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1 - The hypothalamic-pituitary-adrenal (HPA) axis. Upon a stressful situation, the
paraventricular nucleus (PVN) of the hypothalamus releases corticotrophin-releasing hormone
(CRH) and arginine vasopressin (AVP), which stimulate the pituitary to produce
adrenocorticotropic hormone (ACTH), which in turn stimulates the release of glucocorticoids
from the adrenal cortex, allowing an adequate response. This system is under the inhibitory
control of the hippocampus and a sensible negative feedback system, as well as the stimulatory

control of the amygdala; (+) — stimulation; (-) — inhibition. Adapted from Hyman, 2009 [11]. .4

Fig. 2 - (A) Projection sites of the locus coeruleus; (B) — Sympathetic nervous system pathway. (A)

The locus coeruleus releases norepinephrine to its projection sites, namely the amygdala,
prefrontal cortex and hippocampus. (B) Upon a stressful stimulus, the preganglionic
sympathetic neurons are activated and lead to the release of norepinephrine and epinephrine
in the blood stream by the postganglionic neurons and the medulla of the adrenal glands,
respectively. Adapted from (A) Rosenzweig, M. R., Breedlove, S.M., & Watson, n. V. (2005)[54],
(B) Marieb, E.N., & Hoehn, K. (2013)[56]. ....uueiiiiiiieeeiiieeeccieee et e ectee e e sivae e e eaeae e e e eaae e e e saneee s 7

Fig. 3 - Dopaminergic and serotonergic projections. The dopaminergic neurons of the ventral

tegmental area (VTA) send projections to the prefrontal cortex, amygdala, hippocampus and
the nucleus accumbens. The serotonergic neurons located in the raphe nucleus project to
nearly all parts of the central nervous system (CNS), namely the prefrontal cortex, striatum and
substantia nigra; blue pathway —dopaminergic pathway; red pathway — serotonergic pathway;

Adapted from: Blamb, Image ID: 329843900 via shutterstock.com [71]. ...cccccovveiiviivieiiiiineennnns 9

Fig. 4 - Examples of genotyping results obtained with (A) Sequenom MassARRAY (B) TagMan 5-

nuclease assay. (A) — Genotypes obtained for the rs9470080 polymorphism using Sequenom
MassARRAY; Orange — TT genotype; green — CT genotype; blue — CC genotype. (B) — Genotypes
obtained for the rs27072 polymorphism using TagMan 5’-nuclease assay; blue — TT genotype;
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Fig. 5 - Genotype pattern for the 40 bp SLC6A3 VNTR. Lanes 4, 6, 7, 8, 10, 11, 14 and 16 are

homozygous for the 10 repetition allele (480 bp), lane 5 is homozygous for the 9 repetition
allele (440 bp) and lanes 2, 3,9, 12, 13, 15 and 17 are heterozygous for the 9 and 10 repetition
allele; first and last lane labelled 100 bp as the molecular weight marker, all other lanes are
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Fig. S1 - Genotype pattern for the 48 bp DRD4 VNTR. All individuals present the 4 repetition allele
(540bp); first and last lane labelled 100 bp as the molecular weight marker, all other lanes are
identified with the ID of the individual in qUESLION. .....c..uiiiiiiiiiiie e i

Fig. S2 - Genotype pattern for (A) — 23 bp SHTTLPR VNTR and (B) — 30 bp MAOA VNTR. (A) — lane
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RESUMO ALARGADO

Resiliéncia é a capacidade de ultrapassar situagdes de stress e adversidade de modo
adaptativo, mantendo um funcionamento psicolégico e fisico normal. Como caracteristica
intrinseca, a resiliéncia é influenciada por varidveis externas, como a experiéncia pessoal e o suporte
social, mas também por fatores genéticos que conferem suscetibilidade ou resisténcia, revelando
assim a enorme complexidade por detras da genética das variacdes comportamentais e doencas do

foro psicolégico.

Embora os mecanismos subjacentes a resiliéncia ainda ndo estejam bem definidos, tudo
indica que a predisposicdo genética do individuo juntamente com a interacdo com fatores
ambientais modulam os sistemas neurolégicos e neuroquimicos, nomeadamente o eixo
hipotadlamo-pituitaria-adrenal (HPA), o sistema noradrenérgico e os sistemas serotonérgico e
dopaminérgico, desta forma levando a variabilidade na resiliéncia ao stress. Deste modo, a maioria
dos estudos de associacdo genética relativos a este traco psicolégico tém recaido sobre os genes

relacionados com estes sistemas.

O eixo HPA é o coordenador central dos sistemas neuroenddcrinos de resposta ao stress,
tal como o sistema nervoso central, o sistema metabdlico e o sistema imunitario, através de uma
resposta em cascata iniciada no hipotalamo que liberta a hormona libertadora de corticotrofina
(CRH), que estimula a libertacdo da hormona adrenocorticotropica (ACTH) por parte da pituitaria, e
gue consequentemente estimula o cortex adrenal a libertar glucocorticoides para o sistema
circulatério, proporcionando assim uma resposta adequado ao estimulo. Genes como FKBP5 e
CRHR1 influenciam diretamente o eixo HPA ao regular a atividade dos glucocorticoides e de CRH,
respetivamente. Por outro lado, genes como BDNF, OXTR e NPY atuam sobre estruturas reguladoras

deste eixo, tal como o hipotdlamo e a amigdala.

O sistema nervoso central assim como o sistema nervoso simpatico sdo responsaveis
pela libertacdo de epinefrina e norepinefrina, estando envolvidos na regulacdo dos processos
emocionais. Os genes MAOA e COMT s3o genes responsaveis pela inativacdo destes
neurotransmissores, e como tal estdo bastante envolvidos no bom funcionamento do sistema

nervoso central e do sistema nervoso simpatico.

Vi
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Por outro lado, os sistemas dopaminérgico e serotonérgico modulam a atividade do eixo
HPA ao projetar tanto para as estruturas que o constituem como para as que o regulam, estando
estes sistemas bastante envolvidos no processamento emocional e no controlo do estado de humor.
O gene SLC6A4 é um importante determinante da neurotransmissao da serotonina ao regular o seu
término e recaptacao, enquanto que o gene SLC6A3 é responsdvel pela recaptacdo da dopamina,
regulando assim a sua neurotransmissao. Ja o gene DRD4 apresenta elevada variabilidade e codifica
para um recetor de dopamina com expressao em diversas areas do cérebro, tendo sido implicado

em diversos disturbios psiquiatricos.

O estudo da resiliéncia e dos mecanismos a ela associados é de enorme relevancia, ndo
sO porque permitem retratar e compreender melhor a genética dos tracos de personalidade e dos
disturbios psiquiatricos, mas também porque a identificacdo de genes candidatos podera permitir
o desenvolvimento de novos marcadores para exames médicos, e a identificacdo de fatores
protetores podera prevenir respostas inadaptadas ao stress e assim ajudar a promover a resiliéncia

e a saude mental.

Assim, este projeto visa compreender a genética molecular da resiliéncia, identificando
os genes e marcadores moleculares que a ela poderdo estar associados, assim como outros fatores

externos que poderdo influenciar este traco.

Para tal, selecionou-se os genes e polimorfismos com maior evidéncia de estarem
associados a resiliéncia, assim como a disturbios psiquidtricos, nomeadamente depressdo e
disturbios de ansiedade, através de uma extensa revisao bibliografica, e identificou-se o gendtipo,
para os marcadores moleculares e genes selecionados, da populacdo em estudo, 261 individuos
portugueses, cujos componentes psicossociais ja tinham sido previamente avaliados, através da
aplicagcdo de um questiondrio que continha a escala de resiliéncia de Connor-Davidson, entre outras.
Para a genotipagem foram utilizados diversos métodos de biologia molecular, homeadamente
Sequenom MassArray, uma tecnologia que permite a genotipagem por espetrometria de massa, e
sequenciacdo por método de Sanger, nos casos em que a primeira genotipagem nao foi clara. Foi
também utilizado para um dos polimorfismos um TagMan® 5- nuclease assay, uma tecnologia
baseada na técnica de reagdo em cadeia da polimerase (PCR) em que a regido flanqueadora do
polimorfismo é amplificada na presenca de sondas de fluorescéncia especificas, assim como PCR
seguido de eletroforese em gel de agarose, para analisar os variable number of tandem repeats

(VNTRs). De seguida, a inferéncia estatistica permitiu avaliar a associacdo entre o gendtipo dos
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individuos e os valores de resiliéncia, tendo em consideragdo outros parametros que pudessem

influenciar este traco.

Analisdmos com sucesso 39 polimorfismos, apds termos submetido todos os resultados
obtidos pela genotipagem a um controlo de qualidade. Os polimorfismos excluidos da andlise foram,
portanto os que apresentavam um desvio do equilibrio de Hardy-Weinberg e/ou os os gendtipos
dos individuos HapMap nao correspondiam ao esperado, e como tal ndo passaram no controlo de
gualidade. Os polimorfismos que passaram no controlo de qualidade, mas que se apresentaram
como monomorficos também foram excluidos da analise, visto ndo serem uteis para um estudo de
associacdo. Nao nos foi possivel genotipar com confianca os individuos para os VNTRs do gene
MAOA e SLC6A4, devido a um artefacto visivel no que se depreende ser os individuos
heterozigdticos, possivelmente causado pelo “reannealing” de fragmentos complementares com

sequéncias diferentes.

A analise estatistica univariada revelou associa¢des entre a existéncia de depressao e
ansiedade e menor resiliéncia, enquanto que maiores niveis de educacdao, como estudos pos-
graduados e cursos profissionais, indicavam uma maior resiliéncia. A analise univariada também
demonstrou a auséncia de associagdo entre a resiliéncia e a idade, tomar comprimidos para dormir,

0 género e a tensdo arterial.

As outras escalas aplicadas na componente psicossocial eram responsaveis por avaliar o
suporte social, a felicidade subjetiva, o estado de salde mental e a presenga de sintomatologia fisica
e psicoldgica associada a stress. A andlise revelou que maiores niveis de felicidade subjetiva, de
estado de salde mental e a auséncia de sintomatologia associada a stress sugeriam maior
resiliéncia. Porém, verificou-se que menor suporte social estava correlacionado com maior

resiliéncia, o que vai contra o esperado e podera ser devido ao tamanho da amostra.

De todos os genes avaliados neste estudo, a analise univariada detetou apenas uma
associacdo entre a resiliéncia e um polimorfismo do gene MAOA. Porém a andlise haplotipica
envolvendo este polimorfismo ndo revelou qualquer associagdo, o que aponta para um falso

positivo.

Ao realizar uma analise multivariada, ficou evidente que emogdes e humores positivos assim
como a auséncia de sintomatologia psicolégica relacionada a stress moderam a resiliéncia,

demonstrando como um pensamento positivo permite construir melhores mecanismos de defesa

Vil
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contra situacdes adversas, assim como é elucidativo da importancia de uma resposta bioldgica ao
stress adequada e flexivel, de modo a manter um funcionamento fisico e psicoldgico normal em

contexto de adversidade.

A andlise multivariada também revelou uma associacdo entre o polimorfismo rs53576 (G>A)
pertencente ao gene OXTR, demonstrando que individuos que possuiam duas cépias do alelo
considerado de risco (A) tém menor resiliéncia, deste modo indicando a influéncia deste gene no

mecanismo bioldgico de resposta ao stress e na variabilidade deste traco.

Por ultimo, identificou-se também uma associa¢do entre o alelo de risco (9 repeti¢bes) do
VNTR do gene SLC6A3 e menor resiliéncia, o que vai de encontro a estudos anteriores que indicam
gue este alelo leva a uma menor atividade da proteina, afetando deste modo o mecanismo de
resposta ao stress, e podendo assim causar variabilidade na capacidade de ultrapassar
adversidades. E de denotar que na analise genotipica, apenas obtivemos associacdo com o genétipo
heterozigdtico, e ndo para o gendtipo homozigdtico para o alelo de risco, e que apenas a andlise
alélica é que nos permite confirmar a associacdo entre o alelo de risco e o fendtipo de resiliéncia.

Isto tera ocorrido devido a falta de representacdo deste gendtipo na populacdo em estudo.

Este estudo apresenta algumas limitacdes, nomeadamente o tamanho da amostra, que se
revelou pouco representativa em alguns casos. Deverd ter-se em conta que o pretendido era
analisar o impacto de cada um dos marcadores em separado, e ndo obter um Unico modelo preditivo
que explicasse os valores de resiliéncia, e assim ndo sentimos necessidade de corrigir os resultados
aqui apresentados para testes multiplos, que devem ser vistos como exploratérios. E de denotar
também que a resiliéncia é um traco extremamente complexo e que ndo foi possivel avaliar todos
os genes envolvidos nos sistemas neuroldgicos e neuroquimicos nem todos os fatores ambientais
que poderao influenciar a resiliéncia, e como tal os resultados descritos aqui poderao nado se revelar

verdade em estudos de maiores dimensodes.

Em conclusdo e resumidamente, o presente trabalho fornece fortes evidéncias da influéncia

da composicdo genética, bem como outras caracteristicas pessoais, na resiliéncia.

Palavras — chave: resiliéncia, disturbios psiquiatricos, stress, genética, fatores ambientais
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ABSTRACT

Resilience is a personality trait defined as the capacity to adaptively overcome stress and
adversity while maintaining normal psychological and physical functioning. The study of resilience
is of great interest and promise as it can provide insight on the genetics that underlie some
personality traits and psychiatric disorders, like post-traumatic stress disorder (PTSD) and help
identify candidate genes that could potentially be used as markers for medical testing, as well as
protective factors that can help promote resilience. Although the complex mechanisms that
underlie resilient phenotypes are not yet fully understood, evidence suggests that an individual’s
genetic make-up and the interaction with environmental factors shape the neurochemical and
neurological systems, mainly the hypothalamus-pituitary-adrenal (HPA) axis, the noradrenergic
system, and the serotonergic and dopaminergic systems, therefore modulating the variability in
stress resilience. As such, the vast majority of the association studies relative to resilience have
focused on genes linked to these systems. In this study, we genotyped 261 Portuguese individuals
for genes and polymorphisms that had been formerly linked to resilience or psychiatric disorders
and tested the results for association with the resilience scores previously obtained, considering as
well other psychosocial characteristics. The analysis revealed an association between positive
emotions and the absence of psychological symptomology associated to stress and higher resilience,
which is demonstrative of the impact of a positive mind-set and a flexible biological stress response
on resilience variability. After adjusting for all confounding non-genetic variables, it was also
noticeable an association between the rs53576 (G>A) polymorphism of the OXTR gene, as well as
the SLC6A3 40 bp VNTR and resilience, with the risk alleles of each polymorphism being associated
with lower resilience, therefore indicating a functional impact of these variants on the stress
response mechanism and demonstrating their influence on resilience variability. In conclusion, this
study points to the influence of genetic factors as well as environmental factors on resilience, and

the importance of studying these two components to truly understand this complex trait.

Key words: resilience, psychiatric disorders, stress, genetics, environmental factors
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5-HTT - serotonin transporter protein

SHTTLPR - serotonin transporter-linked promoter region
ACTH - adrenocorticotropic hormone

ADHD - attention deficit hyperactivity disorder
ASSET — a shortened stress evaluation tool

AVP - arginine vasopressin

BDNF - brain-derived neurotrophic factor

CD-RISC - the Connor-Davidson resilience scale
CNS - central nervous system

COMT - catechol O-methyltransferase
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FKBP5 - FK506-binding protein 5

HPA axis — hypothalamus — pituitary — adrenal axis
LC - locus coeruleus

MAOA - monoamine oxidase A

MHI5 — mental health index

NPY - neuropeptide Y

OXTR - oxytocin receptor

PCR - polymerase chain reaction

PTSD - post-traumatic stress disorder

PVN - paraventricular nucleus

SHS - subjective happiness scale

SLC6AS3 - solute carrier family 6 member 3 gene

SLC6A4 - serotonin transporter gene
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1 INTRODUCTION

Most people at different points in their lives will experience distressing, if not debilitating,
events but not everyone has the same reaction [1]. Individual differences have been reported in
how people respond to trauma, with some people revealing a greater capacity to overcome

adversity, whilst others are more vulnerable [1-3].

Resilience can be defined as the capacity to adaptively overcome stress and adversity while
maintaining normal psychological and physical functioning, and not merely as the absence of
psychopathology [4,5]. Thus a resilient individual is one that has experienced a traumatic event and
continues to demonstrate adaptive psychological and physiological stress responses [6]. As a
personal characteristic, resilience is likely influenced by external variables, such as adequate social
support, that reduces the risk of stress-related mental disorders by buffering the impact of stress

[7,8].

Understanding the impact of trauma and how resilience is developed and enhanced is
therefore of great relevance in current times, in order to not only promote coping mechanisms but
also mitigate maladaptive coping and stress response in psychiatric illnesses, such as depression and

post-traumatic stress disorder (PTSD) [4,9,10].

1.1 GENETICS IN MENTAL HEALTH, PSYCHIATRIC TRAITS AND RESILIENCE

It is well known that genetic factors contribute to practically almost every human disease,
whether by conferring susceptibility, resistance or by influencing severity and progression, as
alterations in the DNA sequence of genes may modify protein expression, which can impact
biological functions. Regarding mental health, personality traits and psychiatric disorders, these are
extremely complex traits resulting from the intricate wiring of the neurochemical and neurological
systems, the interaction between multiple genes linked to these systems and the interplay between

multiple genes and environmental factors [11,14].

