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Toda existencia individual está determinada por 
innumerables influencias del ambiente humano  

Greog Simmel 

  



 
 

  



 
 

CONTENTS 

 

SUMMARY .................................................................................................................................. 1 

1. INTRODUCTION .................................................................................................................... 2 

2. OBJECTIVES and HYPOTHESIS ....................................................................................... 7 

3. MATERIAL AND METHODS ................................................................................................ 8 

3.1 Participants. ...................................................................................................................... 8 

3.2 Subclinical Psychosis Assessment ............................................................................... 8 

3.3 Childhood Trauma Assessment .................................................................................... 9 

3.4 Laboratory methods ......................................................................................................... 9 

3.4 Linkage disequilibrium and estimation of haplotypes ............................................... 11 

3.5 Statistical analyses. ....................................................................................................... 12 

4. RESULTS .............................................................................................................................. 13 

5. DISCUSSION ....................................................................................................................... 18 

6. CONCLUSIONS ................................................................................................................... 21 

7. ACKNOWLEDGEMENTS ................................................................................................... 21 

8. BIBLIOGRAPHY ................................................................................................................... 22 

9. ANNEX................................................................................................................................... 25 

Annex I. Poster Estancia B ................................................................................................. 25 

Annex II. Community Assessment of Psychic Experiences (CAPE) ............................ 26 

Annex III Childhood Trauma Questionnaire  (CTQ) ........................................................ 28 

Annex IV Laboratory methods ............................................................................................ 29 

 

 

 

 



 
 

 

 



FKBP5, trauma and subclinical psychosis  SUMMARY 

1 
 

SUMMARY  

Background: Childhood trauma (CT) have been associated with an increased risk for both, 

psychotic symptoms in clinical samples and psychotic experiences (PEs) in the general 

population. However, the individual variation in response to stress (e.g: trauma) has been 

postulated to be modulated by genetic factors. 

The FKBP5 protein plays a central role in determining the sensitivity of the glucucorticoid 

receptors and constitutes a key mechanism for terminating the HPA axis response. Two recent 

studies seem to suggest that the variability of this gene can moderate the relationship between 

CT and PE in the general population 

Based on previous literature, the aim of the present study was to explore in two new 

independent samples from the general population (S1 and S2) if the genetic variability in FKBP5 

modulates the association between CT and subclinical psychosis (i.e: PEs)  

Methods: PEs, CT were assessed in 808 healthy individuals with the Community Assessment 

of Psychic Experiences and the Childhood Trauma Questionnaire, respectively. Five 

polymorphisms in the FKBP5 gene were analyzed. Main effects and interactions were studied 

using linear regression. 

Results: A main effect of abuse, neglect and total trauma was found in the model of PE in both 

samples with the only exception for neglect and positive PEs in S2. SNPs from 1 to 4 had high 

Linkage disequilibrium and haplotypes were estimated. The most consistent finding was an 

interaction between childhood trauma and the dipolotype H1/H1 on negative PEs in S1.  

Conclusions: We found a diplotype of the FKBP5 that moderates the negative psychosis 

inducing effects of total childhood trauma in S1 but not in S2. No significant interaction was 

found between CT and SNP5 in the model of subclinical psychosis. According to our conflicting 

results regarding the modulating effect of FKBP5 gene, further analyses in new samples should 

be conducted to understand the role of this gene in the expression of PE.  

My contribution to this work:  

I have contributed to the extraction of the DNA of the sample, the measurement of the sample's 

concentration with the Nanodrop spectrophotometer and the preparation of the plates for the 

genotyping of the proposed polymorphisms. I have: i) conducted the genotyping of the 5 

polymorphisms, using TaqMan technology; ii) performed the regression analysis of the data 

using the databases I have designed; iii) tested our hypothesis and I have written the present 

work . 

The results of this project have been presented in a poster in the context of the Estancia tipo B 

of the Máster de introducción a la investigación en salud mental (CIBERSAM) (See Annex I). 
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1. INTRODUCTION 

 

Childhood trauma  

Early life adversity, or childhood trauma (CT), is one of 

the most replicated social factors studied and associated 

with the development of several mental diseases in 

adulthood including psychosis (Bentall et al., 2012).  

Childhood trauma is a general term that refers to a range 

of negative life experiences before the age of 16 years, 

including physical, sexual and emotional abuse as well as physical and emotional 

neglect. As a form of psychological stress, childhood abuse, neglect and early loss 

have been consistently associated with an increased risk of Major Depressive Disorder 

(MDD) and anxiety disorders in adulthood (Chapman et al., 2004). More recently, CT 

has been shown to be a risk factor for the development of psychotic symptoms in 

clinical samples and psychotic experiences in individuals from the general population 

(Spauwen et al., 2006).  

However, CT is not the only risk factor for psychosis, it is well established, that other 

different environmental factors as urbanicity, migration and adverse life events which 

are proxies for psychosocial stress are also involved. According to recent work it 

seems essential to take into account these stressors but also at which period (early or 

at critical development stages) took place and to consider their cumulative effects. 

An interesting study examining patients with psychotic illness of recent onset found that 

to experience a stressful life event increased the risk for psychotic and depressive 

symptoms. However, when they compared the number of life event experienced by 

psychotic patients and controls no differences were found. One plausible explanation 

for this is that patients experienced these adverse events as less controllable. These 

results support the vulnerability-stress model, which states that symptoms emerge 

whenever a threshold of stressors exceeds an individual's vulnerability level or stress 

reactivity (Horan et al., 2005; Ventura et al., 2000) as well as the resilience of many 

individuals. 

A hypothesized mechanism to understand stress reactivity is sensitization which refers 

to the process whereby (repeated) exposure to a certain event increases the 

behavioral and biological response to later exposure to a similar event, even if the later 

exposure is not as severe. 
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The neurobiological substrate of sensitization may involve dysregulation of the 

hypothalamus-pituitary-adrenal axis, contributing to a hypothesized final common 

pathway of dopamine sensitization in mesolimbic areas and increased stress-induced 

striatal dopamine release. 

The hypothalamus–pituitary–adrenal (HPA) axis regulator of stress 

The HPA axis mediates the principal adaptative response to perceived psychological or 

physiological stress. For this reason it is hypothesized that dysregulation of HPA axis in 

response to stress is a risk factor for psychiatric illness (Holsboer, 2000; Tsigos & 

Chrousos, 2002). 

