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ABSTRACT

Introduction: Sleep is a vital function for humans. Accordingly, sleep disturbances

can be the symptom of a disorder or can cause disease by themselves. In previous
research, several genes that regulate circadian rhythms have been identified,
including CLOCK, PER1, PER2, PER3, CRY1, CRY2, ARNTL, NPAS2, RORA,
RORB, REV1, VDR, BHLHE40, BHLHE41, NR1D1, TNF, CHRM3, BDNF, SLC6A4,
SLC4A3, HCRTR1, HCRTR2, MECP2, GABBR1 and HLA-DQB1.

Aims: Our aim here was to identify the effect of variants in genes associated with
circadian rhythms on selected sleep parameters as identified by actigraphy.

Methods: In our study, we analyzed variants (Single Nucleotide Polymorphisms:
SNPs) in these genes for their association with sleep parameters, as identified through
actigraphy in a large interdisciplinary cohort (Cretan Aging Cohort: CAC). For this, we
associated WES data from CAC participants with the actigraphy scores in 4 sleep
parameters (night TST, TST, night TiB, total TiB). Our study subsample included 164
participants (91 dementia, 73 controls). The first part of our study focused on
assessing the effect of the presence or absence of SNPs in these 25 genes on the 4
sleep parameters scores. An outcome was considered statistically significant if
resulting in a p value of <0.05. The second part of the study aimed to detect rare
variants present in participants with extreme sleep phenotypes, as determined by the
4 sleep parameter scores.

Results: We found that the rs1042098 (SLC6A3 gene), the rs8192440 (CRY1 gene)
and the rs2304911 (PER1 gene) variants showed a statistically significant difference
comparing values of sleep parameters between SNP carriers and non-carriers, with
the carriers of rs2304911 and rs1042098 having shorter objective sleep in all
parameters and the carriers of rs8192440 having longer objective sleep in all
parameters examined, comparing to the non-carriers group. Also, we identified several
rare variants in this sample that had an association with an extreme sleep phenotype.
Conclusion: There is evidence that there may be an association of the genotype with
the sleep phenotype, as determined by actigraphy. Further research is needed to
better describe this association between shorter or longer sleep duration and the
presence of the variants in the genes studied.

Keys words: sleep, clock genes, SNPs, actigraphy, sleep parameters, sleep
disorders



NEPIAHWH

Eicaywyn: O Umvog eival pia CwTik Acmoupyia yia tov avBpwTro. ETTopévwg, ol

dlatapaxéG Tou UTTVOU WTTOPE va €ival TO CUMPTITWHGO JIag diatapaxns i n aima yia va
TTPOKANOEiI pIo acBéveia. e TTPONYOUMEVN €PEUVA, €XOUV EVTIOTTIOTEI APKETA yovidla
TToU puBpifouv Toug KIPKAdIOUG pubuoug, ouptrepidapfavouévwy Twv CLOCK, PER1,
PER2, PER3, CRY1, CRY2, ARNTL, NPAS2, RORA, RORB, REV1, VDR, BHLHEA40,
BHLHE41, NR1D1, T3FN , SLC6A4, SLC4A3, HCRTR1, HCRTR2, MECP2, GABBR1
kai HLA-DQBL1.

21ox0l1: O 0TOX0G pag €dW NTAV TTPOCBIOPICOUNE TNV ETTIOPACN TwV TTapaAAaywyv oTa
yovidla TTou OxeTiCoOvTal HPE TOUG KIPKADIOUG pubuoUg, o€ ETTIAEYMEVES TTAPAUETPOUG

UTTVOU OTTWG TTPOCBIoPICovVTal aTTO TNV AKTIYPAQia.

MéBodoAoyia: 21 peAéETn  pag, avaAuoape TTapaAAayég  (Single  Nucleotide
Polymorphisms: SNPs) o€ autd ta yovidla yia va Ta CUOXETIOOUME E TIG TTAPANETPOUG
Utrvou, OTTWG TTPOOdIopIoTNKAY MECW TNG AKTIypagiag oe éva Oegiyua, PEPOS Mia
MeyaAn diemoTtnuovikng peEAEMG (Cretan Aging Cohort: CAC). MNa va 10 TTETUXOUME
auto, cuoxetioape dedopEva WES atmd oupuetéxovieg Tou deiypatog (Cretan Aging
Cohort: CAC) pe mg BaBuoAoyie¢ MG akTypagiag oe 4 TrapauéTpoug UTrvou (night
TST, TST, night TiB, total TiB). To TeAKO PepOg Tou deiypaTog pag TepieAdppave 164
OUMPETEXOVTEG (91 avoikoi, 73 pAapTUpeg). To TIPWTO HEPOG NG MEAETNG HAG
ETTIKEVIPWONKE OTNV agloAdynon TG €TTidpacng ¢ Trapouaiag f atrouciag Twv SNPs
og autd Ta 25 yovidia, oTig 4 Babuoloyieg TTapauéTpwy UTTVvou. ‘Eva atrotéAeopua
BewpnrBnkKe OTATIOTIKA ONPAVTIKO €Av gixe wg atrotéAeopa iy p <0,05. To deuTepo
MEPOG TNG MEAETNG E€iXE WG OTOXO TNV QViXVEUON OTTAVIWV TTOAUMOPPICHWY TTOU
UTTAPXOUV O€ CUMUETEXOVTIEG ME QKPAIOUG QPAIVOTUTTIOUG UTTVOU, OTTWG TTPOCdIopifovTal
ato TG 4 TTAPAPETPOUG UTTVOU.

ArroteAéopara: Evromicapye om o mapaMayég  rs1042098 (SLC6A3 gene),
rs8192440 (CRY1l gene) kai rs2304911 (PER1 gene) €dciav TTwG UTTAPXEI MIa
OTATIOTIKA ONUAVTIKA dIa@opd CUYKPIVOVTOG TIG TIUEG TWV TTAPANETPWY UTTVOU MPETAEU
OUMPETEXOVTWY TToU @épouv Ta SNP Kal autwv Tou Oev Ta QPEPOUV, HE TOUG
OUMPETEXOVTEG TTOU PEpouV TIG TTapaAayEg rs1042098 kar rs2304911 va epgpavifouv
MIKpOTEPN BIAPKEIO UTTVOU 0€ OAEG TIC TTAPAMETPOUG KAl TOUG opeic TG rs8192440 va
EM@aviCouv PeyaAuTepn BIAPKEIQ UTTVOU O€ OAEG TIG TTAPAMETPOUG TTOU WEAETABNKAYV,

og ox€on e Vv opada TTou Oev £@epe TIG TTAapaAayEG. ETriong, eviotrioape dIGQopeg
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oTTavieg TTapaAAayEG o€ autd To Otiyua TTOU €ixav OXEON ME Evav AKPAIo QAIVOTUTIO
UTTVOU.

ZupTtrépaopa: YTTApyxouv €vOeiCelg OT PTTOPEI va UTTAPXEI OUOXETION METAEU Tou
YOVOTUTTOU HE TOV @QAIVOTUTTO UTIVOU, OTTWG TTPOOdIopifeTal atmd TNV aKTypaQia.
Mepaimépw €peuva  aTmaiteital yia TV KAAUTEPN TTEPIYPOPH QUTAG TNG CUOXETIONG
avapeoca otV PIKPR dIGpKEIa UTTVoOU ) oTn JeEYAAn Oidpkeia UTTVOU Kal TV TTapouadia
TwV TTapaAAaywV oTa yovidia TTou PEAETABNKAV.

Aéeig kAe1d1a: utrvog, yovidia clock, SNPs, akTiypa@ia, TTapduETPOl UTTVOU,

Sdiatapayég Utrvou
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ABBREVIATIONS

5-HT: serotonin

A: adenine

AB: amyloid beta

Ach: acetylcholine

AD: Alzheimer disease

ADHD: attention-deficit/hyperactivity
disorder

Ala (A): alanine

APQOE: apolipoprotein E

APP: amyloid-beta precursor protein
Arg (R): arginine

ARNTL: Aryl Hydrocarbon Receptor
Nuclear Translocator Like

ASD: autism spectrum disorder
Asn (N): asparagine

Asp (D): aspartic acid

ATP: adenosine triphosphate

AVP: arginine vasopressin

BDNF: brain-derived neurotrophic

factor

BF: basal forebrain
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BHLHEA4O0: basic helix-loop-helix family

member E40

BHLHEA41: basic helix-loop-helix family

member E41
C: cytosine
CAC: Cretan aging cohort

CHRM3: cholinergic receptor

muscarinic 3

CRY1/CRY2:

cryptosomel/cryptosome2

DA: dopamine

DR: dentate gyrus

DSPS: delayed sleep phase syndrome

EDTA: ethylenediaminetetraacetic
acid

FASPS: familial advanced sleep phase

syndrome
G: guanine
GABA: gamma-aminobutyric acid

GABBR1: gamma-aminobutyric acid
type B receptor subunit 1

GIn (Q): glutamine

Glu (E): glutamic acid


https://en.wikipedia.org/wiki/Amyloid-beta_precursor_protein

Gly (G): glycine

GRP: calretinin, gastrin related peptide

GWAS: genome wide association

studies
HA: histamine

HCRTR1/HCRTR2: hypocretin

receptorl/hypocretin receptor 2

His (H): histidine

HLA-DQB1: major histocompatibility

complex, class Il, DQ beta 1

IPRGCs: intrinsically photoreceptive

retinal ganglion cells

IL-1B: interleukin-13

lle (I): isoleucine

LDT/PPT: laterodorsal and

pedunculopontine tegmental nuclei
LC: locus coeruleus

MCH: major histocompatibility complex
MCH: melanin-concentrating hormone
MECP2: methyl CpG binding protein 2
Met (M): methionine

MMSE: mini-mental state examination

test

MNPO: median preoptic area
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NE: norepinephrine (NE)

NPAS2: neuronal PAS domain protein
2

NR1D1: nuclear receptor subfamily 1

group D member 1
NREM: non rapid eye movement
OCD: obsessive-compulsive disorder

OXR1/OXR2: orexin 1 receptor/orexin
2 receptor

p: p-value

PER1/PER2/PERZ2: periodl/period
2/period 3

PGD2: prostaglandin D2

Phe (F): phenylalanine

Pro (P): proline

PSEN1/PSEN2:
presenilinl/presenilin2

REM: rapid eye movement

RORA/RORB: nuclear receptor ROR-
alpha/RAR related orphan receptor B

SLC6A3/SLC6A4: solute carrier family
6 member 3/ solute carrier family 6

member 4
SCN: suprachiasmatic nucleus

Ser (S): serine
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TLS: translesion synthesis

TiB: total time in bed
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TNF-a: tumor necrosis factor-a
Trp (W): tryptophan

TST: total sleep time

TTFL: transcriptional-translational

feedback loop

Tyr (Y): tyrosine

Val (V): valine

VDR: vitamin D receptor

VIP: vasoactive intestinal peptide
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VTA: ventral tegmental area
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1. INTRODUCTION

Dr Allan Rechschaffen, who spent his whole academic career studying sleep and
sleep deprivation at Sleep Laboratory in University of Chicago, stated that “If sleep
doesn't serve an absolutely vital function, it is the greatest mistake evolution ever
made.” Indeed, sleep seems to serve such a purpose, according to the discoveries
that have been done so far. However, there is a great deal of information yet to be

discovered. Below the basic knowledge regarding sleep’s mechanism is presented.