Character traits are considered to be acquired during development and influenced by
sociocultural learning, with evidence indicating a heritable component. This suggests the influence
of a genetic element in the individual variability of psychological traits. There are several

neurological systems that are assumed to regulate personality, namely the dopamine, serotonin and
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noradrenergic systems, and so the study of genes involved in these pathways is of an extreme

promise for a better understanding of personality and personality disorders [14].

Resilience, as a personal characteristic, is likely mediated by several environmental factors,
as well as genetic and neural mechanisms. Although the range of complex mechanisms that underlie
resilient phenotypes is not yet fully understood, evidence suggests that an individual’s genetic
make-up and the interaction with environmental factors shape the neurochemical and neurological
systems, mainly the hypothalamus-pituitary-adrenal (HPA) axis, the noradrenergic system, and the

serotonergic and dopaminergic systems, therefore modulating the variability in stress resilience [6].

The study of resilience and the mechanisms that underlie this trait is of great interest, because
not only can it provide insight on the genetics behind psychiatric disorders, like PTSD, depression or
anxiety disorders, but the identification of candidate genes may provide a starting point for the
development of new, useful markers for medical testing, and the identification of protective factors
that can help promote resilience and help prevent maladaptive responses to trauma, as well as

mitigate mental health issues [6,14,15].

The most common approach to identify the genetic variants underlying a certain phenotype
is the genetic association approach, in which a group of unrelated individuals with a certain
phenotype is compared for alleles or genotypes, in order to identify candidate genes or genome
regions that contribute to disease [14,16]. Regarding resilience, the vast majority of these studies
have fallen upon the genes involved in the neurochemical and neurological systems that underlie

the stress response mechanism [6].

1.2 THE STRESS RESPONSE

The stress response is understood as the adaptive physiological and psychological
processes activated whenever there is a discrepancy between what an organism is expecting and
what really exists [17]. The stress response is not harmful in itself but, upon prolonged and
demanding stressful situations, homeostasis can be threatened and health may be endangered,
since stress can lead to alterations in several neurochemicals that modulate neural circuits, including

those involved in the regulation of reward, fear conditioning and social behaviour [17,18].

A suitable stress response is of absolute necessity for sustained health in the face of

adversities and for reducing mental health disturbances after exposure to severe adversities. The
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major neural systems responsible for the stress response are comprised by the HPA axis, the
noradrenergic and sympathetic nervous system (SNS) and the dopaminergic and serotonergic

neurotransmitter systems [5].

Resilience has thus been associated with the flexibility of the neurochemical stress response
systems as well as the neuronal circuitry involved in the stress response. Therefore, it is possible
that genetic make-up can influence resilience through impact on several neurochemical stress

pathways [19].

1.3 THE HPA AXis

The HPA axis is the central coordinator of the mammalian neuroendocrine stress response
systems and includes the paraventricular nucleus (PVN) of the hypothalamus, the anterior lobe of

the pituitary gland, and an effector organ, the adrenal glands [20,21].

When exposed to stressful stimuli, neurons in the PVN of the hypothalamus release two
neurohormones — corticotrophin-releasing hormone (CRH) and arginine vasopressin (AVP) — into
the blood vessels connecting the hypothalamus and the pituitary. Both these hormones stimulate
the anterior pituitary gland to produce and secrete adrenocorticotropic hormone (ACTH) into the
general circulation. In turn, the ACTH induces glucocorticoid synthesis and release from the cortex
of the adrenal glands. Glucocorticoids modulate metabolism as well as immune and brain function,

thereby orchestrating an adequate behavioural response to manage stress [21,22](Fig. 1).

The HPA axis is carefully modulated through elaborate negative feedback systems designed
to maintain predetermined hormone levels and homeostasis [5,22]. To this end, secretion of CRH,
AVP and ACTH are in part controlled by sensitive feedback exerted by glucocorticoids at the level of

the hippocampus, PVN and pituitary gland [22] (Fig. 1).

The HPA axis is also under the inhibitory control of the hippocampus as well as the excitatory
control of the amygdala [23]. The hippocampus is implicated in learning and long-term memory
formation [2,24] and restrains PVN activity, as well as most aspects of the HPA axis, including the
onset and termination of stress responses, through binding of glucocorticoids to hippocampal

receptors [20,25,26] (Fig.1).

In contrast, the amygdala, as a part of the limbic system, is associated with processing

memories and emotional reactions and appears to be critical in activating the HPA axis in response



Molecular Genetics of Resilience

to cognitive-emotional challenge and threat [2,24]. Glucocorticoid occupation of the amygdala
receptors can facilitate the activity of the HPA axis, often increasing CRH production within the

amygdala [24] (Fig.1).

Several genes have been known to have an effect on HPA axis, either by influencing the
activity of the hormones involved in this system, like the FKBP5 and CRHR1 gene, or by impacting
structures, namely the hippocampus and the amygdala, that regulate the HPA axis, as is the case of
BDNF, NPY and OXTR gene. Due to their function and impact on biological systems, these genes have

been associated not only with resilience but also with many psychiatric disorders, such as depression

Amygdala

and PTSD [4,27]. “”’““““"“W (
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Fig. 1 - The hypothalamic-pituitary-adrenal (HPA) axis. Upon a stressful situation, the paraventricular nucleus (PVN) of
the hypothalamus releases corticotrophin-releasing hormone (CRH) and arginine vasopressin (AVP), which stimulate the
pituitary to produce adrenocorticotropic hormone (ACTH), which in turn stimulates the release of glucocorticoids from
the adrenal cortex, allowing an adequate response. This system is under the inhibitory control of the hippocampus and a
sensible negative feedback system, as well as the stimulatory control of the amygdala; (+) — stimulation; (-) — inhibition.
Adapted from Hyman, 2009 [11].

1.3.1 FKBP5 gene

The correct function of glucocorticoid receptors (GR) is dependent of a large molecular
complex, necessary for proper ligand binding, receptor activation and transcriptional regulation of
target genes [28]. The FKBP5 gene encodes the FK506-binding protein 5 (FKBP5), a co-chaperone of
heat shock protein 90 (hsp90), which binds to the GR. Upon ligand binding, FKBP5 allows the
translocation into the nucleus where the complex regulates the expression of glucocorticoid-

responsive genes by functioning as a transcription factor [29,30].
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1.3.2 CRHR1 gene

The corticotropin-releasing hormone receptor 1 gene (CRHR1) encodes the G-protein
coupled type 1 CRH receptor (CRHR1) that acts as a key activator of the HPA axis, by binding to
receptors that initiate the stress response [31-33]. In addition to its effects on the HPA axis, CRH
activity at extra-hypothalamic regions is also thought to produce symptoms of anxiety and

depression [34].

1.3.3 BDNFgene

The BDNF gene encodes the brain-derived neurotrophic factor (BDNF), a member of the
neurotrophin family of polypeptide growth factors that is widely expressed in the mammalian brain
and has a crucial role in the regulation of hippocampal plasticity and learning processes dependent
of this brain region [35—37]. BDNF activity contributes to various forms of emotional and cognitive
learning, as well as spatial and contextual learning, and has been implicated in several psychiatric

disorders, including depression, anxiety, and PTSD [35,36].

1.3.4 OXTR gene

The OXTR gene encodes the oxytocin receptor (OXTR) by which the hormone oxytocin (OXT)
exerts a range of effects throughout the body and brain, with central actions in the limbic system,
the forebrain and the automatic centres of the brainstem [38,39]. OXT has widespread receptor-
mediated effects on behaviour and physiology, including modulation of HPA axis and amygdala

reactivity, as well as attachment processes and social cognition [27,40,41].

1.3.5 NPYgene

The NPY gene encodes the neuropeptide Y (NPY), a 36 amino-acid peptide highly conserved
among species and with a broad distribution in the central nervous system (CNS) [42,43]. NPY plays
a role in the regulation of numerous basic physiological functions, such as circadian rhythm,
neuronal excitability, and addictions, as well as modulation of emotional responses to various
stressors, and is thought to facilitate the containment of negative consequences following exposure
to stress, therefore being recognized as a major neurochemical factor for post-traumatic resilience

and recovery in humans [42,43].
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1.4 NORADRENERGIC AND SYMPATHETIC NERVOUS SYSTEM

Epinephrine and norepinephrine, of the catecholamine family, have a key role in stress
response by being involved in the regulation of emotional processes, acting as a hormone or as a
neurotransmitter. Their effects are mediated by adrenergic receptors located in several neurons
and glial cells in the brain and they are released in the blood stream by the CNS, mainly the locus

coeruleus (LC), the primary noradrenergic nucleus in the brain, as well as the SNS [17,44].

Upon a stressful situation, the activation of the noradrenergic system results in increased
release of norepinephrine from the LC to its projection sites, which include the amygdala, prefrontal
cortex and hippocampus, resulting in the inhibition of the prefrontal cortex, a structure implicated
in planning complex cognitive behaviour, thereby favouring instinctive responses [5,45] (fig. 2A).
The release of norepinephrine also plays a key role in the consolidation of negative emotional
memories and additionally projects the amygdala to further stimulate its activation in a positive
feedback fashion [45]. Thus, a hyper response of the noradrenergic system is usually associated with

anxiety disorders and cardiovascular problems [46].

The primary role of SNS is establishing a “flight-or-fight” response upon a traumatic or
stressful event, preparing the organism for action through the increase of circulating levels of
epinephrine and norepinephrine, heart rate, peripheral vasoconstriction and energy mobilization.
Stress exposure results in activation of preganglionic sympathetic neurons in the spinal cord, leading
to the release of norepinephrine and epinephrine in the blood stream by the postganglionic neurons

and the medulla of the adrenal glands, respectively [47] (fig. 2B).

A hyper-responsive SNS can lead to a diminished biological response to stress due to the
continuous stimulation of adrenergic receptors, therefore contributing to hypervigilance, fear,
intrusive memories and increased risk for hypertension and cardiovascular disease [48,49]. Thus,
resilient individuals are those able to maintain SNS activation within a window of adaptive elevation,
which would be high enough to ensure an accurate response but no so high as to lead to incapacity,

anxiety and fear [48].

The COMT and MAOA genes have been tested as candidate genes for psychiatric disorders,
such as affective disorders and attention deficit hyperactivity disorder (ADHD), as they have been

associated with the good functioning of the noradrenergic and sympathetic nervous systems, due
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to their regulatory role on the neurotransmission of epinephrine, norepinephrine, among others

neurotransmitters [50-53].
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Fig. 2 - (A) Projection sites of the locus coeruleus; (B) — Sympathetic nervous system pathway. (A) The locus coeruleus
releases norepinephrine to its projection sites, namely the amygdala, prefrontal cortex and hippocampus. (B) Upon a
stressful stimulus, the preganglionic sympathetic neurons are activated and lead to the release of norepinephrine and
epinephrine in the blood stream by the postganglionic neurons and the medulla of the adrenal glands, respectively.
Adapted from (A) Rosenzweig, M. R., Breedlove, S.M., & Watson, n. V. (2005)[54], (B) Marieb, E.N., & Hoehn, K. (2013)[56].

1.4.1 COMT gene

The COMT gene encodes the catechol O-methyltransferase (COMT) enzyme involved in the
inactivation of the catecholamines, including dopamine, epinephrine, and norepinephrine, and is
the main factor controlling dopamine levels in the prefrontal cortex [51,52,55]. A reduction in
enzyme activity leads to a slower catalysis of catecholamines, and as such it has been implicated in

a number of psychiatric disorders, including psychotic, affective and anxiety disorders [51,52,55,57].

1.4.2 MAOAgene

The MAOA gene, located in the X chromosome, encodes the monoamine oxidase A (MAOA)
enzyme, responsible for breaking down neurotransmitters, such as norepinephrine, serotonin, and
dopamine, leading to their inactivation [50,58]. Due to its important role in the serotonergic and
dopaminergic pathways, this gene has been implicated in various mental health conditions in both
children and adults, including major depressive disorder, autism spectrum disorders, aggressive

behaviours, panic disorder, and ADHD [53].
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1.5 THE DOPAMINERGIC AND SEROTONERGIC SYSTEMS

The stress-responsive mesocorticolimbic dopaminergic system has an important role in the
control of mood, since dopamine is one of the most predominant catecholamine neurotransmitters

in the brain, capable of modulating the mechanisms underlying states of fear and anxiety [59,60].

Both the mesocortical and mesolimbic components of the dopaminergic systems are
innervated by PVN CRH neurons and the LC - noradrenergic system and are therefore activated
during stress [61]. The mesocorticolimbic system consists of dopaminergic neurons of the ventral
tegmental area (VTA), which sends projections to the nucleus accumbens as well as the limbic
regions, including the amygdala, hippocampus and prefrontal cortex, and is involved in anticipatory
phenomena and cognitive functions, as well as being associated with inhibition of the stress system

[61,62] (fig. 3).

Serotonin is a neurotransmitter capable of exerting a wide influence over several brain
functions. In the brain it is synthesized exclusively in serotonergic neurons located in the raphe
nucleus of the brainstem and project to nearly all parts of the CNS, thereby making the serotonergic
network one of the most diffused neurochemical systems in the brain [17,63,64] (fig. 3). The
widespread distribution of serotonergic fibres accounts for the large variety of functions that are
modulated by serotonin, including thermoregulation, emotional processing, and cardiovascular

function [17,63,64].

Serotonin plays a regulatory role on stress-induced HPA activity through direct actions at
the hypothalamic, pituitary and adrenal level, influencing the secretion of glucocorticoids in a

stressor-dependent manner [63,65,66]

Genes like SLC6A4 and SLC6A3 are main regulators of the neurotransmission of dopamine
and serotonin, and have been known to influence the functioning of the dopaminergic and
serotonergic systems and lead to variability in stress sensitivity. On the other hand, the DRD4 gene
has been known to be highly polymorphic and have a wide area of expression in the brain, and so
has been linked to several neuropsychiatric disorders [67—69]. These genes have also been targets

for drugs used for psychiatric stress-related disorders [70].
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Fig. 3 - Dopaminergic and serotonergic projections. The dopaminergic neurons of the ventral tegmental area (VTA) send
projections to the prefrontal cortex, amygdala, hippocampus and the nucleus accumbens. The serotonergic neurons
located in the raphe nucleus project to nearly all parts of the central nervous system (CNS), namely the prefrontal cortex,
striatum and substantia nigra; blue pathway — dopaminergic pathway; red pathway — serotonergic pathway; Adapted
from: Blamb, Image ID: 329843900 via shutterstock.com [71].

1.5.1 SLC6A4 gene

The serotonin transporter gene (SLC6A4) encodes the serotonin transporter protein (5-HTT),
responsible for terminating serotonergic neurotransmission and recycling supplies of serotonin
[67,72]. The serotonin transporter-linked promoter region (SHTTLPR) influences its transcriptional
activity, and has been known to moderate psychopathological reactions to stressful experiences,
usually being associated with differences in the susceptibility to major depression or depressive

symptoms [7,73,74]

1.5.2 SLC6A3 gene

The solute carrier family 6 member 3 (SLC6A3) gene encodes a sodium-dependent
dopamine transporter (DAT) responsible for the reuptake of dopamine into the presynaptic
terminals, therefore playing a key role in the regulation of dopaminergic neurotransmission
[68,75,76]. Alterations in gene expression have an impact on the dopamine transporter function,

and has thus been associated to PTSD and ADHD [76,77].

1.5.3 DRDA4 gene

The human dopamine receptor D4 gene (DRD4) is a highly polymorphic gene with great
impact in susceptibility to environmental influences [69,78,80]. The DRD4 protein is expressed in
several brain regions, with a high level of expression in the prefrontal cortex, and therefore has

received particular attention because of its possible role in neuropsychiatric disorders [79,81].
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1.6 THE “IMPACT ASSESSMENT ON EMPLOYMENT STRATEGIES FOR HEALTH - BIOPSYCHOSOCIAL

DETERMINANTS IN EMPLOYMENT” PROJECT

The “Impact Assessment on Employment Strategies for Health — biopsychosocial determinants
in employment” is a project led by Dra. Maria Jodo Heitor, director of the Department of Psychiatry
and Mental Health of the Beatriz Angelo Hospital, in a partnership between the Institute of
Preventive Medicine (IMP) of the Faculty of Medicine of Lisbon (FML) / University of Lisbon (UL), the
National Institute of Health Doctor Ricardo Jorge, IP (INSA) and the High Commissioner for Health
(ACS).

In this project, an observational study was conducted with a sample of Portuguese workers by
applying a psychosocial questionnaire, collecting anthropometric data and blood pressures
measurements, as well as blood collections to assess biological parameters. This study was
performed to have a better understanding of the work related psychosocial and biological factors
that influence the spectrum between health and disease, so that ultimately interventions for health
promotion can be developed and applied in the work context [82,83]. As such, the study here
presented regarding the molecular genetics of resilience falls within the biological factors studied in

this project.

Since the “Impact Assessment on Employment Strategies for Health — biopsychosocial
determinants in employment” project studied a population in the context of work environment,
where they are frequently exposed to stressful situations, it constitutes a good representation of
resilience in the work place, and so can be considered a good model to assess genetic and

environmental associations with resilience.
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2 OBJECTIVES

Resilience is a personal characteristic described as the capacity to overcome situations
of stress that would otherwise compromise the psychological and physical well-being, and so is likely
influenced by environmental and genetic factors [4,5,8,84]. The study of resilience is of great
importance, not only to have a better understanding of related psychiatric illness, such as post-
traumatic stress disorder (PTSD), but also to promote better coping mechanisms and mitigate

maladaptive responses [4,9,10].

With this study, we expect to further understand the influence of genetic variants in the
response to stressful stimulus in the work environment. We also intended to evaluate how certain
factors, such as gender, age, marital status, as well as social support and a positive mind-set,
integrated with genetic factors, can modulate how one reacts in a context of adversity. Therefore,
the main aims of this work were the identification of genetic markers, as well as other personal

characteristics and external factors, that might have an impact on resilience.

