0.03058 0.649 -0.1027 0.387 0.6449 0.228 

13 rs927544 13 rs9534507 0.7031 0.456 0.6981 0.416 0.1923 0.108 -0.3335 0.115 1.697 0.081 

13 rs927544 13 rs4942587 0.2157 0.614 0.483 0.220 0.05605 0.307 -0.06141 0.526 0.1842 0.669 

13 rs927544 13 rs4941573 -0.1783 0.660 -0.3678 0.324 -0.0099 0.848 0.07598 0.404 -0.0138 0.973 

13 rs927544 13 rs12584920 0.1194 0.805 0.3267 0.464 0.00264 0.966 -0.08419 0.444 0.07636 0.875 

13 rs927544 13 rs1328684 0.1282 0.722 -0.214 0.520 -0.026 0.574 -0.00497 0.952 -0.2543 0.489 

13 rs927544 13 rs2296973 0.0908 0.803 0.3693 0.270 0.02559 0.584 -0.00477 0.954 -0.0989 0.787 

13 rs927544 13 rs2070037 0.2241 0.600 0.5023 0.202 0.05758 0.294 -0.0593 0.541 0.2099 0.627 

13 rs927544 13 rs9534511 -0.0893 0.792 0.0734 0.815 -0.0403 0.355 0.0428 0.578 -0.3663 0.290 

13 rs927544 13 rs6313 -0.187 0.647 -0.3704 0.324 -0.0053 0.920 0.06344 0.490 0.07295 0.860 

13 rs927544 13 rs6312 -0.5457 0.549 -0.4289 0.614 0.00128 0.991 -0.00274 0.990 -2.175 0.024 

13 rs927544 13 rs6306 0.8891 0.302 1.047 0.187 -0.0208 0.851 -0.3205 0.100 0.657 0.444 

13 rs927544 17 rs1906451 -0.623 0.066 -0.1225 0.694 0.01516 0.724 -0.05216 0.493 -0.0463 0.894 

13 rs927544 17 rs1042173 -0.5684 0.095 -0.0775 0.804 0.0218 0.616 -0.03983 0.604 -0.04 0.909 

13 rs927544 17 rs12449783 -0.5707 0.095 -0.0837 0.789 0.02164 0.619 -0.04068 0.597 -0.0359 0.918 

13 rs927544 17 rs3794808 -0.4189 0.225 0.0267 0.934 0.04289 0.333 -0.05292 0.500 0.09196 0.796 

13 rs927544 17 rs4583306 -0.3276 0.342 0.2371 0.454 0.07214 0.102 -0.03 0.700 0.2562 0.468 

13 rs927544 17 rs140700 0.5532 0.335 1.348 0.011 0.1934 0.008 -0.03164 0.806 -0.241 0.671 

13 rs927544 17 rs6354 0.4876 0.250 0.6251 0.111 0.09031 0.097 0.03388 0.725 0.3642 0.396 

13 rs927544 17 rs2020936 0.4619 0.275 0.5437 0.165 0.08631 0.112 0.01166 0.903 0.2936 0.493 

13 rs927544 17 rs2066713 0.0373 0.913 -0.587 0.063 -0.106 0.016 0.01682 0.828 -0.3766 0.286 

13 rs927544 17 rs4251417 -0.2869 0.630 0.4917 0.369 0.1022 0.179 0.00896 0.947 0.2549 0.676 

13 rs927544 17 rs8071667 0.3767 0.377 0.4849 0.218 0.0813 0.138 -0.01343 0.890 0.1899 0.660 

13 rs927544 17 rs1487971 0.202 0.565 -0.2443 0.450 0.00619 0.890 -0.04281 0.589 -0.2681 0.455 

13 rs17288723 13 rs9534505 0.0045 0.997 1.293 0.161 -0.1114 0.388 -0.2824 0.216 0.8815 0.382 

13 rs17288723 13 rs9534507 -1.428 0.278 1.521 0.196 -0.1656 0.314 -0.354 0.223 1.737 0.182 

13 rs17288723 13 rs4942587 1.028 0.090 0.5912 0.293 0.00944 0.904 -0.09778 0.481 0.5181 0.392 

13 rs17288723 13 rs4941573 -0.3612 0.513 -0.3065 0.548 0.07827 0.269 0.0926 0.459 0.03765 0.947 

13 rs17288723 13 rs12584920 0.4037 0.484 0.0537 0.921 0.00553 0.942 -0.2521 0.058 0.1259 0.828 

13 rs17288723 13 rs1328684 -0.5286 0.365 -0.2161 0.689 -0.0932 0.214 0.00849 0.949 -0.489 0.412 

13 rs17288723 13 rs2296973 0.6217 0.278 -0.0672 0.899 -0.0479 0.518 -0.07996 0.541 -0.1782 0.757 

13 rs17288723 13 rs2070037 0.9993 0.096 0.4228 0.447 -0.0048 0.950 -0.09465 0.490 0.3554 0.552 
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13 rs17288723 13 rs9534511 0.6265 0.235 -0.1229 0.801 -0.0258 0.704 0.08126 0.498 -0.4004 0.456 

13 rs17288723 13 rs6313 -0.4033 0.470 -0.263 0.610 0.08059 0.260 0.03887 0.759 0.1437 0.801 

13 rs17288723 13 rs6312 -1.244 0.269 -2.675 0.010 -0.2163 0.137 -0.09808 0.703 -3.725 0.002 

13 rs17288723 13 rs6306 1.558 0.156 1.498 0.142 -0.0067 0.963 0.03035 0.905 1.435 0.184 

13 rs17288723 17 rs1906451 -0.7743 0.072 -0.4825 0.225 0.04914 0.371 -0.2565 0.008 -0.9938 0.025 

13 rs17288723 17 rs1042173 -0.742 0.086 -0.4513 0.258 0.05377 0.334 -0.2432 0.013 -0.9702 0.029 

13 rs17288723 17 rs12449783 -0.7406 0.087 -0.4542 0.256 0.05361 0.335 -0.2439 0.013 -0.9674 0.029 

13 rs17288723 17 rs3794808 -0.5444 0.211 -0.351 0.386 0.06482 0.248 -0.2536 0.011 -0.713 0.113 

13 rs17288723 17 rs4583306 -0.6306 0.152 -0.3172 0.436 0.06845 0.228 -0.243 0.015 -0.6795 0.135 

13 rs17288723 17 rs140700 0.3907 0.583 1.342 0.039 -0.0298 0.740 0.2454 0.123 -0.0925 0.894 

13 rs17288723 17 rs6354 0.9474 0.079 1.293 0.009 0.02337 0.736 0.2458 0.045 0.7331 0.177 

13 rs17288723 17 rs2020936 0.9337 0.083 1.251 0.012 0.02112 0.761 0.2259 0.065 0.668 0.218 

13 rs17288723 17 rs2066713 0.1361 0.764 -0.7164 0.085 -0.0953 0.100 0.05862 0.568 0.1862 0.688 

13 rs17288723 17 rs4251417 -1.05 0.155 -0.0283 0.967 0.1066 0.259 -0.1373 0.411 -0.7378 0.344 

13 rs17288723 17 rs8071667 0.7983 0.143 1.186 0.018 0.01019 0.884 0.2396 0.052 0.6607 0.224 

13 rs17288723 17 rs1487971 0.3373 0.443 0.0259 0.950 -0.0692 0.221 0.07099 0.478 -0.0436 0.924 

13 rs9534505 13 rs9534507 1.885 0.108 0.9815 0.365 0.3242 0.032 0.04439 0.868 1.067 0.387 

13 rs9534505 13 rs4942587 0.4227 0.610 1.063 0.159 0.00058 0.996 -0.3203 0.083 0.8791 0.297 

13 rs9534505 13 rs4941573 0.6334 0.347 0.0407 0.948 0.01879 0.828 0.1411 0.353 1.124 0.106 

13 rs9534505 13 rs12584920 0.7808 0.372 1.315 0.098 -0.1214 0.271 -0.2567 0.188 0.4451 0.609 

13 rs9534505 13 rs1328684 -0.8888 0.179 -0.7194 0.236 -0.0137 0.872 0.05788 0.698 -1.614 0.016 

13 rs9534505 13 rs2296973 0.3779 0.622 1.294 0.064 0.1347 0.167 -0.2194 0.202 0.9428 0.228 

13 rs9534505 13 rs2070037 0.4333 0.601 1.096 0.146 0.00307 0.977 -0.3174 0.086 0.9193 0.275 

13 rs9534505 13 rs9534511 -0.6563 0.325 0.4634 0.449 -0.0434 0.609 -0.1331 0.374 -0.35 0.606 

13 rs9534505 13 rs6313 0.6252 0.353 -0.0951 0.879 0.01829 0.832 0.1619 0.288 1.23 0.077 