1.1 Definition of Sleep

Sleep occupies one third of our lives (Aminoff, Boller, & Swaab, 2011). It is such an
important and vital activity, essential for functions such as memory consolidation,
metabolism and immunity, that its long term deprivation causes death (Sanchez,
Kalume, & de la Iglesia, 2022 ; Schwartz, & Klerman, 2019). While falling asleep, the
body passes to an actively unconscious state and the brain, rests and reacts mostly
to internal stimuli (Sanchez, Kalume, & de la Iglesia, 2022 ; Brinkman, Reddy, &
Sharma, 2021). This state can be easily reversed with external stimuli. Although,
very little is known for the mechanism that regulates sleep, it seems that several
functions need to be completed so as to naturally pass to the conscious state
(Sanchez, Kalume, & de la Iglesia, 2022 ; Schwartz, & Klerman, 2019).

1.2 Sleep architecture

There are two types of sleep states, the non-rapid eye movement (NREM) and the
rapid eye movement one (REM) (Figurel). The states usually alternate cyclically 4 to
6 times during sleep time, with each stage lasting approximately 90-120 minutes
(changes overnight). Both states present different characteristics in eye movement,
muscle tone, brain wave activity which have been measured with the use of
electroencephalogram (EEG). What is more, NREM sleep consists of 4 stages: N1,
N2, N3 and N4. (Patel, Reddy, & Araujo, 2022 ; Colten, Altevogt, & Institute of
Medicine (US) Committee on Sleep Medicine and Research, 2006).

1.2.1 NREM sleep

Most of the adult sleep time is spent on that state, more specifically 75-80% of the

total sleep time. NREM sleep and sleep in general, begin with the N1 stage and
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continue to N2, N3 and N4 until REM is reached. Each stage indicates sleep depth.
NREM stage decreases as the night progresses while REM sleep increases. (Patel,
Reddy, & Araujo, 2022 ; Colten, Altevogt, & Institute of Medicine (US) Committee
on Sleep Medicine and Research, 2006).

N1

It signals the beginning of sleep and the beginning of a sleep cycle. Brain activity of
low voltage mixed frequency waves indicates a “light” sleep state which lasts 1-7
minutes. Breathing continues regularly, while muscle tone is traced in the skeletal
muscles. It can be disrupted by light external stimuli (Patel, Reddy, & Araujo, 2022 ;
Colten, Altevogt, & Institute of Medicine (US) Committee on Sleep Medicine and
Research, 2006).

N2

At this stage, sleep spindles and K-complexes (Figure2) are present in the
electroencephalogram (EEG). It constitutes approximately 50% of total sleep time
and lasts 10-25 minutes. It is suggested that memory consolidation occurs in N2
stage. As the heart and body temperature drop, it is more difficult to interrupt this
sleep state (Patel, Reddy, & Araujo, 2022 ; Colten, Altevogt, & Institute of Medicine
(US) Committee on Sleep Medicine and Research, 2006).

N3 & N4

This stages consist the deeper sleep or the slow wave sleep (SWS), indicated by the
delta waves in brain activity. High voltage activity is present in both, but appears
more increased in stage 4. Stage 4 lasts 20-40 minutes, when stage 3 lasts a few
minutes. Tissue, bone and muscle growth and immune boosting procedures take
place at this stage (Patel, Reddy, & Araujo, 2022 ; Colten, Altevogt, & Institute of
Medicine (US) Committee on Sleep Medicine and Research, 2006).

1.2.2 REM sleep

The brain’s activity frequency is not stable and is characterized by low voltage waves
and by high theta wave range at this state. There is asynchronous breathing rate and
all muscles, besides the diaphragmatic breathing and eye muscles, are inactive. It

starts by lasting 10 minutes and ends up lasting 1 hour at the later sleep cycles.
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Dreaming occurs at the stage. It seems that dream recall results from waking up
while going through the REM state (Patel, Reddy, & Araujo, 2022 ; Colten, Altevogt,
& Institute of Medicine (US) Committee on Sleep Medicine and Research, 2006).

'S 2]

Wake -
S1 4
S2
S3
S4

REM - ol
Body/—' [N} i | Ha | B RE . | | lI!IlIIA

movement ] ' ' : ! ' ] :
24 1 2 3 4 5 6 7

-

Figurel. The 4 stages on NREM sleep that alternate with REM sleep (Carskadon, &
Dement, 2005).

1.3 Sleep physiology

In both NREM and REM states, a human brain functions differently. Every system
adapts to the state of unconsciousness, serving a purpose which is beneficial overall

for the proper functioning of the body (Tablel).

1.3.1 Respiratory

It is suggested that, especially during REM sleep, there is a decrease in oxygen
influx or an increase in carbon dioxide content of the blood or both, as a result of a
lung hypoventilation. That may be caused, among other factors, by reduced
pharyngeal muscle tone (Krieger, 2000 ; Simon, Landry, & Leifer, 2002). What is
more, there is reduced tone in the intercostal and upper airway muscles, which
results in low rib cage movement (Parker, & Dunbar, 2005). The cough reflex is
absent as well (Colten, Altevogt, & Institute of Medicine (US) Committee on Sleep
Medicine and Research, 2006).

1.3.2 Sympathetic and cardiovascular activity

There is an increase of sympathetic activity during the REM state compared to

wakefulness. On the contrary, during the NREM state and as the sleep proceeds to
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deeper states, it decreases. However, during the K-complexes of stage N2, heart
rate and blood pressure increase and affect the sympathetic activity likewise.
(Colten, Altevogt, & Institute of Medicine (US) Committee on Sleep Medicine and
Research, 2006)
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Figure2. Sleep states alteration and sleep cycles in a young adult’s sleep overnight

(Carskadon, & Dement, 2005). The arrow indicates the K-complex.
1.3.3 Cerebral blood flow

Following the same pattern, there is an increase in blood flow and metabolism during
the REM state, compared to wakefulness, and on the contrary, a decrease in blood

flow and metabolism during NREM state (Madsen et al.,1991).

1.3.4 Endocrine

Several hormones secretion is implicated during sleep. One of them is melatonin,
whose function depends on the light-dark cycle as it assists with the transition from
the wake state to the sleep state. What is more, growth hormone is secreted during

slow wave sleep at the first part of total sleep duration (Parker, & Dunbar, 2005).
1.3.5 Renal

Another system to be influenced by sleep is renal. Reduction of the urine flow seems
that is caused by limited presence of essential elements such as potassium, calcium

etc. as well as changes in renal blood flow, hormone secretion, and sympathetic
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neural stimulation among other factors (Colten,

Altevogt,

& Institute of Medicine

(US) Committee on Sleep Medicine and Research, 2006)

Physiological
Process

During NREM sleep

During REM sleep

brain activity

decreased related to wakefulness

increases in motor and
sensory areas, while other
areas are similar to NREM

heart rate

slower related to wakefulness

increases and varies
compared with NREM

blood pressure

decreased related to wakefulness

increases (up to 30 percent)
and varies from NREM

brain’s blood
flow

does not change from wakefulness
in most regions

increases by 50 to 200 percent
from NREM, depending on
brain region

respiration

decreased related to wakefulness

increases and varies from
NREM, but may show brief
stoppages (apnea); coughing
suppressed

airway
resistance

increases related to wakefulness

increases and varies from
wakefulness

body
temperature

is regulated at lower set point than
wakefulness; shivering initiated at
lower temperature than during
wakefulness

is not regulated - no shivering
or sweating-temperature drifts
toward that of the local
environment

sexual arousal

occurs infrequently

increases from NREM (in both
males and females)

Tablel. Sleep physiology in NREM and REM sleep states (NHLBI, 2003)

1.4 Circadian rhythms

The circadian rhythm of mammals is usually described as a biological internal clock

which modulates the body’s essentials functions, based on the zeitgebers, which are

environmental cues (Scammell, Arrigoni, & Lipton, 2017). Even though, it is affected

by the earth rotation and the environmental cues during all 24 hours, it persists in the
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absence of external cues (Cox, & Takahashi, 2019). This clock affects the sleep and
wake cycles, with light playing an important role on the entrainment of the internal
biological rhythms with environmental cycles (Sanchez, Kalume, & de la Iglesia,
2022). For the presence or absence of light (dark-light cycle), the clock is set to
function accordingly and organize daily behavioral and physiological rhythms (such
as sleep, locomotor activity). However, light is not the only environmental cue that

participates in entrainment.

The entrainment, the alignment of the internal processes with the environmental
stimuli, is crucial for survival (Colten, Altevogt, & Institute of Medicine (US)
Committee on Sleep Medicine and Research, 2006 ; Schwartz, & Klerman, 2019). It
regulates the sleep-wake cycle, physical activity and food consumption, body
temperature, heart rate, muscle tone, and hormone secretion (Colten, Altevogt, &

Institute of Medicine (US) Committee on Sleep Medicine and Research, 2006).

Chronotherapy, a therapy that aims to treat individuals by taking in consideration
their circadian rhythms, has been widely used. Its principle suggests that by
improving the sleep wake cycle, the treatment of other health issues could be
enhanced. The medication for e.g cancer (chemotherapy) is administrated at the
optimal time of the day of, which varies among patients and is based on their
individual chronotype, so as to be more effective (Cardinali, Brown, & Pandi-
Perumal. 2021).

1.4.1 Suprachiasmatic nucleus (SCN)

The suprachiasmatic nucleus (SCN) is the structure mainly responsible for
controlling the circadian rhythms throughout the body (Figure3). It is located on the
upper part of hypothalamus, above the optic chiasm. Both of its sides communicate
with the third ventricle (Schwartz, & Klerman, 2019). It is also divided in the core,
which is located ventrolaterally and is composed by neurons that express vasoactive
intestinal peptide (VIP), calretinin, gastrin related peptide (GRP), or neurotensin, and
the shell, which is located dorsomedially with its neurons expressing arginine
vasopressin (AVP), angiotensin I, prokineticin-2, and met-enkephalin. (Scammell,
Arrigoni, & Lipton, 2017 ; Morin, 2013).
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Hence, each structure has region-specific effects on the ventral compared to dorsal
SCN. Besides the neurons mentioned before, most of the neurons that comprise the
SCN are GABAergic. (Scammell, Arrigoni, & Lipton, 2017).