For this purpose, we genotyped a population of 261 Portuguese individuals, for which
we already had values of resilience and other socio-demographic, lifestyle and clinical parameters
in study, for genetic variants selected through an extensive bibliographical review. We evaluated
the associations found between our genetic data, the parameters and the resilience scores,
searching for significant associations that could potentially explain the individual variability

observed in resilience.

11
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3 MATERIAL AND METHODS

3.1 POPULATION IN STUDY

The population in study is part of the sample collected for the project “Impact Assessment
on Employment Strategies for Health — biopsychosocial determinants in employment”, an
observational study carried out with a sample of 400 Portuguese workers, to which a psychosocial
guestionnaire was applied and blood samples, anthropometric data and blood pressure
measurements were collected. The psychosocial questionnaire was applied to the full sample,
however blood samples were only collected for 261 individuals, and so these were the ones used

for this association study (N = 261) [82,83].

The psychosocial component included self-administered online questionnaire, that
comprised the Connor-Davidson resilience scale (CD-RISC), a scale with sound psychometric
properties that comprises 25 items, each rated on a 5-point scale, in which higher scores reflect
greater resilience [85]. The items evaluated in this scale group into 5 factors: personal competence,
high standards and tenacity, trust in one's instincts, tolerance of negative affect and strengthening
effects of stress, positive acceptance of change and secure relationships with others, control.
spiritual influences. In this case, resilience was also evaluated using the 10 item version of the CD-
RISC, obtained from the 25 item based on a psychometric analysis that allowed the identification of

the 10 items that best captured the features of resilience with minimal redundancy [86].

The questionnaire also included: 1) a short stress evaluation tool (ASSET), to assess the risk
of workplace stress, that comprised two discrete subscales evaluating physical health and mental
health. Lower scores indicated less physical and psychological symptomatology related to stress,
respectively. 2) The Mental Health Index (MHI-5) scale, a discrete scale of 5 items used for the
measurement of mental health status. 3) The Oslo Social Support scale, a discrete scale of 3 items
that allows overall assessment of social support. 4) The Subjective Happiness Scale (SHS), a
continuous scale comprised of 4 items, which evaluates one’s self-assessment of subjective

happiness [87-90].

Socio-demographic, lifestyle and clinical data, including age, gender, marital status, level of
education, practice of physical activity, suffering from anxiety and/or depression and taking sleeping

pills, was also collected.

12
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3.2 BIBLIOGRAPHIC REVISION

For defining the genes and associated polymorphisms to be analysed, a bibliographic
revision was carried out. Using keywords, such as “gene”, “resilience”, “polymorphism”,
“depression”, “PTSD” in PubMed and google scholar, we were able to retrieve main papers covering
these subjects. Several criteria were applied in order to select the more relevant papers, including
date of publication (2005 — 2016), targeted population (human adults) and level of evidence
(p<0.05).

3.3 SAMPLE PREPARATION

DNA was previously extracted from blood samples using a method based on the one
previously described by Lahiri & Nuremberger, 1991[91]. All the DNAs were quantified using using
a NanoDrop 1000 Spectrophotometer, version 3.7.1 (Thermo scientific, USA), at 260 nm and the
associated software, and both the ratio of absorbance at 260 nm and 280 nm as well as the ratio of
absorbance at 260 nm and 230 nm ratio were evaluated in order to determine the quality of the
samples. Subsequently, 3 plates of 96 wells were prepared by diluting all the 261 genomic DNA
samples to a final concentration of 50 ng/uL, taking into account the initial concentration of each

sample.

3.4 SNP GENOTYPING

Genetic variants can take several forms, including single nucleotide polymorphisms (SNPs),
defined as a variation on a single nucleotide that occurs at a specific position in the genome, or
variable number of tandem repeats (VNTRs), consisting of a DNA sequence motif that is repeated

several times in the genome [11-13].

20 functional SNPs in selected genes were chosen to be genotyped based on the
bibliographical review. A further 22 tag SNPs were used to analyse the full MAOA and BDNF genes,
due to their influence in several neuronal pathways, mainly the hypothalamus-pituitary-adrenal
(HPA) axis, and the noradrenergic and sympathetic nervous systems. The use of tag SNPs brings us
the possibility to identify genetic variation and association to phenotypes without genotyping every
SNP in a chromosomal region, for they are representative of a genomic region in which they are in

high linkage disequilibrium with[53,92,93]. Tag SNPs were identified using the Haploview software,
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version 4.2 (Broad Institute, USA), and the representative SNPs of each haplotype were chosen to

be genotyped.

3.4.1 Sequenom MassARRAY

Sequenom’s MassARRAY genotyping platform is a multiplex assay, which allows the
simultaneous amplification and detection of multiple markers per reaction. Multiplex assay can only
occur if the molecular weight of the markers in the same PLEX are not equal. It consists of an initial
locus-specific polymerase chain reaction (PCR), followed by an iPLEX assay, in which an
oligonucleotide primer and the amplified target DNA are incubated with mass-modified
dideoxynucleotide terminators, so that annealing occurs immediately upstream of the polymorphic
site. By mass spectrometry (MALDI-TOF) it is possible to distinguish allele-specific primer extension

products [94].

3 plates of 96 wells were prepared by diluting all the genomic DNA samples to a final
concentration of 15 ng/uL, using the initially prepared plates. Besides the population samples, 6
HapMap individuals (NA07029, NA07357, NA10850, NA12044, NA12146, NA12057) were used as
positive controls as well as 5 no template controls as negative controls. We genotyped 42 SNPs using
Sequenom MassARRAY genotyping technology, with iPLEX chemistry and analysed the results with
the MassARRAY TYPER software (Sequenom, USA), at Instituto Gulbenkian para a Ciéncia (IGC,

Oeiras).

3.4.2 Sanger Sequencing

For the SNPs that were not called correctly through Sequenom MassARRAY, possibly due to
less efficient extension reactions, we opted for making user calls. To be confident of the user calls
we sequenced those polymorphisms for key individuals that would allow us to make those calls with

greater confidence, by the Sanger method [95,96].

For this purpose, primers were designed using Primer3 software, version 0.4.0 (Whitehead
Institute for Biomedical Research, USA) and polymerase chain reaction (PCR) amplification was
carried out in an Applied Biosystems 2720 thermal cycler (Applied Biosystems, USA), in 25 uL
reactions containing 10 pmol of each primer, 2 U of BIOTAQ™ DNA Polymerase (Bioline, UK) enzyme,
25mM of MgCl; (Bioloine, UK), 2 mM dNTPs, and 25 ng of genomic DNA. Thermal cycling conditions
were as follows: an initial denaturation step at 94°C for 5 minutes, followed by 30 cycles of 94°C for

30s, 56°C for 1min 30s and 72°C for 1min, and a last extension step of 72°C for 5min; for 3 SNPs
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(rs7124442, rs112592173 and rs1870823) the thermal cycling conditions involved 35 cycles. PCR
product analysis was carried out by electrophoresis in 1,5% SeaKem (Lonza, USA) agarose gel, using
3,5 uL of 100 bp ladder and 10 pL of PCR product plus stain. The migration occurred for 45 min at
90 V, after which we proceeded with the visualization of the genotype pattern using a system of
image acquisition based on ultraviolet illumination. We followed with the purification of the PCR
products, in 7 L reactions containing 2 pl of illustra ExoProStar 1-Step (GE Healthcare, UK) and 5
pL PCR product, and the conditions were as follows: 37°C for 15 min followed by 15 min at 80°.
Lastly, the sequencing reaction occurred in 10 pL reactions containing 2 uL BigDye® Terminator v3.1
Ready Reaction (Applied Biosystems, USA), 2 pmol of primer, forward or reverse according to the
SNP, as well as 1 pL of purified PCR product. The sequencing conditions were as follows: an initial
step of 1 min at 96°C, followed by 25 cycles of 96°C for 10 secs, 58°C for 5 secs and 55°C for 4 min.
Capillary electrophoresis was performed by the Human Genetics Department of the National
Institute of Health Dr. Ricardo Jorge and the chromatogram analysis was done with the Staden

Package software, version 1.6.0 (Medical Research Council, UK).

3.4.3 TagMan® 5-nuclease assay

The TagMan® 5- nuclease assay is a PCR-based assay for genotyping SNPs, in which the region
flanking the polymorphism is amplified in the presence of two allele-specific fluorescent probes,
each labelled with a fluorescent reporter dye and attached with a fluorescence quencher. During
PCR reaction, the 5’-nuclease activity of Tag DNA polymerase cleaves the hybridized probe that is
perfectly matched, freeing the reporter dye from the quencher, and therefore generating
fluorescence [97,98]. The TagMan method is high throughput and highly accurate, precise and time-
efficient, and so was chosen for genotyping the one SNP (rs27072), that due to molecular weight

incompatibility with the other SNPs, was not able to fit in the Sequenom MassARRAY assay.

We carried out a TagMan® 5-nuclease assay (C__ 2396868 _10) in a 7900 HT fast Real-Time
with fast 96-well block module (Applied Biosystems, USA) and the software associated. Reactions
were performed in 96-well plates with 20 uL reaction volume containing 0.4 pL of 40x TagMan® SNP
Genotyping Assay (Applied Biosystems, USA), 2.5 uL of TagMan® Genotyping Master Mix (Applied
Biosystems, USA) and 50 ng genomic DNA. 2 Hapmap individuals (NA07029, NA07357, NA10850,
NA12044, NA12146, NA12057) were used per 96-well plate as positive controls, as well as 2 no

template controls.
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3.5 VNTR GENOTYPING

VNTR genotyping was carried out through PCR amplification, followed by electrophoresis in
agarose gel, and the genotype of each individual was defined according to the size of the fragments

obtained.

3.5.1 SLC6A3 VNTR

For the SLC6A3 40 bp VNTR, the PCR protocol was based on the previously defined by Drury
et al.,, 2013, with some alterations. PCR optimization was carried out by firstly increasing the
concentration of the BIOTAQ™ DNA Polymerase (Bioline, UK) enzyme to 2 U, followed by an increase

in the annealing time, as well as the extension time, and lastly a decrease in cycles.

In the end, PCR was performed in an Applied Biosystems 2720 thermal cycler (Applied
Biosystems, USA), using the 5’ primer (forward) and 3’ primer (reverse) previously described in Drury
et al. 2013. PCR was performed in 25 pL reactions with 10 pmol of each primer, 10 xNH, (Bioline,
UK), 25mM of MgCl, (Bioloine, UK), 2 mM dNTPs, and 25 ng of genomic DNA. Thermal cycling
conditions were as follows: an initial denaturation step at 95°C for 5 minutes, followed by 30 cycles
of 94°C for 30s, 58°C for 1min 30s and 72°C for 1min, and a last extension step of 72°C for 10min.
The analysis of the PCR products was carried out by electrophoresis in 3% NuSieve (Lonza, USA)
agarose gel, using 3 uL of 100 bp ladder and 9 uL of PCR product plus stain. The migration occurred
for approximately 3 hours at 60 V, after which we proceeded with the visualization of the genotype

pattern using a system of image acquisition based on ultraviolet illumination.

3.5.2 DRD4 VNTR

For the DRD4 48 bp VNTR, the amplification primers were designed with the Primer3
software, version 0.4.0 (Whitehead Institute for Biomedical Research, USA), and were as follows:
forward 5’-CCGTGTGCTCCTTCTTCCTA-3’ and reverse 5’-GTCTGCGGTGGAGTCTGG-3’. Using as a start
the procedure described by Hwang et al., 2012, optimization was carried out by firstly increasing
the annealing time, followed by an increase in the extension time, and finally a decrease in cycles
[99]. As such, PCR was performed in an Applied Biosystems 2720 thermal cycler (Applied Biosystems,
USA) in 25 L reactions, as described above. Thermal cycling conditions were as follows: an initial
denaturation step at 95°C for 5 minutes, followed by 30 cycles of 95°C for 20s, 54°C for 1min 30s
and 72°C for 45s, and a last extension step of 72°C for 10min. The analysis of the PCR products was

carried out by electrophoresis in 4% NuSieve (Lonza, USA) agarose gel, as described above.
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3.5.3 MAOAVNTR

For the MAOA 30 bp VNTR, PCR amplification occurred in an Applied Biosystems 2720
thermal cycler (Applied Biosystems, USA) in 25 pL reactions as described above, with 10 pmol of
each primer, previously described in Caspi et al., 2002. PCR optimization was carried out by firstly
testing the thermal cycling conditions defined by Caspi et al., 2002, followed by trials of increased
annealing time, decreased extension time, and fewer cycles. Lastly, we also tested the thermal
cycling conditions previously described by Nikulina, Widom and Brzustowicz, 2012 [50,73]. The
analysis of the PCR products was carried out by electrophoresis in 4% NuSieve (Lonza, USA) agarose

gel, as described above.

3.5.4 5SHTTLPR VNTR

Lastly, for the SHTTLPR 23 bp VNTR, amplification primers were designed using the Primer3
software version 0.4.0 (Whitehead Institute for Biomedical Research, USA), and were as follows:
forward 5’-GCCAGCACCTAACCCTAAT-3’ and reverse 5’-GTGCCACCTAGACGCCAG-3’. PCR was carried
out in 25 L reactions as described above, in an Applied Biosystems 2720 thermal cycler (Applied
Biosystems, USA). PCR optimization was carried out by firstly testing the conditions previously
described by Cook Jr et al., 1997, followed by alterations regarding the annealing time, extension
time and number of cycles, as well as addition of enhancement agents, specifically DMSO (1%)
(Invitrogen, USA) and gelatin from porcine skin (0.025%) (Sigma-Aldrich, USA) [100].The analysis of
the PCR products was carried out by electrophoresis in 4% NuSieve (Lonza, USA) agarose gel, as

described above.

3.6 QuUALITY CONTROL ANALYSIS

Extensive quality control for all assays was performed by applying several criteria: Call rates
of <90%, no correspondence with the positive controls, contamination of negative controls,
meaning those whose spectrum peak is equal to the expected for the DNA samples, and deviation
from Hardy-Weinberg equilibrium (HWE), calculated with Arlequin software, version 3.5.2.2
(University of Berne, Switzerland) led to polymorphism exclusion from the analysis. Regarding the
gene located in the X chromosome, the same criteria was applied but only to the females, as males
only have one copy of this gene and therefore HWE cannot be calculated for these cases. Individuals

with less than 90% call rates were also excluded from the analysis.
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3.7  STATISTICAL ANALYSIS

All statistical inferences were done using SPSS, version 23 (IBM, USA). To test the normality
of our CD-RISC data we used the Shapiro-Wilk test, since considering our sample size this is the most
potent test [101]. As there were two different versions of the CD-RISC scale, the 25 item and 10
item, we evaluated the correlation between the two scales by applying the Pearson product-

moment correlation coefficient, considering a strong relationship for a coefficient higher than 0.8.

Haplotypes were inferred with the Arlequin software, version 3.5.2.2 (University of Berne,
Switzerland), for the BDNF and MAOA tag SNPs, using an expectation-maximization (EM) algorithm

to make maximum-likelihood estimates of molecular haplotype frequencies [102].

Univariate analysis was used to assess associations between the resilience scores and socio-
demographic, lifestyle and clinical parameters, such as level of education, marital status, blood
pressure, practicing physical activity, suffering from depression, suffering from anxiety and taking
sleeping pills, and also the scores obtained for selected psychometric scales, namely the MHI-5, SHS,
Oslo and the physical and mental health subscale of the ASSET. We considered good to fit the
multivariate analysis the parameters that had a significance level <0.15 for the one-way analysis of
variance (ANOVA) and were included as co-variants in the multivariate regression analysis. The
association between the score values of the CD-RISC scale and the molecular markers at each gene
was evaluated by linear regression analysis, considering both genotype and haplotypes for the BDNF
and MAOA genes, which were all dummy coded, and alleles, by analysing the occurrence of 1 or 2
copies of each allele. For the markers located in the X chromosome, the analysis was performed for

both genders separately.

Multivariate regression analysis was conducted through forward selection, in which we
started by selecting the most significant variables in the univariate analysis, and continued adding
other variables until there were no changes to the model [103]. It was defined that age and gender
would enter the models, even if not individually associated, as these parameters are important for
population context. The effect of several markers from different genes and different chromosomes
was tested and the objective was to understand the impact of each marker on resilience, so a
different model for each significant marker will be obtained, instead of a single model that would

explain overall resilience scores, and as such no correction for multiple testing was applied [104].
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4 RESULTS

4.1 BIBLIOGRAPHICAL REVIEW

An extensive bibliographical review allowed us to pinpoint the most relevant genes and
polymorphisms associated with resilience, stress and psychiatric disorders, like depression and post-
traumatic stress disorder (PTSD), by using the following criteria: date of publication (2005 — 2016),
targeted population (human adults) and level of evidence (p < 0.05). In total, we selected 10
different genes and 15 associated polymorphisms linked to the stress response mechanism,
especially the hypothalamic-pituitary-adrenal (HPA) axis, the noradrenergic and sympathetic

nervous systems, as well as the dopaminergic and serotonergic systems (Table 1).