13 rs9534505 13 rs6312 0.0345 0.982 1.641 0.255 0.5856 0.004 0.2405 0.500 0.8631 0.589 

13 rs9534505 13 rs6306 -0.6167 0.647 0.9653 0.421 -0.243 0.147 -0.1734 0.559 1.379 0.281 

13 rs9534505 17 rs1906451 -0.4305 0.390 -0.5096 0.269 0.02768 0.664 0.09565 0.396 0.04286 0.934 

13 rs9534505 17 rs1042173 -0.3736 0.458 -0.4668 0.312 0.03375 0.600 0.09918 0.383 0.0197 0.970 

13 rs9534505 17 rs12449783 -0.3785 0.453 -0.4748 0.304 0.03371 0.600 0.09853 0.386 0.02304 0.965 

13 rs9534505 17 rs3794808 -0.2814 0.597 -0.1834 0.710 0.06773 0.322 0.04809 0.691 0.3814 0.490 

13 rs9534505 17 rs4583306 -0.3308 0.534 -0.1159 0.813 0.06897 0.310 0.08402 0.485 0.2799 0.608 

13 rs9534505 17 rs140700 0.0938 0.900 -0.2188 0.754 0.23 0.016 -0.2139 0.204 -0.2337 0.751 

13 rs9534505 17 rs6354 0.2915 0.628 -0.1071 0.847 0.03619 0.637 -0.2019 0.136 -0.0305 0.960 

13 rs9534505 17 rs2020936 0.2663 0.658 -0.1098 0.844 0.03099 0.686 -0.2135 0.115 -0.0059 0.992 

13 rs9534505 17 rs2066713 -0.1076 0.831 0.1656 0.722 -0.0798 0.216 0.09037 0.427 -0.1938 0.707 

13 rs9534505 17 rs4251417 -0.3878 0.660 -0.5945 0.461 0.1498 0.183 0.1835 0.356 -0.499 0.571 
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13 rs9534505 17 rs8071667 0.1769 0.769 -0.1827 0.744 0.03094 0.689 -0.2019 0.140 -0.0415 0.946 

13 rs9534505 17 rs1487971 0.0605 0.900 -0.695 0.117 0.02089 0.734 -0.1971 0.070 -0.2471 0.615 

13 rs9534507 13 rs4942587 -0.8761 0.427 0.3789 0.702 -0.13 0.347 -0.496 0.042 1.011 0.365 

13 rs9534507 13 rs4941573 0.8996 0.310 0.1078 0.894 -0.0749 0.508 0.129 0.517 0.4857 0.598 

13 rs9534507 13 rs12584920 -0.6365 0.583 0.8973 0.386 -0.2159 0.135 -0.402 0.115 0.8544 0.456 

13 rs9534507 13 rs1328684 -0.3676 0.682 -0.3638 0.658 0.1702 0.137 0.1921 0.342 -1.216 0.192 

13 rs9534507 13 rs2296973 -0.8076 0.433 0.2649 0.775 0.06721 0.605 -0.4638 0.043 0.6353 0.548 

13 rs9534507 13 rs2070037 -0.8654 0.432 0.4111 0.678 -0.1277 0.356 -0.4931 0.043 1.05 0.346 

13 rs9534507 13 rs9534511 -2.16 0.014 -0.565 0.483 -0.1213 0.279 -0.2117 0.284 -1.422 0.118 

13 rs9534507 13 rs6313 1.077 0.226 0.1199 0.883 -0.0608 0.593 0.1866 0.352 0.8846 0.338 

13 rs9534507 13 rs6312 -0.2204 0.921 -0.2879 0.888 0.9081 0.002 -0.1478 0.771 -1.299 0.602 

13 rs9534507 13 rs6306 -1.392 0.437 1.243 0.420 -0.2103 0.330 -0.3075 0.421 1.026 0.539 

13 rs9534507 17 rs1906451 -1.037 0.119 -0.7773 0.198 -0.0381 0.649 0.0982 0.508 0.0202 0.977 

13 rs9534507 17 rs1042173 -0.9566 0.152 -0.7234 0.232 -0.0303 0.720 0.09673 0.517 -0.0345 0.960 

13 rs9534507 17 rs12449783 -0.9616 0.150 -0.7314 0.227 -0.0303 0.720 0.09607 0.520 -0.0311 0.964 

13 rs9534507 17 rs3794808 -0.9821 0.147 -0.7783 0.212 -0.005 0.954 0.00269 0.986 -0.0866 0.901 

13 rs9534507 17 rs4583306 -0.8459 0.213 -0.6536 0.291 0.01499 0.862 0.04503 0.768 -0.0588 0.932 

13 rs9534507 17 rs140700 1.287 0.227 0.8776 0.369 0.5317 0.000 -0.2289 0.343 -0.2817 0.795 

13 rs9534507 17 rs6354 0.8038 0.312 0.5179 0.479 0.1205 0.238 -0.1987 0.271 -0.1177 0.886 

13 rs9534507 17 rs2020936 0.7784 0.328 0.5151 0.482 0.1153 0.259 -0.2103 0.244 -0.0931 0.910 

13 rs9534507 17 rs2066713 -0.0558 0.931 0.1502 0.798 -0.0951 0.244 0.09428 0.513 -0.0323 0.962 

13 rs9534507 17 rs4251417 -0.6898 0.576 -0.3265 0.772 0.1534 0.329 -0.01204 0.965 -0.224 0.857 

13 rs9534507 17 rs8071667 0.6898 0.386 0.4155 0.570 0.1097 0.283 -0.2064 0.253 -0.0753 0.927 

13 rs9534507 17 rs1487971 -0.0397 0.950 -0.9747 0.090 0.01386 0.864 -0.2172 0.127 -0.3974 0.544 

13 rs4942587 13 rs4941573 -0.3474 0.442 -0.4093 0.326 0.00081 0.989 0.07829 0.441 -0.1798 0.695 

13 rs4942587 13 rs12584920 0.2721 0.583 0.1842 0.688 0.04724 0.460 -0.0264 0.815 -0.0479 0.923 

13 rs4942587 13 rs1328684 -0.0522 0.912 -0.0562 0.898 -0.0963 0.113 -0.07746 0.471 0.158 0.745 

13 rs4942587 13 rs2296973 0.3096 0.463 0.3526 0.364 0.04913 0.365 0.02324 0.808 -0.1765 0.678 

13 rs4942587 13 rs2070037 NA NA NA NA NA NA NA NA NA NA 

13 rs4942587 13 rs9534511 0.3689 0.387 0.0746 0.849 0.0093 0.865 0.06481 0.501 -0.1439 0.740 

13 rs4942587 13 rs6313 -0.4028 0.377 -0.4151 0.323 0.00304 0.958 0.04582 0.655 -0.172 0.710 

13 rs4942587 13 rs6312 -0.5127 0.590 -0.4946 0.577 -0.1512 0.222 0.03905 0.858 -2.112 0.037 

13 rs4942587 13 rs6306 1.271 0.162 0.5805 0.492 0.04232 0.720 -0.28 0.179 0.2074 0.819 

13 rs4942587 17 rs1906451 -0.4109 0.257 0.0616 0.855 0.03894 0.401 -0.08906 0.278 -0.1318 0.725 

13 rs4942587 17 rs1042173 -0.3749 0.305 0.0954 0.777 0.04378 0.351 -0.0748 0.366 -0.1088 0.772 

13 rs4942587 17 rs12449783 -0.3754 0.305 0.0911 0.787 0.04365 0.352 -0.07552 0.362 -0.1045 0.781 

13 rs4942587 17 rs3794808 -0.1923 0.602 0.2298 0.503 0.05961 0.210 -0.05955 0.478 0.06041 0.874 
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13 rs4942587 17 rs4583306 -0.1335 0.717 0.4369 0.199 0.08703 0.066 -0.04691 0.574 0.236 0.532 

13 rs4942587 17 rs140700 0.2135 0.727 1.159 0.039 0.02464 0.751 0.02457 0.857 -0.188 0.756 

13 rs4942587 17 rs6354 0.2859 0.525 0.5908 0.156 0.05377 0.353 0.09565 0.348 0.4528 0.318 

13 rs4942587 17 rs2020936 0.2661 0.554 0.5016 0.227 0.05107 0.377 0.07436 0.465 0.3665 0.419 

13 rs4942587 17 rs2066713 0.0701 0.848 -0.728 0.031 -0.0922 0.050 -0.00956 0.908 -0.3541 0.346 

13 rs4942587 17 rs4251417 -0.1283 0.838 0.5463 0.345 0.0799 0.319 -0.01502 0.915 0.3217 0.621 

13 rs4942587 17 rs8071667 0.1973 0.663 0.47 0.261 0.04595 0.430 0.0462 0.653 0.2481 0.586 

