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Classical fear conditioning is a widely used laboratory model to study aversive 

learning. Deficiencies in the acquisition and extinction of a learned fear response are 

expressed in a variety of anxiety and mood disorders. In studying underlying 

neurobiological mechanisms of these disorders, potential contributing factors of inter-

individual differences can be better understood. In the current study we investigated 

genetic polymorphisms that may differentially impact the fear circuitry in an instructed 

fear conditioning paradigm. Specifically, we were interested in how variability in the fear 

circuitry may result in changes of perceptual processing in the primary visual cortex 

recorded through electroencephalography (EEG). Peripheral physiological measures 

were additionally taken to assess strength of fear engagement. The COMT (catechol-O-

methyltransferase) val158met polymorphism revealed genotype differences, in that 

individuals homozygous on the Val allele (high enzymatic activity allele) showed 

significant cortical enhancement to the aversively cued stimulus (CS+) during initial 

conditioning. This was followed by subsequent heart rate acceleration in response to 

CS+ presentation. Other measures of fear engagement (skin conductance and startle 
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response) showed no genotype differences. Two conclusions can be drawn from the 

results of this polymorphism: Variability in the activation of visual cortex implicates a 

modulatory role of the fronto-striatal dopaminergic system in aversive learning. In 

addition, the autonomic nervous system appears to be impacted by this polymorphism 

through peripheral catecholamine regulation. Future research is needed to replicate and 

extend these findings to a more comprehensive understanding of not only fear 

acquisition, but fear extinction as well.  
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CHAPTER 1 
INTRODUCTION 

Inter-Individual Differences during Aversive Learning 

The prevalence and diversity of anxiety and mood disorders in the U.S. has 

made it imperative to understand their underlying neurobiological mechanisms (Kessler 

et al., 2012). Negative affect, the subjective experience of distress, is a major focus of 

experimental research in which acute defensive mobilization during fear and anxiety can 

be studied in conjunction with the associated fear circuitry in the brain. Defensive 

reactivity has been shown to be highly variable across situations, diagnoses, individuals 

as well as response levels (electrocortical, physiological and behavioral self-report 

measures) (McTeague & Lang, 2012; Lang et al., 2014). Beyond a clinical sample, 

inter-individual differences exist in healthy individuals and can be studied using salient, 

motivationally relevant stimuli (Wangelin et al., 2011). Genetic polymorphisms within a 

population may shed light on how genetic dispositions contribute to inter-individual 

differences. Single nucleotide polymorphisms (SNPs), nucleotide mutations resulting in 

the substitution at a single base pair, have become a popular field of study in the advent 

of The International HapMap Project, establishing over 10 million SNPs in 2006. Of 

these, 300-600 thousand are common polymorphisms occurring in the population that 

code for the majority of genetic variation. In the current study, polymorphisms implicated 

in differential regulation of the fear circuitry as well as brain plasticity were selected. 

Aversive learning is essential for survival and is thought to be mediated through 

the engagement of subcortical, limbic structures as well as sensory and motor cortices 

(Buchel et al., 1998). Importantly, stimuli that have no inherent saliency can acquire 

aversiveness through paired conditioning (CS+) and elicit a conditioned response. 
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Classical, Pavlovian fear conditioning in the laboratory has demonstrated that learning 

can occur as far downstream as primary visual cortex (Stolarova et al., 2006), 

modulating visual perception. Essential to aversive learning is the expectation and 

awareness of contingencies as well as anticipation of the unconditioned, aversive 

stimulus (US) following the CS+ in delayed classical conditioning (Rescorla & Wagner, 

1972). The dopaminergic system has been implicated in playing a key modulatory role 

during aversive learning in terms of both acquisition and extinction (Horvitz, 2000; 

Abraham et al., 2014). Utilizing Pavlovian fear conditioning in the laboratory, the 

interplay of associative learning, perceptual processing and defensive engagement can 

be systematically studied. The goal of this research is to characterize the variability in 

response patterns during aversive learning in an unselected sample of individuals. 

Fear Circuitry in the Brain 

Neuroimaging studies have found that several cortical and subcortical regions 

are engaged during aversive learning. Subcortical limbic structures include the 

amygdala, insula, striatum and hippocampus and have been linked to critical functioning 

of the network involved during defensive engagement (LeDoux, 2000). The prefrontal 

cortex (PFC) plays an integral role in the fear network in terms of attention, associative 

learning and working memory through top-down modulation of higher-order sensory 

cortices (Desimone, 1996; E. K. Miller et al., 1996; Asaad et al., 1998; Barcelo et al., 

2000; Rainer & Miller, 2000; E. K. Miller & Cohen, 2001; B. T. Miller et al., 2011). In 

view of aversive conditioning, reentrant modulation of the visual cortex is critical in not 

only object recognition, but in directing attention to the aversive stimulus. Animal studies 

have revealed monosynaptic projects between PFC and higher-order visual areas, 

whereby PFC and visual neurons are modulated by reciprocal activity displaying 
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plasticity changes (LTP/LTD) as well as fast occurring single-neuron spiking activity 

during conditioning (Baeg et al., 2001; Kim et al., 2003). Aversive learning in rats was 

found to be regulated through the nucleus accumbens core and dorsal regions of the 

striatum (Wendler et al., 2014). Taken together, this body of work suggests an integral 

involvement of the PFC together with subcortical structures such as the amygdala and 

striatum during aversive learning. Engagement of the fear circuitry in preparation for 

action is not an exclusively reflexive response but can incorporate higher cognitive 

functioning such as attention, anticipation, working memory and learning through the 

dopaminergic system. By targeting polymorphisms that result in varying degrees of 

neurotrophic factors and variable dopaminergic regulation in fronto-striatal regions, we 

can assess the degree to which visual perception is modulated through plasticity and 

higher cognitive functioning during aversive learning, respectively. 