Table 1 - Selected genes and polymorphisms

Gene Polimorphism Functional Annotation References Genotyping Technique
comMT rs4680 Missense Sequenom MassARRAY
rs165599 3'-UTR [45,51,55,57] Sequenom MassARRAY
rs2097603 Intronic Sequenom MassARRAY
BDNF rs6265 Missense [35,37,105] Sequenom MassARRAY
NPY rs16142 5'-UTR [106-108] Sequenom MassARRAY
rs2023890 downstream Sequenom MassARRAY
SLC6A4 rs25533 5'-UTR Sequenom MassARRAY
rs1042173 3'-UTR [7,32,109-113] Sequenom MassARRAY
VNTR Intronic PCR and electrophoresis
OXTR rs53576 Intronic Sequenom MassARRAY
rs2254298 Intronic [27,39,41,114] Sequenom MassARRAY
CRHR1 rs242924 Intronic Sequenom MassARRAY
rs4792887 Sinonymous [31-34,115] Sequenom MassARRAY
rs7209436 Intronic ! Sequenom MassARRAY
rs110402 Intronic Sequenom MassARRAY
MAOA VNTR Upstream [50,116-118] PCR and electrophoresis
FKBP5 rs1360780 Intronic Sequenom MassARRAY
rs3800373 3'-UTR Sequenom MassARRAY
rs4713916 Intronic [28,29,33,119-122] Sequenom MassARRAY
rs9296158 Intronic Sequenom MassARRAY
rs9470080 Intronic Sequenom MassARRAY
DRD4 rs1870723 Intronic [123-126] Sequenom MassARRAY
VNTR Exonic PCR and electrophoresis

SLC6A3  rs27072 3'-UTR TagMan® 5- nuclease assay
VNTR 3'-UTR [68,75,76,127] PCR and electrophoresis

Due to the big influence of the MAOA and BDNF genes in the neurologic pathways, mainly
the HPA axis, as well as the noradrenergic and sympathetic nervous systems, we used tag single
nucleotide polymorphisms (SNPs) in an attempt to scan the full genetic variations for association
with resilience [53,92,93]. Regarding the BDNF gene, till November 2015 there had been described
424 SNPs in total, which could be tagged with 12 tag SNPs, whilst the MAOA gene comprised 3020
SNPs in total that could be tagged with 11 different tag SNPs (Table 2).
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Gene Size # total # tag Choosen Functional Genotyping Technique
SNPs SNPs polymorphisms annotation

BDNF 67164 bp 424 12 rs6265 Missense Sequenom MassARRAY
rs7124442 3’-UTR Sequenom MassARRAY

rs11030099 3’-UTR Sequenom MassARRAY

rs11030101 5-UTR Sequenom MassARRAY

rs11030102 Intronic Sequenom MassARRAY

rs4923464 Intronic Sequenom MassARRAY

rs189740576 Intronic Sequenom MassARRAY

rs77135086 Intronic Sequenom MassARRAY

rs75298795 Intronic Sequenom MassARRAY

rs76324918 Sinonymous Sequenom MassARRAY

rs66866077 Nonsense Sequenom MassARRAY

rs2030324 Intronic Sequenom MassARRAY

MAOA 91918 bp 3020 11 rs3788862 Intronic Sequenom MassARRAY
rs73211189 Intronic Sequenom MassARRAY

rs142677545 Intronic Sequenom MassARRAY

rs147023114 Intronic Sequenom MassARRAY

rs5905809 Intronic Sequenom MassARRAY

rs112592173 Intronic Sequenom MassARRAY

rs201583370 Intronic Sequenom MassARRAY

rs909525 Intronic Sequenom MassARRAY

rs5905823 Intronic Sequenom MassARRAY

rs142369182 Intronic Sequenom MassARRAY

rs140878834 Intronic Sequenom MassARRAY

4.2 QuALITY CONTROL ANALYSIS

Altogether, we genotyped a total of 42 SNPs by Sequenom MassARRAY (Fig. 4), 1 SNP by

TagMan® 5- nuclease assay (Fig. 4), and 2 variable number tandem repeats (VNTRs) by polymerase

chain reaction (PCR) and electrophoresis.

[A) — Genotypes for rs8470080 with Sequenom MassARRAY
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(B) — Genotypes for the rs27072 with TagMan 5-nucleasse assay
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Fig. 4 - Examples of genotyping results obtained with (A) Sequenom MassARRAY (B) TagMan 5-nuclease assay. (A) —
Genotypes obtained for the rs9470080 polymorphism using Sequenom MassARRAY; Orange — TT genotype; green — CT
genotype; blue — CC genotype. (B) — Genotypes obtained for the rs27072 polymorphism using TagMan 5’-nuclease assay;

blue — TT genotype; green — CT genotype; red — CC genotype.
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We observed that 37 SNPs passed all the quality control criteria. We verified 6 SNPs that did
not pass quality control: 1 that showed deviation from Hardy-Weinberg Equilibrium (HWE), 3 whose
HapMap individuals did not correspond with the expected, and 2 others that not only showed
deviation from HWE, but also whose HapMap individuals did not correspond with the expected.
Furtermore, we also observed 3 monomorphic SNPs, but as they are not informative for association
studies, we did not proceed with the analysis of these polymorphisms (Table S1). Of all 261
individuals, 2 had call rates <90% (AIS271 and AIS316), 2 had incomplete questionnaires (AlIS40 and
AIS370), and a final one (AIS334), had genotype calls for some molecular markers that were

inconsistent with the gender of the individual, and so they were excluded from the analysis.

In some cases, the MassARRAY TYPER software (Sequenom, USA) did not classify the signal
with confidence, and so we classified these genotypes through manual inspection. These user calls
were validated by Sanger sequencing in a proportion of key individuals, so that we could have
confidence in the genotype calls. For some of these SNPs (rs7124442, rs1870723 and rs11259173),
we were not able to confidently assign genotypes. These SNPs presented deviation from HWE,

indicating a technical artifact, thus could not be genotyped.

Variable number tandem repeat (VNTR) genotyping was carried out by polymerase chain
reaction (PCR) amplification, followed by electrophoresis in agarose gel, and the genotype of each
individual was defined according to the size of the fragments obtained. Regarding the 40 base pair
(bp) SLC6A3 VNTR, we found the 10 repetition allele (10R) the most frequent, followed by the 9
repetition allele (9R). We also found that the most observed genotype was the homozygous

10R/10R, followed by the heterozygous 10R/9R (Fig. 5).

Fig. 5 - Genotype pattern for the 40 bp SLC6A3 VNTR. Lanes 4, 6, 7, 8, 10, 11, 14 and 16 are homozygous for the 10
repetition allele (480 bp), lane 5 is homozygous for the 9 repetition allele (440 bp) and lanes 2, 3,9, 12, 13, 15 and 17 are
heterozygous for the 9 and 10 repetition allele; first and last lane labelled 100 bp as the molecular weight marker, all other
lanes are identified with the ID of the individual.

Concerning the 48 bp DRD4 VNTR, we found this population to be monomorphic, with all

individuals presenting themselves as homozygous for the 4 repetition allele (540bp) (Fig. S1). The
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30 bp MAOA VNTR and the 23 bp SHTTLPR VNTR presented artifacts caused by the PCR reaction,
that despite all efforts of optimization described in methods, were not well resolved. The genotyping
of these VNTRs was not carried out (Fig. S2). The same quality control criteria were applied for the
VNTRs genotyped, except the HapMap correspondence, as we did not have HapMaps with known
genotype calls for these polymorphisms. They both passed all quality control applied. As the 40 bp
DRD4 VNTR was monomorphic, and so not informative for an association study, we did not proceed

with the analysis of this polymorphism.

4.3 STATISTICAL ANALYSIS

We tested the normal distribution of the CD-RISC data using the Shapiro-Wilk test, since
considering our sample size this is the most potent test [101], and established the normality of the
distribution. The Pearson correlation coefficient revealed a positive correlation of over 0.8 between
the 10 item CD-RISC and the 25 item CD-RISC, and so we opted to only use the 10 item scale, as it is

the least redundant.

We detected associations between resilience and several parameters, namely suffering
from depression, suffering from anxiety and the level of education. The analysis revealed that
individuals who suffered from anxiety, depression or were taking sleeping pills had lower resilience
score, whilst individuals who had higher levels of education, namely post-graduate studies and
professional courses, had higher resilience scores. We found no association of resilience with gender
or age, but as these are important for population context, they were also used for the multivariate
analysis. We found no association between marital status, practising physical activity, taking

sleeping pills or blood pressure (Table 3).

There were also significant associations between the scores obtained for the Subjective
Happiness Scale (SHS), the Mental Health Index (MHI-5), the Oslo Social Support scale and the
physical and mental health scales from ASSET, and the resilience scores. Individuals who scored
higher in the SHS and MHI-5, indicating individuals who considered themselves happy and had a
better mental health status, as well as individuals with lower ASSET physical and mental health
scores, meaning those who present less symptomatology, both physical and psychological,
associated to stress, revealed higher resilience scores. On the other hand, we also observed that
individuals that scored lower in the Oslo social support scale, indicating lower social support, had

higher resilience scores (Table 3).
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Table 3 - Demographic measures and univariate analysis results for the parameters in study

Parameters Population in study B 95% ClI ANOVA p-value
Age, mean * SD (years) 42,28 £+ 0.528 0.085 -0.019-0.100 0.177
Gender -0.026 -1.221-0.798 0.680
Gender, male n/N (%) 118/256 (46)

Gender, female n/N (%) 138/256 (54)

Marital Status, n/N (%) 0.285
single 53/256 (21) -0.112 -2.386-0.141
Married/cohabitation 169/256 (66)

Divorced/seperated 30/256 (12) 0.001 -1.581-1.599

Widow(er) 4/256 (2) 0.042  -2.668—5.452

Level of education, n/N (%) 0.024
Not graduate 68/256 (27) 0.073 -0.542-1.882

Graduate 116/256 (45)

Post-graduate 68/256 (27) 0.168 0.341-2.765

Others 4/256 (2) 0.130 0.223-8.294

Physical Activity, n/N (%) 0.481
Always 25/256 (10) 0.060 -1.084-2.738

Frequently 41/256 (16) 0.139 -0.082-3.168

When possible 61/256 (24)

On occasion 43/256 (17) 0.030 -1.281-1.924

Rarely 51/256 (20) 0.029 -1.230-1.823

Never 35/256 (14) -0.004 -1.748-1.665

Suffer from depression, n/N (%) 0.007
No 177/256 (69)

Yes 55/256 (21) -0.176  -2.966 - -0.523

Does not know/refused to answer 24/256 (9) -0.120 -3.402-0.041

Suffer from anxiety, n/N (%) 0.000
No 210/256 (82)

Yes 21/256 (8) -0.273  -5.802--2.302

Does not know/refused to answer 25/256 (10) -0.195 -4.301--1.065

Take sleeping pills, n/N (%) 0.096
Yes 33/256 (13) -0.104 -2.760-0.228

No 223/256 (87)

Blood pressure, n/N (%) 0.890
Normal 135/256 (53)

Prehypertension/hypertension/crisis 121/256 (47) -0.009 -1.079-0.937

Oslo scores, mean = SD 7.50+1.420 -0.102 -0.645-0.062 0.105
SHS scores, mean + SD 5.30+1.07 0.367 0.960-1.835 0.000
MHI-5 scores, n/N (%) 0.000
<=52 28/256 (11) 0.259 1.817-4.933

>52 228/256 (89)

Physical health scores, mean + SD 12.25+4.073 -0.230 -0.351--0.110 0.000
Mental health scores, mean * SD 41 +6.938 -0.464 -0.337--0.209 0.000

Linear regression analysis of each marker with the resilience scores revealed one single SNP
in the MAOA gene (rs142369182) significantly associated (p<0.05) with resilience. However,
haplotype analysis did not support these results (Table S2).

To evaluate the influence of genetic polymorphisms on resilience scores, after adjusting for
potential confounding variables, comprising age, gender, SHS scores and mental health scores from
ASSET, we used a multivariate regression analysis. This multivariable analysis revealed a significant

association (p-value<0.05) between resilience scores and the “AA” genotype for the rs53576
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polymorphism from the OXTR gene (p-value = 0.015; B [95% CI] = -0.130 [-3.447 - -0.271]), after
adjusting for confounding variables, with this model explaining almost 27% of the variability on
resilience scores observed in our population (R?=0.269). This model indicates that individuals who
possess the “AA” genotype for the OXTR polymorphism have lower resilience scores. At the allelic
level, the multivariable analysis revealed an association between the “G” allele of this marker (p-
value = 0.017; B [95% CI] = 0.137 [0.352 - 3.560]) and higher resilience scores, indicating that
individuals with one or two copies of the “G” allele are more resilient than individuals with two

copies of the “A” allele (Table 4).

We also identified a significant association (p-value<0.05) between resilience scores and the
“9R/10R” genotype for the SLC6A3 40 bp VNTR (p-value = 0.014; B [95% CI] = -0.138 [-2.072 - -
0.181]), after adjusting for confounding variables, with this model explaining almost 29% of the
variability of resilience scores observed in the population in study (R?=0.289), and revealing that
individuals who possess both the 9 repetition allele and 10 repetition allele for the SLC6A3 40 bp
VNTR have lower resilience scores. At the allelic level, we identified a significant association (p-
value<0.05) between the “9R” allele of this marker (p-value = 0.020; B [95% ClI] = -0.140 [-2.072 - -

0.181]) and lower resilience scores (Table 4).

Table 4 - Multivariate genotypic and allelica analysis results for the polymorphisms associated with CD-RISC 10 scores

Variables B 95% ClI p-value | Variables B 95% ClI p-value

Age 0.088 -0.010-0.095 0.115 Age 0.078 -0.015-0.090 0.162

Gender 0.087 -0.195-1.611 0.124 Gender 0.093 -0.144 - 1.647 0.100

SHS scores 0.177 0.203 - 1.147 0.005 SHS scores 0.178 0.192-1.145 0.006

Mental -0.389 -0.303 - -0.155 0.000 Mental health -0.401 -0.305 - -0.159 0.000

health scores

scores

rs53576 SLC6A3 40 bp

(OXTR) VNTR

AA -0.130 -3.447 - -0.271 0.015 10R/10R

AG 0.012 -0.827 -1.020 0.837 10R/9R -0.138 -2.072 - -0.181 0.014

GG 9R/9R 0.023 -1.606 —1.240 0.800

A 0.012 -0.827 -1.020 0.837 10R/11R 0.037 -5.340-2.648 0.507

G 0.137 0.352 -3.560 0.017 10R/3R 0.056 -3.335-10.477 0.309

R? 0.269 10R/8R .0023 -2.787 —4.246 0.683
10R -0.075 -2.387 -0.500 0.199
9R -0.140 -2.072--1.181 0.020
11R -0.037 -5.340 - 2.648 0.507
8R 0.023 -2.787 —4.246 0.683
3R 0.056 -3.335-10.477 0.309
R? 0.289

No other molecular marker revealed a significant association with the resilience scores during

the multivariable analysis, either at the genotypic level nor at the allelic level (Table S3).
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5 DisCUSSION

We successfully genotyped 37 single nucleotide polymorphisms (SNPs) and 2 variable number
tandem repeats (VNTRs), mapping 10 different genes. Besides these, we found 3 SNPs to be
monomorphic, which goes against the expected, as it did not correspond to the minor allele
frequency (MAF) described for these SNPs in the European population. We also had to exclude 6
other SNPs for whom the genotype calls of HapMap individuals did not correspond with the

expected and/or presented deviation from Hardy-Weinberg Equilibrium (HWE).

In Europe and Middle East populations, the most common allele for the 48 bp DRD4 VNTR
is the 4 repetition allele (4R) (~70%), followed by the 7 repetition allele (7R) (~20%), even though in
some European populations, namely the Sardinians, these distributions vary, showing no
representation of the 7R [128]. Regarding the Portuguese population, studies concerning this
polymorphism have mainly included schizophrenic trios. In one of these studies, healthy controls
with no history of psychiatric disorders were used, demonstrating the presence of the 7R allele in
the healthy Portuguese population, and therefore we would expect to see variability in our
population in study as well [129,130]. As we did not, this polymorphism was excluded from the

analysis.

Concerning the 30 bp MAOA VNTR and the 23 bp S5HTTLPR VNTR, we were not able to
correctly genotype what we can only assume to be the heterozygous individuals, who presented an
artifact caused by the polymerase chain reaction (PCR). The artifact present in both VNTRs appeared
as a fragment of slower migration than the other two expected fragments, which leads us to believe
that it is being caused by the reannealing of complementary fragments that have sequence
differences, since the repeats are so similar [131-133]. Despite all efforts of optimization, including
many alterations in thermocycling conditions, the use of enhancement agents and other previously
described protocols, the full genotyping of these VNTRs was not carried out at this time, since the
presence of this artifact did not give us the confidence to genotype with certainty these individuals.

Other methods, such as fragment analysis, should be tested.

The absence of association between resilience scores and age or gender in the univariate
analysis is indicative that resilience, as an intrinsic characteristic, does not alter with age nor does it
vary between genders. The lack of association between blood pressure and resilience is revealing

that the cardiovascular problems usually associated to the hyper-response of the noradrenergic and
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sympathetic nervous system (SNS), are not indicative of a person’s resilience, and there must be

other factors influncing these symptoms [46,48,49].

As depression and anxiety are psychiatric disorders related to the imbalance of the stress
response systems, the association indicating that individuals that suffer from such disorders are less
resilient, reveals the influence of the stress response mechanism on the capability to adaptively
overcome adversity [134,135]. In line with this goes the trend for association here found between
the consumption of sleeping pills and resilience, indicating that individuals who take sleeping pills
are less resilient, as sleep disturbances are considered risk factors for development of depression

and anxiety [136].

On another note, assuming that individuals who proceed with their studies have a different
life experience than the ones who do not, and possibly encounter different stressful situations, the
association observed between individuals with postgraduate studies as well as individuals with
professional courses and a greater capacity to overcome stress and adversity, can be seen as the
impact of personal experience on the creation of personal resources that allow a more adequate

response to stressful stimulus, and ultimately on resilience.