When a situation is perceived as stressful, the 

brain activates many neuronal circuits to adapt to 

the demand. The response to stress includes the 

activation of the HPA axis. The paraventricular 

nucleus (PVN) secretes corticotropin releasing 

hormone (CRH) and vasopresine (AVP). Both 

peptides are released into the bloodstream, and 

they stimulate the pituitary to produce and 

secrete adrenocorticotropic hormone (ACTH) 

which in turn stimulates the adrenal cortex to 

produce glucocorticoids (cortisol). Appropriate 

regulatory control of the HPA axis is crucial to 

cope with stress, and it is accomplished through 

negative-feedback mechanisms that involve 

hypothalamus and pituitary suppressing CRH and ACTH production (Figure 1.1). 

Thus, glucocortidoids, as cortisol, promote the physiologic stress response by 

preparing the end organs for a fight and flight response but they are also critical for 

terminating the response via a negative feedback on several levels of the axis via the 

activation of the glucocorticoid receptor (GR). This process, and the later GR action on 

gene transcription, is regulated by a large molecular complex. In this regard, genes 

involved in regulating the adaptative behavioral response to stress represent plausible 

candidates to explore putative gene-environmental interaction effects in the association 

between childhood trauma (or other stressors) and psychotic symptoms. 

  

Figure 1.1.The hypothalamic-pituitary-

adrenal axis  
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FKBP5 and the HPA axis 

Several studies have suggested FKBP5 gene as an important functional regulator of 

the GR-complex (Grad & Picard, 2007). This gene, located in the short arm of the 

chromosome 6 (6p21.3) codifies for the FK506 binding protein 51 or FKBP5. This 

protein is a co-chaperon (molecules that allow the proper folding for peptides and 

proteins) of HSP90 which regulates GR sensitivity (see BOX 1 for further details). 

The importance of these molecules is determined by their crucial role in the folding, 

maturation, trafficking to the nucleus and binding of the GR to DNA. In this regard, 

alterations in these molecules can modify the sensitivity of the GR, for this reason they 

are potential candidates in the pathophysiology of stress in relation to psychiatric 

disorders. 

 

 

 

 

 

 

 

 

 

 

 

Some common single nucleotide polymorphism (SNPs) in FKBP5 gene (e.g: 

rs1360780) have been associated with an increased FKBP5 protein expression as well 

as variation in the correlation between plasma cortisol levels and peripheral blood 

FKBP5 mRNA expression suggesting that the alleles of these polymorphism are 

associated with a differential induction of FKBP5 by GR activation (Hubler & Scammell, 

2004). 

In vitro experiments have shown that over expression of human FKBP5 also reduces 

hormone binding affinity and nuclear translocation of GR marking it plausible that 

alteration in FKBP5 expression could also influence human GR function in vivo 

(Wochnik et al., 2005). 

FKBP5 is attached by HSP90 to the GR-complex, in this 

situation the GR shows a low affinity for cortisol. Once 

cortisol is bound to the complex, FKBP5 is exchanged by 

FKBP4 which facilitates the entry of GR-complex to the 

nucleus and DNA binding resulting in an increase of 

FKBP5 transcription and translation that confers a higher 

GR resistance completing an ultra-short negative feedbak 

loop on GR sensitivity (negative-feedback mechanism 

suppressing the action of cortisol). When it is bound to 

the receptor complex, cortisol binds with lower affinity and 

nuclear translocation of the receptor is less efficient. 

BOX 1. Details for the FKBP5 and its function 
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Given the involvement of this gene in regulation of the HPA axis and the implication of 

this axis in the stress response, several groups have investigated its variability in 

relation to different neuropsychiatric disorders. These studies suggested that 

dysregulation of the HPA axis function may have long-lasting effects. FKBP5 variants 

were shown to interact with childhood trauma to predict depression, suicidality, 

aggression, post-traumatic stress disorder and psychotic experiences among others 

(reviewed in Zannas & Binder, 2014). 

 

FKBP5 as a modulator of childhood trauma in the expression of psychotic experiences 

in the general population (gene-environment studies) 

The underlying developmental vulnerability for schizophrenia and spectrum disorders is 

expressed across a dynamic continuum referred to as schizotypy or “psychosis 

proneness”, that ranges from subclinical to clinical manifestations (Barrantes-Vidal et 

al., 2013). 

The nonclinical psychosis phenotype is observed and reliably measured in the general 

population at the level of schizotypy personality features (using trait-like measures) and 

psychotic experiences (PEs, i.e. unusual phenomena resembling clinical psychotic 

experiences) (using symptom-based measures) and seems to share etiopathogenic 

mechanisms and risk factors with schizophrenia. In this regard, according to family, 

twin and adoption studies and prior genome-wide scans of schizophrenia and 

psychosis proneness phenotypes, a subset of schizophrenia susceptibility genes are 

also candidates for these phenotypes of vulnerability (Fanous et al., 2007). For these 

reasons, PE could be considered to be a fundamental intermediate phenotype for the 

study of psychosis and its measurement in the general population is of great interest. 

Studies of gene–environment interactions aim to describe how genetic and 

environmental factors jointly influence the risk of developing a human disease. Gene–

environment interactions can be described by using several models, which take into 

account the various ways in which genetic effects can be modified by environmental 

exposures. 

Two recent studies have studied the variability in the FKBP5 gene as a candidate 

moderator between childhood abuse and PE. Collip and colleagues (2013) examined 

the FKBP5 x childhood trauma interaction in different samples, across different levels 

of psychosis severity and genetic liability (i.e.: general population, relatives and 

patients). The most consistent finding was an interaction between childhood trauma 

and rs9296158 and rs4713916 on psychotic experiences and cortisol in healthy 
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individuals (female twin sample), combined with a directionally similar interaction in 

siblings (rs4713916) and patients (rs9296158) being more vulnerable to experience PE 

when exposed to trauma. In the second study (Alemany et al., 2014) have reported a 

significant gene-environment interaction between childhood abuse and the FKBP5 

(rs1360780) modulating positive and negative PE in a sample from the general 

population.  

These recent findings suggest a specific relationship between childhood trauma and 

psychotic experiences in the general population. The results also provide evidence for 

gene-environment effect underlying individual behavioral differences in response to 

childhood trauma. However, these results require replication in new samples and new 

genetic approaches such as haplotypic analysis, as they may have important 

implications for future research into the aetiological mechanisms operating between 

childhood adversity and later psychosis. 
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2. OBJECTIVES and HYPOTHESIS 

General objective: 

The aim of the present study was to explore if the genetic variability in the FKBP5 

modulates the association between childhood trauma and subclinical psychosis in two 

new independent samples from the general population using an haplotypic approach. 