The role of neurons expressing GABA in the SCN seems to depend on the state of
the system each time, which means that they either have excitatory or inhibitory
actions and they support synchrony or desynchrony (Albus, Vansteensel, Michel,
Block, & Meijer, 2005 ; Aton, Huettner, Straume & Herzog, 2006 ; Mohawk, &
Takahashi, 2011 ; Wagner, Castel, Gainer, & Yarom,1997).

Melatonin, a hormone which is released by the pineal gland, is regulated by the SCN
and hence its release occurs with a certain rhythm and timing. Melatonin levels are
high during the night and very low during the day (Sanchez, Kalume, & de la Iglesia,
2022). It is also known as the night hormone as light inhibits its secretion (Sanchez,
Kalume, & de la Iglesia, 2022).

One of the major connections of SCN is the retinohypothalamic tract. The light
stimulus is being detected by the photoreceptive retinal ganglion cells (ipRGCs) in
the retina and via the retinohypothalamic tract it reaches the SCN. The SCN informs
with the concomitant signals the structure of the body to ensure the entrainment.
(Colten, Altevogt, & Institute of Medicine (US) Committee on Sleep Medicine and
Research, 2006 ; Morin, 2013). Besides the retinohypothalamic pathway, there are
two more afferent connections, the median raphe serotonergic pathway and the

geniculohypothalamic (Morin, 2013).

Overall, the SCN, as a major circadian regulator, controls the wake-sleep system,
the body temperature, the locomotor activity, the cycles of feeding and hormonal
activity and is capable of adjusting all that under extreme conditions in order to
ensure the organism’s survival (Colten, Altevogt, & Institute of Medicine (US)

Committee on Sleep Medicine and Research, 2006).

1.5 Sleep state vs Wake State

Sleep state and wake state occur every day, both driven by the circadian

mechanism. Each one is characterized by different patterns and processes but both
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influence each other. The interplay between two processes is what successfully
regulates the sleep-wake system (Colten, Altevogt, & Institute of Medicine (US)

Committee on Sleep Medicine and Research, 2006).
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Figure3. The pathways implicated in SCN function, the brain projections and the
synchronization of molecular clocks of peripheral organs (Hastings, Maywood, &

Brancaccio, 2018).
1.5.1 Process S

Process S, or the homeostatic regulation of sleep, refers to the biological need for
sleep. This drive for sleep builds up through the day and reaches its highest point at
night, before bedtime (Sanchez, Kalume, & de la Iglesia, 2022). What is more, this
sleep pressure increase, depends on the wake time of an individual. The more
awake one stays, especially past bedtime, the more it mounts (Sanchez, Kalume, &
de la Iglesia, 2022). During the night, as an individual's sleep progresses, it slowly
disperses. In the morning, during wake time, it is at its lowest point, as a result of an
adequate night sleep (Colten, Altevogt, & Institute of Medicine (US) Committee on
Sleep Medicine and Research, 2006). It is suggested that there is an increase and
decrease of Process S during REM and NREM sleep respectively (Schwartz, &
Klerman, 2019).
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1.5.2 Process C

Process C, or the circadian regulation of sleep, is regulated by the circadian system

(Sanchez, Kalume, & de la Iglesia, 2022). Likewise Process S, Process C builds up

through the day, aiming to maintain wakefulness at certain periods during the day. It
reaches its highest point in the morning and its lowest point at night before bedtime.
(Gillette, & Abbott, 2005 ). It plays an important role at synchronizing the sleep-wake
with the light-dark cycles of the environment and at maintaining each cycle clear and
distinct (Gillette, & Abbott, 2005 ; Colten, Altevogt, & Institute of Medicine (US)
Committee on Sleep Medicine and Research, 2006). Although the total sleep time is
not affected in case Process C is absent, sleep unevenly and randomly is handed
out during the day and night, resulting in the absence of distinct cycles (Gillette, &
Abbott, 2005).

It is suggested that, besides their independent function, these two processes have
an effect on each other, and mostly Process S has influence over Process C

(Sanchez, Kalume, & de la Iglesia, 2022).
1.6 Sleep Biology

Several systems, neurotransmitters and pathways that are implicated in the sleep
and wake stages have been studied. Below are separately presented: the circuitry

that promotes wake, the circuitry that promotes sleep and the “flip flop switch” model.
1.6.1 Wake promoting systems

The reticular formation, an area that is spread from the core of the brainstem, to the
medulla, up to the midbrain and then into the posterior hypothalamus, is implicated
in the promotion of wakefulness via excitation through projections to the thalamus,
hypothalamus, and basal forebrain. That is achieved by specific neurotransmitters,
their role of which and their projections we discuss below (Figure4) (Espafa, &
Scammell, 2011).

Acetylcholine (ACh) is produced by the cholinergic neurons in the basal forebrain

(BF), which is located in the front of hypothalamus, and in the brainstem. The most
known functions in which it is implicated are learning, cognition, memory,

wakefulness and REM sleep. The BF neurons project to the cortex and hippocampus
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(Boucetta, & Jones, 2009). Cholinergic neurons are located in the pons, in the
laterodorsal and pedunculopontine tegmental nuclei (LDT/PPT) and they activate the
cortex by channeling Ach into the thalamus (Williams et al., 1994). Besides Ach, a
great deal of y-aminobutyric acid (GABA) is produced in the BF as well, which by its
inhibitory action on the cortical interneurons, is likely activates the cortex (Espafna, &
Scammell, 2011).

Norepinephrine (NE), which is produced mainly in the locus coeruleus (LC), which
is located below the fourth ventricle and in the brainstem, seems to promote arousal
and wakefulness so as to respond to a challenge, an important stimuli or a stress
conditon (Scammell, Arrigoni, & Lipton, 2017; Espafia, & Scammell,
2011).Furthermore, it seems that there is very low firing during NREM sleep and

almost none during REM sleep from the LC neurons (Espafia, & Scammell, 2011).

Histamine (HA) in the brain is mainly produced by the tuberomammilary nucleus
(TMN), which is located at the base of the posterior hypothalamus and has
connections with the forebrain and brainstem. Although HA is implicated in
psychomotor functions, motivation and attention, (Van Ruitenbeek, Vermeeren, &
Riedel, 2010 ; Passani, Blandina, & Torrealba, 2011), it seems that it plays an
essential role in promoting wakefulness and more specific at initiating it. Adding to
that, there is very low firing during NREM sleep, almost none during REM and high
activation during wakefulness. However, yet little is known about which aspects of
arousal it governs (Scammell, Arrigoni, & Lipton, 2017 ; Espafa, & Scammell, 2011 ;
Haas, Sergeeva, & Selbach, 2008).

Serotonin (5-HT) is mainly produced in the dorsal raphe nucleus and along the
brainstem’s midline with connections in the preoptic area, BF , hypothalamus, and
thalamus. Among other functions, such as appetite and mood, it promotes
wakefulness as well. Following the same pattern, the firing of 5-HT is high during
arousal, lower during NREM sleep and almost non- existent during REM sleep
(Espafa, & Scammell, 2011).

Dopamine (DA) is produced in the substantia nigra, ventral tegmental area and
ventral periaqueductal gray (VPAG) (Sanchez, Kalume, & de la Iglesia, 2022). Even
though these areas fire during movement and reward, extracellular levels of DA are

high during wakefulness and lower during NREM sleep. In agreement to that, it is

24



suggested that the role of DA is implicated in arousal when it is accompanied by high

motivation or high physical activity levels (Espafa, & Scammell, 2011).

Orexin/Hypocretin is a neuropeptide that is produced in the lateral and posterior
hypothalamus. Orexin A and B (hypocretin 1 and 2) excite neurons via the OX1 and
OX2 receptors and present high levels of firing during wakefulness and low levels
during NREM and REM sleep. Their neurons project to all the arousal areas
mentioned previously in this chapter, but mostly on the LC and TMN (Espafa, &
Scammell, 2011 ; Sakurai et al., 1998 ; Lee, Hassani, & Jones, 2005). Their role
specifically seems to be important for enhancing arousal in a motivating context
(such as seeking food) and maintaining long periods of wakefulness (Scammell,
Arrigoni, & Lipton, 2017 ; Espafia, & Scammell, 2011). What is more, there is some
glutamate production from these neurons which excites certain neurons (Schone et
al., 2014).

Cerebellum

Figure4. The neurotransmitters, the regions and the projections implicated in

wakefulness (Saper, Scammell, & Lu, 2005).
1.6.2 Sleep-Promoting Systems
NREM sleep is induced by the neurons of the the ventrolateral preoptic area (VLPO)

and median preoptic area (MNPO), which are located in the anterior of
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hypothalamus (Figure5). There, GABA neurotransmitter and neuropeptide galanin
are produced, which project to all the arousal related areas such as LDT/PPT, LC,
DR, TMN, and the orexin neurons. Therefore, it is suggested that sleep is promoted
by the VLPO and MNPO by inhibiting all the areas mentioned above (Espafa, &
Scammell, 2011 ; Saper et al. 2010) with VLPO neurons firing during NREM sleep
and the MNPO neurons firing on the onset of NREM sleep (Espafia, & Scammell,
2011).

REM sleep seems to be induced by the neurons of the pons. It has been observed
that some cholinergic neurons located in the LDT/PPT fire in both wakefulness and
REM sleep or solely in REM sleep (Espafia, & Scammell, 2011 ; Boissard et
al.,2002). These neurons and Ach may assist in the generation of complex dreams
during that sleep stage, by activating the cortex though the depolarization of thalamic

neurons (Espafia, & Scammell, 2011).

Cerepellum

Figure5. The neurotransmitters, the regions and the projections implicated in sleep

promotion (Saper, Scammell, & Lu, 2005).

GABA and glutamate, which are produced on the sublaterodorsal nucleus (SLD), are
firing during REM sleep and may inhibit motor neurons. Moreover, these neurons

could be inhibited by REM sleep-suppressing neurons in the mid-pons, which
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provides an insight on how the transitions between REM and NREM sleep are
regulated (Boissard et al., 2002).