13 rs4942587 17 rs1487971 0.2215 0.547 -0.0239 0.944 0.00175 0.971 0.0328 0.695 -0.2501 0.509 

13 rs4941573 13 rs12584920 0.0409 0.934 0.0115 0.980 0.06611 0.297 0.09977 0.372 0.3372 0.505 

13 rs4941573 13 rs1328684 0.2346 0.525 0.2668 0.435 0.04728 0.317 -0.01772 0.832 0.6521 0.084 

13 rs4941573 13 rs2296973 -0.3968 0.335 -0.5274 0.165 -0.0154 0.770 0.01928 0.835 -0.2889 0.491 

13 rs4941573 13 rs2070037 -0.3686 0.416 -0.4654 0.265 -0.0034 0.953 0.07305 0.474 -0.2519 0.583 

13 rs4941573 13 rs9534511 -0.1357 0.667 -0.0081 0.978 0.03003 0.458 -0.00994 0.889 0.07027 0.828 

13 rs4941573 13 rs6313 -0.049 0.871 -0.046 0.869 -0.0342 0.376 0.00067 0.992 -0.3174 0.305 

13 rs4941573 13 rs6312 -0.5738 0.524 -0.3998 0.630 -0.0397 0.731 -0.17 0.404 -0.27 0.769 

13 rs4941573 13 rs6306 -0.2476 0.739 0.024 0.972 0.1574 0.099 0.205 0.223 -0.4619 0.546 

13 rs4941573 17 rs1906451 -0.3782 0.223 -0.3465 0.229 -0.1152 0.004 -0.0598 0.395 0.1625 0.615 

13 rs4941573 17 rs1042173 -0.4522 0.146 -0.3965 0.169 -0.1261 0.002 -0.08168 0.249 0.1212 0.707 

13 rs4941573 17 rs12449783 -0.4609 0.140 -0.4122 0.154 -0.1266 0.002 -0.08326 0.240 0.1236 0.702 

13 rs4941573 17 rs3794808 -0.6404 0.044 -0.6919 0.020 -0.1458 0.000 -0.1177 0.106 -0.1129 0.734 

13 rs4941573 17 rs4583306 -0.6224 0.049 -0.7716 0.009 -0.1343 0.001 -0.09982 0.166 -0.2997 0.361 

13 rs4941573 17 rs140700 0.6513 0.214 -0.5239 0.285 -0.0166 0.807 0.08582 0.472 -0.1923 0.716 

13 rs4941573 17 rs6354 0.2311 0.532 0.1861 0.591 -0.0022 0.963 0.03746 0.658 0.2121 0.577 

13 rs4941573 17 rs2020936 0.2918 0.427 0.2618 0.446 0.00779 0.870 0.07035 0.403 0.2417 0.522 

13 rs4941573 17 rs2066713 0.424 0.186 0.5877 0.050 0.1186 0.004 0.05729 0.432 -0.0165 0.961 

13 rs4941573 17 rs4251417 -0.2525 0.622 -0.5586 0.237 -0.1142 0.079 -0.06774 0.555 -0.3736 0.472 

13 rs4941573 17 rs8071667 0.3601 0.333 0.2471 0.478 0.00097 0.984 0.06511 0.445 0.3835 0.316 

13 rs4941573 17 rs1487971 0.2132 0.502 0.2774 0.347 0.02521 0.536 0.07828 0.275 -0.1717 0.598 

13 rs12584920 13 rs1328684 -0.2727 0.594 -0.17 0.719 -0.1191 0.069 -0.09798 0.398 -0.2768 0.595 

13 rs12584920 13 rs2296973 0.0757 0.874 0.0502 0.910 0.02468 0.689 0.02288 0.834 -0.3112 0.519 

13 rs12584920 13 rs2070037 0.2569 0.601 0.0873 0.848 0.0389 0.539 -0.02502 0.823 -0.1332 0.787 

13 rs12584920 13 rs9534511 0.0008 0.999 -0.3778 0.379 -0.0118 0.843 0.01841 0.861 -0.5095 0.282 

13 rs12584920 13 rs6313 -0.0779 0.875 0.0235 0.959 0.0671 0.288 0.09184 0.411 0.3614 0.474 

13 rs12584920 13 rs6312 -0.8976 0.380 -0.9076 0.342 -0.0994 0.457 0.1163 0.622 -2.166 0.046 

13 rs12584920 13 rs6306 0.9141 0.346 0.4713 0.600 -0.047 0.709 -0.503 0.024 -0.1855 0.845 

13 rs12584920 17 rs1906451 -0.5524 0.151 -0.0037 0.992 0.04064 0.409 -0.05796 0.506 -0.2916 0.465 

13 rs12584920 17 rs1042173 -0.5179 0.181 0.0294 0.935 0.0454 0.362 -0.04427 0.615 -0.2684 0.501 
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13 rs12584920 17 rs12449783 -0.5184 0.181 0.0252 0.944 0.04526 0.363 -0.04494 0.610 -0.2646 0.508 

13 rs12584920 17 rs3794808 -0.3147 0.420 0.1923 0.597 0.06477 0.199 -0.03048 0.733 -0.0046 0.991 

13 rs12584920 17 rs4583306 -0.2905 0.459 0.3397 0.350 0.07238 0.152 -0.03853 0.666 0.1674 0.680 

13 rs12584920 17 rs140700 0.4905 0.456 1.418 0.019 0.01429 0.864 0.06076 0.681 0.1046 0.872 

13 rs12584920 17 rs6354 0.3547 0.475 0.7446 0.104 0.04656 0.464 0.1041 0.354 0.5725 0.252 

13 rs12584920 17 rs2020936 0.3363 0.498 0.6375 0.164 0.04467 0.482 0.08138 0.469 0.4621 0.354 

13 rs12584920 17 rs2066713 0.1905 0.629 -0.8091 0.026 -0.0897 0.077 -0.0291 0.745 -0.3954 0.328 

13 rs12584920 17 rs4251417 -0.2268 0.730 0.7109 0.241 0.07703 0.359 0.02587 0.862 0.1466 0.830 

13 rs12584920 17 rs8071667 0.257 0.607 0.6294 0.172 0.04679 0.466 0.05717 0.614 0.3195 0.525 

13 rs12584920 17 rs1487971 0.3504 0.363 -0.0594 0.868 -0.0055 0.912 0.0609 0.487 -0.1854 0.641 

13 rs1328684 13 rs2296973 0.3841 0.291 0.1706 0.611 -0.0195 0.677 -0.02251 0.785 0.508 0.168 

13 rs1328684 13 rs2070037 -0.0388 0.935 -0.0125 0.977 -0.0929 0.126 -0.07363 0.493 0.2123 0.662 

13 rs1328684 13 rs9534511 0.2413 0.429 0.0408 0.885 -0.04 0.307 0.02262 0.744 0.2539 0.414 

13 rs1328684 13 rs6313 0.3203 0.385 0.2919 0.392 0.04906 0.299 -0.03187 0.703 0.5642 0.135 

13 rs1328684 13 rs6312 0.9795 0.258 0.7152 0.369 0.162 0.144 0.1096 0.576 1.804 0.040 

13 rs1328684 13 rs6306 -0.6669 0.372 -0.4926 0.476 -0.1883 0.049 0.03663 0.829 0.2948 0.698 

13 rs1328684 17 rs1906451 0.7047 0.027 0.3418 0.247 0.0952 0.019 0.1099 0.128 -0.0921 0.778 

13 rs1328684 17 rs1042173 0.7511 0.019 0.3655 0.215 0.1022 0.013 0.1212 0.095 -0.0681 0.834 

13 rs1328684 17 rs12449783 0.7649 0.017 0.3871 0.191 0.1035 0.012 0.1238 0.089 -0.0734 0.822 

13 rs1328684 17 rs3794808 0.8323 0.011 0.5626 0.065 0.1084 0.010 0.1577 0.035 0.04357 0.897 

13 rs1328684 17 rs4583306 0.7585 0.020 0.4882 0.105 0.07637 0.068 0.1224 0.098 0.09563 0.773 

13 rs1328684 17 rs140700 -0.6954 0.171 -0.3285 0.477 -0.0068 0.916 -0.07544 0.505 0.2897 0.559 

13 rs1328684 17 rs6354 -0.448 0.243 -0.6053 0.084 -0.0371 0.447 -0.1064 0.216 -0.5589 0.144 

13 rs1328684 17 rs2020936 -0.4984 0.193 -0.6177 0.077 -0.045 0.354 -0.1256 0.143 -0.5262 0.168 

13 rs1328684 17 rs2066713 -0.4912 0.131 -0.0465 0.877 -0.0511 0.220 -0.03076 0.676 0.329 0.322 