 

Specific objectives: 

 To genotype 5 SNPs of interest in the FKBP5 gene using TaqMan 5'-

exonuclease allelic discrimination assay and estimate haplotypes for these 

genetic polymorphisms.  

 To study the main effect of childhood trauma (Abuse, Neglect and Total trauma) 

assessed with the Childhood Trauma Questionnaire (CTQ) in psychotic 

experiences (PE) evaluated with the Community Assessment of Psychic 

Experiences (CAPE subscales) in the two independent samples analyzed 

(Sample 1 and Sample 2). 

 To study the interaction of FKBP5 gene with childhood trauma in the model of 

subclinical psychosis. 

 To compare our results with the previous published studies, to evaluate the 

potentiality of the FKBP5 gene as a moderator of the psychosis-inducing effects 

of childhood trauma. 

 

Hypothesis 

Based on previous published work that suggests the important role of the HPA axis in 

the causality in psychotic experiences (among others) and the important role of the 

genes that regulate this axis, we hypothesized that the interaction between FKBP5 and 

childhood trauma could play a role as biological mechanism underlying the expression 

of psychotic experiences. 
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3. MATERIAL AND METHODS 

3.1 Participants. 

Both samples included in this project have been recruited by Psychologists from the 

Universitat Autònoma de Barcelona (UAB) in the context of a collaborative project 

(Plan Nacional I+D+I PSI2011-30321-CO2-O1 and C02-02). The study was approved 

by the Ethical Committee of the UAB and all the participants provided informed consent 

at assessments, they were not preselected based upon any criteria. 

 Sample 1 (S1): 

Participants were undergraduate students randomly selected from the first course of 

the degree of Psychology in the UAB. The final sample consisted of 547 students (456 

women (83%) and 91 men (17%)). Mean age was 20.60 (SD=4.11) and it was not 

significantly different for females (mean= 20.44, SD= 3.93) compared to males 

(mean=21.41, SD=4.89) (t=1.72.; p=0.08). 

 Sample 2 (S2): 

This sample included 261 students from 7 technical training schools in Barcelona. 

From this sample, 92 subjects were men (35%) and 169 women (65%). Mean age was 

21.2 (SD=3.91). Age was not significantly different for females (mean= 21.14, 

SD=3.76) compared to males (mean=21.32, SD= 4.71) (t=0.35; p=0.72). 

3.2 Subclinical Psychosis Assessment 

All subjects completed measures assessing PEs using the Spanish translation of the 

Community Assessment of Psychic Experiences (CAPE) (Ros-Morente et al., 2011), a 

validated instrument for assessing subclinical symptoms in general population samples 

(Konings et al., 2006). The CAPE is a self-reported questionnaire that measures the 

lifetime prevalence of psychotic experiences on a frequency scale ranging from “never” 

to “nearly always” (scoring 1 to 4). It consists in 42 items that evaluate three 

dimensions of symptoms: positive, negative and depressive. A total sum score per 

dimension on the frequency items was used in the analyses. In the present project we 

used the positive (CAPE Pos) and negative (CAPE Neg) subscales, but the depressive 

subscale was not considered. In Annex II I have included a copy of the scales 

administrated to the participants. 
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3.3 Childhood Trauma Assessment 

Childhood adversity was assessed using the Spanish translation of the shortened 

version of the Childhood Trauma Questionnaire (CTQ) (Hernandez et al., 2013). This 

questionnaire consists of 28 questions enquiring about five types of childhood trauma: 

emotional abuse, physical abuse, sexual abuse, emotional neglect and physical 

neglect. The score for each item ranges from “never true” to “very often true” (scoring 1 

to 5) according to the extent to which subjects agree with the statement. Childhood 

adversity was grouped into childhood abuse (including emotional, physical and sexual 

abuse) and childhood neglect (including emotional and physical neglect). Childhood 

abuse and neglect were calculated by summing up the items of the subscales 

considered for each one. Additionally, total trauma was calculated summing the scores 

of the total childhood abuse and the total childhood neglect. A copy of the CTQ scales 

that were administrated to the individuals is provided in Annex III. 

3.4 Laboratory methods 

All the participants provided a biological sample consisting in six buccal swabs. They 

were requested to rubbing the inside of their cheeks with a sterile cotton swab for one 

minute prior to placing it in the protection part of the swab. DNA from these swabs was 

extracted and quantified in our Laboratory at the Unitat d’Antropologia de la Facultat de 

Biologia (UB). 

DNA was extracted using Real Pure Genomic DNA Extraction from Cells and Tissues 

(Durviz, Spain; http://www.durviz.com/?product=extraccion-dna-y-rna). This kit is 

designed for the extraction of high quality genomic DNA from a wide variety of samples 

(see Annex IV for details). 

Once the DNA was extracted we checked its concentration and purity (i.e if the DNA is 

clean and free of contaminants). Quality and purity of DNA are important factors that 

can affect the quality of the genetic results. For this task we used Nanodrop ND-1000 

spectrophotometer (see Annex IV for details). After quantification we homogenized the 

concentration of all the samples and we we aliquoted them in 96 well plates at 5ng/ul. 

The aliquoted DNA samples were stored at -20º C.  

We genotyped 5 SNPS in the FKBP5 gene. The selected SNPs were: rs3800373 

(SNP1), rs9296158 (SNP2), rs1360780 (SNP3), rs9470080 (SNP4) and rs4713916 

(SNP5). The details for the SNPs are reported in Table 3.1. The laboratory methods 

are summarized in Figure 3.1 

http://www.durviz.com/?product=extraccion-dna-y-rna
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The SNPs were genotyped using the TaqMan 5'-exonuclease allelic discrimination 

assay (Applied Biosystems) using 5 custom assays (Table 3.1) (see Annex I for 

information about TaqMan genotyping). This method is based on the use of two 

TaqMan probes, specific for each of the two alleles. Each of the two probes is labelled 

with a different fluorescent tag (FAM and VIC), and each is designed with the allele 

affecting the middle part of the probe sequence.  

 

Figure 3.1. Summary of the protocol followed from the extraction of the biological sample to the 
genotyping of the 5 SNPs selected in the present study. 