Another explanation of how NREM and REM sleep alternate, lies in the interaction of
monoamines, such as NE, 5-HT, and Ach. Monoamines are known for their inhibitory
role on sleep. However, cholinergic neurons which fire during REM sleep are
inhibited by 5-HT, NE and HA during the wake state and at some degree during
NREM sleep (Espafia, & Scammell, 2011 ; Leonard, & Llinds, 1994).Another
inhibitory factor is Melanin-concentrating hormone (MCH), which is produced by
neurons in the lateral hypothalamus, where orexin neurons are located as well, and
have projections at the same areas as the orexin ones. MCH neurons are highly
activated during REM sleep as a result of the arousal regions inhibition (Espafa, &
Scammell, 2011 ; Verret et al., 2003).

1.6.3 Sleep and wakefulness transitions

Sleep and wake states alternate in a flip flop switch” circuit (Figure6). The alteration
iIs compared to that type of circuit, as there are no or very fast transitional states.
When one state occurs, the other is utterly inactive and both states are inhibitory to
one another. (Saper, Scammell, & Lu, 2005). To promote the wake state,
monoamines and cholinergic neurons disinhibit their own action by inhibiting the
action of VLPO. To promote sleep, the VLPO neurons disinhibit their own action by
inhibiting the arousal areas. The result of this mutual inhibition is a stable sleep and

wake state (Espafia, & Scammell, 2011).

Part of that circuitry is the orexins. Although orexins promote wakefulness, they do
not directly inhibit VLPO, but they excite other neurons such as the monoaminergic
ones that inhibit REM sleep (Saper, Scammell, & Lu, 2005 ; Bourgin et al., 2000).

Besides all the information presented above, there are more factors that affect and
influence the sleep state. Adenosine, which is phosphorylated to ATP, a cell’s source
of energy, has increased levels when a cell is fatigued and no longer phosphorylates
it to ATP. This increase acts inhibitory to neurons implicated with arousal and
disinhibitory to VLPO neurons. The peptides, which are released by the immune
system cells called cytokines, such as interleukin-18 (IL-18) and tumor necrosis

factor-a (TNF-a), promote sleep and most specific sleep onset (Espafa, &
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Scammell, 2011). Prostaglandin D2 (PGD2) levels in cerebrospinal fluid seems to be
increased during sleep. This lipid, which is produced in the basal meninges,
facilitates NREM sleep (Huang, Urade, & Hayaishi, 2007).

Figure6. The “flip-flop switch” model. a. wakefulness promotion b. sleep promotion
(Saper, Scammell, & Lu, 2005).

1.7 Sleep genetics

There is strong evidence that several genes are involved in the circadian rhythm
regulation, including the clock genes. Ongoing research identifies more and more
genes that seem to be related to sleep mechanisms. Here we describe the most

important genes implicated in the molecular clock underlying sleep architecture.

CLOCK gene is located in 4912, encodes the clock protein and is implicated in
circadian regulation (NCBI, 2004). ARNTL or BMALL is located in 11p15.3,
encodes a protein that forms a heterodimer with CLOCK and promotes the
transcription of PERIOD and CRYPTOSOME genes. NPAS2 is located in 2g11.2
and plays a great role in the molecular clock by forming heterodimer with ARNTL
(NCBI, 2004). The PERIOD genes are circadian pacemakers and regulate locomotor
activity, metabolism, and behavior. PER1 is located in 17p13.1, PER2 in 2937.3 and
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is implicated in familial advanced sleep phase syndrome 1 and PER3 is located in
1p36.23 and is associated with familial advanced sleep phase syndrome 3. The
CRYPTOSOME genes are regulators of the clock mechanism. CRYL1 is located in
11p11.2 and is associated with sleep-wake schedule disorder and delayed phase
type and CRY2 is located in 11pl11.2 and seems to alter sleep patterns (NCBI,
2004).

These genes comprise the molecular clock and function by a transcriptional-
translational feedback loop (TTFL) (Figure7) (Sanchez, Kalume, & de la Iglesia,
2022). As mentioned above, CLOCK binds with ARNTL and together they form a
heterodimer which activates the transcription of CRYPTOSOME and PERIOD genes
(Sanchez, Kalume, & de la Iglesia, 2022 ; Cox, & Takahashi, 2019). CRYPTOSOME
and PERIOD genes bind and form a heterodimer and they inhibit their own promoter
activity, CLOCK-ARNTL heterodimer (Sanchez, Kalume, & de la Iglesia, 2022).

Thus, they repress their own gene transcription (Cox, & Takahashi, 2019).

BHLHE40 and BHLHE41 genes are located in 3p26.1 and 12p12.1 respectively and
they encode a basic helix-loop-helix protein. They are implicated in the molecular
clock’s function by binding in E-Box site of PER1 promoter so as to repress
CLOCK/ARNTL's transactivation of PER1 (NCBI, 2004).

RORA and RORB genes encode the nuclear receptor ROR alpha and retinoid-
related orphan receptor beta and are located in 15922.2 and in 9921.13. NR1D1 is
located in 17g21.1 and encodes the nuclear receptor REV-Erba (NCBI, 2004).

These genes form a secondary feedback loop, in which REV-Erba and ROR
receptors claim for the binding sites on ARNTL, so as to inhibit or activate its
expression respectively (Sanchez, Kalume, & de la Iglesia, 2022 ; Cox, & Takahashi,
2019 ; Jetten, 2009).

CHRM3 is the gene that encodes the cholinergic receptor muscarinic 3 and is
located on the 1943 position. It affects the function of Ach in the central and
peripheral nervous system (NCBI, 2004). Following the previous research of the Ach
implication on sleep and wake states, it has been showed that CHRM3 is essential

for REM sleep and plays arole in NREM state as well (Niwa et al.,2018).
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HCRTR1 and HCRTR2 are the genes that encode the G-coupled hypocretin
receptor 1 and 2, are located in 1p35.2 and 6pl2.1 and bind the neuropeptides
orexin 1 and 2 respectively (NCBI, 2004). They are primarily implicated in the
feeding behavior (NCBI, 2004), but there is evidence suggesting that orexin
deficiency in the brain is associated with a sleep disorder called narcolepsy (Shaw,
Tafti, & Thorpy, 2013 ; Irukayama-Tomobe et al., 2017).

SLC6A3 gene is located in 5p15.33 and encodes a dopamine transporter which
transfers the dopamine from the synaptic cleft back in the cytosol (NCBI, 2004). The
primary role of this gene is the generation of a dopamine transporter (DAT). It is
considered a risk factor for ADHD, ASD, and alcohol use disorder and there is little

evidence that associates it with sleep architecture (Abel et al., 2020).

SCL6A4 gene is located in 17911.2 and encodes a serotonin transporter which
transfers the 5-HT from the synaptic cleft back in the presynaptic neuron (NCBI,
2004). Primarily associated with anxiety and OCD, there has been a link with sleep
bruxism, increased complaint of sleep onset problems, shorter sleep duration and
SLC6a4 gene (Abel et al., 2020).

The HLA-DQB1 gene belongs to the human leukocyte antigen (HLA) system (the
major histocompatibility complex [MHC] in humans) and consists of a beta chain
(DQB) (NCBI, 2004). It is implicated in the function of the immune system and is
located in the 6p21.32 (NCBI, 2004). There is evidence for its involvement in the
pathogenicity of narcolepsy and in the obstructive sleep apnea (Shaw, Tafti, &
Thorpy, 2013 ; Ollila, 2020 ; Momany et al., 2017).

MECP2 is located in Xg28 and encodes the MECP2 protein which is essential for
development (NCBI, 2004). It is associated with neurodevelopmental disorders such
as Rett Syndrome and there is a few past research that links the protein with
disrupted sleep (Abel et al., 2020 ; Wither et a., 2012).

BDNF encodes a growth factor which is involved in the nerve development. It is
located in 11pl4.1 and its deficiency is implicated in neurodegenerative diseases
such as AD and Parkinson (NCBI, 2004). It is suggested that it regulates sleep slow

wave oscillations (Abel et al., 2020).
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TNF gene is located in 6p21.33 and encodes a proinfammatory cytokine which
belongs to the tumor necrosis factor family (NCBI, 2004). It plays a role in brain
development, cell survival/apoptosis, neurogenesis and cell differentiation while it is

implication in sleep disturbances has been studied (Da Silveira et al., 2021).
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Figure7. The basic transcriptional-translational feedback loops (TTFL) regulated by
the clock genes (Jetten, 2009).

GABBR1 gene encodes the GABA (B) receptor 1 and is located in 6p22.1. It is
implicated in schizophrenia and epilepsy and it has been proposed that there may be
an association of GABBR1 with obstructive sleep apnea (NCBI, 2004 ; Veatch et al.,
2020).

REV1 gene is located in 2gll.2 and encodes a DNA repair protein which
participates in the research of DNA polymerases for the repair (translesion
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synthesis- TLS) of damaged DNA (NCBI, 2004). During replication, a damaged DNA
can cause mutations and REV1 gene product plays a mutagenic role in
thatprocedure (Lin et al., 2019). Along with this role, it has been mentioned as a

circadian gene in the literature (Christou et al., 2019, Jim et al., 2015).

VDR gene, located in 12g13.11, encodes the vitamin D3 receptor. It participates in
immune responses and in the balance of several minerals (NCBI, 2004). There is a
possible implication of this gene in the dysfunction of circadian mechanisms in

Cretan population (Konstantara, 2016).

1.8 Sleep disorders

According to the latest ICD-11 version, sleep disorders or sleep-wake disorders are
characterized by “difficulty initiating or maintaining sleep (insomnia disorders),
excessive sleepiness (hypersomnolence disorders), respiratory disturbance during
sleep (sleep-related breathing disorders), and disorders of the sleep-wake schedule
(circadian rhythm sleep-wake disorders), abnormal movements during sleep (sleep-
related movement disorders), or problematic behavioral or physiological events that
occur while falling asleep, during sleep, or upon arousal from sleep (parasomnia
disorders)”. As a multifactor activity, sleep can be disturbed, shortened or prolonged
due to health issues of all kinds, to medication or work and lifestyle (Gaine,
Chatterjee, & Abel, 2018). As a consequence, deviation from normal sleep has been
associated and seems to be implicated as a risk factor for diseases such as
Alzheimer’s and Parkinson’s disease (51). Cognitive deficits and memory impair may
occur as well (Gaine, M. E., Chatterjee, S., & Abel, T. (2018 ; Bishir et al., 2020).

Below are presented the most common sleep disorders.

Narcolepsy is characterized by excessive daytime sleepiness and cataplexy.
Cataplexy is the sudden loss of bilateral muscle control and facial muscle control in
response of a strong emotion for a very short period of time, as long as the trigger of
the emotion is present. Along with these two basic symptoms, hallucinations, sleep
paralysis and disturbed sleep can be present as well as motor, cognitive, psychiatric,
metabolic and autonomic deficits. The main factor that forms the neuropathology of
this disorder is the loss of orexin neurons in the lateral hypothalamus. What is more,

the positivity in HLA-DQB1*06:02 seems to enhance the risk of narcolepsy. It can be
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treated via symptomatic pharmacology and with non-pharmacological treatments.