The univariate regression analysis revealed an association between the resilience scores and
one single SNP in the MAOA gene (rs142369182), but as we did not found any association between

the haplotypes involving this polymorphism and resilience, it is possibly a false positive.

The association between the Oslo Social Support scale and resilience revealing that
individuals with less social support are more resilient goes against previous studies that identified
low social support to be associated with physiological and neuroendocrine indices of heightened
stress reactivity. This may be due to the lack of representability of the population in study for this
scale, as the mean score is 7.50 + 1.420 and the range is 4 — 12, with a reduced number of individuals

presenting “strong social support” [88,139].

As seen by the results of the multivariable analysis, positive emotions and moods moderate
resilience in a way that is demonstrative of how a positive mind-set helps build an individual’s
personal resources so that he/she has effective coping mechanisms allowing him to adaptively
overcome stress and adversity. This result is concordant with the broaden-and-build theory of
positive emotions that states that experiences of positive emotions broaden people’s momentary

thought-action repertoires, which in turn serves to build their enduring personal resources [140-
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142]. Furthermore, this finding also falls in line with previous studies that have indicated that certain
mind sets can modulate glucocorticoid reactivity, the main hormone of the HPA axis, and in that

way possibly impact the stress response mechanism [143] .

The association identified between the absence of stress related symptomatology and
higher resilience shows how a flexible and suitable biological stress response is necessary in order
to maintain normal physical and psychological functioning in context of adversity, which goes
accordingly with previous studies that indicate that a suitable stress response is necessary for
sustained health in the face of adversity [4,5]. It is noteworthy that the association between less
symptomatology related to stress and higher resilience highlights the importance of the biological
component of this trait, mainly the stress response mechanism that is composed by several

neurological and neurochemical and is, to a certain extent, modulated by a genetic component.

The polymorphism rs53576 from the OXRT gene is an intronic variant of functionality
unknown that causes the alteration of a guanine (“G”) to an adenine (“A”) and has been previously
linked to not only alterations in social behaviour, with several studies indicating that carriers of the
“G” allele exhibit more empathy, report being less lonely and tend to be more optimistic when
compared with “A” allele carriers, but also with alterations in brain structures that compose and
modulate the HPA axis, namely the hypothalamus and the amygdala [38,41,144]. The association
seen in the multivariable analysis between carriers of the “G” allele and greater resilience, when
compared with individuals homozygous for the “A” allele, goes in line with these studies, indicating
that this variant impacts the receptor’s function, and thus the oxytocin pathway and regulation of

the HPA axis, in such a way that it can modulate positive emotions, and consequently resilience.

The 40 bp VNTR localized in the 3’ untranslated region of the SLC6A3 gene is a functional
polymorphism that affects protein expression, with most studies stating that carriers of the 9
repetition (9R) allele have a less active dopamine transporter, when compared with the 10
repetition (10R) allele carriers. As such, this 9R allele has been associated with increased risk of
lifetime post-traumatic stress disorder (PTSD), substance abuse and cigarette smoking, as well as
aggressive and antisocial behaviour [145,146]. The significant association found in the multivariate
analysis between carriers of the “9R” allele and lower resilience goes in line with the previous
studies, and suggests that this allele is responsible for the decrease in the transporter’s expression,
thus affecting the stress response mechanism. This effect on the stress response mechanism can

possibly be related with amygdala reactivity, as proposed by Bergman et al., 2014, as dopaminergic
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neurons project to this region, leading to alterations in emotional reactions and memory processing,
and causing variability in emotional resilience. However, it should be noted that the genotypic
analysis only showed a significant association with the “9R/10R” genotype and not with the “9R/9R”,
as was also expected considering the allelic analysis. This was due to the fact that this genotype is

poorly represented in our population (12%), when compared to the heterozygous genotype.
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6 CONCLUSIONS AND FUTURE PERSPECTIVES

This study provides evidence of the influence of the SLC6A3 and OXTR genes in the capacity to
adaptively overcome stress, as we saw that genetic alterations in these genes modulate variability
in resilience, possibly by affecting protein expression and causing alterations on the stress response

mechanisms.

We also found evidence of the importance of a positive mind-set as well as a suitable stress
response mechanism in modulating the capacity to overcome adversity, as we verified an
association between positive emotions and moods and the absence of symptomatology associated

to stress with higher resilience.

The results here described are consistent with previous literature, which reinforces the role of

these genes in resilience and indicates that these must not be false positives.

This study presents some limitations, starting with the size of our sample that was limited and
sometimes not representative of certain genotypes and so did not confer sufficient statistical power
to detect certain effects, which might lead to false negatives. We also opted for not applying a
correction for multiple testing as we wished to analyse the impact of different molecular markers
separately, and did not intend to find a single model that would explain overall resilience scores, so
results should be seen as exploratory. It should be kept in mind, that resilience is an extremely
complex trait that involves several neurological and neurochemical pathways, and so is likely
influenced by multiple genes and their interactions, as well as environmental factors and their
interactions, and it was not possible to evaluate all possible genes involved in those pathways or all
environmental factors that could potentially influence resilience, and so the results here found

might not uphold in a wider range association study.

As to future perspectives for this work, we propose that other methods should be tested, in
order to correctly genotype the variants not successfully genotyped in this study. Replication of
these associations in larger population samples, together with approaches that test gene-gene

interaction, will contribute for the validation of these results.

In conclusion, this study points to the influence of genetic factors as well as environmental
factors on resilience, and the importance of studying these two components to truly understand

this complex trait.

29



Molecular Genetics of Resilience

7 REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bonanno, G.A., Westphal, M., and Mancini, A.D. (2011). Resilience to Loss and Potential Trauma. Annu.
Rev. Clin. Psychol. 7, 511-535.

Hughes, V. (2012). The Roots of Resilience. Nature 490, 165-167.

Jovanovic, T., and Ressler, K.J. (2010). How the neurocircuitry and genetics of fear inhibition may
inform our understanding of PTSD. Am. J. Psychiatry 167, 648—662.

Wu, G., Feder, A., Cohen, H., Kim, J.J., Calderon, S., Charney, D.S., and Mathé, A.A. (2013).
Understanding resilience. Front. Behav. Neurosci. 7, 1-15.

Rutten, B.P.F., Hammels, C., Geschwind, N., Menne-Lothmann, C., Pishva, E., Schruers, K., van den
Hove, D., Kenis, G., van Os, J., and Wichers, M. (2013). Resilience in mental health: linking
psychological and neurobiological perspectives. Acta Psychiatr. Scand. 128, 3-20.

Feder, A., Nestler, E.J., and Charney, D.S. (2009). Psychobiology and molecular genetics of resilience.
Nat. Rev. Neurosci. 10, 446—457.

Stein, M.B., Campbell-sills, L., and Gelernter, J. (2009). Genetic Variation in SHTTLPR Is Associated With
Emotional Resilience. Am. J. Med. Genet. Part B Neuropsychiatr. Genet. 1508, 900—906.

Mccrory, E., Brito, S.A. De, and Viding, E. (2010). Research Review : The neurobiology and genetics of
maltreatment and adversity. J. Child Psychol. Psychiatry 51, 1079-1095.

Hoge, E.A., Austin, A.E.D., and Pollack, M.H. (2007). Resilience: Research Evidence and Conceptual
Considerations for Posttraumatic Stress Disorder. Depress. Anxiety 24, 139-152.

Brenner, M.H., Andreeva, E., Theorell, T., Goldberg, M., Westerlund, H., Leineweber, C., Hanson,
L.L.M., Imbernon, E., and Bonnaud, S. (2014). Organizational Downsizing and Depressive Symptoms in
the European Recession : The Experience of Workers in France , Hungary , Sweden and the United
Kingdom. PLoS One 9, e97063.

Hyman, S.E. (2000). The genetics of mental illness implications for practice. Bull. World Health Organ.
78, 455-463.

Hunt, R., Sauna, Z.E., Ambudkar, S. V, and Gottesman, M.M. (2009). SNPs: Impact on Gene Function
and Phenotype. In Single Nucleotide Polymorphisms

Babushkina, N.P., and Kucher, a. N. (2011). Functional role of VNTR polymorphism of human genes.
Russ. J. Genet. 47, 637-645.

Van Gestel, S., and Van Broeckhoven, C. (2003). Genetics of personality: are we making progress? Mol.
Psychiatry 8, 840-852.

Ballenger-browning, K., and Johnson, D.C. (2010). Key Facts on Resilience.

Lewis, C.M., and Knight, J. (2012). Introduction to genetic association studies. Cold Spring Harb.
Protoc. 7, 297-306.

Fuchs, E., and Flu, G. (2003). Chronic social stress : effects on limbic brain structures. 79, 417-427.

Ozbay, F., and Fitterling, H. (2008). Social Support and Resilience to Stress Across the Life Span: A
Neurobiologic Framework. Curr. Psychiatr. Reports 10, 304-310.

Resnick, B., Klinedinst, N.J., Yerges-Armstrong, L., Choi, E.Y., and Dorsey, S.G. (2015). The Impact of
Genetics on Physical Resilience and Successful Aging. J. Aging Health 27, 1084—-1104.

30



20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Molecular Genetics of Resilience

Smith, S.M., and Vale, W.W. (2006). The role of the hypothalamic-pituitary-adrenal axis in
neuroendocrine responses to stress. Dialogues Clin. Neurosci. 8, 383—-395.

Sherin, J.E., and Nemeroff, C.B. (2011). Post-traumatic stress disorder: the neurobiological impact of
psychological trauma. Dialogues Clin. Neurosci. 13, 263-278.

Stephens, M.A.C., and Wand, G. (2011). Stress and the HPA Axis Role of Glucocorticoids in Alcohol
Dependence. Alcohol Res. Curr. Rev., 468—483.

Hyman, S.E. (2009). How adversity gets under the skin. Nat. Neurosci. 12, 241-244.

Tottenham, N., and Sheridan, M.A. (2010). A review of adversity , the amygdala and the hippocampus :
a consideration of developmental timing. Front. Hum. Neurosci. 3, 1-18.

Schloesser, R.J., Martinowich, K., and Maniji, H.K. (2012). Mood-stabilizing drugs : mechanisms of
action. Trends Neurosci. 35, 36-46.

Jacobson, L., and Sapolsky, R. (1991). The Role of the Hippocampus in Feedback Regulation of the
Hypothalamic-Pituitary-Adrenocortical Axis. Endocr. Rev. 12, 118-134.

Furman, D.J., Chen, M.C,, and Gotlib, I.H. (2011). Variant in oxytocin receptor gene is associated with
amygdala volume. Psychoneuroendocrinology, 891-897.

Binder, E.B., Salyakina, D., Lichtner, P., Wochnik, G.M., Ising, M., Pu, B., Papiol, S., Seaman, S., Lucae,
S., Kohli, M.A.,, et al. (2004). Polymorphisms in FKBP5 are associated with increased recurrence of
depressive episodes and rapid response to antidepressant treatment. 36, 1319-1325.

Binder, E.B., Bradley, R.G., Liu, W., Epstein, M.P., Deveau, T.C., Mercer, K.B., Tang, Y., Charles, F., Heim,
C.M., Nemeroff, C.B., et al. (2008). Association of FKBP5 Polymorphisms and Childhood Abuse With
Risk of Posttraumatic Stress Disordes Symptoms in Adults. J. Am. Med. Assoc. 299, 1291-1305.

Xie, P., Kranzler, H.R., Poling, J., Stein, M.B., and Anton, R.F. (2010). Interaction of FKBP5 with
Childhood Adversity on Risk for Post-Traumatic Stress Disorder. Neuropsychopharmacology 35, 1684—
1692.

Boscarino, J.A., Erlich, P.M., Hoffman, S.N., Rukstalis, M., and Stewart, W.F. (2011). Association of
FKBP5, COMT and CHRNAS polymorphisms with PTSD among outpatients at risk for PTSD. Psychiatry
Res. 188, 173-174.

Cicchetti, D., and Rogosch, F.A. (2012). Gene by Environment Interaction and Resilience: Effects of
Child Maltreatment and Serotonin, Corticotropin Releasing Hormone, Dopamine, and Oxytocin Genes.
Dev. Psychopathol. 24, 411-427.

Mahon, P.B., Zandi, P.P., Potash, J.B., Nestadt, G., and Wand, G.S. (2013). Genetic Association of FKBP5
and CRHR1 with Cortisol Response to Acute Psychosocial Stress in Healthy Adults. Psychopharmacol.
227,231-241.

Bradley, R.G., Binder, E.B., Epstein, M.P., Tang, Y., Nair, H.P., Liu, W., Gillespie, C.F., Berg, T., Evces, M.,
Newport, J., et al. (2008). Influence of Child Abuse on Adult Depression. Arch. Gen. Psychiatry 65, 190—
200.

Bueller, J.A., Aftab, M., Sen, S., Gomez-hassan, D., Burmeister, M., and Zubieta, J.-K. (2006). BDNF Val
66 Met Allele Is Associated with Reduced Hippocampal Volume in Healthy Subjects. Biol. Psychiatry
59, 812-819.

Frielingsdorf, H., Bath, K.G., Soliman, F., Difede, J., and Lee, F.S. (2010). Variant brain-derived
neurotrophic factor Val66Met endophenotypes: implications for posttraumatic stress disorder. Ann.
N.Y. Acad. Sci. 1208, 150-157.

31



37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Molecular Genetics of Resilience

Hemmings, S.M.J., Martin, L.I., Klopper, M., Merwe, L. Van Der, Aitken, L., Wit, E. De, Black, G.F., Hoal,
E.G., Walzl, G., and Seedat, S. (2013). Progress in Neuro-Psychopharmacology & Biological Psychiatry
BDNF Val66Met and DRD2 TaqlA polymorphisms interact to in fl uence PTSD symptom severity : A
preliminary investigation in a South African population. Prog. Neuropsychopharmacol. Biol. Psychiatry
40, 273-280.

Saphire-bernstein, S., Way, B.M., Kim, H.S., Sherman, D.K., and Taylor, S.E. (2011). Oxytocin receptor
gene ( OXTR ) is related to psychological resources. Proc. Natl. Acad. Sci. 108, 15118-15122.

Costa, B., Pini, S., Gabelloni, P., Abelli, M., Lari, L., Cardini, A., Muti, M., Gesi, C., Landi, S., Galderisi, S.,
et al. (2009). Oxytocin receptor polymorphisms and adult attachment style in patients with
depression. Psychoneuroendocrinology 34, 1506-1514.

Tansey, K.E., Brookes, K.J., Hill, M.J., Cochrane, L.E., Gill, M., Skuse, D., Correia, C., Vicente, A., Kent,
L., Gallagher, L., et al. (2010). Neuroscience Letters Oxytocin receptor ( OXTR ) does not play a major
role in the aetiology of autism : Genetic and molecular studies. Neurosci. Lett. 474, 163-167.

Bradley, B., Davis, T.A., Wingo, A.P., Mercer, K.B., and Ressler, K.J. (2013). Family environment and
adult resilience: contributions of positive parenting and the oxytocin receptor gene. Eur. J.
Psychotraumatol. 4, 1-9.

Cohen, H., Liu, T., Kozlovsky, N., Kaplan, Z., Zohar, J., and Mathe, A.A. (2012). The Neuropeptide Y (
NPY ) -ergic System is Associated with Behavioral Resilience to Stress Exposure in an Animal Model of
Post-Traumatic Stress Disorder. Neuropsychopharmacology 37, 350—-363.

Eaton, K., Sallee, F.R., and Sah, R. (2007). Relevance of Neuropeptide Y ( NPY ) in Psychiatry. Curr. Top.
Med. Chem. 7, 1645-1659.

Vermetten, E., and Bremner, J.D. (2002). Circuits and Systems in Stress. |. Preclinical Studies. Depress.
Anxiety 15, 126-147.

Skelton, K., Ressler, K.J., Norrholm, S.D., Jovanovic, T., and Bradley-davino, B. (2012). PTSD and gene
variants : New pathways and new thinking. Neuropharmacology 62, 628-637.

Feder, A., Nestler, E.J., and Charney, D.S. (2009). Psychobiology and molecular genetics of resilience.
Nat. Rev. Neurosci. 10, 446—457.

Ulrich-Lai, Y.M., and Herman, J.P. (2009). Neural regulation of endocrine and autonomic stress
responses. Nat. Rev. Neurosci. 10, 397-409.

Southwick, S.M., Vythilingam, M., and Charney, D.S. (2005). The Psychobiology of Depression and
Resilience to Stress: Implications for Prevention and Treatment. Annu. Rev. Clin. Psychol. 1, 255-291.

Fuchs, E., and Flugge, G. (2003). Chronic social stress : effects on limbic brain structures. Psyiology
Behav. 79, 417-427.

Nikulina, V., Widom, C.S., and Brzustowicz, L.M. (2012). Child Abuse and Neglect, MAOA, and Mental
Health Outcomes: A Prospective Examination. Biol. Psychol. 71, 350-357.

Hettema, J.M., An, S., Bukszar, J., Van den Oord, E.J.C.G., Neale, M.C., Kendler, K.S., and Chen, X.
(2008). COMT Contributes to Genetic Susceptibility Shared Among Anxiety Spectrum Phenotypes. Biol.
Psychiatry 64, 302—-310.

Schellekens, A.F., Franke, B., Ellenbrock, B., Cools, A., de Jong, C.A.J., Buitelarr, J.K., and Verkes, R.-J.
(2012). Reduced Dopamine Receptor Sensitivity as an Intermediate Phenotype in Alcohol Dependence
and the Role of the. Arch. Gen. Psychiatry 69, 339-348.