  

Gene SNP Reference 

Sequence (rs) 

Custom Assays 

ID 

Position Location Alleles MAF 
F

K
B

P
5

 

6
p

2
1
.3

1
 

  
1 rs3800373 C__27489960_10 3' UTR 35542476 C/A 0.297 

2 rs9296158 C___1256775_10 Intron 6 35567082 A/G 0.337 

3 rs1360780 C___8852038_10 Intron 9 35607571 T/C 0.299 

4 rs9470080 C_____92160_10 Intron 10 35646435 T/C 0.347 

5 rs4713916 C___1979246_10 Intron 10 35669983 A/G 0.219 

Table 3.1. Description of the 5 SNPs in FKBP5 selected in the present project. Name of the SNP, 
reference sequence (rs), custom Assay ID, position in the gene, location, alleles and minor Allele 
Frequency (MAF). 
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3.4 Linkage disequilibrium and estimation of haplotypes 

The single nucleotide polymorphism (SNP) is the most common genetic variation in 

humans and is characterized by a single nucleotide change in the DNA sequence. A 

SNP has two alleles, along a chromosome we can have different SNPs. Haplotypes 

are particular combinations of alleles (for different SNPs) that are located closely 

together on the same chromosome and that tend to be inherited together as a unit. 

Linkage disequilibrium (LD) is the tendency of different SNPs to be inherited together 

(D'≥ 90). In this regard, if the SNPs are in high LD (D'≥ 90) it make sense to study 

haplotypes indeed the SNPs separately. The use of haplotypes has the advantage that 

it allows most of the genetic variation across a sizeable region to be captured, using 

just a few SNPs to identify the haplotype. In Figure 3.2 the haplotype concept is 

explained. 

 

Figure 3.2 A chromosomal region with 4 SNPs. Three of the SNPS (2,3 and 4) are in high LD 

(D'≥ 90), because of that they tend to be inherited together and it make sense to estimate  

haplotypes of these 3 SNPs. Several programs (e.g.: Haploview) estimate the haplotypic 

combinations found in each individual of the sample. In the example reported here, the 

individual has the haplotype TTA in the maternal chromosome and CAG in the paternal 

chromosome. Individuals in the population could be TTA/CAG (as in this example) or TTA/TTA 

or CAG/CAG. 

 

Linkage disequilibrium (LD) between polymorphisms of the FKBP5 gene was examined 

by pair-wise comparisons of r2 and D’ using Haploview version 4.2 (Barrett et al., 

2005). Estimation of haplotypes in our sample and its frequency was conducted using a 

bayesian approach implemented with PHASE software (Stephens & Donnelly, 2003).A 

total of 15 haplotypes were found. However, because rare and uncommon haplotypes 

are subject to estimation errors because of increased sampling variance, all analyses 

were conducted with haplotypes with a frequency of ≥ 5% or higher, which happened to 

be the 2 putatively functional haplotypes (H1 and H2) in the sample. Thus, for each 

individual we finally had a haplotype in the maternal chromosome and a haplotype in 



FKBP5, trauma and subclinical psychosis  MATERIAL & METHODS 

12 
 

the paternal chromosome. A diplotype represents the combination of haplotypes in 

each individual (e.g H1/H1 individuals with two copies of H1 and H1/H2 individuals with 

a copy of H1 and one copy of H2 and H2/H2 individuals with two copies of H2). 

3.5 Statistical analyses. 

For every SNP in the FKBP5 gene, we assessed compliance with the Hardy-Weinberg 

Equilibrium (HWE). The test was performed on the HWE calculator available on 

http://www.oege.org/software/hwe-mr-calc.shtml as a simple chi-squared test (  ) that 

just check if the allelic combinations occurs randomly. In genetic association studies, 

HWE principles are applied to detect genotyping errors. In population genetics, the 

Hardy-Weinberg principle (HWP) provides understanding population structure.  

The linear regression analyses were conducted using STATA v.13.1 for Windows. 

Separate models were tested for positive and negative PEs (CAPE Pos and CAPE 

Neg) as dependent variables. The independent variables for main and interaction 

effects were the three CTQ subscales (Abuse, Neglect and Total trauma) and the 

genetic data (dipolotypes (haplotypypic combinations of SNP1 to 4) or genotype of 

SNP5 of the FKBP5 gene.  

Linear regression was performed to determine the main effects and interaction of the 

FKBP5 diplotypes and childhood trauma on two dimensions of PE (CAPE Positive and 

CAPE Negative). The analyses were conducted with the three subscales scores for the 

CTQ (Abuse, Neglect and Total trauma). For the interaction effect the 3 diplotypes, 

CTQ scores and the interaction term (diplotype x CTQ  or SNP5 x CTQ) were included 

as independent variables. For all the analyses the covariates age and sex were 

included. 

 

http://www.oege.org/software/hwe-mr-calc.shtml
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4. RESULTS 

4.1 Descriptive statistics 

 Description for trauma and subclinical psychosis assessment 

The mean scores for the Community Assessment of Psychic Experiences (CAPE) and 

Childhood Trauma Questionnaire (CTQ) for the two samples are shown in Table 4.1. 

Higher mean scores were observed for the two dimensions of the CAPE scale (CAPE 

Pos and CAPE Neg) as well as the three CTQ subscales (Abuse, Neglect and Total 

trauma) for sample 2. Since these variables were not normally distributed non-

parametric test were used to point out significant differences between samples in the 

positive dimension of CAPE subscale (CAPE Pos), and for the three CTQ subscales 

(Abuse, Neglect and Total trauma). Sample 1 and sample 2 differed in the scores for 

the CAPE Pos, and abuse and neglect (Table 4.1). 

Both samples also differed in the proportion of sex and mean age (p<0.05). Based on 

these significant differences between the two samples that conform the present study 

(sample 1 and sample 2), we decided to explore them independently.   

 

 Psychotic experiences 

(CAPE) 

Childhood trauma (CTQ) 

 CAPE Pos CAPE Neg Abuse Neglect Total trauma 

Sample 1 7.24 (4.32) 8.92 (5.06) 17.72 (4.69) 14.43 (4.23) 32.20 (7.73) 

Sample 2 9.72 (5.50) 9.62 (5.64) 18.98 (5.58) 15.50 (6.06) 34.47 (10.42) 

p-value 0.000 0.12 0.005 0.000 0.28 

Table 4.1. Mean scores and standard deviation (SD) for CAPE subscales (CAPE Pos and CAPE 
Neg) and CTQ (Abuse, Neglect and Total trauma) for the two samples studied in the present 
project. 

 Description the genetic data 

In Sample 1 DNA was available for 544 individuals, the genotyping call rates in this 

sample (i.e the proportion of DNA samples generating results in the total sample 

genotyped) were 96%, 99.3%, 86.1%, 99% and 91.4% for SNP1, SNP2, SNP3, SNP4 

and SNP5, respectively. For sample 2 DNA was available for all the participants and 

the genotyping call rates were 99.2%, 99.6%, 95.8%, 98.8% and 97.7% for SNP1, 

SNP2, SNP3, SNP4 and SNP5 respectively. 
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Genotype frequencies for all the analyzed SNPs did not depart significantly from 

Hardy-Weinberg equilibrium (at a significance level of 0.05) supporting absence of 

genotyping artifacts. 