(Bassetti et al., 2019 ; Mahoney, Cogswell, Koralnik, & Scammell, 2019).

Insomnia is a sleep disorder characterized by long term difficulty falling asleep,
maintaining the asleep state, early morning awakening along with impact on the
daytime functionality. It could be either a primary disorder or a symptom or a risk
factor to other diseases. PER3 and CLOCK variants have been implicated in the
disorder. The HLA-DQB1*0602 seems to be involved in the genetic factors
associated with insomnia (Shaw, Tafti, & Thorpy, 2013 ; Bollu, & Kaur, 2019).

In Obstructive sleep apnea, sleep is disturbed, as the upper nasal airway cannot
function properly and causes a significant decrease of oxygen flow in the brain.
Loud snoring, witnessed apneas during sleep, and excessive daytime sleepiness
could be present as well and lead to significant health issues in all aspects of life
(Slowik, & Collen, 2022). It is also a contributing factor to brain aging, a risk factor for
neurodegenerative diseases such as AD (Weihs, 2021). It could be caused by
several reasons, such as anatomic structure and other co-existent health issues
(Slowik, & Collen, 2022). Although the genetic basis of obstructive sleep apnea is yet
to be determined, there has been evidence that associates it with the presence of
HLA-DQB1*0602 allele (Momany et al., 2017). The treatment involves mostly

invasive medical procedures (Slowik, & Collen, 2022).

Sleep disorders include disorders that affect the sleep-wake cycle, which is regulated
by the circadian rhythms. Two of the most common circadian rhythm sleep disorders
are the Delayed Sleep Phase Syndrome (DSPS) and the Familial Advanced
Sleep Phase Syndrome (FASPS). The DSPS is characterized by a persistent delay
of the sleep onset and offset and FASPS by a persistent advance of the sleep onset
and offset (Ebisawa , 2007). Although sleep cycles alterations in DSPS are normal,
people diagnosed with this syndrome have difficulty waking up early without the use
of external stimuli such as alarm clock. As a result, they tend to feel tired and their
cognitive skills and mood are being affected (Micic et al., 2016). On the contrary,
individuals diagnosed with FASPS, due their early awakening time they tend to be
punctual or even ahead to their daily scheduled activities (Tafti, Dauvilliers, &
Overeem, 2007). PER2, PER3 genes are implicated in the FASPS and CRY1 gene
potentially plays a role in the DSPS (NCBI, 2004 ; Ebisawa , 2007 ; Patke et al.,
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2017). For the treatment of those disorders, chronotherapy, phototherapy, melatonin
administration, hypnotics and cognitive behavioral therapy are being applied
(Culnan, McCullough, & Wyatt, 2019).

1.9 Alzheimer Disease and Circadian Rhythms

Alzheimer disease is a neurodegenerative disease which causes the majority of
dementia cases and affects the hippocampus. The main symptoms are memory loss,
cognitive deficits, difficulty to deliver activities of daily living and mood disorders. The
symptoms emerge gradually and they are mild at the early stages of the disease.
The most severe symptoms and the total body dysfunction occur at the last stage,
where the death does not occur by the disease itself but by e.g. an infection or
another factor. A risk factor for the disease is aging, and as a consequence is mostly

being diagnosed to individuals over the age of 65 years (Scheltens et al., 2021).

AD is characterized by amyloid-beta peptide’s accumulation (AB) in the medial
temporal lobe and neocortical structures which causes amyloid plaques. Also,
hyperphosphorylated tau accumulation leads to the formation of neurofibrillary
tangles (Scheltens et al., 2021 ; Breijyeh, & Karaman, 2020). There are also genetic
risk factors associated with the disease. Variants in the APP gene (encoding for the
amyloid-beta precursor protein) and PSEN1 and PSEN2 genes (encoding for the
presenilin 1 and 2, respectively) can increase the risk for autosomal dominant AD.
What is more, APOE ¢4 allele is a strong genetic factor for Alzheimer disease
(Scheltens et al., 2021 ; Breijyeh, Z., & Karaman, R, 2020).

Besides genetics and aging, there are several other factors that add to the risk of AD
such as lifestyle and diet. These factors are the aim of non-pharmacological
interventions. Medication is commonly used so as to treat the cognitive and the
neuropsychiatric symptoms caused by the disease (Scheltens et al., 2021 ; Breijyeh,
Z., & Karaman, R, 2020).

Sleep  disturbances have been associated with amyloid-beta  and
hyperphosphorylated tau accumulation. During normal sleep, these neurotoxic
proteins are being cleared (Bishir, Bhat et al., 2020), a process that is impaired in
sleep disorders. This could of importance for AD pathophysiology, as sleep disorders

are common among individuals with AD and sleep deprivation seems to be a risk
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factor for AD as well (Saeed, & Abbott, 2017 ; Wu, Dunnett, Ho, & Chang, 2019).
These data highlight the possible importance of sleep in disease prevention and

management.

2. SPECIFIC AIMS

2.1 First Aim

To study the possible association between single nucleotide variants in 25 circadian-
rhythm associated genes and 4 sleep parameters measured by actigraphy (night
TST, TST, night TiB, total TiB).

2.2 Second Aim

To investigate the presence of rare variants in the main 5 circadian sleep-associated
genes in individuals showing extreme scores in the 4 sleep parameters (night TST,
TST, night TiB, total TiB).
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3. METHODOLOGY

3.1 Cohort/Sample
3.1.1 Sample collection

The sample used for this study consisted of 201 participants, 120 of which were
individuals diagnosed with dementia and 81 healthy control individuals. The
participants included in the study were a subsample of the Cretan Aging Cohort,
which studied community-dwelling elders, from the area of Heraklion, Crete, Greece
in relation to cognitive impairment diagnosis and risk factors (Zaganas et al., 2019).
This study was completed in 2 phases. Phase 1 included the selection of the 3200
consented community-dwelling elders (60-100years old), as well as the gathering of
information about them from a trained nurse with a structured questionnaire (medical
history, socio-demographic information, medication). After having administered the
Greek version of the Mini-Mental State Examination test (MMSE) to evaluate their
cognition, 3140 were selected to continue to the Phase 2 (23/24 points cut off/<6
years education). During phase 2, a more specific and detailed neuropsychiatric and

neuropsychological assessment took place (Zaganas et al., 2019).

The DNA and WES data were retrieved from “Thalis-University of Crete-
Interdisciplinary Network for the Study of Alzheimer's Disease” project (Principal
Investigator A. Vgontzas, Principal Investigator for the Genetic Substudy I. Zaganas).
The genetic analysis in that study aimed to create a data base, combined with the
information of the heredity history of individuals diagnosed with AD. This data base
library would be an easy accessible source to process genetic data so as to study

other diseases as well.

3.1.2. Blood collection from sample

The blood collection process took place in Medical Centers of each area or at the
participant's residence when their transportation was not possible The blood

collection kit included:
e EDTA vacutainer tubes 3ml

e \acutainer tubes without EDTA 3m
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e Syringes 10ml with needles (BD Emerald)
¢ Butterfly needle 0,60x19mm

e Adhesive tape

e Alcohol

e Medical tourniquet

e Cotton

e Sharp disposal containers

e Examination gloves

e Medical trays

Four blood tubes were collected for each participant, 2 for plasma isolation, 1 for

serum isolation and 1 DNA extraction and were stored at -20°C.
3.1.3. DNA Extraction from sample

The DNA extraction from whole blood sample was carried out with the QlAamp DNA
blood mini kit (250) of QIAGEN (USA). As a result, the protocol proposed in the kit's
handbook was followed (QlAamp® DNA Mini and Blood Mini Handbook, 2016).

The procedure followed, as described in the QIAGEN handbook, is presented below:

Preparing for the experiment

e All centrifugation steps are carried out at room temperature (15-25°C).
e 200 pl of whole blood yields 3—-12 ug of DNA.

e Equilibrate samples to room temperature (15-25°C).

e Heat a water bath or heating block to 56°C.

e Equilibrate Buffer AE or distilled water to room temperature for elution.

Performing the experiment (for every sample)

e Pipet 20 ul QIAGEN Protease (or proteinase K) into the bottom of a 1.5 ml

microcentrifuge tube.
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e Add 200 pl sample to the microcentrifuge tube. To avoid the presence of
RNA at the final extraction, we add 4 ul of an RNase A stock solution (100
mg/ml) and we properly mix (vortex).

e Add 200 pl Buffer AL to the sample. Mix by pulse-vortexing for 15s.

e Incubate at 56°C for 10 min.

e Briefly centrifuge the 1.5 ml microcentrifuge tube to remove drops from the
inside of the lid.

e Add 200 pl ethanol (96-100%) to the sample, and mix again by pulse-
vortexing for 15 s. After mixing, briefly centrifuge the 1.5 ml
microcentrifuge tube to remove drops from the inside of the lid.

o Carefully apply the mixture to the QlAamp Mini spin column (in a 2 mi
collection tube) without wetting the rim. Close the cap, and centrifuge at
6000 x g(8000 rpm) for 1 min. Place the QlAamp Mini spin column in a
clean 2 ml collection tube (provided), and discard the tube containing the
filtrate.

e Carefully open the QlAamp Mini spin column and add 500 pl Buffer AW 1
without wetting the rim. Close the cap and centrifuge at 6000 x g (8000
rom) for 1 min. Place the QlAamp Mini spin column in a clean 2 ml
collection tube (provided), and discard the collection tube containing the
filtrate.

e Carefully open the QlAamp Mini spin column and add 500 ul Buffer AW2
without wetting the rim. Close the cap and centrifuge at full speed (20,000
X 0;14,000 rpm) for 3 min.

e Place the QlAamp Mini spin column in a new 2 ml collection tube (not
provided) and discard the old collection tube with the filtrate. Centrifuge at
full speed for 1 min.

e Place the QlAamp Mini spin column in a clean 1.5 ml microcentrifuge tube
(not provided), and discard the collection tube containing the filtrate.
Carefully open the QlAamp Mini spin column and add 200 ul Buffer AE or
distilled water. Incubate at room temperature (15-25°C) for 1 min, and

then centrifuge at 6000 x g (8000 rpm) for 1 min.