13 rs1328684 17 rs4251417 0.2888 0.566 0.2054 0.658 0.05629 0.382 0.06188 0.587 0.1075 0.833 

13 rs1328684 17 rs8071667 -0.5174 0.179 -0.587 0.097 -0.0344 0.485 -0.1009 0.247 -0.5868 0.130 

13 rs1328684 17 rs1487971 -0.3215 0.316 -0.2807 0.342 -0.0255 0.532 -0.08248 0.253 0.3573 0.272 

13 rs2296973 13 rs2070037 0.3334 0.432 0.4673 0.232 0.05894 0.280 0.02551 0.791 -0.0513 0.905 

13 rs2296973 13 rs9534511 0.4199 0.275 0.1692 0.634 -0.0092 0.853 0.09888 0.257 0.06073 0.878 

13 rs2296973 13 rs6313 -0.4814 0.245 -0.5229 0.171 -0.0189 0.721 -0.02829 0.763 -0.3656 0.387 

13 rs2296973 13 rs6312 0.3045 0.741 0.5734 0.502 -0.0607 0.611 0.00558 0.979 0.1642 0.864 

13 rs2296973 13 rs6306 0.4493 0.594 -0.193 0.805 -0.0022 0.984 -0.2808 0.146 -0.5031 0.559 

13 rs2296973 17 rs1906451 -0.0643 0.849 0.338 0.283 0.0928 0.032 -0.03307 0.667 -0.2175 0.537 

13 rs2296973 17 rs1042173 -0.0196 0.954 0.3783 0.231 0.09927 0.023 -0.01725 0.824 -0.1901 0.589 

13 rs2296973 17 rs12449783 -0.0204 0.952 0.3737 0.237 0.09923 0.023 -0.01801 0.816 -0.1859 0.598 

13 rs2296973 17 rs3794808 0.1059 0.758 0.4548 0.158 0.1048 0.018 -0.01571 0.842 -0.0164 0.964 
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13 rs2296973 17 rs4583306 0.265 0.446 0.6733 0.037 0.1216 0.007 -0.03331 0.674 0.1363 0.704 

13 rs2296973 17 rs140700 -0.192 0.738 1.077 0.042 -0.0314 0.668 0.01721 0.894 -0.1089 0.851 

13 rs2296973 17 rs6354 -0.035 0.933 0.3089 0.423 0.02561 0.632 0.1503 0.112 0.02761 0.948 

13 rs2296973 17 rs2020936 -0.0772 0.852 0.2123 0.580 0.02111 0.692 0.1254 0.183 -0.0512 0.904 

13 rs2296973 17 rs2066713 -0.1118 0.740 -0.7357 0.019 -0.1055 0.015 -0.05179 0.501 0.04812 0.892 

13 rs2296973 17 rs4251417 -0.2875 0.625 0.5821 0.288 0.08743 0.248 0.04072 0.761 0.1511 0.803 

13 rs2296973 17 rs8071667 -0.0998 0.811 0.2505 0.516 0.02093 0.697 0.1181 0.214 -0.1255 0.768 

13 rs2296973 17 rs1487971 0.0641 0.850 0.0556 0.860 -0.0195 0.656 0.05671 0.463 0.1142 0.746 

13 rs2070037 13 rs9534511 0.4004 0.352 0.2114 0.594 0.02049 0.710 0.07025 0.470 0.01594 0.971 

13 rs2070037 13 rs6313 -0.448 0.328 -0.5468 0.195 -0.0126 0.830 0.04084 0.693 -0.3108 0.504 

13 rs2070037 13 rs6312 -0.5019 0.598 -0.462 0.602 -0.1488 0.229 0.04196 0.848 -2.072 0.041 

13 rs2070037 13 rs6306 1.281 0.159 0.6161 0.465 0.04497 0.703 -0.2773 0.184 0.2504 0.783 

13 rs2070037 17 rs1906451 -0.3965 0.275 0.0718 0.831 0.0463 0.318 -0.09032 0.272 -0.1432 0.703 

13 rs2070037 17 rs1042173 -0.3608 0.323 0.1054 0.755 0.05111 0.276 -0.07614 0.359 -0.1203 0.748 

13 rs2070037 17 rs12449783 -0.3612 0.324 0.1012 0.764 0.05098 0.277 -0.07686 0.354 -0.1161 0.757 

13 rs2070037 17 rs3794808 -0.1786 0.628 0.2366 0.490 0.06703 0.158 -0.06102 0.468 0.04551 0.905 

13 rs2070037 17 rs4583306 -0.1212 0.742 0.4422 0.193 0.09424 0.046 -0.04871 0.560 0.2183 0.563 

13 rs2070037 17 rs140700 0.2257 0.712 1.193 0.033 0.02723 0.725 0.02772 0.840 -0.1453 0.810 

13 rs2070037 17 rs6354 0.2794 0.535 0.5651 0.174 0.04649 0.421 0.09925 0.331 0.4477 0.324 

13 rs2070037 17 rs2020936 0.2597 0.563 0.4759 0.252 0.04381 0.448 0.07798 0.445 0.3612 0.425 

13 rs2070037 17 rs2066713 0.0598 0.870 -0.7179 0.034 -0.0946 0.044 -0.01047 0.900 -0.3351 0.373 

13 rs2070037 17 rs4251417 -0.1167 0.852 0.581 0.315 0.08244 0.304 -0.01182 0.934 0.3646 0.575 

13 rs2070037 17 rs8071667 0.1906 0.674 0.4428 0.289 0.03849 0.508 0.04974 0.629 0.2414 0.596 

13 rs2070037 17 rs1487971 0.2159 0.558 -0.0407 0.905 0.0005 0.992 0.03129 0.709 -0.2716 0.474 

13 rs9534511 13 rs6313 -0.174 0.590 -0.0285 0.924 0.0256 0.536 -0.06183 0.397 0.03028 0.927 

13 rs9534511 13 rs6312 0.5893 0.500 -0.2241 0.781 -0.1588 0.158 0.1955 0.325 0.08137 0.928 

13 rs9534511 13 rs6306 0.4909 0.494 -0.3683 0.580 -0.0678 0.463 -0.07908 0.628 -0.0231 0.975 

13 rs9534511 17 rs1906451 0.5064 0.095 0.5373 0.058 0.1146 0.003 -0.00936 0.893 -0.2877 0.366 

13 rs9534511 17 rs1042173 0.551 0.070 0.565 0.046 0.122 0.002 0.01019 0.884 -0.2381 0.453 

13 rs9534511 17 rs12449783 0.5624 0.065 0.5849 0.039 0.1227 0.002 0.01191 0.865 -0.2417 0.447 

13 rs9534511 17 rs3794808 0.6451 0.036 0.7086 0.014 0.1264 0.002 0.06757 0.341 -0.1334 0.680 

13 rs9534511 17 rs4583306 0.6375 0.037 0.7563 0.008 0.1174 0.003 0.03445 0.624 0.06548 0.837 

13 rs9534511 17 rs140700 -0.5043 0.294 0.5439 0.230 -0.0949 0.127 0.04182 0.704 0.3107 0.521 

13 rs9534511 17 rs6354 -0.3477 0.316 -0.2117 0.516 -0.0214 0.636 0.02758 0.730 -0.1958 0.585 

13 rs9534511 17 rs2020936 -0.3922 0.256 -0.2789 0.390 -0.0283 0.529 0.00156 0.984 -0.2313 0.517 

13 rs9534511 17 rs2066713 -0.2391 0.428 -0.514 0.069 -0.0801 0.040 -0.04771 0.489 0.2042 0.519 

13 rs9534511 17 rs4251417 0.3594 0.477 0.7392 0.113 0.07653 0.234 -0.04997 0.660 0.4204 0.416 
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13 rs9534511 17 rs8071667 -0.4105 0.237 -0.2502 0.442 -0.0215 0.634 0.00871 0.913 -0.3472 0.332 

13 rs9534511 17 rs1487971 -0.0694 0.815 0.0851 0.759 -0.0435 0.258 0.03114 0.646 0.3319 0.280 

13 rs6313 13 rs6312 -0.6152 0.496 -0.2899 0.728 -0.0159 0.891 -0.285 0.164 -0.4357 0.636 

13 rs6313 13 rs6306 -0.0995 0.895 0.1143 0.870 0.1619 0.095 0.18 0.294 -0.3225 0.679 

13 rs6313 17 rs1906451 -0.3474 0.267 -0.3555 0.220 -0.1206 0.003 -0.02167 0.761 0.3029 0.352 

13 rs6313 17 rs1042173 -0.4243 0.177 -0.4076 0.160 -0.1317 0.001 -0.0447 0.533 0.2593 0.424 

13 rs6313 17 rs12449783 -0.433 0.170 -0.4233 0.146 -0.1323 0.001 -0.04624 0.519 0.262 0.420 