The allelic frequencies for the analyzed SNPs for S1 and S2 are reported in Table 4.2. 

Allelic frequencies, for each SNP, were compared with previously described values in 

European reference population (HapMap project: http://www.hapmap.org) without 

significant differences (data not shown). 

 

Name Reference Sequence 

(rs) 

Location 

(6P21.31) 

Alleles Frequencies 

Sample 1 

Frequencies 

Sample 2 

1 rs3800373 3' UTR C/A 0.33 / 0.67 0.29 / 0.71 

2 rs9296158 Intron 6 A/G 0.34 / 0.66 0.31 / 0.69 

3 rs1360780 Intron 9 T/C 0.34 / 0.66 0.30 / 0.70 

4 rs9470080 Intron 10 T/C 0.36 / 0.64 0.34 / 0.66 

5 rs4713916 Intron 10 A/G 0.30 / 0.70 0.27 / 0.73 

Table 4.2. Description of the 5 SNPs in FKBP5 analyzed. Name of the SNP, reference 
sequence (rs), location in the gene, alleles and allelic frequencies by sample 

 

The study of the linkage disequilibrium showed that 

4 of the 5 analyzed SNPs (rs3800373, rs9296158, 

rs1360780 and rs9470080) were in strong linkage 

disequilibrium (Figure 4.1). Haplotypes were 

derived from these 4 SNPs. There were 15 

haplotypes with two major haplotypes (H1= AGCC; 

H2= CATT) that alone accounted for 90.1% of 

haplotype diversity. Diplotypes derived from the 

two major haplotypes for all the individuals on the 

two samples. were H1/H1, H1/H2 and H2/H2 (See 

Table. 4.3) 

 

  

Figure 4.1. Relative position and LD 

estimates for the SNPs. 
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All the association analyses were conducted with the diplotypes and SNP5.  

4.2 Impact of childhood adversity on psychotic-experiences  

Regression analysis was conducted to study the association of trauma (CTQ) with 

subclinical psychosis (CAPE). A significant main effect of abuse, neglect and total 

trauma was found in the model of psychotic experiences (CAPE dimensions) in both 

samples. The only exception was for neglect and positive psychotic experiences 

(CAPE Pos) in Sample 2 (β=0.06, s.e=0.05 p=0.25) (Table 4.4).  

 

 Positive Psychotic experiences 

(CAPE Pos) 

(β; s.e; p) 

Negative Psychotic experiences 

(CAPE Neg) 

(β; s.e; p) 

 Sample 1 Sample 2 Sample 1 Sample 2 

CTQ Abuse 0.17; 0.03; 0.000 0.18; 0.06; 0.002 0.18; 0.04; 0.000 0.15; 0.06; 0.01 

CTQ Neglect 0.20; 0.04; 0.000 0.06; 0.05; 0.25* 0.35; 0.04; 0.000 0.16; 0.05; 0.003 

CTQ Total  0.12; 0.02; 0.000 0.07; 0.03; 0.021 0.17; 0.02; 0.000 0.10; 0.03; 0.002 

Table 4.4. Main effect of trauma (CTQ Abuse, Neglect and Total) in psychotic experiences 

(CAPE Pos and CAPE Neg) in the Sample 1 and Sample 2 according to regression analysis. 

 

No main effect was found for the FKBP5 polymorphisms on the dimensions of 

psychotic experiences (data not shown). 

 

 

 

 

Dypolotype 

 
Name Sample 1 Sample 2 

  Frequency Percent Frequency Percent 

AGCC/AGCC H1/H1 209 45.6 86 41.7 

AGCC/CATT H1/H2 197 43.0 101 49.0 

CATT/CATT H2/H2 52 11.4 19 9.2 

Table 4.3. Description of the diplotypes found in sample 1 and sample 2. 



FKBP5, trauma and subclinical psychosis  RESULTS 

16 
 

4.3 Effect of FKBP5 as modulator of the psychosis-inducing effects of childhood 

trauma 

Linear regression was performed to determine the interaction of the FKBP5 diplotypes 

and childhood trauma on Positive PE and Negative PE total scores. The analyses were 

conducted with the three subscales scores for the CTQ (Abuse, Neglect and Total 

trauma). The results of these analyses do not report any significant interaction in 

sample 2 (data not shown). However, in sample 1 a significant interaction was found 

(See Table 4.5). 

  

 Positive PE (CAPE Pos) 

(β; s.e; p) 

Negative PE (CAPE Neg) 

(β; s.e; p) 

CTQ Abuse x Haplotype -0.02; 0.06; 0.73 -0.08; 0.07; 0.24 

CTQ Neglect x Haplotype -0.06; 0.06; 0.30 -0.11; 0.07; 0.09 

CTQ Total x Haplotype -0.04; 0.03; 0.25 -0.09; 0.04; 0.03* 

Table 4.5. Interaction effect of trauma (CTQ Abuse, Neglect and Total) and haplotype 

in psychotic experiences (CAPE Pos and CAPE Neg) in the Sample 1 according to 

regression analysis. 

 

As we reported in Table 4.5 a significant CT x diplotype interaction in sample 1 was 

detected on the negative dimension of psychotic experiences (CAPE Negative). These 

results suggest that the individuals exposed to high childhood trauma, carriers of the 

H1/H1 (AGCC/AGCC) diplotype shows more negative psychotic-experiences (CAPE 

Neg) (β= -0.09; s.e= 0.04; p= 0.03) compared with the individuals carriers of the other 2 

diplotypes (H1/H2 and H2/H2) (Figure 4.2). However, these findings were not 

replicated in our sample 2.  
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Figure 4.2. Interaction of FKBP5 diplotypes and childhood trauma (CT) on Negative psychotic 
experiences (CAPE Neg) scores. 