After having successfully extracted the DNA, the purity of the yield was evaluated.
According to QIAGEN kit's handbook, the maximum DNA concentration for 200l

38



should be 34.0 ng/ul. Using the Jenway Genova Nano Spectrophotmeter, the DNA
concentration and the absorption ratio A260/A280 of each sample were measured.
The mean final DNA concentration of the samples was as high as 42.5 ng/ul, while
the mean absorption ratio A260/A280, indicating DNA purity, was 1.793.

Finally, every sample was labeled with a special unique code to ensure anonymity
and was split in 2 aliquots. One of those was added in the genetic bank, which was
created for all the participants, and was stored in -20°C. The other aliquot was
transferred to the Institute for Research and Technology (FORTH, Crete) for the

whole exome sequencing procedure.

3.1.4 Whole Exome Sequencing

Whole exome sequencing (WES) is a New Generation Sequencing tool which
sequences all protein-coding regions in the human genome (the exome) only so as
to detect both exonic (coding) as well as splice-site variants by using only
approximately 2% of sequencing “load”. It has been shown that most of the disease
associated variants are to be found in the exome, a fact that renders this method
less time consuming and effective. On the contrary, genetic association studies
(GWAS), a common method to identify gene variants and associate them as
causative genes for a disease, enables the sequencing of the whole genome
includes, both the coding and non-coding regions, and makes it more time
consuming and harder to interpret all that information and result in the causality
(Petersen et al., 2017)

WES was performed at the Unit of Genomics Analysis of Minotech at the Institute for
Research and Technology (FORTH, Crete). Platform lon Torrent PROTON
(specifications: lon PI chip v3) was used, after creating the corresponding library and
preparing the sequencing reaction with lon Ampliseq Exome™ kit (MA, USA) and lon
Pl Hi-Q OT2 200™ kit (MA, USA), respectively. The bioinformatics processing and
data storage was available by the software lon Torrent Suite™ (MA, USA). The
variant called by the software lon Reporter v.5.0, following comparative analysis of
the sample with the reference genome hg19.
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3.2 Bioinformatics

All the information obtained from the Whole Exome Sequencing Analysis for all 201
participants was stored to Ingenuity Variant Analysis software, Qiagen (CA, USA).
The data for 25 genes (Table5) (Table6), that were previously related to circadian
mechanism and sleep disorders in the literature, were manually collected from the
Ingenuity Variant Analysis software and organized at excel files. The files included
information that characterized each SNP of the selected genes, as well as the
number and codes of the participants (patients/controls) carrying those SNPs.

Eventually 164 had actigraphy scores and were used in the current study. All data
used to describe variants and provide information about the participants were

retrieved from the ingenuity database and from the first phase of Thalis study.
3.3 Actigraphy Study

An actigraphy study was performed with the use of an actigraphy (Actilife v6.9.5,
GT3XP model, Pensacola, FL, USA), an actigraphy watch, that measures the sleep

wake patterns via accerelometers that detect movement. It is a low cost method, can
occur for a long period of time and allows the measurement to take place at the
personal space of the participant (Schoch et al., 2021). Along with the actigraphy
measurements, participants reported “bedtime” and “out of bed time” on a daily
basis. All participants have undergone actigraphy study for 3 24-hours during
weekdays (Study performed by A. Vgontzas, M. Basta, I. Koutentaki in the context of
the Thalis-MNSAD program) (Basta et al., 2019). The actigraphy parameters that
were chosen to be studied in the current study, following the methodology that
previous studies have followed, were: total sleep time (TST), night TST, night time
spent in bed (night TiB) and total time spent in bed (total TiB) (Basta et al., 2019,
Basta et al., 2020, Basta et al., 2021).

Total time in bed is the time that participants spend in bed, even if they are awake.
Night total sleep time is the total sleep time from the moment an individual starts to
sleep until they wake up. Night time in bed is the time when participants go to bed.
The total sleep time refers to the total amount of sleep time scored during the total
recording time during a day(24hours) (Basta et al., 2019, Basta et al., 2020, Basta et
al., 2021).
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3.4 Statistical Analysis

All data were analyzed using SPSS (version 28.0, SPSS Inc., Chicago, lll., USA).
Firstly, an SPSS file for each gene (25 files in total) was created, including all the
SNPs detected the cohort, where each participant was represented by a code (201
codes). Consequently, the score of each sleep parameter as well as the presence of
every SNP were registered. The presence or absence of the SNPs was registered by
using values: value 1 was used when the SNP was present and value 0 was used
when the SNP was absent. Before starting with the main analysis, some participants
were excluded, as there had no actigraphy data. The final participants were 164: 73

controls and 91 cases.

The bioinformatics analysis stored in excel files was used to present the information
for each participant, which variant it carries or not and the scores in each sleep
parameter. The results of the current study were divided in 2 analyses.

3.4.1 Phenotype / genotype analysis

We applied independent t-test to compare the sleep parameters scores of individuals
carrying a SNP with the scores of individuals without this SNP. We used the box plot
graphs to visualize the results. Each SNP of each gene was studied in relation with
all 4 sleep parameters. From the results we excluded any associations that had
p=0.05, and hence they were not statistically significant. Also, we excluded any
SNPs appearing in 4 or less (N<4) partcipants at least in one of the 2 groups studied
(individual with the variant-individual without the variant).

3.4.2 Extreme actigraphy scores in correlation with rare variants analysis

As mentioned previously, the actigraphy recordings spanned for 72hours. The aim
was to detect the most extreme actigraphy scores (short-long objective sleep). The
scores of all participants for each parameter were placed in ascending order. The
participants with the shortest objective sleep 5% and the longest objective sleep 5%
of all values were studied further as a subpopulation that expresses the most
divergent scores in the sample. The 5% of the total 164 participants is 8.2, so the

first and the last 8 participants were used for that part of the research.
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Furthermore, we created tables that present the longest objective sleep and shortest
objective sleep and the rare SNPs that each participant is carrying in the most
studied clock genes: PER1, PER2, PER3, CRY1l, CRY2. As rare SNPs, we
designated the ones that were present to 4 or less participants (N<4). Finally, a
graph was created for each parameter to visualize, in ascending order, the scores of

each participant and point out the extreme ones.

4. RESULTS

4.1. Phenotype / genotype analysis

In analyzing the association of the variants in 25 genes (Table_5_6) with the 4 sleep
parameters, we identified several important associations. Specifically, variants in the
BDNF, CRY1, GABBR1, PER1, PER2, PER3, REV1 and SLC6A3 genes, were
found to be associated with differences in the 4 sleep parameters (night TST, TST,
night TiB, total TiB). More specific, SNPs carriers present shorter objective sleep
duration than the non- carriers, in the variables examined. However, carriers of the
PER3 gene presented longer sleep duration in comparison with the non-carriers.

Results are presented below in Table 2.
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Night TST TST Night TiB Total TiB

Gene SNP (Mean, SD, p) (Mean, SD, p) (Mean, SD, p) (Mean, SD, p)
+rs -Is p-value +IS -Is p-value +Is -Is p-value +rs -Is p-value
BDNF rs412744440 - - - - - - 469.44, | 540.06, 0.03 - - -
rs145503674 79.66 | 93.01
CRY1 rs8192440 - - - 493.17, | 453.27, | 0.025 | 555.56, | 517.73, | 0.009 | 630.76 | 571.68, | 0.003
125.70 | 96.94 89.52 94.02 130.53 | 122.75
GABBR1 rs29230, 417.09, | 449.42, | 0.024 | 449.96, | 492.40, | 0.014 - - - - - -
rs5875197 79.71 | 101.66 90.43 127.16
GABBR1 rs29267 408.47, | 446.15, 0.07 |442.97, | 486.16, | 0.011 - - - - - -
70.67 | 99.94 87.62 | 121.16
PER1 rs2304911 | 400.66, | 439.67, | 0.016 | 429.96, | 479.50, | 0.007 - - - - - -
61.66 | 96.37 68.79 | 117.47
PER2 rs35333999 - - - - - - - - - 524.10, | 607.08, | 0.020

108.66 | 129.55

PERS rs10462021 | 464.70, | 425.62, | 0.028 - - - - - - - - -

89.15 92.94
REV1 rs132495763 | 337.73, | 437.48, | 0.040 - - - - - -
2 75.76 92.33
REV1 rs717454 - - - - - - - - - 583.76, | 643.44, | 0.011
124.39 | 134.46
REV1 rs3087386 - - - - - - - - - 587.69, | 641.55, | 0.022
129.19 | 124.18
REV1 rs28369942 - - - - - - - - - 579.09, | 621.39, | 0.037

139.49 | 116.44
SLC6A3 rs1042098 | 407.17, | 444.75, | 0.009 [ 444.79, | 483.30, | 0.032 505, |547.98, | 0.005 |[567.61, | 612.94, | 0.038
72.21 98.41 93.84 | 118.52 81.73 95.28 119.87 | 131.56

Table2. The mean scores and the SD for each sleep parameter, as well as the p-value for the comparison between individuals with
a SNP to those without the SNP are being presented. +rs: SNP carriers, —rs SNP non carriers.
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Figure8. a. The Night TiB in individuals with or without the BDNF rs41274440 variant. b. The Night TiB in individuals with or

without the BDNF rs145503674 variant.

The variant of BDNF gene, rs145503674, is present to the individuals who tend to stay in bed at night (N=9, mean night
TiB=469.4mins) less time than the ones without the variant (N=155, night TiB=540.06mins) (Figure8b). There is significance in this

correlation with p=0.03. The exact same results came up from the association of another BDNF variant, rs41274440 with night TiB
(Figure8a).
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CRY1 variant

The absence of the CRY1 variant, rs8192440, is related to less sleep and time in bed (N=84, mean TST=453.27mins, mean total
TiB= 571.68mins, mean night TiB=517.73mins) (Figure9a, 9b, 9c) compared to the participants carrying it (N=80, mean

TST=493.17mins, mean total TiB=630.76mins, mean night TiB=555.56mins). The significance for TST is p=0.025, for total TiB is
p=0.003 and for night TiB is p=0.009.
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FigurelO. a. The Night TST in individuals with or without the GABBR1 rs29230 variant. b. The TST in individuals with or without the
GABBR1 rs29230 variant.