Voltas, N., Aparicio, E., Arija, V., and Canals, J. (2015). Journal of Anxiety Disorders Association study

32



54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Molecular Genetics of Resilience

of monoamine oxidase-A gene promoter polymorphism ( MAOA-uVNTR ) with self-reported anxiety
and other psychopathological symptoms in a community sample of early adolescents. J. Anxiety
Disord. 31, 65-72.

Rosenzweig, M.R., Breedlove, S.M., and Watson, N. V. (2005). Biological psychology: An introduction
to behavioral and cognitive neuroscience (Sunderland, Mass: Sinauer Associates).

Kolassa, I.T., Kolassa, S., Ertl, V., Papassotiropoulos, A., and De Quervain, D.J.F. (2010). The Risk of
Posttraumatic Stress Disorder After Trauma Depends on Traumatic Load and the Catechol-O-
Methyltransferase Val158Met Polymorphism. Biol. Psychiatry 67, 304-308.

Marieb, E.N., and Hoehn, K. (2012). Human Anatomy & Physiology (San Francisco, California: Pearson
Education

Funke, B., Malhotra, A.K., Finn, C.T., Plocik, A.M., Lake, S.L., Lencz, T., DeRosse, P., Kane, J.M., and
Kucherlapati, R. (2005). COMT genetic variation confers risk for psychotic and affective disorders: a
case control study. Behav. Brain Funct. 1, 19.

Caspi, A., Caspi, A., Mcclay, J., Moffitt, T.E., Mill, J., Martin, J., Craig, |.W., Taylor, A., and Poulton, R.
(2002). Role of Genotype in the Cycle of Violence in Maltreated Children. Science (80-. ). 297, 851—
854.

Pezze, M. a., and Feldon, J. (2004). Mesolimbic dopaminergic pathways in fear conditioning. Prog.
Neurobiol. 74, 301-320.

Baik, J.-H. (2013). Dopamine Signaling in reward-related behaviors. Front. Neural Circuits 7, 1-16.

Charmandari, E., Tsigos, C., and Chrousos, G. (2005). Endocrinology of the stress response. Annu. Rev.
Physiol. 67, 259-284.

Trainor, B.C. (2012). Contexts and Sex Differences. 60, 457-469.

Lanfumey, L., Mongeau, R., Cohen-Salmon, C., and Hamon, M. (2008). Corticosteroid—serotonin
interactions in the neurobiological mechanisms of stress-related disorders. Neurosci. Biobehav. Rev.
32,1174-1184.

Sadkowski, M., Dennis, B., Clayden, R.C., EISheikh, W., Rangarajan, S., Delesus, J., and Samaan, Z.
(2013). The role of the serotonergic system in suicidal behavior. Neuropsychiatr. Dis. Treat. 9, 1699-
1716.

Lowry, C. a. (2002). Functional subsets of serotonergic neurones: Implications for control of the
hypothalamic-pituitary-adrenal axis. J. Neuroendocrinol. 14, 911-923.

Hara, R.0., and Hallmayer, J.F. (2007). Serotonin Transporter Polymorphism and Stress : A View Across
the Lifespan. Curr. Psychiatr. Reports 9, 3-5.

Kobiella, A., Reimold, M., Ulshoéfer, D.E., Ikonomidou, V.N., Vollmert, C., Vollstadt-Klein, S., Rietschel,
M., Reischl, G., Heinz, A., and Smolka, M.N. (2011). How the serotonin transporter 5-HTTLPR
polymorphism influences amygdala function: the roles of in vivo serotonin transporter expression and
amygdala structure. Transl. Psychiatry 1, e37.

Bergman, O., Ahs, F., Furmark, T., Appel, L., Linnman, C., Faria, V., Bani, M., Pich, E.M., Bettica, P.,
Henningsson, S., et al. (2014). Association between amygdala reactivity and a dopamine transporter
gene polymorphism. Transl. Psychiatry 4, e420.

Turic, D., Swanson, J., and Sonuga-barke, E. (2010). DRD4 and DAT1 in ADHD: Functional neurobiology
to pharmacogenetics. Pharmgenomics. Pers. Med. 3, 61-78.

DiMaio, S., Grizenko, N., and Joober, R. (2003). Dopamine genes and attention-deficit hyperactivity

33



71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Molecular Genetics of Resilience

disorder : a review. J. Psychiatry Neurosci. 28, 27-38.
Blamb, Image ID: 329843900; www.shutterstock.com. (assessed 15 September 2016)

Gelernter, J., Kranzler, H., and Cubells, J.F. (1997). Serotonin transporter protein ( SLC6A4 ) allele and
haplotype frequencies and linkage disequilibria in African- and European-American and Japanese
populations and in alcohol-dependent subjects. Hum. Genet. 101, 243-246.

Caspi, A., Sugden, K., Moffitt, T.E., Taylor, A., Craig, I.W., Harrington, H., McClay, J., Mill, J., Martin, J.,
Braithwaite, A., et al. (2003). Influence of life stress on depression: moderation by a polymorphism in
the 5-HTT gene. Science (80-. ). 301, 386—389.

Kilpatrick, D.G., Ph, D., Koenen, K.C., Ph, D., Ruggiero, K.J., Ph, D., Acierno, R., Ph, D., Galea, S., Resnick,
H.S., et al. (2007). The Serotonin Transporter Genotype and Social Support and Moderation of
Posttraumatic Stress Disorder and Depression in Hurricane-Exposed Adults. Am. J. Psychiatry 164,
1693-1699.

Chang, S.-C., Koenen, K.C., Galea, S., Aiello, A.E., Soliven, R., Wildman, D.E., and Uddin, M. (2012).
Molecular Variation at the SLC6A3 Locus Predicts Lifetime Risk of PTSD in the Detroit Neighborhood
Health Study. PLoS One 7, e39184.

Drury, S.S., Brett, Z.H., Henry, C., and Scheeringa, M. (2013). The Association of a Novel Haplotype in
the Dopamine Transporter with Preschool Age Posttraumatic Stress Disorder. J. Child Adolesc.
Psychopharmacol. 23, 236-243.

Nemoda, Z., Szekely, A., and Sasvari-Szekely, M. (2011). Psychopathological Aspects of Dopaminergic
Gene Polymorphisms in Adolescence and Young Adulthood. Neurosci. Biobehav. Rev. 35, 1665—1686.

Munafo, M.R., Yalcin, B., Willis-owen, S.A., and Flint, J. (2007). Gene and Approach-Related Personality
Traits : Meta-Analysis and New Data.

Wang, E., Ding, Y., Flodman, P, Kidd, J.R., Kidd, K.K., Grady, D.L., Ryder, O.A., Spence, M.A., Swanson,
J.M., and Moyzis, R.K. (2004). The Genetic Architecture of Selection at the Human Dopamine Receptor
D4 ( DRD4 ) Gene Locus. Am. J. Hum. Genet. 74, 931-944.

Das, D., Cherbuin, N., Tan, X., Anstey, K.J., and Easteal, S. (2011). DRD4-exonllI-VNTR Moderates the
Effect of Childhood Adversities on Emotional Resilience in Young-Adults. PLoS One 6, 2-7.

Szantai, E., Szmola, R., Guttman, A., and Ronai, Z. (2005). The polymorphic nature of the human
dopamine D4 receptor gene : A comparative analysis of known variants and a novel 27 bp deletion in
the promoter region. BMC Genet. 6, 1-12.

Heitor, M.J. (2011). Avaliacdo de Impacto na Saude (AIS) de Estratégias do Emprego. 21.

Heitor, M.J., and Pereira Miguel, J. (2009). Avaliagdo do Impacte de politicas de diferentes sectores na
salde e nos sistemas de saude: um ponto de situagdo. Rev. Port. Saude Publica 27, 5-17.

Russo, S.J., Murrough, J.W., Han, M., Charney, D.S., and Nestler, E.J. (2012). Neurobiology of resilience.
Nat. Neurosci. 15, 1475-1484.

Connor, K.M., and Davidson, J.R.T. (2003). Development of a New Resilience Scale: The Connor-
Davidson Resilience Scale (CD-RISC). Depress. Anxiety 82, 76-82.

Campbell-sills, L., and Stein, M.B. (2007). Psychometric Analysis and Refinement of the Connor-
Davidson Resilience Scale (CD-RISC): Validation of a 10-ltem Measure of Resilience. J. Trauma. Stress
20, 1019-1028.

Lyubomirsky, S., and Lepper, H.S. (1999). Ameasure of Subjective Happiness: Preliminary Reliability
Reliability and Construct Validation. Soc. Indic. Res. 46, 137—-155.

34



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Molecular Genetics of Resilience

Abiola, T., Udofia, 0., and Zakari, M. (2013). Psychometric Properties of the 3-Item Oslo Social Support
Scale among Clinical Students of Bayero University Kano, Nigeria. Malaysian J. Psychiatry 22, 32-41.

Kelly, M.J., Dunstan, F.D., Lloyd, K., and Fone, D.L. (2008). Evaluating cutpoints for the MHI-5 and MCS
using the GHQ-12: a comparison of five different methods. BMC Psychiatry 8, 10.

Faragher, E.B., Cooper, C.L., and Cartwright, S. (2004). A shortened stress evaluation tool (ASSET).
Stress Heal. 20, 189-201.

Lahiri, D.K., and Numberger, J.I. (1991). A rapid non-enzymatic method for the preparation of HMW
DNA from blood for RFLP studies. Nucleic Acids Res. 19, 5444,

Sabol, S.Z., Hu, S., and Hamer, D. (1998). A functional polymorphism in the monoamine oxidase A gene
promoter. Hum. Genet. 103, 273-279.

Dwivedi, Y. (2009). Brain-derived neurotrophic factor: Role in depression and suicide. Neuropsychiatr.
Dis. Treat. 5, 433—-449.

Bradic, M., Costa, J., and Chelo, I.M. (2011). Molecular Methods for Evolutionary Genetics. 772, 193—
210.

Sanger, F., Nicklen, S., and Coulson, a R. (1977). DNA sequencing with chain-terminating inhibitors.
Proc. Natl. Acad. Sci. U. S. A. 74, 5463-5467.

MassARRAY® Typer 3.4 Software User’s Guide for iPLEX™ and hME (2006).

Shen, G., Abdullah, K.G., and Wang, Q.K. (2009). The TagMan Method for SNP Genotyping. In Methods
in Molecular Biology, pp. 293-306.

Kim, S., and Misra, A. (2007). SNP Genotyping : Technologies and Biomedical Applications. Annu. Rev.
Biomed. Eng. 9, 289-320.

Hwang, R., Tiwari, A.K., Zai, C.C., Felsky, D., Remington, E., Wallace, T., Tong, R.P., Souza, R.P., Oh, G,,
Potkin, S.G., et al. (2012). Progress in Neuro-Psychopharmacology & Biological Psychiatry Dopamine
D4 and D5 receptor gene variant effects on clozapine response in schizophrenia : Replication and
exploration. Prog. Neuropsychopharmacol. Biol. Psychiatry 37, 62—75.

Cook Jr, E., Courchesne, R., Lord, C., Cox, N., Yan, S., Lincoln, A., Haas, R., Courchesne, E., and
Leventhal, B. (1997). Evidence of linkage between the serotonin transporter and autistic disorder .
Mol Psychiatry 2: 247-250 Evidence of linkage between the serotonin transporter and autistic
disorder. Mol. Psychiatry 2, 247-250.

Razali, N.M., and Wah, Y.B. (2011). Power comparisons of Shapiro-Wilk , Kolmogorov-Smirnov ,
Lilliefors and Anderson-Darling tests. J. Stat. Model. Anal. 2, 21-33.

Excoffier, L., and Slatkin, M. (1995). Maximum-Likelihood-Estimation of Molecular Haplotype
Frequencies in a Diploid Population. Mol. Biol. Evol. 12, 921-927.

Nally, R. Mac (2000). Regression and model-building in conservation biology, biogeography and
ecology: The distinction between - and reconciliation of - “predictive” and “explanatory” models.
Biodivers. Conserv. 9, 655-671.

Bender, R., and Lange, S. (2001). Adjusting for multiple testing - When and how? J. Clin. Epidemiol. 54,
343-349.

Logue, M.W., Smith, AK., Baldwin, C., Wolf, E.J., Guffanti, G., Ratanatharathorn, A., Stone, A,
Schichman, S.A., Humphries, D., Binder, E.B., et al. (2015). An analysis of gene expression in PTSD
implicates genes involved in the glucocorticoid receptor pathway and neural responses to stress.
Psychoneuroendocrinology 57, 1-13.

35



106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

Molecular Genetics of Resilience

Donner, J., Sipil, T., Ripatti, S., Kananen, L., Chen, X., Kendler, K.S., Jouko, L., Pirkola, S., Hettema, .M.,
and Hovatta, I. (2012). Support for Involvement of Glutamate Decarboxylase 1 and Neuropeptide Y in
Anxiety Susceptibility. Am. J. Med. Genet. Part B Neuropsychiatr. Genet., 316—327.

Sajdyk, T.J., Johnson, P.L., Leitermann, R.J,, Fitz, S.D., Dietrich, A., Morin, M., Gehlert, D.R., Urban, J.H.,
and Shekhar, A. (2008). Neuropeptide Y in the Amygdala Induces Long-Term Resilience to Stress-
Induced Reductions in Social Responses But Not Hypothalamic — Adrenal — Pituitary Axis Activity or
Hyperthermia. 28, 893-903.

Domschke, K., Dannlowski, U., Hohoff, C., Ohrmann, P., Bauer, J., Kugel, H., Zwanzger, P., Heindel, W.,
Deckert, J., Arolt, V., et al. (2010). Neuropeptide Y (NPY) gene: Impact on emotional processing and
treatment response in anxious depression. Eur. Neuropsychopharmacol. 20, 301-309.

Resnick, B., Klinedinst, N.J., Yerges-armstrong, L., and Choi, E.Y. (2015). The Impact of Genetics on
Physical Resilience and Successful Aging.

Grabe, H.J., Schwahn, C., Mahler, J., Schulz, A., Spitzer, C., Fenske, K., Katja, A., Barnow, S., Nauck, M.,
Schomerus, G., et al. (2012). Moderation of Adult Depression by the Serotonin Transporter Promoter
Variant ( 5-HTTLPR ), Childhood Abuse and Adult Traumatic Events in a General Population Sample.
Am. J. Med. Genet. Part B Neuropsychiatr. Genet. 159, 298-309.

Wang, Z., Baker, D.G.., Harrer, J., Hamner, M., Price, M., and Amstadter, A. (2011). The relationship
between combat-related posttraumatic stress disorder and the 5-HTTLPR/rs25531 polymorphism.
Depress. Anxiety 28, 1067-1073.

Koenen, K.C., Aiello, A.E., Bakshis, E., Amstadter, A.B., Ruggiero, K.J., Acierno, R., Kilpatrick, D.G.,
Gelernter, J., and Galea, S. (2009). Modification of the association between serotonin transporter
genotype and risk of posttraumatic stress disorder in adults by county-level social environment. Am.
J. Epidemiol. 169, 704-711.

Kilpatrick, D.G., Ph, D., Koenen, K.C., Ph, D., Ruggiero, K.J., Ph, D., Acierno, R., Ph, D., Galea, S., Resnick,
H.S., et al. (2007). The Serotonin Transporter Genotype and Social Support and Moderation of
Posttraumatic Stress Disorder and Depression in Hurricane-Exposed Adults. 1693—-1699.

Saphire-bernstein, S., Way, B.M., Kim, H.S., Sherman, D.K., and Taylor, S.E. (2011). Oxytocin receptor
gene ( OXTR ) is related to psychological resources.

White, S., Acierno, R., Ruggiero, K.J., Koenen, K.C., Kilpatrick, D.G., Galea, S., Gelernter, J., Williamson,
V., McMichael, O., Vladimirov, V.I., et al. (2013). Association of CRHR1 Variants and Posttraumatic
Stress Symptoms in Hurricane Exposed Adults. J. Anxiety Disord. 27, 678—683.

Kersting, A., Kroker, K., Horstmann, J., Baune, B.T., Hohoff, C., Mortensen, L.S., Neumann, L.C., Arolt,
V., and Domschke, K. (2008). Association of MAO-A variant with complicated grief in major depression.
Neuropsychobiology 56, 191-196.

Brummett, B.H., Boyle, S.H., Siegler, I.C., Kuhn, C.M., Surwit, R.S., Garrett, M.E., Collins, A., Ashley-
Koch, A., and Williams, R.B. (2008). HPA axis function in male caregivers: Effect of the monoamine
oxidase-A gene promoter (MAOA-uVNTR). Biol. Psychol. 79, 250-255.

Williams, L.M., Gatt, J.M., Kuan, S.A., Dobson-Stone, C., Palmer, D.M., Paul, R.H., Song, L., Costa, P.T.,
Schofield, P.R., and Gordon, E. (2009). A polymorphism of the MAOA gene is associated with emotional
brain markers and personality traits on an antisocial index. Neuropsychopharmacology 34, 1797—-
1809.

Sarapas, C., Cai, G., Bierer, L.M., Golier, J. a., Galea, S., Ising, M., Rein, T., Schmeidler, J., Mller-
Myhsok, B., Uhr, M., et al. (2011). Genetic markers for PTSD risk and resilience among survivors of the
World Trade Center attacks. Dis. Markers 30, 101-110.

36



120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

Molecular Genetics of Resilience

Boscarino, J. a., Erlich, P.M., Hoffman, S.N., and Zhang, X. (2012). Higher FKBP5, COMT, CHRNAS5, and
CRHR1 allele burdens are associated with PTSD and interact with trauma exposure: implications for
neuropsychiatric research and treatment. Neuropsychiatr Dis Treat 8, 131-9.