 

Because SNP5 was not in LD with the other 4 SNPs, analyses were conducted 

separately. In this regard, when we studied the interaction between the SNP5 and CT 

in the model of subclinical psychosis (i.e. CAPE Pos and CAPE Neg) in sample 1 and 

in sample 2, no interaction was found (data not shown).  
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5. DISCUSSION  

The purpose of the present study was to study if the interaction between childhood 

trauma (CT) and the variability in the stress-related gene FKBP5 and its role in the 

expression of psychotic experiences in the general population. To this aim we analyzed 

5 SNPs previously analyzed in the literature of gene-environment interactions at the 

FKBP5 locus. We explored our hypothesis in two independent healthy samples from 

Barcelona. Our analysis showed that FKBP5 variation and exposure to CT interact to 

specifically influence in the expression of negative psychotic experiences. Particularly, 

according to our results the most common FKBP5 haplotype in homozygosis (i.e.: 

diplotype H1/H1: AGCC/AGCC) increases the risk of manifest negative psychotic 

experiences in individuals who report history of CT compared to the individuals who 

carried the other two diplotypes (H1/H2 and H2/H2). However, this finding was only 

found in sample 1 but not in sample 2. 

The FKBP5 diplotypes estimated in the present work were derived from 4 SNPs with 

high linkage disequilibrium (LD) implicated in previous studies. The best investigated 

and characterized polymorphisms are within a haplotype spanning the whole gene that 

is tagged by SNP1, SNP2 and SNP3. This haplotype has been described to be 

functional an associated with a differential induction of FKBP5 mRNA and protein by 

Glucocorticoid Receptor activation. Because the strong LD, studies have not yet shown 

which of the SNPs in the haplotype block is functional. However, the most likely variant 

conferring this functionality is SNP3 (rs1360780) (Klengel et al., 2013). 

To our knowledge this is the first time that haplotypes of the FKBP5 have been 

analyzed in a study of trauma and PE in general population. The only previous 

published work analyzed 4 SNPs without haplotypic approach (Collip et al., 2013). The 

estimation of  haplotypes is of great interest because reports the full variability of a 

DNA fragment and increases the power to find genetic associations (Crawford & 

Nickerson, 2005). 

Collip and colleagues found in a sample of female twins significant interaction between 

two of our analyzed SNPs (SNP2: rs9296158 and and SNP5: rs4713916) in the model 

of both psychotic symptoms and cortisol. However, in the same study, when they 

analyzed the same polymorphisms in an independent sample of healthy individuals 

none of the four SNPS studied showed the interaction reported in the twin sample. As 

in our work, the associations reported were only confirmed in one sample. On the other 

hand, our findings in the negative dimension of subclinical psychosis cannot be 
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compared with Collip and colleagues because their results were with mean scores of 

the CAPE. 

More recently, Alemany and colleagues have examined the role of the SNP3 in FKBP5 

gene in the association between childhood adversity and PE in a Spanish sample of 

the general population (Alemany et al., 2014).They reported a significant interaction 

between childhood abuse and the FKBP5 gene with regard to the positive and negative 

PE. Individuals who were homozygous for the T allele (T/T) showed higher scores of 

PE when exposed to childhood abuse compared with individuals carriers of the C allele 

(C/T and C/C). Although we explored a similar sample of the general population, our 

haplotype of risk (H1) for the SNP3 includes the opposite allele (i.e.: C allele). 

Moreover, as stated before the interaction of the haplotype (diplotype) and CT was 

reported in the negative dimensions of the psychotic experiences (CAPE Neg). 

Other studies have reported the same alleles found in our haplotype in interaction with 

CT and the variability in FKBP5 and other phenotypes as risk for suicidal behavior in 

psychotic patients (Roy et al.,  2010), affective psychosis (Gawlik et al., 2006) or 

aggressive behavior (Bevilacqua et al., 2012). In this regard, further in vitro and in vivo 

functional studies are necessary to pinpoint the variant responsible for the interactions 

and associations described.  

The association of a gene implicated in the HPA stress axis regulation with the 

expression of psychosis is of great interest, but it is unknown how the interaction 

between trauma and FKBP5 may increase the risk of PE or psychotic symptoms. 

Several studies support the hypothesis that genetic or epigenetic modifications in 

FKBP5 gene modulate the effect of the environmental on the HPA axis and the risk for 

stress-related disorders (gene x environment interaction). These studies suggest that 

dysregulation of the HPA axis function in childhood may have long-lasting effects (van 

Winkel et al., 2008). Despite the resilience of many maltreated children, in vulnerable 

individuals CT exposure would generate chronic stress, activation of the stress 

response and sensitization. In this regard, the alteration of the HPA axis may be 

caused by a pre-existing trait and probably in combination with others stress-related 

genes variants and social environmental factors that may contribute to the 

development of psychotic experiences.  

Although the present results may have considerable biological plausibility, it is 

important to interpret them in the light of some limitations. The most important 

consideration is the risk of false-positive findings associated with any genetic study, in 

the context of undisclosed statistical comparisons. These issues have been carefully 
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considered in our study. We considered that i) the a priori probability of interaction was 

relatively high, given consistent findings of FKBP5 x trauma interaction in post-

traumatic stress disorder and other stress-related phenotypes and ii) the biological 

plausibility, which is supported by the finding of an FKBP5 x trauma interaction for 

cortisol, thus linking FKBP5-dependent psychometric expression of psychotic 

symptoms to an underlying biological mechanism. However these two factors, further 

validation and replication of findings is clearly still needed. 

 

Future directions 

The study the role of the FKBP5 as a moderator of childhood trauma in the expression 

of psychotic experiences in different samples along the continuum at different levels of 

genetic liability (healthy controls, first-degree relatives of patients, at risk individuals, 

first episodes and patients) is needed. Additionally, it would be important that future 

studies include biological phenotypes as cortisol levels of the individuals. 

Given the importance of HPA axis in the regulation of stress, it would be interesting to 

explore other genes that play a regulatory role in the normal functionality of the axis 

with the purpose to better understand  the biological mechanisms underlying the 

expression of psychotic experiences. 

 

Recent studies about the involvement of genetic factors in the etiology of complex traits 

using i) indirect measures (e.g:. family history of the disorder) and ii) direct measures 

(i.e: analysis of genetic polymorphims) point out the importance of mechanisms of 

gene-environment interaction (GxE) such as the reported in the present project.  

These studies, in the near future, will probably help to understand how the 

environmental factors (prenatal or perinatal) influence the differential expression of the 

genes and the penetrance of the clinical phenotype. This research strategy in complex 

diseases take into account gene-environment correlation (i.e. how our genotypes 

influence our environmental exposures) and gene-environment interactions (i.e: how 

the genotypes make the individual more vulnerable to the environmental risk factor). 