13 rs6313 17 rs3794808 -0.6168 0.054 -0.7038 0.019 -0.1499 0.000 -0.09059 0.218 0.00712 0.983 

13 rs6313 17 rs4583306 -0.567 0.075 -0.7616 0.010 -0.1374 0.001 -0.06021 0.408 -0.176 0.593 

13 rs6313 17 rs140700 0.5514 0.294 -0.5435 0.269 -0.0223 0.742 0.05528 0.644 -0.3182 0.548 

13 rs6313 17 rs6354 0.2802 0.452 0.2642 0.448 0.00413 0.932 0.04135 0.628 0.1654 0.666 

13 rs6313 17 rs2020936 0.3419 0.356 0.3403 0.325 0.01437 0.765 0.07505 0.376 0.1954 0.607 

13 rs6313 17 rs2066713 0.34 0.291 0.5387 0.074 0.1182 0.004 0.02197 0.765 -0.104 0.756 

13 rs6313 17 rs4251417 -0.2551 0.620 -0.4762 0.314 -0.1214 0.063 -0.01604 0.890 -0.2063 0.691 

13 rs6313 17 rs8071667 0.3974 0.286 0.3393 0.330 0.00602 0.901 0.0622 0.467 0.3457 0.367 

13 rs6313 17 rs1487971 0.1565 0.623 0.2275 0.441 0.03491 0.392 0.06618 0.359 -0.216 0.508 

13 rs6312 13 rs6306 -2.438 0.157 -3.204 0.045 -0.176 0.432 -0.2645 0.504 -3.755 0.060 

13 rs6312 17 rs1906451 1.04 0.110 0.9107 0.138 0.1876 0.025 0.1356 0.360 -0.5996 0.385 

13 rs6312 17 rs1042173 1.1 0.093 0.9613 0.119 0.1979 0.019 0.1496 0.318 -0.5735 0.406 

13 rs6312 17 rs12449783 1.096 0.094 0.9537 0.122 0.1979 0.019 0.1489 0.320 -0.5703 0.409 

13 rs6312 17 rs3794808 1.003 0.142 0.9469 0.144 0.1787 0.044 0.1345 0.392 -0.2924 0.684 

13 rs6312 17 rs4583306 1.531 0.031 1.102 0.100 0.1501 0.103 0.03096 0.849 -0.3399 0.644 

13 rs6312 17 rs140700 -1.376 0.184 -0.0921 0.923 -0.1795 0.175 0.00712 0.976 -0.1005 0.922 

13 rs6312 17 rs6354 -1.168 0.159 -0.6473 0.396 -0.0432 0.685 0.2701 0.151 -1.425 0.096 

13 rs6312 17 rs2020936 -1.28 0.121 -0.7187 0.345 -0.0528 0.619 0.2447 0.191 -1.441 0.091 

13 rs6312 17 rs2066713 -0.5451 0.405 -0.4132 0.501 -0.0975 0.252 -0.1605 0.286 1.345 0.052 

13 rs6312 17 rs4251417 -0.8352 0.420 0.1577 0.872 0.03988 0.766 0.108 0.648 -0.4803 0.676 

13 rs6312 17 rs8071667 -1.148 0.167 -0.464 0.544 -0.0368 0.731 0.3098 0.101 -1.327 0.123 

13 rs6312 17 rs1487971 -0.2848 0.680 0.378 0.555 -0.0771 0.390 0.1206 0.446 1.477 0.036 

13 rs6306 17 rs1906451 -0.4914 0.394 -0.3914 0.460 0.01341 0.854 -0.2784 0.031 -0.2012 0.735 

13 rs6306 17 rs1042173 -0.471 0.417 -0.3695 0.487 0.01799 0.807 -0.2662 0.041 -0.18 0.762 

13 rs6306 17 rs12449783 -0.4594 0.429 -0.3647 0.493 0.01778 0.810 -0.2665 0.041 -0.1768 0.766 

13 rs6306 17 rs3794808 -0.2538 0.661 -0.3158 0.559 0.03924 0.599 -0.3326 0.012 -0.2079 0.731 

13 rs6306 17 rs4583306 -0.4224 0.474 -0.317 0.562 0.0439 0.562 -0.3404 0.011 -0.3851 0.530 

13 rs6306 17 rs140700 0.0525 0.952 1.842 0.021 -0.0069 0.951 0.3208 0.101 -0.2751 0.750 

13 rs6306 17 rs6354 0.4146 0.556 1.418 0.027 0.03188 0.722 0.2353 0.137 -0.1979 0.779 

13 rs6306 17 rs2020936 0.4515 0.522 1.391 0.031 0.03356 0.708 0.2192 0.167 -0.3009 0.669 
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13 rs6306 17 rs2066713 0.2072 0.729 -1.018 0.062 -0.0735 0.335 0.1247 0.355 0.4119 0.507 

13 rs6306 17 rs4251417 -0.941 0.333 0.145 0.872 0.0978 0.431 -0.2375 0.280 -1.98 0.069 

13 rs6306 17 rs8071667 0.2669 0.706 1.274 0.048 0.03254 0.718 0.2485 0.118 -0.3393 0.631 

13 rs6306 17 rs1487971 0.3831 0.500 0.1895 0.718 -0.082 0.262 0.1221 0.345 0.09446 0.873 

17 rs1906451 17 rs1042173 NA NA NA NA NA NA NA NA NA NA 

17 rs1906451 17 rs12449783 NA NA NA NA NA NA NA NA NA NA 

17 rs1906451 17 rs3794808 -0.3953 0.188 -0.1551 0.581 0.1173 0.002 0.08133 0.234 -0.2793 0.373 

17 rs1906451 17 rs4583306 -0.5147 0.091 -0.236 0.403 0.1032 0.008 0.05642 0.412 -0.3724 0.240 

17 rs1906451 17 rs140700 -0.0981 0.883 0.373 0.544 -0.0729 0.386 -0.2006 0.178 -0.6127 0.357 

17 rs1906451 17 rs6354 0.3101 0.488 0.3317 0.424 0.0346 0.545 -0.04457 0.660 0.5537 0.227 

17 rs1906451 17 rs2020936 0.257 0.565 0.2486 0.549 0.03306 0.563 -0.04886 0.629 0.4663 0.309 

17 rs1906451 17 rs2066713 0.6218 0.053 0.1682 0.574 -0.1459 0.000 -0.04682 0.522 0.3083 0.360 

17 rs1906451 17 rs4251417 -0.6629 0.312 -0.0987 0.872 0.1757 0.035 0.107 0.468 -0.2292 0.745 

17 rs1906451 17 rs8071667 0.305 0.498 0.2712 0.516 0.0323 0.575 -0.08563 0.402 0.4759 0.304 

17 rs1906451 17 rs1487971 0.5088 0.111 0.381 0.201 -0.0833 0.042 -0.03141 0.665 0.44 0.189 

17 rs1042173 17 rs12449783 NA NA NA NA NA NA NA NA NA NA 

17 rs1042173 17 rs3794808 -0.3661 0.227 -0.1371 0.627 0.1187 0.002 0.08887 0.198 -0.2698 0.389 

17 rs1042173 17 rs4583306 -0.4841 0.114 -0.218 0.442 0.105 0.008 0.06417 0.356 -0.3621 0.253 

17 rs1042173 17 rs140700 -0.1359 0.840 0.3726 0.548 -0.0657 0.442 -0.1869 0.216 -0.5428 0.416 

17 rs1042173 17 rs6354 0.3536 0.431 0.3525 0.396 0.0491 0.395 -0.03337 0.743 0.5871 0.198 

17 rs1042173 17 rs2020936 0.3004 0.503 0.2698 0.516 0.04762 0.409 -0.03764 0.712 0.5012 0.272 

17 rs1042173 17 rs2066713 0.5702 0.078 0.1352 0.652 -0.1512 0.000 -0.06197 0.400 0.2792 0.407 

17 rs1042173 17 rs4251417 -0.632 0.338 -0.0703 0.909 0.1793 0.033 0.1173 0.431 -0.2118 0.764 

17 rs1042173 17 rs8071667 0.3642 0.422 0.3224 0.442 0.0481 0.410 -0.07116 0.490 0.5079 0.272 

17 rs1042173 17 rs1487971 0.4994 0.121 0.3675 0.219 -0.0818 0.048 -0.03389 0.644 0.437 0.192 

17 rs12449783 17 rs3794808 -0.3751 0.216 -0.1375 0.626 0.1193 0.002 0.08998 0.192 -0.2611 0.404 

17 rs12449783 17 rs4583306 -0.4928 0.108 -0.2174 0.443 0.1056 0.007 0.06535 0.347 -0.3535 0.265 

17 rs12449783 17 rs140700 -0.0708 0.916 0.3956 0.522 -0.0692 0.416 -0.1905 0.205 -0.5919 0.374 