Furthermore, an extensively used neuroimaging tool in the cognitive 

neurosciences is the steady-state visually evoked potential (ssVEP). Lower-tier visual 

areas may be entrained at a given frequency by an external luminance- or contrast 

modulated flickering stimulus, captured as oscillatory scalp voltage changes through 

electroencephalography (EEG). Measurable activity is thought to reflect the evoked, 

synchronous activity of large masses of neurons in response to a stimulus. The ssVEP 

has been shown to be modulated by a multitude of experimental manipulations 

including selective attention, feature selection, emotional content and fear conditioning 

(Silberstein et al., 1995; Moratti et al., 2004; Muller et al., 2006; Keil et al., 2009). Animal 

work from Amaral and colleagues (2003) has demonstrated amygdala projections to not 

only extrastriate cortex (Tigges et al., 1982), but directly to V1 of the striate (primary 
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visual) cortex. These findings support the notion that regions involved in defensive 

engagement in the mammalian brain exert top-down influence on the visual cortex, 

leading to enhanced perceptual processing (Lang & Bradley, 2010). This increased 

neural responding through reentrant modulation (Roelfsema, 2006) can be captured via 

the ssVEP. Cortical modulation by aversive stimuli as captured through EEG scalp 

potentials are therefore thought to reflect subcortical-cortical interactions. 

Genetic Predisposition: the COMT Polymorphism 

Single nucleotide polymorphisms (SNPs) implicated in fronto-striatal dopamine 

regulation as well as brain plasticity (neurotrophic factors) were investigated in this 

study. The COMTval158met SNP has been implicated in dopaminergic regulation of the 

dorsolateral prefrontal cortex (PFC). This polymorphism impacts the effectiveness of 

catechol-O-methyltransferase (COMT), a regulatory enzyme in the metabolic pathways 

of catecholamines (dopamine, epinephrine and norepinephrine) centrally in fronto-

striatal regions and peripherally in blood supply to thoracic organs (Weinshilboum & 

Dunnette, 1981). A single base pair substitution on chromosome 22 results in the allelic 

transcription of either methionine (Met) or valine (Val), the latter of which contributes to 

a version of COMT with 40% higher enzymatic activity (Weinshilboum et al., 1999). 

Physiologically, increased COMT activity leads to a more efficient elimination of 

extracellular dopamine (DA).  

The tonic-phase dopamine hypothesis in the context of DA regulation by COMT 

relates the varying enzymatic activity levels associated with COMT genotypes to 

systematic changes in dopamine transmission in ventral striatal and PFC neurons 

(Bilder et al., 2004). Specifically, high-activity COMT (related to Val allele) is related to 

decreased tonic DA activity through D2 auto-receptors, therefore lowering the threshold 



 

16 

for phasic DA activity in the striatum. The presence of salient stimuli has been 

associated with phasic DA bursts at postsynaptic neuronal sites (Redgrave et al., 1999). 

In the PFC, on the other hand, increased COMT activity results in lowered extracellular 

DA availability throughout the cortex for the Val allele. Due to a paucity in DA 

transporters (DAT) in the cortex, which in the striatum aids in reuptake of DA, 

breakdown by COMT and other mechanisms (MAO-B and reuptake in noradrenergic 

terminals) are the major route by which DA is regulated in PFC. Recent work by 

Hirvonen and colleagues (2010) have demonstrated though that D2 baseline levels in 

cortex and striatum in humans do no differ as a function of COMT genotype, suggesting 

that exclusively D1 receptors may be impacted by this polymorphism (in vivo PET). 

Furthermore, Yavich and colleagues (2007) demonstrated that with COMT KO mice 

exposed to an overflow of DA, subsequent elimination of DA was twofold slower in PFC 

than in striatum (in vivo voltammetry). The authors conclude that COMT contributes to 

only about 50% of DA regulation in PFC. 

The complexity of COMT variability in fronto-striatal networks has brought about 

contending hypotheses of DA regulation by COMT in regards to cognitive and emotional 

functioning. Excessive or insufficient amounts of dopamine may lead to fronto-striatal 

dysfunctioning in an inverted U-shaped fashion. A trade-off effect by which increased 

dopamine may be beneficial for working memory, but detrimental for emotional 

sensitivity is plausible. Experimental work to tap into these cognitive functions often 

utilizes working memory tasks (Egan et al., 2001; Smolka et al., 2005; Drabant et al., 

2006). Val allele carriers have been implicated in having more emotional stability, but 

less cognitive flexibility during task switching and reversal learning, whereas the Met 
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allele carriers show the opposite effect. Conflicting findings from studies targeting 

specific populations as well as gender differences has complicated the picture of how 

COMT may impact higher cognition though (Lee & Prescott, 2014). No clear genotype 

of the COMT val158met polymorphism that can directly be associated with either a 

more flexible or stable phenotype of cognitive functioning as is often suggested in the 

literature. In the current study, we aimed to investigate to what extent the fronto-striatal 

dopaminergic system may play a modulatory role in visual perception of an aversive 

stimulus. Little work has been done in fear conditioning relating COMT genotypes to 

differential response patterns. Lonsdorf and colleagues (2009) found Met allele carriers 

to have failed suppression of the startle reflex in extinction, suggesting Met allele 

carriers possess diminished cognitive control over emotions and increased proneness 

to anxiety. This may implicate altered response patterns for Met versus nonMet allele 

carriers during fear conditioning in regards to the startle reflex, but is not informative as 

to how this may affect perceptual processing. 