The GABBRL1 variants rs29230, rs5875197 have shown statistical significance when associated with night TST and TST (p=0.024
and p=0.014 respectively). Regarding night TST, individuals carrying the variants (N=88) tend to sleep less at night (mean night
TST=449.42mins) than the non-carriers (N=76, mean night TST=417.09mins) (FigurelOa, 10b) (Fugurella, 11b). The same
applies to the TST, with the individuals carrying the variants sleeping 449.96mins in comparison with the non-carriers group, who
scored 492.40mins. The rs29267 variant demonstrates the same results as the other GABBRL1 variants: the variant carriers (N=51)
sleep less (mean night TST=408.47mins, mean TST=442.97mins) (Figurel2a, 12b) than the non- carriers (N=113, mean night
TST=446.15mins, mean TST=486.16mins). The significance for night TST is p=0.007 and for TST is p=0.011.
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PER1 variant
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Figurel3. a. The Night TST in individuals with or without the PER1 rs2304911 variant. b. The TST in individuals with or without the

PER1 rs2304911 variant

The participants carrying the PER1’s, rs2304911 variant (N=22) are prone to less sleep (mean TST= 429.06mins, mean night
TST=400.66mins) (Figurel3a, 13b) than the non-carriers, who had longer objective sleep(N=140, mean TST=479.50mins, mean
night TST=439.67mins). The significance for night TST is p=0.016 and for TST is p=0.007.
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Figurel4. The Total TiB in individuals with or without the PER2 rs35333999 variant.

The PER2 gene’s, rs35333999 is related with less time spent in bed (N=13, mean total TiB=524.10mins) (Figurel4) in comparison
to the group where it is absent (N=151, mean total TiB=607.08mins) with significance p=0.02.
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Figurel5. Night TST (total sleep time) in individuals with or without the PER3 rs10462021 variant.

Individuals that carry (N=37) the rs10462021, PERS3 variant, have longer objective sleep night TST (mean night TST=464.70mins)
(Figurel5) than the non-carriers (mean night TST= 425.62, p=0.028).

REV1 variants

Three REV1 variants were found to be statistically important and their presence to be related to shorter total TiB in the sample. The
participants (N=118) with rs717454 had a score of 583.76mins (Figurel6a) in mean total TiB, shorter than the non-carriers (N=46,
mean total TiB=643.44mins, p=0.01). The presence (N=125) of rs3087386 (Figurel8b) resulted in a score of 587.69mins in mean

total TiB and its absence in a score of 642.55mins in mean total TiB, with p=0.022.

Lastly, the rs28369942 (Figurel8c) variant is related with a mean total TiB of 579.09mins whereas the non-carriers had a score of
621.39mins for mean total TiB, with p=0.037.
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Figurel6. a. Total TiB in individuals with or without the REV1 rs717454 in variant. b. Total TiB in individuals with or without the

REV1 rs3087386. C. Total TiB in

individuals with or without the REV1 rs28369942 variant.

The association of rs1324957632 with night TST was significant, with p=0.040. Mean night TST for carriers (N=5) was 337.73mins
while for non-carriers was 437.48mins (N=159) (Figurel?).
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Figurel?. Night TST in individuals with or without the REV1 rs1324957632 variant.

SLC6A3 variant

The rs1042098’s association with all the parameters was found to be statistical important. As far as it concerned night TST, the
group that carried the variant (N=45) had a shorter objective sleep (mean night TST=407.17mins) than the one that did not carry it
(N=119, mean night TST= 444.75mins, p=0.009) (Figurel8a). Individuals with the variant (N=45) tend to sleep less (mean
TST=444.79mins) than individuals that do not carry the variant (N=119, mean TST=483.30mins, p=0.032) (Figurel8b). Night TiB
(p=0.005) and total TiB (p=0.038) objective sleep was shorter (N=45, mean night TiB=505mins, mean total TiB=567.61mins)
(Figurel8c, 18d) when the variant was present and longer when absent (N=119, mean night TiB=547.98mins, mean total
TiB=612.94mins).
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Figurel8. a. Night TST in individuals with or without the SLC6A3 rs 1042098 variant. b. TST in individuals with or without the
SLC6A3 rs 1042098 variant. c. Night TiB in individuals with or without the SLC6A3 rs 1042098 variant. d. Total TiB in individuals

with or without the SLC6A3 rs 1042098 variants.
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4.2 Extreme actigraphy scores in correlation with rare variants

Shorter Objective SleepScores

Participant Night TST Night Total PER1 PER2 PER3 CRY1 CRY2
TST(mins) | (mins) | TiB(mins) | TiB(mins)
KB7796 202 261.63 236.67 351.67 - rs130119381 - - -
PX0846 224 239.67 - - New41 3 - - -
AL0191 263 263 323.33 323.33 - - rs140974114 - -
KG0590 265.67 265.67 370 370 - - - - -
LO0744 266.33 - - - - New45 rs371822849 - -
AMO0662 280 - 381.67 - New34, - - - -
rs754411014
ThK2997 288.33 - - - New39 - - - -
MEO0544 2925 31450 - - - - - - -
TP1374 - - 365 - New39 New45 rs12121492 - -
XG0539 - 302.33 370 370 - - New49 rs772775637
KP0524 - - 381.67 381.67 - - - - -
XP3022 - - 388.33 388.33 - New44 - - -
LX0247 - - - 402.67 New37 - - - -
TS1923 - - - 410 - - - - -
TG0358 - 303.67 - - - - - - -
SN2411 - 306.33 - - - - - - -

Table3. The 5% of the participants with the shorter objective sleep scores in sleep parameters and the rare variants they carry in

PER1, PERZ2, PER3, CRY1, CRY2 genes.
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Longest Objective Sleep Scores

Participant Night TST Night Total PER1 PER2 PERS3 CRY1 CRY2
TST(mins) | (mins) | TiB(mins) | TiB(mins)
BM0182 755 842 780 885 - - - - -
FM5555 741 974.67 750 990 rs918239431 - rs139315125 - -
rs150812083
KS4444 712.67 919.67 720 943.33 - - - - -
BX0708 640 700 - - - rs751755416 - rs88878023 -
5
MEO0816 622.33 - 707.67 - - rs76355956 - - -
SA0085 615.33 721 - 903.33 - - - - -
ED1703 607.33 - - - rs148204955 - - - -
TP0508b 605.33 - - - - - - - -
MA1164 - - 801.67 - rs55655060, - rs146454363 - -
New28
BE0698 - 699.67 760 970 - - - - -
AM2217 - - 730 - - - - - -
MM1731 - - 705 - - - - - -
SE2322 - - - 913.33 - rs560008620 - - -
ST1125 - - - 891.67 - - - - -
KG1522 - - - 843.33 - - - - -
KZ2731 - 659.33 - - New24 rs1301193813 - rs17038934 -
P11553b - 650 - - - - rs143936373 - -

Table4. The 5% of the participants with the longest objective sleep scores in sleep parameters and the rare variants they carry in

PER1, PERZ2, PER3, CRY1, CRY2 genes
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Figurel9. Visual presentation of the mean night total sleep time (night TST) for each
participant with ascending order. The first and last 8 participants have been noted on
the graph.

The first parameter measured was night total sleep time (night TST) (Figurel9)
(Table3). The shortest score of objective sleep time was detected was 202mins and
belongs to the participant KB7796 who carries the PER2 rs1301193813. This variant
iIs classified as missense and there is uncertain significance linked to its
pathogenicity (Adzhubei et al., 2010), where alteration at position 718 causes the
replacement of G with A and glutamic acid (E) 1075 is replaced with aspartic acid
(D). Besides KB7796, one more participant carries the variant, KZ2731, who scores
555.33mins in night TST. Further research is required so as to specify whether this

disrupted sleep pattern is associated with shorter or longer objective sleep.

Participant PX0846, who scored 224mins and 239.67mins in TST , solely carries a
novel PER1 variant which was named new4l. It causes a frame shift mutation where

the deletion of G at the 3328 position, results in protein loss of alanine (Ala) 110.

This data could imply a possible association.

Participant AlI0191, with 263mins score, is the only that carries the PER3 variant,
rs140974114, which causes a missense mutation, likely benign. G is being replaced

with A at 2249 position and causes a serine (Ser) 750 asparagine (Asn) protein
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alteration. Although PolyPhen2 (Adzhubei et al., 2010) score predicts that this
variant is a benign one, it is worth mentioning that AL0191 participant, where the
variant is present, has extremely short objective sleep in all the parameters night TiB
(323.33mins), total TiB(323.33mins) and TST (263mins).

The LOO0744 participant scores 266.33mins and carries new45, a novel PER2
variant, and rs371822849, a PER3 variant. Regarding new45 variant, in total 4
participants carry it, with participant TP1374 scoring 365mins in night TiB. The third
participant scores 432.33mins in night TST and TST and has the long objective
sleep of 540mins in night TiB and total TiB. The fourth participant has long objective
sleep in all parameters (night TST, TST: 519.33mins, night TiB, total TiB:
556.67mins). New45 variant is not characterized yet or linked to any protein
alteration or deletion. No clear conclusion can be drawn based on the data
presented above about a possible linkage. The r371822849 is present only once in
the sample, has a synonymous impact which does not alter the encoded protein or

cause any damage and therefore it would not be further analyzed in this study.

The score of AM0662 participant carrying the PER1 variants, rs754411014 and the
novel new34, is 280mins.The rs754411014 is present only once in the sample and
has an in-frame impact, where the CCT codon in areas 1967, 1969 is deleted and as
a result there is a serine 656 and a serine 640 deletion. Although this mutation can
cause symptoms, according to PolyPhen2 (Adzhubei et al., 2010) prediction both
protein alterations are benign. The new 34 is present twice and in the second
participant had long objective sleep (night TST: 463.67mins, TST: 597mins, night
TiB: 600mins, total TiB: 840mins). AM0662 objective sleep fluctuates though, from
very short to long (TST: 371mins, night TiB: 381.67mins, total TiB: 508.33mins).
New34 has a missense function where G is replaced in C in the 2646 position and as
result glutamine (GIn) 882 is replace with histidine (His), an alteration characterized
benign by PolyPhen2 (Adzhubei et al., 2010).

The novel PER1 variant new39 is present in 3 participants and among them are
ThK2997 and TP1374. TP1374 scores 365mins in Night TiB and ThK2997 scores
288.33mins in night TST. The third participant was not a part of the first 5% of the
sample with the shorter objective sleep. New39 variant is not characterized yet or

linked to any protein alteration or deletion.
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Participants KG0590 and ME0544 have very short objective sleep, however they do

not carry any of the rare variants of this sample.

The FMS5555 participant has long objective sleep in all sleep parameters studied
(night TST: 741mins, TST: 974.67mins, night TiB: 750mins, total TiB: 990mins)
(Figurel9) (Table 4). The PER1 rs918239431 is present in that participant only, is
not characterized yet or linked to any protein alteration or deletion and there is no
reference of it in the existing literature. The PER3 rs139315125 and rs150812083
are also found in FM5555 only and both have a missense effect and are related to
familial advanced sleep phase syndrome. The rs139315125 variant replaces C with
G in the 1247 position which alters the protein by replacing histidine (His) 416 with
Arginine (Arg). According to PolyPhen2 (Adzhubei et al., 2010), this mutation is
predicted as probably damaging (0.989/1.0). The rs150812083 variant replaces C
with G at the 1240 position which alters the protein by replacing proline (Pro) 414
with alanine (Ala). Following the same pattern, this mutation is also characterized
probably damaging (1.0/1.0). It is important to mention that this participant has
started medication 2 years prior the examination. The Cipraplex is a selective
serotonin reuptake inhibitor-SSRI which is mainly used to treat depression and
anxiety related disorders with somnolence to be one of the common side effects

(Galinos,n.d.).