17 rs12449783 17 rs6354 0.3915 0.385 0.3884 0.351 0.04846 0.402 -0.0324 0.751 0.5657 0.217 

17 rs12449783 17 rs2020936 0.3384 0.452 0.3054 0.463 0.04697 0.416 -0.03667 0.720 0.4789 0.296 

17 rs12449783 17 rs2066713 0.5674 0.080 0.1261 0.675 -0.1517 0.000 -0.06321 0.391 0.282 0.403 

17 rs12449783 17 rs4251417 -0.6364 0.335 -0.0769 0.900 0.1793 0.033 0.1167 0.433 -0.2088 0.767 

17 rs12449783 17 rs8071667 0.3868 0.394 0.3284 0.434 0.04634 0.427 -0.07347 0.476 0.4881 0.291 

17 rs12449783 17 rs1487971 0.5118 0.112 0.382 0.202 -0.0819 0.048 -0.03293 0.653 0.4363 0.193 

17 rs3794808 17 rs4583306 -0.7388 0.015 -0.2568 0.365 0.08615 0.028 0.0527 0.448 -0.3537 0.264 

17 rs3794808 17 rs140700 0.2528 0.710 0.2688 0.669 -0.0751 0.387 -0.106 0.490 -0.2125 0.755 
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17 rs3794808 17 rs6354 0.5616 0.220 0.295 0.488 0.03247 0.582 -0.00861 0.934 0.7394 0.115 

17 rs3794808 17 rs2020936 0.5077 0.268 0.2092 0.623 0.03142 0.594 -0.01211 0.908 0.6467 0.168 

17 rs3794808 17 rs2066713 0.8259 0.017 0.2641 0.412 -0.1219 0.006 -0.0561 0.477 0.3798 0.287 

17 rs3794808 17 rs4251417 -0.891 0.183 0.0272 0.965 0.1791 0.036 0.07704 0.611 0.01592 0.982 

17 rs3794808 17 rs8071667 0.5625 0.223 0.2287 0.594 0.03564 0.549 -0.02977 0.777 0.6608 0.163 

17 rs3794808 17 rs1487971 0.7618 0.024 0.4202 0.184 -0.0637 0.145 0.02645 0.732 0.5719 0.104 

17 rs4583306 17 rs140700 0.2896 0.667 0.6684 0.282 0.00501 0.953 -0.1129 0.455 -0.0383 0.954 

17 rs4583306 17 rs6354 0.4078 0.396 0.3913 0.378 0.02594 0.673 -0.08217 0.449 0.5071 0.300 

17 rs4583306 17 rs2020936 0.357 0.458 0.2987 0.502 0.02599 0.673 -0.08366 0.442 0.4008 0.414 

17 rs4583306 17 rs2066713 0.748 0.034 0.2477 0.449 -0.1231 0.006 -0.02513 0.753 0.3542 0.330 

17 rs4583306 17 rs4251417 -0.9567 0.158 -0.095 0.879 0.1751 0.043 0.07748 0.612 0.1004 0.889 

17 rs4583306 17 rs8071667 0.446 0.358 0.3431 0.444 0.02902 0.641 -0.1107 0.314 0.4031 0.416 

17 rs4583306 17 rs1487971 0.665 0.056 0.5082 0.116 -0.0553 0.217 0.04869 0.539 0.5044 0.162 

17 rs140700 17 rs6354 -0.4764 0.483 0.0046 0.994 0.00297 0.973 0.3326 0.029 0.00824 0.990 

17 rs140700 17 rs2020936 -0.2215 0.744 0.1822 0.771 0.02178 0.800 0.4055 0.008 0.1679 0.800 

17 rs140700 17 rs2066713 0.1268 0.851 -0.3231 0.605 0.02762 0.748 -0.3065 0.043 0.07407 0.912 

17 rs140700 17 rs4251417 -1.263 0.266 -0.2216 0.831 -0.1225 0.393 -0.6279 0.013 -1.313 0.253 

17 rs140700 17 rs8071667 -0.1013 0.878 0.263 0.670 0.02332 0.782 0.4241 0.004 0.1318 0.840 

17 rs140700 17 rs1487971 -0.7322 0.153 -0.8464 0.073 0.05365 0.408 -0.00108 0.993 -0.7675 0.125 

17 rs6354 17 rs2020936 NA NA NA NA NA NA NA NA NA NA 

17 rs6354 17 rs2066713 -0.2375 0.621 -0.1496 0.738 0.01623 0.792 -0.1242 0.253 -0.2838 0.561 

17 rs6354 17 rs4251417 -0.1283 0.884 1.004 0.211 -0.1097 0.325 -0.09567 0.627 0.804 0.363 

17 rs6354 17 rs8071667 -0.226 0.631 -0.1849 0.671 -0.0442 0.465 0.1632 0.127 -0.0033 0.995 

17 rs6354 17 rs1487971 0.0767 0.837 -0.2061 0.552 -0.0151 0.753 -0.01976 0.815 -0.7684 0.042 

17 rs2020936 17 rs2066713 -0.3159 0.516 -0.2129 0.636 0.01925 0.757 -0.1528 0.165 -0.4383 0.372 

17 rs2020936 17 rs4251417 -0.292 0.741 1.056 0.191 -0.109 0.331 -0.08712 0.660 0.8671 0.329 

17 rs2020936 17 rs8071667 -0.0098 0.983 -0.0205 0.962 -0.0284 0.638 0.2312 0.030 0.1738 0.714 

17 rs2020936 17 rs1487971 0.0288 0.938 -0.227 0.510 -0.0174 0.715 -0.04089 0.627 -0.8235 0.028 

17 rs2066713 17 rs4251417 1.236 0.076 -0.6966 0.279 -0.1296 0.145 -0.01899 0.904 -0.4289 0.551 

17 rs2066713 17 rs8071667 -0.3296 0.502 -0.196 0.666 0.01237 0.844 -0.152 0.171 -0.3852 0.437 

17 rs2066713 17 rs1487971 -0.8723 0.006 -0.3653 0.213 0.03964 0.329 -0.01084 0.880 0.101 0.758 

17 rs4251417 17 rs8071667 -0.2166 0.807 1.087 0.181 -0.1086 0.336 -0.1565 0.432 0.665 0.458 

17 rs4251417 17 rs1487971 0.8994 0.192 0.0301 0.962 -0.0405 0.647 0.04538 0.771 0.3234 0.649 

17 rs8071667 17 rs1487971 0.0022 0.995 -0.2591 0.456 -0.0193 0.689 -0.02753 0.746 -0.7741 0.042 
CHR1: chromosome of SNP1 
CHR2: chromosome of SNP2 
P values are uncorrected  
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Supplementary Table3: All possible interactions between SNPs genotyped in the New Mood cohort 

    