Inter-Individual Differences during Defensive Engagement 

In terms of Pavlovian fear conditioning, Moratti and colleagues (2006) have 

demonstrated inter-individual differences in heart rate reactivity related to stimulus 

discrimination in primary visual cortex. Conditioning effects in the visual cortex 

measuring ssVEFs (neuromagnetic counterpart of ssVEPs) were restricted to 

individuals exhibiting heart rate acceleration during conditioning. Heart rate acceleration 

has been taken as an indicator of defensive engagement of the autonomic nervous 

system. Importantly, Hodes and colleagues (1985) established inter-individual 

differences in heart rate reactivity when undergoing fear conditioning in the laboratory. 

Heart rate acceleration was hypothesized to reflect engagement of the fear system, 
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whereas heart rate deceleration was a marker of learned association that elicited an 

orienting response. In the Moratti study, the authors conclude that heart rate 

acceleration may predict visual cortical facilitation of the fear stimulus. Additional 

indicators of defensive engagement can be measured through increased galvanic skin 

conductance response (SCR), as well as an enhanced startle reflex measured as blink 

magnitude described in the defense cascade model (Lang et al., 1997). The startle 

reflex may occur without awareness, whereas enhanced skin conductance responding 

requires contingency awareness during aversive learning (Hamm & Vaitl, 1996; Hamm 

& Weike, 2005). Peripheral physiological measures are therefore good indicators of 

strength of engagement of the fear circuitry through the autonomic nervous system. 

Genetic predispositions may shed light on underlying, neurobiological mechanisms by 

which reflexive physiology is modulated, leading to inter-individual differences in 

aversive learning. 

Research Goal 

In the current study, we proposed that conditioning effects found in the EEG, 

expressed as increased activity for the perceptual processing of the aversively cued 

stimulus (CS+), would be related to selected genetic polymorphisms. For SNPs 

implicated in plasticity, we predicted genotypes resulting in an increased amount of 

neurotrophic factors and their receptors would show greater enhancement to the CS+. 

For the COMT val158met polymorphism we sought to investigate to what extent 

variability in dopamine regulation impacts conditioning effects in the electrocortical 

response, specifically visual perception of the aversive stimulus. If variability in 

dopamine regulation is related to enhanced fear activation, then this should be 

additionally reflected on measures of reflexive physiology. To study this, we 
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implemented an instructed, differential fear conditioning paradigm with an unselected 

sample of college students. 
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CHAPTER 2 
METHODS 

Participants 

Participants for the study were recruited from the undergraduate pool of students 

taking Introduction to Psychology towards course credit at the University of Florida. A 

total of 91 participants were run in the study. Of these, 72 were included in the final 

analysis due to 19 subjects having noisy or insufficient data throughout the entire 

recording period. In addition, due to differences in successful DNA analysis for each 

polymorphism, the grand mean varied per polymorphism of individuals having good 

EEG data. Demographics are reported for all participants run through the study. 

Participants ranged in age from 18-23 (M = 18.9, SD = 1.3), with the majority being 

right-handed, female Caucasians (94.5%, 67.0% and 64.8%, respectively). The 

breakdown of minorities was as followed: 17.6% Hispanic, 11.0% Asian, 5.5% African-

American and 1.1% Middle Eastern. All participants had normal or corrected vision, and 

reported no personal or family history of epilepsy or photic seizures. 

Stimuli 

Visual stimuli for the study were Gabor gratings, designed to engage either 

luminance or chromatic visual pathways in the brain. These stimuli were flickered in 

pattern phase-reversal fashion, entraining a steady state visually evoked potential 

(ssVEP) response in the visual cortex, described later in this section in greater detail. 

Luminance Gabor gratings were alternating black and white patterns, while chromatic 

Gabor gratings were alternating red and green patterns. Two orientations for each of the 

Gabor gratings (±45°) were loaded as images by Psychtoolbox (Brainard, 1997) for 

each trial iteration, implemented through Matlab. The orientations served as CS+/- 
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conditions during the conditioning phase. Four different visual stimuli were therefore 

presented throughout the experiment: Gabor gratings (2) x Orientation (2). Auditory 

stimuli were presented through speakers placed behind the participant’s head as white 

noise (1-1kHz) at 96dB. The unconditioned stimulus (US) was white noise presented for 

1.4 sec. A brief startle of white noise was presented at three different times throughout 

every trail (either at 4 sec, 5 sec or 1 sec after US offset). 