The environment and life styles should be taken into account in research as features to 

understand pathophysiological mechanisms involved in clinical phenotypes as in the 

development of normal human behavior. 
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6. CONCLUSIONS 

This study reports a significant interaction between childhood trauma (CT) and the HPA 

axis gene FKBP5 that appears to raise the risk of manifest negative psychotic 

experiences in healthy individuals. However, these results should be interpreted 

carefully given i) the discrepancies found with the previous published studies in terms 

of alleles of risk and ii) the fact that our results are only statistically significant in one of 

the two studied samples in the present work. 
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9. ANNEX 

Annex I. Poster Estancia B 
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Annex II. Community Assessment of Psychic Experiences (CAPE) 
 

In the questions of the Community Assessment of Psychic Experiences, participants 

are asked to mark the frequency of the experience (on a four-point scale of “never”, 

“sometimes”, “often” and “nearly always” and the degree of distress (“not distressed”, 

“a bit distressed”, “quite distressed” and “very distressed”). In our study we have only 

used the frequency of the experience. 

 

1. ¿Alguna vez te sientes triste? 

 
2. ¿Alguna vez tienes la impresión de que la gente te lanza indirectas o dice cosas con doble 
sentido? 
 
3. ¿Alguna vez piensas que eres una persona poco activa y animada? 

4. ¿Alguna vez piensas que eres poco hablador cuando estás conversando con otras personas? 

5. ¿Alguna vez tienes la impresión de que algo en la prensa, radio o televisión fue escrito 
especialmente para ti? 

6. ¿Alguna vez tienes la sensación de que algunas personas no son lo que parecen ser? 

7. ¿Alguna vez sientes como si te persiguieran de alguna forma? 

8. ¿Alguna vez sientes que te emocionas poco o casi nada en situaciones importantes? 

9. ¿Alguna vez te sientes pesimista sobre todas las cosas? 

10. ¿Alguna vez tienes la sensación de que hay una conspiración contra ti? 

11. ¿Alguna vez tienes la sensación de que eres o estás destinado a ser alguien muy importante? 

12. ¿Alguna vez te sientes como si no hubiera futuro para ti? 

13. ¿Alguna vez sientes que eres una persona muy especial o diferente? 

14. ¿Alguna vez te sientes como si no quisieras vivir más? 

15. ¿Alguna vez piensas que la gente puede comunicarse telepáticamente? 

16. ¿Alguna vez sientes que no te interesa estar con otras personas? 

17. ¿Alguna vez sientes que los aparatos eléctricos (como ordenadores…) pueden influenciar en 
tu forma de pensar? 

18. ¿Alguna vez sientes que te falta motivación para hacer las cosas? 

19. ¿Alguna vez lloras por nada? 

20. ¿Crees en el poder de la brujería, del vudú o del ocultismo? 

21. ¿Alguna vez sientes que te falta energía? 

22. ¿Alguna vez sientes que la gente te mira de forma extraña por tu apariencia? 

23. ¿Alguna vez sientes que tu mente está vacía? 
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24. ¿Alguna vez sientes como si te estuvieran quitando los pensamientos de tu cabeza? 

25. ¿Alguna vez sientes que pasas todos los días sin hacer nada? 

26. ¿Alguna vez sientes que tus pensamientos no te pertenecen? 

27. ¿Alguna vez sientes que a tus sentimientos les falta intensidad? 

28. ¿Alguna vez has sentido que tus pensamientos son tan vívidos que te preocupaste por si los 
demás podían oírlos? 

29. ¿Alguna vez sientes que te falta espontaneidad? 

30. ¿Alguna vez sientes que tus propios pensamientos vuelven a tu cabeza como un eco? 

31. ¿Alguna vez sientes como si estuvieras bajo el control de algún tipo de fuerza o poder 
externo? 

32. ¿Alguna vez sientes que tus emociones son escasas o poco intensas? 

33. ¿Alguna vez oyes voces cuando estás solo? 

34. ¿Alguna vez oyes voces hablando entre ellas cuando estás solo? 

35. ¿Alguna vez sientes que estás descuidando tu aspecto o higiene personal? 

36. ¿Alguna vez sientes que nunca llegas a hacer las cosas? 

37. ¿Alguna vez sientes que tienes pocas aficiones o hobbies? 

38. ¿Alguna vez te sientes culpable? 

39. ¿Alguna vez te sientes como un fracasado? 

40. ¿Alguna vez te sientes tenso? 

41. ¿Alguna vez sientes como si un doble sustituyera a algún miembro de tu familia, amigo o 
conocido? 

42. ¿Alguna vez ves cosas, gente o animales que los demás no pueden ver? 
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Annex III Childhood Trauma Questionnaire  (CTQ) 

 

Este cuestionario pregunta sobre experiencias que puedes haber vivido durante tu 

infancia y/o adolescencia. A pesar de ser preguntas muy personales, por favor intenta 

contestarlas con total sinceridad. En cada pregunta pon una cruz en la opción que 

mejor describa tu vivencia (Nunca, raramente, a veces, a menudo, muy a menudo) Si 

deseas cambiar tu respuesta, táchala y marca con una X la apropiada. Te recordamos 

de nuevo la absoluta confidencialidad de todos los datos que nos facilitéis. 

1. Me faltaba comida 
2. Sabía que había alguien que cuidaba de mí y me protegía 
3. Personas de mí familia me decían cosas como "estúpido", "vago" o "feo" 
4. Mis padres estaban demasiado bebidos o "colocados" como para cuidar de la familia 
5. Había alguien en mi familia que me ayudó a sentirme importante o especial. 
6. Tuve que llevar ropa sucia 
7. Me sentí querido/a. 
8. Pensé que mis padres deseaban que yo no hubiese nacido. 
9. Alguien de mi familia me pegó tan fuerte que tuve que ir al médico o al hospital. 
10. No había nada que quisiera cambiar de mi familia. 
11. Personas de mi familia me pegaron tan fuerte fuerte que me hicieron morados o marcas. 
12. Me castigaban con un cinturón, una tabla, una cuerda, o algún otro objeto duro. 
13. Las personas de mi familia se preocupaban unas de las otras. 
14. Personas de mi familia me insultaban o me herían. 
15. Creo que me maltrataron físicamente. 
16. Tuve una infancia perfecta. 
17. Me pegaron o golpearon tan fuerte que se dio cuenta alguien (como un maestro, vecino o médico). 
18. Sentía que alguien de mi familia me odiaba. 
19. Las personas de mi familia se sentían próximas unas con las otras. 
20. Alguien intentó tocarme de una forma sexual o intentó que yo le tocara. 
21. Alguien me amenazó con hacerme daño o decir mentiras sobre mí si no hacía alguna actividad sexual 
con él/ella. 
22. Tuve la mejor familia del mundo. 
23. Alguien intentó que hiciera actos sexuales o que presenciara actos sexuales. 
24. Alguien abusó de mí. 
25. Creo que fui maltratado emocionalmente. 
26. Había alguien para llevarme al médico cuando lo necesitaba. 
27. Creo que abusaron de mí sexualmente. 
28. Mi família fue una fuente de fuerza y ayuda. 
29. Creo que mi padre me trató mal.   
30. Creo que mi madre me trató mal. 
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Annex IV Laboratory methods 

 

DNA Extraction: 

DNA was extracted using Real Pure Genomic DNA Extraction from Cells and Tissues 

(Durviz, Spain; http://www.durviz.com/?product=extraccion-dna-y-rna). This kit is 

designed for the extraction of high quality genomic DNA from a wide variety of 

samples. 