Fani, N., Gutman, D., Tone, E.B., Almli, L., Mercer, K.B., Davis, J., Glover, E., Jovanovic, T., Bradley, B.,
Dinov, I.D., et al. (2013). FKBP5 and Attention Bias for Threat: Associations With Hippocampal Function
and Shape. JAMA Psychiatry 70, 392-400.

Dunn, E.C., Solovieff, N., Lowe, S.R., Gallagher, P.J., Chaponis, J., Rosand, J., Koenen, K.C., Waters, M.,
Rhodes, J., and Smoller, J.W. (2015). Prospective Analysis of Low Income Adults. 1-16.

Gehricke, J., Swanson, J.M., Duong, S., Nguyen, J., Wigal, L., Fallon, J., Caburian, C., Muftuler, T., and
Moyzis, R.K. (2015). Psychiatry Research : Neuroimaging Increased brain activity to unpleasant stimuli
in individuals with the 7R allele of the DRD4 gene. Psychiatry Res. Neuroimaging 231, 58—63.

Das, D., Cherbuin, N., Tan, X., Anstey, K.J., and Easteal, S. (2011). DRD4-exonllI-VNTR Moderates the
Effect of Childhood Adversities on Emotional Resilience in Young-Adults. 6, 2—7.

Hattori, E., Nakajima, M., Yamada, K., lwayama, Y., Toyota, T., Saitou, N., and Yoshikawa, T. (2009).
Variable number of tandem repeat polymorphisms of DRD4: re-evaluation of selection hypothesis and
analysis of association with schizophrenia. Eur. J. Hum. Genet. 17, 793-801.

Sweitzer, M.M., Halder, 1., Flory, J.D., Craig, A.E., Gianaros, P.J., Ferrell, R.E., and Manuck, S.B. (2013).
Polymorphic variation in the dopamine D4 receptor predicts delay discounting as a function of
childhood socioeconomic status: Evidence for differential susceptibility. Soc. Cogn. Affect. Neurosci.
8, 499-508.

Hadi, F., Dato, S., Carpi, F.M., Prontera, P., Crucianelli, F., Renda, F., Passarino, G., and Napolioni, V.
(2015). A genetic-demographic approach reveals a gender-specific association of SLC6A3/DAT1 40 bp-
VNTR with life-expectancy. Biogerontology 16, 365-373.

Chang, F.-M., Kidd, J.R., Livak, K.J., Pakstis, A.J., and Kidd, K.K. (1996). The world-wide distribution of
allele frequencies at the human dopamine D4 receptor locus. Hum. Genet. 98, 91-101.

Ambrosio, A.M., Kennedy, J.L., Macciardi, F., Barr, C., Soares, M.J., Oliveira, C.R., and Pato, C.N. (2004).
No evidence of association or linkage disequilibrium between polymorphisms in the 5’ upstream and
coding regions of the dopamine D4 receptor gene and schizophrenia in a Portuguese population. Am.
J. Med. Genet. B. Neuropsychiatr. Genet. 1258, 20-24.

Valente, J., Dourado, A., Coelho, I., Macedo, A., Ambrdsio, A., King, N., Kennedy, J.L., Azevedo, M.H.,
Pato, M.T., and Pato, C.N. (1997). Association Between DRD4 and Schizophrenia in Portuguese
Population. Psiquiatr. Clinica 18, 55-59.

Palais, B. (2007). Quantitative heteroduplex analysis. Clin. Chem. 53, 1001-1003.

Lichter, J.B., Barr, C.L., Kennedy, J.L., Van Tol, H.H.M., Kidd, K.K., and Livak, K.J. (1993). A hypervariable
segment in the human dopamine D4 (DRD4) gene. Hum. Mol. Genet. 2, 767-773.

Hatcher, S.L., Lambert, Q.T., Teplitz, R.L., and Carlson, J.R. (1993). Heteroduplex formation: a potential
source of genotyping error from PCR products. Prenat. Diagn. 13, 171-177.

Krishnan, V., and Nestler, E.J. (2008). The molecular neurobiology of depression. Nature 455, 894—
902.

Charney, D.S. (2003). The Psychobiology of Resilience and Vulnerability to Anxiety Disorders:
Implications for Prevention and Treatment. Dialogues Clin. Neurosci. 5, 207-221.

Bryant, R. a, Creamer, M., O’Donnell, M., Silove, D., and McFarlane, A.C. (2010). Sleep disturbance

37



137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

Molecular Genetics of Resilience

immediately prior to trauma predicts subsequent psychiatric disorder. Sleep 33, 69-74.

Bradley, B., Davis, T.A., Wingo, A.P., Mercer, K.B., and Ressler, K.J. (2013). Family environment and
adult resilience: contributions of positive parenting and the oxytocin receptor gene. 1, 1-9.

Kang, J.I., Kim, S.J., Song, Y.Y., Namkoong, K., and An, S.K. (2013). Genetic influence of COMT and BDNF
gene polymorphisms on resilience in healthy college students. Neuropsychobiology 68, 174—-180.

Ozbay, F., Johnson, D.C., Dimoulas, E., Morgan, C.A., Charney, D., and Southwick, S. (2007). Social
support and resilience to stress: from neurobiology to clinical practice. Psychiatry 4, 35—-40.

Fredrickson, B.L. (2004). The broaden-and-build theory of positive emotions. Philos. Trnasactions R.
Soc. B 359, 1367-1377.

Lyubomirsky, S., King, L., and Diener, E. (2005). The benefits of frequent positive affect: Does
happiness lead to success? Psychol. Bull. 131, 803—-855.

Cohn, M. a, Fredrickson, B.L., Brown, S.L., Conway, A.M., and Mikels, J. a (2009). Satisfaction by
Building Resilience. Emot. Washingt. Dc 9, 361-368.

Crum, A.J.,, Salovey, P., and Achor, S. (2013). Rethinking stress: The role of mindsets in determining
the stress response. J. Pers. Soc. Psychol. 104, 716—733.

Tost, H., Kolachana, B., Hakimi, S., Lemaitre, H., Verchinski, B.A., Mattay, V.S., Weinberger, D.R., and
Meyer-Lindenberg, A. (2010). Acommon allele in the oxytocin receptor gene (OXTR) impacts prosocial
temperament and human hypothalamic-limbic structure and function. Proc. Natl. Acad. Sci. U. S. A.
107,13936-13941.

Chang, S.C., Koenen, K.C., Galea, S., Aiello, A.E., Soliven, R., Wildman, D.E., and Uddin, M. (2012).
Molecular variation at the SLC6A3 locus predicts lifetime risk of PTSD in the Detroit Neighborhood
Health Study. PLoS One 7, 1-6.

Segman, R., Cooper-Kazaz, R., Macciardi, F., Goltser, T., Hlafon, Y., Dobroborski, T., and Shalev, A.
(2002). Association between the dopamine transporter gene and posttraumatic stress disorder. Mol.
Psychiatry 7, 903-907.

38



8 SUPPLEMENTARY MATERIAL

Molecular Genetics of Resilience

Table S1 - Quality control results for all polymorphisms genotyped

Gene Polymorphism MAF Call Rates (%) Contaminated HapMap HWE
Waters correspondence
‘FKBP5 rs1360780 31% (T) 99% 0% 100% equilibrium
rs3800373 29% (C) 100% 0% 100% equilibrium
rs4713916 32% (A) 100% 0% 100% equilibrium
rs9296158 30% (A) 98% 0% 100% equilibrium
rs9470080 33% (T) 100% 0% 100% equilibrium
CRHR1 rs242924 45% (T) 95% 0% 100% equilibirum
rs4792887 8% (T) 99% 0% 100% equilibrium
rs7209436 43% (T) 99% 0% 100% equilibrium
rs110402 45% (A) 99% 0% 100% equilibrium
OXTR rs53576 35% (A) 100% 0% 100% equilibrium
rs2254298 11% (A) 99% 0% 100% equilibrium
BDNF rs6265 20% (T) 99% 0% 100% equilibrium
rs2030324 48% (G) 99% 0% 100% equilibrium
rs4923464 22% (T) 100% 0% 100% - (monomorphic)
rs7124442 29% (C 99% 0% 33% deviation (*)
rs11030099 22% (A) 95% 0% 0% - (monomorphic)
rs11030101 46% (T) 99% 0% 100% equilibrium
rs11030102 23% (G) 99% 0% 100% equilibrium
rs66866077 4% (T) 100% 0% 100% equilibrium
rs75298795 12% (T) 99% 0% 100% equilibrium
rs76324918 6% (C) 99% 0% 100% equilibrium
rs77135086 8% (T) 100% 0% 100% equilibrium
rs189740576 11% (G) 100% 0% 100% - (monomorphic)
NPY rs16142 26% (G) 99% 0% 100% equilibrium
rs2023890 23% (G) 99% 0% 100% equilibrium
comTt rs4680 50% (A) 99% 0% 100% equilibrium
rs165599 31% (G) 100% 0% 100% equilibrium
rs2097603 41% (G) 98% 0% 100% equilibrium
MAOA rs909525 34% (C) 100% 0% 100% equilibrium
rs3788862 29% (A) 100% 0% 100% equilibrium
rs5905809 27% (G) 99% 0% 100% equilibrium
rs5905823 25% (G) 100% 0% 100% equilibrium
rs73211189 20% (T) 99% 0% 100% equilibrium
rs112592173 8% (T) 99% 0% 0% deviation (*)
rs140878834 23% (G) 100% 0% 50% - (monomorphic)
rs142369182 6% (T) 90% 0% 100% equilibrium
rs142677545 5% (A) 99% 0% 100% equilibrium
rs147023114 8% (T) 99% 0% 100% equilibrium
rs201583370 6% (T) 100% 0% 100% equilibrium
SLC6A3 rs27072 21% (T) 90% 0% 67% equilibrium
VNTR 98% 0% - equilibrium
SLC6A4 rs25533 6% (G) 100% 0% 100% - (monomorphic)
rs1042173 44% (C) 99% 0% 100% equilibrium
DRD4 rs1870723 24% (A) 99% 0% 100% deviation (*)
VNTR 91% 0% - - (monomorphic)

(*) — p<0.05
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100bp AIS36 AIS37 AIS38 AIS39 AIS40 AISA1 AIS42 AIS45 AIS133 AIS135 AIS136 AIS143 AIS149 AIS158 AIS160 AIS165 100bp

Fig. S1 - Genotype pattern for the 48 bp DRD4 VNTR. All individuals present the 4 repetition allele (540bp); first and last
lane labelled 100 bp as the molecular weight marker, all other lanes are identified with the ID of the individual in question.

(A) - SHTTLPR (B) - MAOA

AIS10  AIS11 AIS12

Fig. S2 - Genotype pattern for (A) —23 bp SHTTLPR VNTR and (B) —30 bp MAOA VNTR. (A) —lane 4, 6 and 9 are presumably
homozygous for the 16 repetition allele (419 bp), lane 2, 3, 7 and 8 are the presumed heterozygous for the 16 and 14
repetition allele (419 and 375 bp respectively) where the artifact is noticeable; (B) — lane 3 is presumably homozygous for
the 3 repetition allele (350 bp), lane 4, 6, 7 and 9 are presumably homozygous for the 4 repetition allele (380 bp), lane 2
and 8 are the presumed heterozygous for the 3 and 4 repetition allele (350 bp and 380 bp respectively) where the artifact
is noticeable; first and last lane labelled 100 bp as the molecular weight marker, all other lanes are identified with the ID
of the individual in question.



Table S2 - Univariate genotypic, haplotypic and allelic regression analysis results between the molecular markers and
CD-RISC 10 scores
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Gene Genetic markersPopulation in study, n/N (%) B 95% Cl ANOVA p-value|Gene Genetic markers Allelic Frequency B 95% CI ANOVA p-value
FKBP5 rs1360780 0.921 FKBP5 rs1360780 0.921
cc 119/256 (46) C 68% 0.023 -1.412-2.006
CcT 109/256 (43) 0.021 -0.896-1.243 T 32% 0.021 -0.896-1.243
TT 28/256 (11) -0.009 -1.818-1.571 rs3800373 0.541
rs3800373 0.541 A 71% 0.071 -0.831-2.822
AA 130/256 (51) -0.047 -2.449-1.128 C 29% 0.041 -0.730-1.400
CA 102/256 (40) 0.040 -0.730-1.400 rs4713916 0.537
cc 24/256 (9) A 27% -0.051 -1.1487 - 0.646
rs4713916 0.537 G 73% -0.067 -2.931-0-944
AA 21/256 (8) 0.039 -1.313-2.458 rs9296158 0.810
GA 97/256 (38) -0.050 -1.1487 - 0.646 A 31% 0.030 -0.833-1.322
GG 138/256 (54) G 69% 0.039 -1.240-2.304
rs9296158 0.810 rs9470080 0.969
AA 26/253 (10) -0.021 -2.038-1.463 C 67% 0.008 -1.583-1.783
GA 106/253 (42) 0.029 -0.833-1.322 T 33% 0.016 -0.931-1.206
GG 121/253 (48) CRHR1 rs4792887 0.640
rs9470080 0.969 C 91% 0.055 -3.279-8.370
cc 116/256 (45) T 9% -0.014 -1.485-1.186
CcT 111/256 (43) 0.016 -0.937-1.206 rs110402 0.453
TT 29/256 (11) 0.003 -1.641-1.710 C 63% 0.008 -1.433-1.631
CRHR1 rs4792887 0.640 T 37% 0.081 -0.410-1.765
cc 210/256 (82) rs7209436 0.408
CcT 44/256 (17) -0.014 -1.485-1.186 C 70% 0.015 -1.404-1.761
TT 2/256 (1) -0.058 -8.419-3.028 T 36% 0.088 -0.353-1.805
rs110402 0.453 rs242924 0.412
cc 102/256 (40) -0.070 -2.138-0.981 A 38% 0.086 -0.377-1.803
CcT 118/256 (46) 0.012 -1.433-1.631 C 63% 0.007 -1.439-1.591
TT 36/256 (14) OXTR rs53576 0.086
rs7209436 0.408 G 69% 0.143 0.216-3.870
cc 104/256 (41) -0.66 -2.154 -1.059 A 31% 0.021 -0.875-1,220
CcT 119/256 (46) 0.022 -1.404-1.761 rs2254298 0.300
TT 33/256 (13) G 84% 0.048 -2.318-5.118
rs242924 A 16% -0.075 -1.803-0.458
AA 37/256 (14) 0.055 -0.908 -2.183 0.412 BDNF  rs6265 0.188
CA 118/256 (46) 0.087 -0.377-1.803 C 82% 0.040 -1.694-3.160
cc 101/256 (39) T 18% -0.095 -1.977-0.315
OXTR rs53576 0.086 rs2030324 0.978
GG 119/256 (46) A 55% 0.003 -1.291-1.357
AG 114/256 (45) 0.021 -0.875-1.220 G 45% 0.014 -1.038-1.286
AA 23/256 (9) -0.131 -3.690--0.050 rs11030101 0.676
rs2254298 0.300 A 57% 0.025 -1.084-1.599
GG 181/256 (71) T 43% 0.059 -0.630-1.655
AG 70/256 (27) -0.074 -1.803-0.458 rs11030102 0.899
AA 5/256 (2) -0.070 -5.714-1.568 C 74% 0.020 -1.686 -2.295
BDNF rs6265 0.188 G 26% 0.029 -0.841-1.312
cc 175/256 (68) rs66866077 0.636
CcT 68/256 (27) -0.090 -1.977-0.315 C 94%
TT 13/256 (5) -0.084 -3.869-0.741 T 6% -0.030 -1.913-1.172
rs2030324 0.978 rs75298795 0.124
AA 79/256 (31) C 88% -0.126 -6.856-0.067
GA 124/256 (48) 0.015 -1.038-1.286 T 12% -0.081 -2.078-0.473
GG 53/256 (21) 0.009 -1.342-1.524 rs76324918 0.755
rs11030101 0.676 T 94% -0.020 -6.833-4.982
AA 86/256 (34) C 6% 0.038 -1.153-2.129
TA 118/256 (46) 0.063 -0.630-1.655 rs77135086 0.665
TT 52/256 (20) 0.025 -1.161-1.670 A 92%
rs11030102 0.899 T 8% 0.027 -1.070-1.674
cc 144/256 (56) NPY rs16142 0.841
cG 92/256 (36) 0.028 -0.842-1.312 A 69% 0.036 -1.273-2.250
GG 20/256 (8) -0.005 -1.994-1.856 G 31% 0.025 -0.859-1.272
rs66866077 0.636 rs2023890 0.677
cc 225/256 (88) A 77% 0.042 -1.461-2.829
CcT 31/256 (12) 0.030 -1.172-1.913 G 23% -0.025 -1.304-0.885
TT 0/256 (0) COMT rs4680 0.125
rs75298795 0.124 A 42% 0.102 -0.242 -2.009
cc 201/256 (79) G 58% 0.116 -0.142-2.635
CcT 49/256 (19) -0.78 -2.078-0.473 rs165599 0.875
TT 6/256 (2) 0.096 -0.724-5.908 G 39% -0.031 -1.366-0.843
rs76324918 0.755 A 61% -0.025 -1.740-1.188
227/256 (89) rs2097603 0.193
cT 27/256 (11) 0.037 -1.153-2.129 A 66% -0.078 -2.546-0.647
cc 2/256 (1) 0.031 -4.311-7.139 G 34% 0.060 -0.586-1.564
rs77135086 0.665 MAOA rs73211189
AA 215/256 (84) C 82% 0.948
TA 41/256 (16) -0.027 -1.674-1.070 T 18% -0.006 -1.850-1.732
TT 0/256 (0) C (female) 86% 0.076 -2.953-7.498 0.658
Haplotypes 0.531 T (female) 14% 0.046 -1.276-2.194
CAACCCTA 27/245 (11) 0.061 -0.957-1.059 rs909525
CAAGCCCA 7/245 (3) 0.039 -2.206-4.104 C 30% 0.106 -0.626 -2.357 0.253
CAAGCCTA 25/245 (10) -0.056 -2.555-1.059 T 70%
CAAGTCTA 5/245 (2) -0.094 -2.206-4.104 T (female) 32% 0.200 0.342-5.411 0.071
CGTCCCTA 98/245 (40) C (female) 68% 0.113 -0.551-2.515
CGTCCCTT 37/245 (15) -0.013 -1.707 - 1.405 rs3788862
CGTCCTTA 33/245 (13) -0.028 -1.955-1.291 G 74% 0.424
TAACCCTA 13/245 (5) -0.084 -3.904-0.857 A 26% 0.074 -0.924-2.180
NPY rs16142 0.841 G (female) 73% 0.186 0.168 -5.818 0.060
AA 122/256 (48) A (female) 27% 0.158 -0.258-2.915
AG 108/256 (42) 0.025 -0.859-1.272 rs5905809
GG 26/256 (10) -0.021 -2.04-1.460 C 79% 0.437
rs2023890 0.677 G 22% 0.072 -0.999 -2.298
AA 156/256 (61) C (female) 78% 0.031 -2.770-3.906 0.881
GA 83/256 (32) -0.024 -1.304-0.885 G (female) 22% 0.042 -1.233-1.986
GG 17/256 (7) -0.055 -2.951-1.165 rs5905823 i
COMT rs4680 0.125 A 76% 0.241
AA 45/256 (18) -0.034 -1.841-1.116 G 24% -0.109 -2.554-0.647
AG 127/256 (50) 0.108 -0.242-2.009 A (female) 76% 0.026 -3.406 - 4.606 0.162
GG 84/256 (33) G (female) 24% 0.167 -0.046 - 2.974
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rs165599
GG
GA
AA
rs2097603
AA
AG
GG
MAOA rs73211189
C (male)
T (male)
CC (female)
CT (female)
TT (female)
rs909525
C (male)
T (male)
TT (female)
CT (female)
CC (female)
rs3788862
G (male)
A (male)
GG (female)
GA (female)
AA (female)
rs5905809
C (male)
G (male)
CC (female)
GC (female)
GG (female)
rs5905823
A (male)
G (male)
AA (female)
GA (female)
GG (female)
rs142369182
CC (male)
TT (male)
CC (female)
TC (female)
TT (female)
rs142677545
C (male)
A (male)
CC (female)
CA (female)
AA (female)
rs147023114
C (male)
T (male)
CC (female)
CT (female)
TT (female)
rs20158837
C (male)
T (male)
CC (female)
CT (female)
TT (female)
Haplotypes
C?CCCCGTG
CCCCCCACA
CCCCCCGTA
CCCCCCGTG
CCCCGCACA
CCTCGCACA
CCTTGCACA
SLC6A3 SLC6A3 - VNTR
10R/10R
10R/9R
9R/9R
10R/11R
10R/8R
10R/3R
SLC6A4 rs1042173
AA
CA
CcC