Design and Procedure 

Upon arriving in the laboratory, participants provided informed consent, were 

seated in the experiment room in a chair 100 cm away from the presentation monitor 

and given instructions on the experimental procedure. After assessing net size, 

participants were given the State and Trait Anxiety (STAI) questionnaire to fill out in the 

absence of the experimenter. Subsequently, participants were instructed on how to use 

the mouthwash (1.5 fl Oz Scope® bottle) for the saliva sample: vigorously swishing half 

the mouthwash for a minute, then spitting into the pre-labelled test tube provided, and 

repeating with the other half. Test tube with saliva sample was then immediately taken 

by the experimenter wearing non-latex gloves and placed in a cold-storage box in the 

laboratory. Electrodes for recording peripheral physiological measures were placed, in 

order, on the left palm (skin conductance response), on either arm (heart rate response) 

and underneath the left eye (startle response). EEG net was applied next and an 

impedance check was run. Lights were turned off completely before starting the 

experiment. There were a total of three phases throughout the experiment (habituation, 

acquisition and extinction), each containing a total of 24 trials (4 conditions x 6 

repetitions). During habituation, extinction and non-CS+ trials trial length was 7000 ms 

in duration, whereas the CS+ trials extended for an additional 1400 ms during which the 
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US was simultaneously presented, with a 100% reinforcement schedule. After each 

phase there was a brief pause in the experiment where participant filled out SAM ratings 

(Bradley & Lang, 1994) for the Gabor gratings, reporting perceived hedonic valence and 

arousal. After the conditioning phase participants additionally filled out the State Anxiety 

portion (form Y1) of the STAI-Q again, to obtain a pre and post measure of self-reported 

state anxiety. Upon conclusion of the study, participants were asked to rate the US on a 

scale of 1-10 (higher scores being more unpleasant) and were subsequently debriefed. 

It is worth noting that the study was run over a span of 2 years, during which new EEG 

equipment was upgraded, resulting in the use of two different sensor net layouts (GSN 

200 257 channel sensor net and HCGSN 129 channel sensor net by EGI), as well as 

new a presentation monitor (change from 60Hz to 120Hz refresh rate monitor) that 

resulted in multiple stimulation frequencies over the span of running the experiment. 

Details on how this was dealt with will be described in detail in the appropriate sections 

below. All procedures were approved by the institutional review board of the University 

of Florida.  

Data Collection and Processing 

Electroencephalography (EEG) 

Collection 

EEG was continuously recorded from either 257 or 129 electrodes using 

Electrical Geodesic (EGI) sensor nets with Cz as the reference electrode. The HCGSN 

129 channel net was only used in the last semester of running due to a system upgrade, 

while keeping all other recording parameters and procedures the same as before. EEG 

signal was digitized at 250Hz and band-pass filtered online from 0.1 to 48 Hz, with 
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impedances being kept below 60 k for the 257 channel nets and 40 k for the 129 

channel nets. 

Preprocessing 

Offline preprocessing of the data was implemented through EMEGS software 

(Peyk et al., 2011), by filtering (band-pass at 12-18Hz), segmenting (epochs of 7600ms, 

400ms of which being pre-trigger onset) and subsequently running artifact rejection. The 

procedure for artifact rejection identifies artifacts in individual channels by referencing 

Cz (recording reference) and detecting deviations based on distribution of the mean, the 

standard deviation as well the gradient of the voltage amplitude. Data were then re-

referenced to a global average and artifacts such as blinks, eye movements and other 

movements were eliminated. Channels contaminated by such artifacts were then 

interpolated using a statistically weighted, spherical spline interpolation from the entire 

channel set. 

Processing 

Scalp voltage data were converted to source space data through the minimum 

norm estimation (MNE) method by solving the inverse solution. Data from the radial 

component of the source modeling in the first shell was utilized for further analysis with 

a regularization parameter of 0.08. Subsequently, source space data was converted to 

the frequency domain by running a discrete Fourier transformation (DFT) on the last two 

seconds of the evoked potential leading up to US onset (Moratti et al., 2006). Multiple 

flicker rates were used throughout the study due to equipment changes (13.3Hz, 14Hz 

and 15Hz) and therefore a composite value was used throughout the EEG data analysis 

after conversion to the frequency domain. Due to source modeling creating excessive 

noise in ventral regions of the model, signal-to-noise ratios (SNR) were computed on 
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the frequency domain data by specifying the bin of the desired frequency and dividing 

by the average of the surrounding 5 bins to either side of the target bin. Trials of the 

same condition were then averaged together forming condition-specific representations 

of the evoked response in source space. For better temporal resolution during the 

acquisition and extinction phases, trials were partitioned into 2 blocks per phase 

resulting in 6 trials per condition per block. For illustrative purposes, source data was 

projected back onto a 257 channel net in the topographies presented in figures. For 

subsequent analyses, including genotype distributions, an occipital cluster group was 

taken averaged over the nearest 9 neighbors to Oz. Here, results for only the luminance 

Gabor stimulus are reported due to preliminary analyses showing no cortical 

conditioning effects for the chromatic stimulus. This was expected due to findings in 

previous research (Keil et al., 2013) and the chromatic stimulus is largely used here as 

a control condition. 