BSI 
Depression 
Score   

BSI Anxiety 
Score   

Big5 
Neuroticism 
Score   

CHR1 SNP1 CHR2 SNP2 β p value β p value β p value 

13 rs3125 13 rs6314 0.3983 0.053 0.2293 0.195 0.2733 0.121 

13 rs3125 13 rs9316232 0.06079 0.542 0.1041 0.225 0.07467 0.382 

13 rs3125 13 rs2296972 -0.02654 0.799 0.02948 0.741 0.02089 0.814 

13 rs3125 13 rs2770296 0.1029 0.286 -0.01333 0.872 -0.003767 0.964 

13 rs3125 13 rs1928040 -0.07334 0.386 -0.04478 0.536 -0.05477 0.444 

13 rs3125 13 rs731779 0.06033 0.589 -0.04014 0.676 0.01495 0.875 

13 rs3125 13 rs985934 0.03617 0.693 -0.07428 0.344 -0.06225 0.425 

13 rs3125 13 rs6310 0.0825 0.690 0.01788 0.920 0.0115 0.948 

13 rs3125 13 rs6311 -0.06207 0.475 -0.005663 0.940 -0.03057 0.680 

13 rs3125 17 rs1042173 0.1406 0.100 0.08713 0.236 0.08641 0.236 

13 rs3125 17 rs3794808 0.1216 0.140 0.05022 0.478 0.05327 0.449 

13 rs3125 17 rs140700 0.2897 0.060 0.2339 0.077 0.2028 0.123 

13 rs3125 17 rs2020942 -0.1495 0.081 -0.08618 0.243 -0.09771 0.182 

13 rs3125 17 rs6354 0.06698 0.540 0.104 0.267 0.05072 0.587 

13 rs3125 17 rs2020934 -0.009939 0.903 -0.04392 0.530 -0.08428 0.225 

13 rs3125 17 rs25531 0.1593 0.358 0.2541 0.088 0.03897 0.793 

13 rs3125 17 5-HTT_LPR -0.04471 0.586 -0.04275 0.544 -0.05195 0.459 

13 rs6314 13 rs9316232 -0.002244 0.984 -0.02856 0.761 -0.04346 0.645 

13 rs6314 13 rs2296972 -0.01534 0.871 -0.07519 0.355 -0.05014 0.539 

13 rs6314 13 rs2770296 0.2699 0.012 0.2455 0.008 0.1805 0.054 

13 rs6314 13 rs1928040 -0.1673 0.069 -0.1745 0.028 -0.03763 0.633 

13 rs6314 13 rs731779 0.2406 0.045 0.1936 0.062 0.1194 0.251 

13 rs6314 13 rs985934 0.1623 0.081 0.2097 0.009 0.08965 0.264 

13 rs6314 13 rs6310 0.3066 0.135 0.4541 0.010 0.04231 0.811 

13 rs6314 13 rs6311 -0.09036 0.310 -0.1364 0.076 -0.04439 0.565 

13 rs6314 17 rs1042173 -0.03133 0.728 -0.0294 0.706 -0.1255 0.107 

13 rs6314 17 rs3794808 -0.05528 0.528 -0.03418 0.651 -0.1324 0.080 

13 rs6314 17 rs140700 -0.06335 0.610 -0.0322 0.764 -0.05172 0.631 

13 rs6314 17 rs2020942 -0.05922 0.549 -0.00981 0.909 0.06086 0.478 

13 rs6314 17 rs6354 0.07291 0.469 0.0332 0.703 0.1088 0.213 

13 rs6314 17 rs2020934 0.1612 0.071 0.02404 0.755 -0.01059 0.892 

13 rs6314 17 rs25531 0.05116 0.747 0.0791 0.563 0.0558 0.685 
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13 rs6314 17 5-HTT_LPR 0.1286 0.147 0.01469 0.848 0.008302 0.914 

13 rs9316232 13 rs2296972 0.04701 0.361 -0.04338 0.329 -0.01535 0.731 

13 rs9316232 13 rs2770296 0.1243 0.016 0.1216 0.006 0.1348 0.003 

13 rs9316232 13 rs1928040 -0.07512 0.106 -0.07275 0.070 -0.0824 0.039 

13 rs9316232 13 rs731779 0.1933 0.002 0.1611 0.003 0.2079 0.000 

13 rs9316232 13 rs985934 0.1236 0.009 0.1583 0.000 0.1278 0.002 

13 rs9316232 13 rs6310 0.143 0.286 0.2194 0.056 0.2865 0.013 

13 rs9316232 13 rs6311 -0.07362 0.138 -0.08085 0.060 -0.07751 0.075 

13 rs9316232 17 rs1042173 -0.1225 0.007 -0.03997 0.315 -0.05499 0.167 

13 rs9316232 17 rs3794808 -0.111 0.014 -0.0261 0.504 -0.0321 0.413 

13 rs9316232 17 rs140700 0.05324 0.485 0.04876 0.460 -0.0954 0.150 

13 rs9316232 17 rs2020942 0.07736 0.100 0.01029 0.801 0.03074 0.453 

13 rs9316232 17 rs6354 0.08446 0.206 0.07207 0.211 0.05689 0.324 

13 rs9316232 17 rs2020934 -0.02465 0.644 0.005645 0.903 0.01696 0.714 

13 rs9316232 17 rs25531 -0.001137 0.989 -0.01856 0.801 -0.0695 0.346 

13 rs9316232 17 5-HTT_LPR -0.05855 0.199 -0.00254 0.949 0.02414 0.543 

13 rs2296972 13 rs2770296 0.06954 0.187 0.06347 0.163 0.1002 0.028 

13 rs2296972 13 rs1928040 -0.04194 0.380 -0.02082 0.613 -0.06661 0.105 

13 rs2296972 13 rs731779 0.1526 0.018 0.1008 0.071 0.1693 0.003 

13 rs2296972 13 rs985934 0.08484 0.085 0.1172 0.006 0.1229 0.004 

13 rs2296972 13 rs6310 0.09944 0.488 0.1562 0.203 0.2865 0.020 

13 rs2296972 13 rs6311 -0.05153 0.315 -0.0488 0.272 -0.06348 0.158 

13 rs2296972 17 rs1042173 -0.1151 0.015 -0.03236 0.432 -0.05467 0.186 

13 rs2296972 17 rs3794808 -0.1162 0.014 -0.02373 0.560 -0.042 0.305 

13 rs2296972 17 rs140700 0.08389 0.277 0.06133 0.357 -0.07914 0.237 

13 rs2296972 17 rs2020942 0.03964 0.415 -0.003399 0.936 0.04547 0.282 

13 rs2296972 17 rs6354 0.1268 0.064 0.06446 0.275 0.06984 0.238 

13 rs2296972 17 rs2020934 -0.03439 0.529 -0.01513 0.748 -0.03121 0.509 

13 rs2296972 17 rs25531 0.02239 0.796 0.005441 0.942 -0.04736 0.529 

13 rs2296972 17 5-HTT_LPR -0.0532 0.260 -0.006685 0.870 -0.001306 0.975 

13 rs2770296 13 rs1928040 0.2019 0.001 0.1853 0.000 0.09225 0.082 

13 rs2770296 13 rs731779 -0.09581 0.178 -0.1099 0.075 -0.08264 0.184 

13 rs2770296 13 rs985934 -0.09749 0.071 -0.1133 0.015 -0.107 0.022 

13 rs2770296 13 rs6310 0.06878 0.679 -0.03015 0.833 -0.01261 0.930 

13 rs2770296 13 rs6311 0.171 0.007 0.1513 0.006 0.099 0.075 

13 rs2770296 17 rs1042173 -0.03629 0.446 -0.03383 0.414 0.01731 0.677 

13 rs2770296 17 rs3794808 -0.05013 0.289 -0.06211 0.129 -0.005016 0.903 
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13 rs2770296 17 rs140700 0.01944 0.816 0.03092 0.670 -0.05378 0.461 

13 rs2770296 17 rs2020942 0.03718 0.460 0.05706 0.191 0.02761 0.530 

13 rs2770296 17 rs6354 -0.01486 0.836 -0.02184 0.725 -0.05269 0.398 

13 rs2770296 17 rs2020934 -0.1264 0.021 -0.06192 0.190 -0.01509 0.751 

13 rs2770296 17 rs25531 0.05147 0.549 -0.02983 0.689 -0.101 0.178 

13 rs2770296 17 5-HTT_LPR -0.08443 0.081 -0.03257 0.437 0.0153 0.717 

13 rs1928040 13 rs731779 0.2091 0.006 0.2057 0.002 0.1089 0.102 

13 rs1928040 13 rs985934 0.09951 0.038 0.05884 0.156 0.004881 0.906 

13 rs1928040 13 rs6310 -0.1242 0.499 -0.1271 0.420 -0.2432 0.120 

13 rs1928040 13 rs6311 -0.1355 0.007 -0.1038 0.017 -0.09489 0.030 

13 rs1928040 17 rs1042173 0.05496 0.210 0.005044 0.894 -0.05057 0.181 

13 rs1928040 17 rs3794808 0.04693 0.281 0.01229 0.744 -0.04123 0.272 

13 rs1928040 17 rs140700 -0.006208 0.935 0.006864 0.917 0.07897 0.227 

13 rs1928040 17 rs2020942 -0.06315 0.166 -0.05177 0.189 -0.02023 0.607 

13 rs1928040 17 rs6354 0.04861 0.454 0.07933 0.156 0.1233 0.026 

13 rs1928040 17 rs2020934 0.07918 0.116 0.0559 0.198 0.006661 0.877 

13 rs1928040 17 rs25531 0.05955 0.484 0.0785 0.288 0.06594 0.369 

13 rs1928040 17 5-HTT_LPR 0.00484 0.915 -0.004286 0.913 -0.02954 0.448 

13 rs731779 13 rs985934 -0.06564 0.360 -0.08308 0.182 -0.06329 0.311 

13 rs731779 13 rs6310 0.2456 0.198 0.1585 0.333 0.2241 0.171 

13 rs731779 13 rs6311 0.1824 0.018 0.1796 0.007 0.0735 0.277 

13 rs731779 17 rs1042173 -0.007171 0.897 -0.03136 0.516 -0.003702 0.939 

13 rs731779 17 rs3794808 -0.04401 0.423 -0.05849 0.220 -0.007818 0.871 

13 rs731779 17 rs140700 0.1291 0.205 0.1262 0.154 0.07536 0.397 

13 rs731779 17 rs2020942 -0.03396 0.567 -0.004337 0.933 -0.02833 0.586 

13 rs731779 17 rs6354 0.05997 0.479 0.1063 0.146 0.05677 0.438 

13 rs731779 17 rs2020934 -0.05278 0.390 -0.003703 0.945 0.02799 0.599 

13 rs731779 17 rs25531 0.008801 0.931 -0.05338 0.547 -0.1283 0.149 

13 rs731779 17 5-HTT_LPR -0.06432 0.255 -0.03424 0.486 0.006029 0.903 

13 rs985934 13 rs6310 -0.3114 0.088 -0.2401 0.125 -0.2421 0.121 

13 rs985934 13 rs6311 0.08218 0.142 0.07095 0.145 0.03754 0.443 

13 rs985934 17 rs1042173 -0.04915 0.278 -0.0167 0.671 0.03376 0.391 

13 rs985934 17 rs3794808 -0.04143 0.357 -0.02242 0.565 0.02472 0.527 

13 rs985934 17 rs140700 0.03933 0.607 0.02422 0.715 -0.03004 0.652 

13 rs985934 17 rs2020942 0.04682 0.329 0.05249 0.206 -0.009002 0.829 

13 rs985934 17 rs6354 -0.01508 0.819 -0.05967 0.294 -0.0235 0.680 

13 rs985934 17 rs2020934 -0.1042 0.047 -0.04789 0.291 -0.0117 0.796 
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13 rs985934 17 rs25531 0.03008 0.717 0.03611 0.617 -0.003797 0.958 