41/256 (16)
117/256 (46)
98/256 (38)

116/254 (46)
105/254 (41)
33/254 (13)

97/256 (38)
21/256 (8)
102/256 (40)
33/256 (13)
3/256 (1)

35/256 (14)
83/256 (32)
14/256 (5)
59/256 (23)
65/256 (25)

87/256 (34)
31/256 (12)
75/256 (29)
52/256 (20)
11/256 (4)

93/256 (36)
26/256 (10)
85/256 (33)
44/256 (17)
8/256 (3)

90/256 (35)
28/256 (11)
78/256 (30)
55/256 (21)
5/256 (2)

107/229 (47)
0/229 (0)
120/229 (52)
2/229 (1)
0/229 (0)

114/256 (45)
4/256 (2)
126/256 (49)
11/256 (4)
1/256 (0)

108/256 (42)
10/256 (4)
122/256 (48)
16/256 (6)
0/256 (0)

107/256 (42)
11/256 (4)
121/256 (57)
16/256 (6)
1/256 (0)

12/117 (10)
3/117 (3)
49/117 (42)
35/117 (30)
14/117 (12)
3/117 (3)
1/117 (1)

111/249 (45)

101/249 (41)

29/249 (12)
3/249 (1)
4/249 (2)
1/249 (0)

86/255 (34)
123/255 (48)
46/255 (18)

-0.034 -1.740-1.188
-0.002 -1.515-1.485

0.057 -0.604 -1.547

0.117 -0.153 -3.005

-0.006 -1.850-1.732

0.045 -1.276-2.194
-0.061 -6.890 -3.263

0.106 -0.626 - 2.357

0.112 -0.551-2.515

-0.132 -4.406 -0.617

0.074 -0.924-2.180

0.154 -0.158-2.915

-0.101 -4.363-1.134

0.072  -0.999 - 2.298

0.040 -1.233-1.986

-0.010 -3.402-3.018

-0.109 -2.554-0.647

0.165 -0.046-2.974
0.037 -3.092-4.821

-0.192 -12.906 - -0.494

0.012 -3.539-4.031

0.010 -2.566-2.878
-0.089 -13.263-4.120

-0.101 -3.799 - 1.095

-0.067 -3.203 -1.392

0.052 -1.690-3.016

0.108 -0.828-3.751
-0.086 -13.056 - 4.230

0.029 -2.658-3.552
-0.072 -7.461-3.188

-0.008 -2.295 -2.145
0.169 -0.662 - 4.046
0.035 -2.451-3.464
-0.049 -6.794 - 3.885

-0.156 -2.361--0.192
-0.083 -1.714-1.576
-0.042 -6.155 -3.074
0.072 -1.721-6.307
0.012 -7.130-8.715

0.33  -0.869-1.403
0.028 -1.181-1.772

0.875

0.198

0.948

0.658

0.253

0.071

0.424

0.060

0.437

0.881

0.241

0.162

0.035

0.898

0.578

0.276

0.437

0.578

0.263

0.499

0.150

0.880

rs142369182
C
T
C (female)
T (female)
rs142677545
C
A
C (female)
A (female)
rs147023114
C
T
C (female)
T (female)
rs201583370
C
T
C (female)
T (female)
SLC6A3 SLC6A3 - VNTR
10R
9R
11R
8R
3R
SLC6A4 rs1042173
A
C

100%
99%
1%

97%
3%
95%
5%

92%
4%
94%
6%

91%
9%
93%
7%

66%
32%
1%
1%
<1%

58%
42%

-0.192

0.012
0.092
0.010

-0.101

-0.067

0.052
0.115
0.111

-0.096
-0.159
-0.042
0.072
0.012

-0.003
0.031

-12.906 - 0.494

-3.539-4.031
-4.315 - 13.770
-2.566 - 2.876

-3.799 - 1.095

-3.203 - 1.392

-1.690 - 3.016
-2.997 - 14.747
-0.828 -3.751

-2.869 - 0.454
-2.361--0.192
-6.155-3.074
-1.721-6.307
-7.130-8.715

-1.426 - 1.368
-0.869 - 1.403

0.035

0.898

0.578

0.276

0.437

0.578

0.263

0.150

0.880

BDNF Haplotypes: rs6265-rs2030324-rs11030101-rs11030302-rs66866077-rs75298795-rs76324918-rs77135086

MAOA Haplotypes: rs142677545-rs142369182-rs73211189-rs147023114-rs5905809-rs201583370-rs3788862-rs909525-rs5905823
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Table S3 - Multivariate genotypic, haplotypic and allelic regression analysis results for the remaining markers with the
CD-RISC 10 scores

Variables B 95% CI p-value Variables B 95% CI p-value
Age 0.098 -0.006 - 0.100 0.080 Age 0.161 0.007 - 0.163 0.033
Gender 0.079 -0.266 - 1.550 0.165 SHS scores 0.212 0.151 - 1.365 0.015
SHS scores 0.178 0.198 - 1.157 0.006 Mental Health scores -0.368 -0.328--0.123 0.000
Mental Health scores -0.380 -0.298 - -0.149 0.000 MAOA rs73211189
FKBP5 rs1360780 C (male)
CcC T (male) -0.031 -1.918 -1.321 0.716
CcT 0.33 -0.672 -1.215 0.572 CC (female)
T 0.005 -1.428 - 1.546 0.938 CT (female) 0.019 -1.289-1.675 0.797
C 0.016 -1.285-1.709 0.780 TT (female) -0.012 -4.735 - 3.992 0.866
T 0.033 -0.672-1.215 0.566 C (female) 0.019 -3.919 - 5.049 0.804
rs3800373 T (female) 0.020 -1.289-1.675 0.797
AA -0.044 -2.178 - 0.957 0.444 rs909525
CA 0.038 -0.627 - 1.254 0.512 C (male) 0.067 -0.822-1.920 0.429
cc T (male)
A 0.066 -0.675-2.523 0.256 TT (female)
C 0.039 -0.627 - 1.254 0.512 CT (female) 0.033 1.073 - 1.658 0.672
rs4713916 CC (female) -0.077 -3.284 - 1.065 0.315
AA 0.032 -1-184 - 2.136 0.573 C (female) 0.034 -1.073 -1.658 0.672
GA -0.043 -1.300-0.582 0.453 T (female) 0.097 -0.824 - 3.628 0.215
GG rs3788862
A -0.044 -1.300-0.582 0.333 G (male)
G -0.056 -2.528 - 0.859 0.453 A (male) 0.057 -0.928 - 1.885 0.502
rs9296158 GG (female)
AA -0.001 -1.548 - 1.530 0.991 GA (female) 0.056 -0.866 - 1.879 0.467
GA 0.029 -0.714 -1.191 0.623 AA (female) -0.025 -2.807 - 2.005 0.742
GG G (female) 0.057 -1.602 - 3.417 0.476
A 0.029 -0.714-1.191 0.623 A (female) 0.058 -0.866 - 1.879 0.467
G 0.028 -1.308-1.803 0.755 rs5905809
rs9470080 C (male)
CccC G (male) 0.048 -1.067 - 1.921 0.572
cT 0.024 -0.748 - 1.142 0.682 CC (female)
TT 0.015 -1.282 -1.663 0.799 GC (female) 0.007 -1.332 -1.455 0.930
C 0.001 -1.1469 - 1.482 0.993 GG (female) 0.011 -2.548 - 2.940 0.888
T 0.024 0.748 -1.142 0.682 C (female) -0.007 -2.981-2.712 0.926
CRHR1 rs4792887 G (female) 0.007 -1.332-1.455 0.930
cc rs5905823
cT -0.001 -1.184-1.157 0.982 A (male)
T -0.075 -8.503 - 1.567 0.176 G (male) -0.109 -3.115-0.199 0.056
C 0.075 -1.652 - 8.561 0.184 AA (female)
T -0.001 -1.184-1.157 0.982 GA (female) 0.121 -0.214-2.371 0.101
rs110402 GG (female) 0.024 -2.827 -3.923 0.749
CcC A (female) 0.023 -2.88'-3.941 0.759
CcT 0.046 -0.980-1.734 0.585 G (female) 0.123 -0.214 -2.371 0.101
T 0.023 -1.188-1.573 0.784 rs142369182
C 0.032 -0.980-1.734 0.585 CC (male)
T 0.022 0.796 - 1.165 0.712 TT (male)
rs7209436 CC (female)
cc 0.017 -1.278 - 1.562 0.844 TC (female) 0.111 -9.208 - 1.449 0.152
cT 0.046 -1.020-1.767 0.598 TT (female)
TT C (female)
C 0.031 -1.020-1.767 0.598 T (female) -0.111 -9.208 - 1.449 0.152
T 0.028 -0.738-1.202 0.638 rs142677545
rs242924 C (male)
AA -0.012 -1.512-1.227 0.838 A (male) 0.051 -2.383-4.484 0.546
CA 0.024 -0.782-1.181 0.689 CC (female)
CcC CA (female) 0.017 -2.076 - 2.609 0.822
A 0.024 -0.782-1.181 0.689 AA (female) -0.105 -12.829-2.073 0.156
C 0.030 -0.997 - 1.681 0.615 C (female) 0.110 -2.119 - 13.408 0.153
OXTR rs2254298 A (female) 0.017 -2.076 - 2.609 0.822
GG rs147023114
AG -0.023 -1.206 - 0.783 0.676 C (male) -0.084 -3.350 - 1.100 0.319
AA -0.080 -5.547 -0.823 0.145 T (male)
G 0.073 -1.104 - 5.405 0.194 CC (female)
A -0.024 -1.206 - 0.783 0.676 CT (female) -0.071 -2.917 - 0.989 0.331
BDNF rs6265 TT (female)
cC C (female)
cT -0.084 -1.771-0.220 0.126 T (female) -0.071 -2.917 - 0.989 0.331
TT 0.115 -4.137 - 0.120 0.058 rs20158837
C 0.073 -0.761 - 3.468 0.209 C (male)
T -0.089 -1.771-0.220 0.126 T (male) 0.048 -1.514-2.740 0.569
rs2030324 CC (female)
AA CT (female) 0.080 -0.882 -3.041 0.278
GA 0.036 -0.725-1.316 0.569 TT (female) 0.103 -12.722-2.116 0.160
GG -0.013 -1.390-1.130 0.839 C (female) 0.125 -1.248 - 14.013 0.100
A 0.042 -0.757 - 1.608 0.479 T (female) 0.082 -0.882 - 3.041 0.278 v
G 0.033 -0.725-1.316 0.569




Table S3 - Multivariate genotypic, haplotypic and allelic regression analysis results for the remaining markers with the

CD-RISC 10 scores (continued)
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rs11030101
AA
TA
TT
A
T
rs11030102
ccC
cG
GG
C
G
rs66866077
ccC
CcT
TT
C
T
rs75298795
cc
CcT
TT
C
T
rs76324918
TT
cT
ccC
C
T
rs77135086
AA
TA
TT
A
T
Haplotypes
CAACCCTA
CAAGCCCA
CAAGCCTA
CAAGTCTA
CGTCCCTA
CGTCCCTT
CGTCCTTA
TAACCCTA
NPY rs16142
AA
AG
GG
A
G
rs2023890
AA
GA
GG
A
G
comT rs4680
AA
AG
GG
A
G
rs165599
GG
GA
AA
G
A
rs2097603
AA
AG
GG
A
G
rs1042173
AA
cA
cc
C
A
r2

SLC6A4

0.057
-0.010
0.056
0.054

0.082
0.012
0.034
0.085

-0.22

0.022

-0.075
0.055

-0.084
-0.078

0.019
-0.006
0.019
0.011

0.037

0.037

0.064
0.010
-0.015
-0.077

0.008
-0.013
-0.105

0.066
0.034
0.074
0.067

0.004
-0.049
0.051
0.004

-0.040
0.045

0.042
0.074

-0.045
0.004
-0.048
-0.033

0.010
0.071
-0.061
0.020

-0.002
0.033
-0.002
-0.035

-0.533 - 1.471
-1.344 - 1.151
-0.638 - 1.769
-0.533-1.471

-0.243 - 1.644
-1.495-1.854
-1.213 - 2.253
-0.243 - 1.644

-1.627 - 1.080

-1.080 - 1.627

-1.889 - 0.346
-1.453 -4.411
-5.301 - 0.800
-1.889 - 0.346

-1.190 - 1.681
-5.307 -4.761
-1.190 - 1.681
-4.674 - 5.711

1.604 - 0.790

-0.790 - 1.604

-0.706 - 2.382
-2.551 - 3.022
-1.804 - 1.394
-5.476 - 1.055

-1.278 - 1.462
-1.600 - 1.280
-4.012 - 0.189

-0.397 - 1.494
-1.979 - 1.067
-0.536 - 2.544
-0.397 - 1.494

-0.924 - 0.989
-2.607 - 1.005
-1.045 -2.713
-0.924 - 0.989

-1.731-0.873
-0.633 - 1.365

-0.633 - 1.365
-0.431 - 2.021

-1.640 - 0.911
-1.275 - 1.345
-1.368 - 0.568
-1.640 - 0.911

-0.865 - 1.035
-0.523 - 2.255
-2.143 - 0.664
-0.783 -1.114

-1.013 - 0.974
-0.944 - 1.642
-1.1013 - 0.974
-1.597 - 0.859
0.239

0.357
0.879
0.355
0.357

0.145
0.833
0.555
0.145

0.691

0.691

0.175
0.321
0.147
0.175

0.736
0.915
0.736
0.844

0.503

0.503

0.286
0.868
0.801
0.184

0.895
0.827
0.074

0.254
0.556

0.946
0.383
0.383
0.946

0.517
0.471

0.471
0.203

0.574
0.958
0.416
0.574

0.860
0.220
0.300
0.732

0.969
0.595
0.969
0.555

R?

Haplotypes
C?CCCCGTG
ccccccAcA
ccccccGTA
CCCCCCGTG
CCCCGCACA
CCTCGCACA
CCTTGCACA

-0.005
-0.033

0.006
0.144
0.028
0.012

-2.785 - 2.620
-5.611 - 3.651

-1.873 -1.982

-0.602 - 3.483

-2.156 - 2.976

-4.299 - 4.998
0.297

0.952
0.676

0.955
0.165
0.752
0.882

BDNF Haplotypes: rs6265-rs2030324-rs11030101-rs11030302-rs66866077-rs75298795-rs76324918-rs77135086

MAOA Haplotypes: rs142677545-rs142369182-rs73211189-rs147023114-rs5905809-rs201583370-rs3788862-rs909525-rs5905823