Peripheral Physiological Measures 

A computer running VPM software (Cook, 2002) received triggers from the 

Matlab computer for stimulus events and controlled data acquisition for all peripheral 

physiological measures. Galvanic skin conductance responding (SCR) was recorded 

from 8mm electrodes filled with 0.5 M NaCl paste on the hypothenar eminence of the 

left palm and continuously sampled at 20 Hz. SCR was converted to microSiemens, 

averaged to half second bins and log transformed log(SCR+1). Cardiogram (heart rate, 

HR) was recorded through 8mm electrodes on each forearm, including a ground 

electrode, and R-R peaks were recorded, reducing inter-beat intervals to half-second 

bins. Raw electromyogram (EMG) from the orbicularis oculi for the startle response was 

recorded through 4mm Ag-AgCl electrodes, sampled at 1000 Hz, rectified and 
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integrated using a 20 ms time constant. Reduced data from the VPM software was then 

imported to JMP software (JMP®) for further processing. Startles elicited at each time 

window during a trial were converted to t-scores, using mean and standard deviations 

within each experimental block for the t-distribution and averaged. All other data were 

processed as change scores from the baseline (500ms prior to stimulus onset) and 

averaged as condition-specific responses. Luminance and chromatic stimuli are 

averaged together as no stimuli-specific differences were found in preliminary analyses 

of peripheral measures. 

Self-Report Measures 

The State and Trait Anxiety (STAI) questionnaire was given before the start of 

the experiment, as well as the State Anxiety part again after undergoing conditioning as 

previously described in the procedure. Scores were then manually recorded in a 

spreadsheet and cumulative scores per individual computed. After each phase of the 

experiment SAM ratings were taken for the Gabor gratings, and again recorded and 

computed for each individual. US ratings were noted at the end of the experiment. 

Genotyping 

Nine single-nucleotide polymorphisms (SNPs) were preselected on the basis of 

their implications in brain plasticity: Brain-derived neurotrophic factor (BDNF rs6265), 

catechol-O-methyltransferase (COMT rs4680 and rs4633), stathmin (STMN1 

rs159525), neurotrophin 3 (NTF3 rs6332), neurotrophic tyrosine kinase, receptor type 1 

(NTRK1 rs6337), nerve growth factor (NGFB rs6328), nerve growth factor receptor 

(NGFR rs534561) and gastrin-releasing peptide (GRP rs1062557). Acquired from 

buccal cells contained in the mouthwash, these saliva samples were analyzed by the 
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Center for Pharmacogenomics Genotyping Core Lab at Shands at the University of 

Florida. 

Statistical Analyses 

The focus of the analyses was on group differences. A one-way ANOVA was run 

on the difference scores of the ssVEP amplitudes (CS+ minus CS-) for each of the 

selected gene polymorphisms (comparing 3 genotypes per SNP), with SNP variant 

being the between-subject factor. In polymorphisms where significant group differences 

in the EEG were found, subsequent analyses of the peripheral physiological measures 

were conducted using repeated measures ANOVAs with factors of condition (CS+/-), 

time segment (see Results section for description for each measure) and the between-

subjects factor of genotype. Experimental block was not included as a factor to keep 

ANOVA models within a manageable size and to account for the fact that null-results 

were expected for habituation. Self-report measures were analyzed with factors of 

condition (CS+/-), scores (again, see Results section) and the between-subject factor of 

genotype. All analyses were followed up with t-tests for comparisons of condition (CS+/-

) or COMT group (Met/nonMet) where appropriate. Due to consistent findings of gender 

differences in COMT literature (Domschke et al., 2012; Lee & Prescott, 2014), gender 

was added as a covariate in the analyses of all dependent measures. 
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CHAPTER 3 
RESULTS 

Electroencephalography 

Group differences were found for the COMT val158met polymorphism grouped 

by Met and nonMet allele carriers (Met/Met and Met/Val genotypes grouped in Met 

allele carriers), with difference scores of the ssVEP as the dependent measure. NonMet 

allele carriers showed significant enhancement to the CS+ over CS- at an occipital 

cluster of 9 immediate neighbors to Oz [F(1,63) = 12.93, p < .05]. In the scatterplot of 

the individual distributions, group separation is visible (Figure 1) and remains 

statistically significant when excluding the outlier visible in the nonMet group [F(1,62) = 

11.05, p < .05]. This enhancement to the CS+ was limited to the first block of 

acquisition, and disappeared during the second block [F(1,63) = 2.09, n.s.]. Follow-up t-

tests were run on each genotype testing CS+ versus CS- activation and was found to be 

exclusive to the nonMet group (Val/Val) [t(23) = 2.72, p < .05] (Figure 2). Results of 

other polymorphisms are not reported here, as the focus of this work is on the COMT 

polymorphism. Subsequent analyses were run on peripheral physiological measures 

and self-report data. 

Peripheral Physiology 

Difference scores were computed for mean heart rate (HR) reactivity in time 

intervals 0-3sec (D1), 3-5sec (A1) and 5-7sec (D2), with the first difference score being 

A1-D1 (accelerative window) and the second D2-A1 (decelerative window). In the heart 

rate waveforms (Figure 3) one can see that both COMT groups show HR deceleration 

to the CS+ for the first half of conditioning [F(1,54) = 4.4, p < .05].  In the second block, 

main effects are seen for the two difference scores [F(1,54) = 4.29, p < .05], condition 
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(CS+/-) [F(1,54) = 4.96, p < .05], as well as a three-way interaction of difference scores 

x condition x COMT group (Met vs nonMet). In the follow up analysis a two-way 

interaction for CS+ responding was found, difference scores x COMT group [F(1,54) = 

8.39, p < .05]. An independent t-test for the between-subject factor of COMT group 

showed nonMet individuals to have significant HR increase to the CS+ during the 

accelerative window, whereas Met individuals showed deceleration [t(54) = 2.37, p < 

.05] (Figure 4].  