13 rs985934 17 5-HTT_LPR -0.03611 0.429 -0.03358 0.396 0.009271 0.816 

13 rs6310 13 rs6311 -0.03548 0.846 -0.01159 0.941 -0.1651 0.293 

13 rs6310 17 rs1042173 0.171 0.193 0.1989 0.078 0.1894 0.093 

13 rs6310 17 rs3794808 0.1846 0.142 0.2015 0.061 0.1314 0.224 

13 rs6310 17 rs140700 0.06533 0.777 -0.066 0.738 -0.02917 0.883 

13 rs6310 17 rs2020942 -0.1861 0.192 -0.05438 0.658 -0.08793 0.475 

13 rs6310 17 rs6354 -0.09004 0.598 -0.3791 0.010 -0.2169 0.140 

13 rs6310 17 rs2020934 0.1597 0.213 0.0771 0.483 0.1279 0.246 

13 rs6310 17 rs25531 -0.358 0.166 -0.2896 0.192 -0.1695 0.446 

13 rs6310 17 5-HTT_LPR 0.193 0.162 0.08895 0.452 0.04318 0.716 

13 rs6311 17 rs1042173 0.0629 0.176 -0.009595 0.812 -0.0293 0.473 

13 rs6311 17 rs3794808 0.03601 0.438 -0.01872 0.642 -0.04607 0.257 

13 rs6311 17 rs140700 -0.04322 0.580 -0.03562 0.599 0.02753 0.688 

13 rs6311 17 rs2020942 -0.07938 0.102 -0.04391 0.298 -7.46E-05 0.999 

13 rs6311 17 rs6354 0.0441 0.483 0.06645 0.222 0.05264 0.334 

13 rs6311 17 rs2020934 0.107 0.033 0.05573 0.200 0.02 0.647 

13 rs6311 17 rs25531 0.02094 0.810 -0.005031 0.947 -0.007799 0.919 

13 rs6311 17 5-HTT_LPR 0.03368 0.480 0.04575 0.267 0.0007182 0.986 

17 rs1042173 17 rs3794808 0.008777 0.843 0.01204 0.753 -0.02173 0.571 

17 rs1042173 17 rs140700 0.008936 0.930 -0.01634 0.853 -0.04826 0.584 

17 rs1042173 17 rs2020942 0.009655 0.838 0.01951 0.634 0.05137 0.212 

17 rs1042173 17 rs6354 -0.05301 0.500 -0.04445 0.512 -0.0285 0.674 

17 rs1042173 17 rs2020934 -0.02225 0.656 -0.03897 0.368 -0.04943 0.254 

17 rs1042173 17 rs25531 0.04399 0.625 0.008996 0.909 0.01548 0.844 

17 rs1042173 17 5-HTT_LPR 0.02922 0.502 -0.02249 0.552 0.01386 0.715 

17 rs3794808 17 rs140700 0.04338 0.672 -0.01185 0.894 -0.0005936 0.995 

17 rs3794808 17 rs2020942 0.01913 0.709 -0.003714 0.933 0.0228 0.609 

17 rs3794808 17 rs6354 -0.05077 0.479 -0.04463 0.471 -0.03966 0.523 

17 rs3794808 17 rs2020934 0.0106 0.832 -0.003618 0.933 -0.03069 0.479 

17 rs3794808 17 rs25531 0.01045 0.908 -0.01608 0.838 0.01681 0.832 

17 rs3794808 17 5-HTT_LPR 0.03992 0.356 0.006417 0.864 0.02381 0.527 

17 rs140700 17 rs2020942 -0.03095 0.763 0.04711 0.597 -0.0375 0.676 

17 rs140700 17 rs6354 0.05686 0.630 -0.02889 0.777 0.08771 0.389 

17 rs140700 17 rs2020934 0.001221 0.991 -0.01752 0.848 -0.08113 0.377 

17 rs140700 17 rs25531 0.07919 0.441 0.05433 0.543 0.126 0.160 
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17 rs140700 17 5-HTT_LPR -0.1417 0.087 -0.07178 0.318 -0.08448 0.241 

17 rs2020942 17 rs6354 -0.007423 0.930 0.02543 0.729 -0.0009951 0.989 

17 rs2020942 17 rs2020934 0.05183 0.324 0.0617 0.174 0.06121 0.179 

17 rs2020942 17 rs25531 -0.05055 0.569 -0.0203 0.793 -0.08317 0.284 

17 rs2020942 17 5-HTT_LPR 0.03303 0.467 0.0439 0.264 0.007715 0.845 

17 rs6354 17 rs2020934 -0.06634 0.277 -0.06178 0.241 -0.02873 0.586 

17 rs6354 17 rs25531 -0.03486 0.738 0.0213 0.812 0.04497 0.617 

17 rs6354 17 5-HTT_LPR -0.1337 0.034 -0.1022 0.060 -0.08239 0.130 

17 rs2020934 17 rs25531 -0.05469 0.648 0.07865 0.446 -0.1218 0.240 

17 rs2020934 17 5-HTT_LPR 0.02682 0.603 -0.01306 0.769 0.01475 0.741 

17 rs25531 17 5-HTT_LPR -0.1338 0.195 0.02324 0.795 -0.1371 0.128 
CHR1: chromosome of SNP1 
CHR2: chromosome of SNP2 
P values are uncorrected  
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Supplementary Table 4: Change of tagging SNPs between 2005 and 2010 
 
4a New Mood taggers and current taggers of the SLC6A4 gene 

New Mood taggers Current taggers Position 

rs1042173   25549136 

  rs9913038 25549802 

  rs11080121 25552967 

rs3794808 rs3794808 25555918 

  rs10438799 25562664 

rs140700   25567514 

rs2020942   25571039 

rs6354   25574023 

  rs3783593 25576967 

  rs9896947 25578193 

rs2020934   25585585 

  rs9903062 25586449 

rs25531   25588471 
 
 



Krisztina Mekli (Doctor of Philosophy)  278 

 
 
4b. New Mood taggers and current taggers of the HTR2A gene 

New Mood taggers Current taggers Position 

rs3125 rs3125 46306851 

rs6314 rs6314 46307034 

  rs7994746 46314676 

  rs3742278 46317577 

  rs6561333 46318312 

  rs9567736 46318983 

  rs9567738 46319706 

  rs7330636 46321592 

  rs7338257 46322896 

rs9316232 rs9316232 46324722 

  rs658101 46325676 

rs2296972 rs2296972 46326471 

  rs9534495 46327228 

  rs1885884 46328276 

  rs2760351 46328315 

  rs2760350 46328366 

  rs17359763 46328602 

  rs4942578 46330610 

  rs6561335 46331497 

  rs2405863 46332793 

  rs4942580 46335317 

  rs2760345 46336574 

  rs2760346 46336738 

rs2770296   46338560 

  rs9567743 46338800 

  rs2146672 46341868 

  rs582854 46343877 

  rs677702 46344498 

  rs666693 46344916 

rs1928040   46345236 

  rs1410657 46346661 

rs731779 rs731779 46350038 

  rs1928038 46351730 

rs985934   46353725 

  rs927544 46354051 

  rs17069089 46354999 

  rs2760348 46355358 

  rs17288723 46355693 

  rs1328683 46356874 

  rs660358 46358465 

  rs9534505 46358744 

  rs9534508 46361623 

  rs12584920 46363037 

  rs2296973 46364781 



Krisztina Mekli (Doctor of Philosophy)  279 

  rs1885882 46365461 

  rs1805055 46367968 

rs6310   46368352 

rs6311   46369478 
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