The processing includes: i) cell lysis with an anionic detergent that solubilizes the cell 

components; ii) RNase treatment to remove contaminant RNA, iii) protein precipitation 

to leave the genomic DNA in solution, iv) DNA precipitation and isolation with 

isopropanol, v) DNA hydratation with TE. In Figure 3.1. we have summarized the 

protocol we followed in the laboratory for the extraction of the samples. 

 

 

Figure 3. 1. Protocol for genomic DNA extraction from the cotton swabs used in this project. We 
can see the 5 key steps (1.cell lysis 2.RNase treatment 3. Protein precipitation 4.DNA 
precipitation and 5. DNA hydratation) and the incubations and centrifugations we have followed. 

 

 

 

http://www.durviz.com/?product=extraccion-dna-y-rna
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DNA quantification 

Once the DNA is extracted, it is necessary to check its concentration and purity (i.e if 

the DNA is clean and free of contaminants). Quality and purity of DNA are important 

factors that can affect the quality of the genetic results. For this task we used Nanodrop 

ND-1000 spectrophotometer.  

For the quantification, 1ul of the DNA is extracted and pipetted onto the end of the 

Nanodrop's fiber optic that is controlled by PC based software and the data is logged in 

an archive file (see Figure 3.2 for details). It provides the sample concentration in ng/ul 

based on the absorbance at 260nm. It also provides the ratio 260/280 that is used to 

assess the purity of DNA. A ratio near 1.8 is generally accepted as "pure DNA". If the 

ratio is appreciably lower, it may indicate the presence of protein, phenol or other 

contaminants that absorb strongly at or near 280 nm. 

 

 

Figure 3.2. Main steps of Nanodrop measures. (1) Placement of the sample for measurement, 
(2) Spectral measurement, (3) Obtaining the results, (4) Clean the sampling arm for a new 
measure. 

Once you have measured the concentration of the extracted DNA for each sample, we 

have to homogenize the concentrations. To this end we aliquoted all the samples in 96 

well plates at 5ng/ul. The aliquoted DNA samples were stored at -20º C.  

 



FKBP5, trauma and subclinical psychosis  ANNEX 

31 
 

TaqMan 

The TaqMan 5'-exonuclease allelic discrimination assay includes two locus-specific 

PCR primers that flank the SNP of interest, and two allele-specific oligonucleotide 

probes. These probes have a fluorescent reporter dye at the 5' end, and non-

fluorescent quencher (NFQ) with a minor groove blinder (MGB) at the 3'end. The PCR 

primers amplify a specific locus on the genomic DNA, and each fluorescent dye-

labelled hybridization probe reports the presence of its associated allele in the DNA 

sample. A fluorescent signal is generated when the intact probe, which is hybridized to 

the target allele, is cleaved by the 5' exonuclease activity polymerase during each cycle 

of the PCR reaction. The PCR primers amplify a specific locus on the genomic DNA 

template and each fluorescent dye-labelled hybridization probe reports the presence of 

its associated allele in the DNA sample. The use of two probes, one specific for each 

allele of the SNP and labelled with two fluorophores, allows detection of both alleles in 

a single tube. 

 

 

Figure 3.3. Basis of the TaqMan 5'-exonuclease allelic discrimination. The custom assay used 
for the genotyping of the SNPs with 2 alleles (allele1 and 2), includes a reverse and forward 
primer of the region that contains the SNP and two TaqMan proves for each of allele labelled 
with a fluorescent tag (VIC for allele 1 and FAM for allele 2). (A) When allele 1 is present, the 
probe hybridize the DNA and when primer extension takes places a VIC fluorescence is 
generated. In this case the probe for allele 2 do not hybridize and no FAM fluorescence is 
issued. (B) When allele 2 is present the hybridization of the probe generated a FAM 
fluorescence. Homozygous individuals for allele 1 will generate only VIC fluorescence, 
homozygous for allele 2 FAM fluorescence and heterozygous individuals both.   
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Applied Biosystems has a catalogue with the custom assays or genotyping assays that 

include the primers and the probes dye-labelled (C__27489960_10 for SNP1, 

C___1256775_10 for SNP2, C___8852038_10 for SNP3, C_____92160_10 for SNP4 

and C___1979246_10 for SNP5) 

The three main steps of the procedure for using a TaqMan SNP Genotyping Assays 

are; i) PCR Amplification, ii) Allelic discrimination- plate read, and iii) Allelic 

discrimination analysis. 

i) PCR Amplification. First of all, we transfer 1ul of each DNA sample of the 96 well-

plate to the 384 well-plate and we add 4ul of the reaction mix (Figure 3.4A). The mix 

contains 2.5ul of TaqMan Master Mix, 0.125 ul of 40x SNP and 1.4ul of DNase-free 

water. After that we performed the PCR (Figure 3.4B) in a 384 well-plate on a 7900HT 

Fast Real-Time PCR System (Applied Biosystems) in the Servei de Genòmica of the 

Universitat de Barcelona (http://www.ccit.ub.edu/CA/tb06.html). 

ii) Allelic Discrimination- plate-read. After PCR amplification it is  necessary to perform 

a post-PCR or plate-read with the 7900HT Fast Real-Time PCR System (Figure 3.4C). 

To this end, we set up a plate-read document with the Sequence Detection System 

(SDS). This software uses the fluorescence measurements made during the plate read 

to plot fluorescence (Rn) values based on the signals from each well. The plotted 

fluorescence signals indicate which alleles are in each sample.  

iii) Allelic discrimination analysis. Finally with the file generated by the SDS we analyze 

the plate read document and convert allele calls to genotypes (Figure 3.4D) 

  

http://www.ccit.ub.edu/CA/tb06.html
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Figure 3.4 Main steps of the procedure for using a TaqMan SNP Genotyping Assay. In 

our study we did all the steps in the Serveis de Genòmica of the Universitat de Barcelona. 

 

 

 