For skin conductance responding (SCR) there was a main effect of condition 

(CS+/-) in the first block of acquisition for SCR to the CS+ [F(1,55) = 13.88, p < .001] 

and US presentation [F(1,55) = 44.06, p < .001] (Figure 5). In addition, a significant 

interaction of condition x COMT group was found [F(1,55) = 5.72, p < .05], for a 

difference in the CS- [t(55) = -2.56, p < .05, adjusted due to significant Levene’s test (F 

= 6.02, p < .05]] and not the CS+ [t(55) = 1.78, p = .08]. Here, Met allele carriers 

showed a steeper decline in SCR in CS- trials and a larger trending response to the US 

in CS+ trials following the offset of the visual stimulus. The main effect of condition 

disappears in the second half of acquisition and there is no interaction with COMT 

genotype.  

Startle response (STR) showed a main effect of probe position (3) during block 1 

and 2 of acquisition as well as block 1 of extinction [F(2,160) = 4.06, p < .05, F(2,158) = 

11.76, p < .001, F(1, 156) = 5.74, p < .05], with the interaction of latency with condition 

(CS+/-) being more informative (Figure 6). In block 1 of acquisition there was a 

significant interaction of probe position and condition [F(2,160) = 13.47, p < .001] with 

the second startle (5 sec into trial) showing significant enhancement for the CS+ over 
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CS- [t(80) = 4.43, p < .001]. For block 2 of acquisition an interaction of probe position 

and condition [F(2, 158) = 6.92, p < .05] revealed significant differences of CS+ to CS- 

for the third startle (9.6 sec into trial) [t(80) = 3.65, p < .001], in which the CS- was 

significantly larger. This may be a refractory effect as the startle occurred 1000 ms after 

the US presentation in CS+ trials. In the first block of extinction, in addition to a main 

effect of probe position [F(2,156) = 5.74, p < .05] there is a main effect of condition 

[F(1,78) = 8.42, p < .05], and an interaction of probe position and condition [F(2,156) = 

10.40, p < .001]. Here, startle 2 and 3 show significant enhancement to the CS+ [t(78) = 

-2.45, p < .05, t(78) = 3.87, p < .001, respectively], whereas startle 1 (4 sec into trial) 

shows an enhancement to CS- [t(78) = -2.10, p < .05]. In the second block of extinction 

there was only an interaction of probe position and condition [F(2,156) = 3.60, p < .05] 

in which startle 1 shows significant enhancement to the CS+ [t(80) = 2.02, p < .05]. No 

between-subject effect of COMT genotype or gender was found or significant 

interactions for STR.  

Self-Report 

For ratings of the US, SAM ratings of the stimuli, and the State Anxiety portion of 

the STAI-Q, no significant group differences were found for the COMT genotype. All 

these measures indicated though that conditioning occurred (see Table 1). US ratings 

indicated that participants experienced the US as unpleasant (mean = 6.1 on a 1-10 

scale), but no COMT group differences (F(1,62) = .80, n.s.]. State Anxiety ratings were 

taken before and after conditioning, with the repeated measures ANOVA revealing that 

participants reported higher state anxiety scores after conditioning [F(1,48) = 8.49, p < 

.05], but again no COMT group difference [F(1,48) = .1, n.s.]. For the SAM ratings, 

participants overall rated the CS+ as more arousing during conditioning [F(1,54) = 
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57.15, p < .001] and more unpleasant than the CS- [F(1,54) = 37.15, p < .001], 

compared to their ratings during habituation. Again, no COMT group differences were 

found for arousal [F(1,54) = 1.60, n.s.] nor for valence [F(1,54) = .81, n.s.]. The Trait 

Anxiety portion of the STAI-Q did reveal significant differences group differences 

[F(1,53) = 8.61, p < .05], with nonMet individuals scoring significantly higher. No gender 

differences were found in any of the measures. 
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CHAPTER 4 
DISCUSSION 

Summary 

In the current study, we investigated inter-individual differences in response 

patterns during aversive learning. To this end, single nucleotide polymorphisms (SNPs) 

were selected on the basis of their implications in fronto-striatal involvement and brain 

plasticity. The COMT val158met polymorphism revealed significant group differences 

between genotypes, with individuals homozygous on the Val allele displaying significant 

enhancements in visual perception of the aversively cued stimulus (CS+). This 

enhancement in the EEG signal was specific to initial conditioning and was followed by 

subsequent heart rate acceleration. With no group differences on other measures of 

fear engagement (startle response and skin conductance response), individuals 

grouped by COMT genotype did not differ in terms of defensive engagement. Effects 

found in heart rate reactivity may have implications of peripheral catecholamine 

regulation through COMT and its impact on the autonomic nervous system (ANS). 

Findings of enhanced visual perceptual during initial conditioning may be interpreted as 

an attentional effect for individuals of the high enzymatic activity Val/Val genotype. 

The Role of Fronto-Striatal Modulation during Aversive Learning 

In the present findings, we show clear cortical enhancement in the primary visual 

cortex during initial conditioning for individuals of the Val/Val genotype, reflected as an 

ssVEP amplitude increase to the CS+. This effect reliably replicates over two separate 

SNP codon regions for the COMT polymorphism (rs4680 and rs4633). In addition, this 

conditioning effect dissipates over time, suggesting quick initial engagement of the 

system. As the COMT polymorphism impacts PFC and striatal dopamine availability, the 
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current findings support the idea that changes in primary visual cortex may be due to 

fronto-striatal top-down modulation. The manner by which signal integration between 

PFC, amygdala and hippocampus through ventral striatum may be modulated through 

variable dopamine levels is beyond the scope of this study. It is possible that 

enhancement in primary visual cortex may be due to faster engagement of amygdala or 

PFC through enhanced dopamine in ventral striatum, but this would need to be directly 

measured through other neuroimaging techniques such as fMRI or MR spectroscopy. 

Increased perceptual processing in the primary visual cortex to the aversively cued 

stimulus may ultimately be interpreted as an attentional effect. Previous research 

associates the Met allele with greater enhancement in amygdala activity and 

connectivity, self-report measures of anxiety and startle potentiation during viewing of 

aversive stimuli (Drabant et al., 2006; Smolka et al., 2007; Montag et al., 2008). 

Lonsdorf and colleagues (2009) in particular found failed suppression of the startle 

response during extinction in a fear conditioning paradigm, lending to the proposed idea 

that Met allele carriers are more susceptible to stress and have attenuated stress 

recovery (see warrior/worrier model, Goldman et al., 2005; Alexander et al., 2011). 

The present study does not support earlier notions that Met allele carriers are 

more susceptible to stress, have increased fear responding or that Val allele carriers are 

particularly resilient to stress. In the current study, individuals homozygous on the Val 

allele show quick, initial cortical enhancement in the primary visual cortex to the 

aversively cued stimulus during conditioning. This finding supports the notion that the 

Val/Val genotype has facilitated network engagement that is reflected as increased 

attention during initial conditioning. It is worth noting though that individuals of the 
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Val/Val genotype did score significantly higher on the Trait Anxiety portion of the STAI-

Q. Fear and anxiety patients have been shown to have deficiencies in fear responding 

in terms of more rapid acquisition and slower extinction (Lissek et al., 2005). The vast 

majority of research in the COMT polymorphism focuses on disorders such as 

schizophrenia, ADHD, PTSD, drug abuse and Parkinson’s (Eisenberg et al., 1999; 

Weinberger et al., 2001; Goldman et al., 2005; Norrholm et al., 2013), all related to 

dysfunctional dopamine systems. It would be of interest to expand the current findings 

of aversive learning in an unselected sample to a clinical population with fear and 

anxiety disorders.  

COMT Polymorphism Impacts the ANS 

Work by Jabbi and colleagues (2007) have demonstrated that the COMT 

val158met polymorphism is not only implicated in central catecholamine regulation but 

peripheral as well, importantly as part of the endocrine response to stress. Healthy 

individuals showed increased endocrine response measured via epinephrine with Met 

allele loading. Although the authors caution in making assumptions of stress resiliency 

and susceptibility, these findings show a direct link of variability in COMT enzymatic 

activity with plasma catecholamines such as epinephrine. Recent work has further 

expanded this concept in finding COMT genotype differences in ANS activity in children 

(Mueller et al., 2012). In this study, children between the ages of 8-11 were genotyped 

for the COMT val158met polymorphism and exposed to a social stressor while heart 

rate reactivity was recorded. Individuals homozygous on the Val allele showed the 

greatest increase in heart rate, as well as the steepest decline in heart rate variability 

(HRV), a measure of parasympathetic activity. These findings suggest stronger 

sympathetic innervation for the Val/Val genotype, although no direct measure of 
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sympathetic activity was recorded. The authors conclude that the COMT polymorphism 

differentially impacts both branches of the ANS. Our results would suggest that it is the 

parasympathetic nervous system that is impacted by COMT activity, as we found no 

group differences for sympathetic measures.  

In the case of individuals homozygous on the Val allele, the reported heart rate 

acceleration may in fact be due to vagal release. Vagal tone normally inhibits the activity 

of the sinoatrial node, the hearts pace-maker and can become disinhibited without the 

innervation of the sympathetic nervous system. Vagal release results in an increase in 

heart rate, solely through the actions of the parasympathetic nervous system. Heart rate 

variability could offer better insight as to the strength of parasympathetic activity and is a 

point of interest for future study. Work by Hansen and colleagues (Hansen et al., 2003) 

has demonstrated that individuals with higher HRV perform better on tasks involving 

executive functioning such as working memory and attention, as well as some work 

indicating a correlation of high HRV to sustained attention in children (Suess et al., 

1994). Again, future studies would need to explicitly explore a possible relationship of 

COMT genotype with HRV and its effects on attention. In the current study though, 

individuals of the Val/Val genotype exhibited differential responding of the ANS, 

suggesting that peripheral catecholamine regulation is also influenced by the COMT 

val158met polymorphism. 

Limitations and Future Directions 

We conclude from the current findings that fronto-striatal dopamine varies as a 

function of COMT genotype, differentially impacting the fear circuitry, but in particular 

modulating primary visual cortex. The COMT polymorphism is an indirect measure of 

this assumed influence though and future studies may benefit from utilizing 
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neuroimaging techniques to investigate fronto-striatal and primary visual activity during 

aversive learning in relation to COMT genotypes. As far as visual stimuli engaging the 

system, only major results for the luminance stimulus were reported. Tapping into 

separate visual pathways through magno-, parvo- and konio-activating stimuli may help 

elucidate feedback connections to primary visual cortex and how they are affected 

during aversive learning. In the same vein, COMT literature in primate research is 

sparse if nonexistent, and could significantly contribute to our understanding of how this 

polymorphism impacts primate visual cortex through fronto-striatal functioning. 

Although the overall sample in this study was relatively small to explore genotype 

differences within each polymorphism, the COMT val158met SNP showed strong 

conditioning effects in the visual cortex for the Val/Val genotype in a robust fashion. 

Although no demographic differences were found in the current study, an exciting body 

of work has drawn attention to dopamine regulation in the PFC over the entire human 

lifespan and how it is affected by COMT variability (Tunbridge et al., 2007). In terms of 

how the COMT polymorphism may differentially impact ANS functioning, we concluded 

that the parasympathetic branch shows allele-dependent modulation. Future research is 

necessary to expand on these findings, as we found Trait Anxiety differences (Val allele 

higher scores) and Met carriers appeared to have stronger skin conductance 

responding to the US in CS+ trials (trending at p = .08) and stronger decline in SCR to 

the CS-. This may indicate the possibility of stronger sympathetic responding, as well as 

greater sensitivity in responding for Met carriers. 

A further avenue of study for the COMT polymorphism, as well as other selected 

plasticity genes, could be in an experimental paradigm shift where participants are not 
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informed of the contingency. An uninstructed fear conditioning paradigm would 

therefore allow for a much more fine-grained analysis of the temporal dynamics of 

aversive learning through single-trial analysis. 

Concluding Remarks 

In conclusion, the current findings indicate that individuals homozygous on the 

high activity Val allele of the COMT val158met polymorphism demonstrate quick initial 

conditioning effects in primary visual cortex to the aversively cued stimulus. This may be 

reflective of top-down modulation of fronto-striatal network for this genotype, 

presumably facilitating attention allocation to the aversively cued stimulus. The manner 

by which this variable top-down modulation occurs appears to be a function of 

dopamine regulation, although the precise mechanism remains unclear. Furthermore, 

the current study points to the possibility that the COMT polymorphism may be related 

to peripheral catecholamine regulation, with COMT genotypes differentially impacting 

the ANS, specifically the parasympathetic branch. Replication of the current findings is 

essential for translational research, as the underlying neurobiological mechanisms need 

to be understood before relating these to deficient fear responding in clinical 

populations. 
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Figure 3-1. Distribution of conditioning effects of EEG scalp potentials captured through 
the ssVEP by genotype grouping of the COMT val158met polymorphism 
during the first half of conditioning. Positive values indicate greater amplitude 
enhancement to the CS+, negative values for the CS-. Circles represent 
single individuals within a group. 
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Figure 3-2. Activation over occipital pole to CS+/- stimuli measured through ssVEP 
during first half of conditioning. NonMet carriers (n=24) showed significant 

enhancement (scale in V, SNR corrected) to the CS+ over CS-, whereas 
Met carriers (n=41) showed no differentiation. 
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Figure 3-3. Heart rate reactivity over conditioning phase, split into two blocks. US onset 
is at 7 sec (thick line) for 1.4 sec. Red signifies response to CS+, green to 
CS-. NonMet carriers (n=19) and Met carriers (n=37) do not differ in first block 
of conditioning in their response to the CS+, whereas in the second block 
nonMet carriers show significant increase in heart rate to the CS+. 
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Figure 3-4. Heart rate reactivity in accelerative window during the second block of 
conditioning. Mean difference scores are depicted here and show a clear 
acceleration to CS+ presentation for nonMet carriers, whereas Met carriers 
show a relative deceleration. 
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Figure 3-5. Skin conductance responding during conditioning. Red lines indicate Met 
allele carriers response during CS+ trials, blue lines indicate nonMet carriers 
during CS+ trials and black lines indicate responding during CS- trials for both 
COMT genotype groups. Conditioning effects are visible during CS 
presentation, with much stronger responding occurring after US presentation. 
No group differences in COMT genotype were found for conditioning effects 
in SCR. 

 

 

 

 

 

 

 

 



 

42 

 

Figure 3-6. Blink magnitude of the startle response during conditioning. Changed to T 
scores against the mean and standard deviation within each block. Startle 
latencies correspond to first (4 sec), second (5 sec) and third startle (9.6 sec). 
Red indicates CS+ and green CS-. Clear startle potentiation in the first half of 
acquisition for the second startle is visible. Overall no COMT group 
differences found. 
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Table 3-1. Self-report measures by COMT genotype grouping. SAM ratings are reported 
in change from habituation to conditioning for CS+ stimulus only. STAI-Q has 
two ratings for State portion (S-R1 before, S-R2 after conditioning) and Trait 
scores (T). US rating was given on a 1-10 scale, 10 being very unpleasant. 
Group differences for COMT were only found for Trait Anxiety, with nonMet 
individuals reporting higher Trait Anxiety scores. 

    SAM ratings STAI-Q US 
 Arousal Valence S-R1 S-R2 T  

       
nonMet 1.53(1.26) -1.76(1.58) 33.50 (10.34) 37.69(13.46) 39.16(9.77) 6.17(2.12) 

Met 1.47(1.90) -1.23(1.29) 32.15(9.20) 37.35(10.21) 33.29(6.92) 5.99(1.71) 
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