Only the BX0708 participant carries the CRY1 rs888780235 and PER2
rs751755416 variants. The CRY1 is not characterized yet or linked to any protein
alteration or deletion and the PER2 one has a missense function which is
responslible for replacing G with A at 2429 position and the serine (Ser) 810 is
replaced with asparagine (Asn). According to PolyPhen2 (Adzhubei et al., 2010), it is
probably damaging (1.0/1.0). Adding to that, the scores of BX0708 (night TST:
640mins, TST: 700mins, night TiB: 690mins, total TiB: 825mins) and the rest of the
participant's medical history, which seems not to affect with the participant’'s sleep
patterns (vertigo-medication with no sleep related side effects), indicate that there
might be an association between phenotype and genotype in this case.

The PER2 rs76355956 variant is being carried by two participants. ME0816 (night
TST, TST: 622.33mins, night TiB, total TiB: 706.67mins) has long objective sleep in

all parameters while the other participant was not a part of the first 5% of the sample
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with the longest objective sleep. The variant is a missense mutation which replaces
G with A in 3613 position and alters the protein by replacing valine (Val) 1205 with
methionine (Met) and is characterized as probably damaging by PolyPhen2
(Adzhubei et al., 2010) (0.997/1.0). This variant has been previously associated with
delayed sleep-wake phase disorder (Miyagawa et al., 2019). However, we should
consider that both participants receive heavy antidepressant and anxiolytic
medication. This could possibly affect their sleeping habits and thus we cannot

clearly imply an association.

The participant ED1703 carries the PER1 rs148204955 is not characterized yet or

linked to any protein alteration or deletion.

Although, participants BM0182, KS4444, SA0085 and TP0805b have long objective

sleep, they do not carry any of the rare variants of this sample.
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Figure20. Visual presentation of the mean night time in bed for each participant with
ascending order. The first and last 8 participants are being noted on the graph.

The second parameter that was measured and correlated with phenotypes was night
time spent in bed (night TiB) (Figure20). The shortest objective sleep was

observed as expected to the ones that had short objective night TST as well:

KB7796, AL0191 and AMO0662 (Table 3). Participant's TP1374 variants were
analyzed before, except PER3 rs12121492 which is a synonymous mutation and
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does not alter the encoded protein or cause any damage and therefore it would not

be further analyzed in this study.

The CRY1 rs772775637 and the novel PERS3 variant new 49 are being carried by
participant XG0539. XG0539 has shorter objective sleep in night TST and TST
(302.33mins) than in night TiB and total TiB (370mins). The CRY1 variant has a stop
gain impact by altering C with T in position 199 which results in a non- functional
protein (p.R67*). The new 49 variant has a splicing impact which has not been

clarified whether is damaging or not.

Night TST and TST sleep of XP3022 participant is shorter (320mins) whereas night
TiB and total TiB sleep is longer (388.33mins). XP3022 and another participant (not
a part of the first 5% with the shortest objective sleep) carry the novel PER2 variant
new 44, which has a missense effect (C replaces T in 361 position) and replaces
histidine (His) 121 with tyrosine (Tyr). PolyPhen2’s prediction (Adzhubei et al., 2010)
is characterized probably damaging (1.0/1.0).

Participants KP0524 and KG0590 have short objective sleep. However, they do not
carry any of the rare SNPs of this sample.

The longest objective sleep score in this parameter belongs to MA1164 participant,
who carries 3 variants (Figure20) (Table 4). For PER1 rs55655060, 3 participants
carry it, with two of them not being a part of the 5% with the shortest objective sleep
whereas MA1164 (night TST, TST: 600.33mins, night TiB, total TiB: 801.67) has
longer objective sleep. However, this variant has not been characterized yet or linked

to any protein alteration or deletion.

The novel PER1 new28, has a frame shift impact, inserts C in 2291 and 2292
positions which causes the loss of alanine (Ala) 765. The PER2 rs146454363 has
not been characterized yet or linked to any protein alteration or deletion. An
association between the long objective sleep scores and the new28 could be
presumed, while taking in consideration the dementia and diabetes diagnosis and
the multiple medications that the participant receives daily. Although, participants
BM0182, KS4444, BE0698, AM2217, KS4444 and ME1731 have long objective

sleep, they do not carry any of the rare variants of this sample.
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Figure2l. Visual presentation of the mean total time in bed for each participant with
ascending order. The first and last 8 participants are being noted on the graph.

The third parameter measured and correlated with phenotypes was total time spent
in bed (total TiB). The shorter objective sleep was observed as expected to the
ones that had shorter night TST and night TiB as well: KB7796, AL0191, XG0539
and XP3022 (Figure2l) (Table3).

As mentioned before, KP0524 and KG0590 do not carry any of the rare SNPs of this
sample along with participant TS1923.

Participant LX0247 (Total TiB=402.67mins) carry the novel PER1 variant new37,
which has a missense impact, replaces G with C at the 3025 position and the protein
is altered by the replacement of glycine (Gly) 1009 with arginine (Arg). The
PolyPhen2’s prediction (Adzhubei et al., 2010) is benign.

The longest objective sleep once again belongs to FM5555 (Figure2l) (Table4).
Many participants that hold the longest objective sleep scores in this parameter such
as BE0698, KS4444, SA0085, ST1125, BM0182 and KG1522 do not carry any of the

rare variants identified in this sample.
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The PER2 variant rs560008620 is a missense alteration where C is replaced with T
in the 2896 position and arginine (Arg) 966 is replaced with tryptophan (Trp). It is a
probably damaging one (Adzhubei et al., 2010) (0.958/1.0) and a possible linkage
could be assumed given the scores of SE2322 (night TST: 484.67mins, TST:
547.67mins, night TiB: 675mins, total TiB: 913.33mins) while taking in consideration
the dementia diagnosis and the dementia and anxiolytic medication.
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Figure22. Visual presentation of the mean total sleep time for each participant with
ascending order. The first and last 8 participants are being noted on the graph.

Most of the scores for total sleep time and the participants baring the rare variants
were mentioned in the previous analysis. PX0846, KB7796, AL0191 and XG0539
keep the shortest objective sleep whereas the rest of the participants such as
KG059, TG0358, SN2411 and MEO544 do not carry any rare variants (Figure22)
(Table3).

Besides FM5555 and BX0708, KZ2731 has long objective sleep scores and carries 3
variants (Figure22) (Table4). CRY1 rs17038934 has not been characterized yet or
linked to any protein alteration or deletion. PER1’s novel variant new24 has frame

shift impact where C in position 2980 is deleted but there is no evidence about the
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protein’s alteration. PER2 rs1301193813 was described in night TST's part and

there was no conclusion leading to any kind of phenotype genotype association.

Participant PI1553b (night TST: 600mins, TST, night TiB: 650mins, total TiB:
700mins) carries the PER3 rs143936373 variant which has missense impact,
replaces G with A in the 541 position and replaces alanine (Ala) 181 with threonine
(Thr). PolyPhen2 prediction is benign (Adzhubei et al., 2010).

Following the same pattern with the previous analyses, KS4444, BM0182, SA0085

and BE0698 have long objective sleep but the carry no rare variants.
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5. DISCUSSION

Our study is unique, in the sense that it combines actigraphy and WES (whole
exome sequencing), two robust methods for analyzing sleep and genetic background
of individuals. In the 25 genes studied in this cohort of 164 individuals (CLOCK,
ARNTL, NPAS2, PER1, PER2, PER3, CRY1, CRY2, RORA, RORB, REV1, VDR,
BHLHE40, BHLHE41, NR1D1, TNF, CHRM3, BDNF, SLC6A4, SLC4A3, HCRTR1,
HCRTR2, MECP2, GABBR1, HLA-DQB1 ), we have identified 472 SNPs, of which
74 were novel (they do not have a dbSNP code yet). In this study, we present the
variants that showed a statistically significant difference in comparing values of sleep
parameters between SNP carriers and non-carriers. Also, we present the rare
variants in this sample that had an association with an extreme sleep phenotype.

In detail, the rs1042098 SLC6A3 variant was associated with decreased night sleep
time and time in bed in our study. Variants in the SLC6A3 gene (OMIM 126455)
have been shown to be the cause of infantile Parkinsonism-dystonia type 1 (OMIM
613135), a disease that is inherited in an autosomal recessive manner and starts in
infancy. This disease presents with parkinsonism and other movement disorders
(Hamosh et al., 2005). The dopamine transporter encoded by the SLC6A3 gene is a
key player in dopaminergic neurotransmission, as it mediates dopamine reuptake
from the dopaminergic synapses (NCBI, 2004). The rs1042098 SLC6A3 variant
found in our study has not been linked to disturbed sleep patterns in previous
literature. Nonetheless, it has been previously associated with ADHD symptoms in
children (Waldie et al., 2017), with childhood depression (D’Souza et al., 2016) and
in neurobehavioral recovery following pediatric TBI (Treble- Barna et al., 2017). It is
currently unclear how this rs1042098 SLC6A3 variant mediates decreased sleep, as
shown in our study. However, there is evidence that dopaminergic system is

implicated in the sleep-wake mechanism (see Introduction, chapter 1.6).

The CRY1 variant, rs8192440 was related with long objective sleep scores in all
parameters. CRY1 (OMIM 601933) gene is a major circadian regulator and it is
associated with Delayed sleep phase syndrome (OMIM 614163). This circadian
rhythm sleep disorder causes disrupted sleep patterns related by delayed sleep
onset and offset and is inherited in a autosomal dominant manner (Patke et al.,

2017) (see Introduction, chapter 1.8). Even though CRY1 is a basic circadian clock
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gene, this synonymous SNP has not been associated with sleep disturbances in the
literature and has been characterized as a benign one by Polyphen2 (Adzhubei et
al., 2010). It has been previously associated with a positive response in the lithium
administration to bipolar patients (McCarthy et al., 2011).

The PER1 variant, rs2304911, is associated with shorter objective sleep in
comparison to the non-carriers group. PER1 gene (OMIM 602260) is a major clock
gene which regulates the circadian pacemaker via the TTFL (see Introduction,
chapter 1.7) and is implicated in the tumorgenesis of endocrine cancers (Angelousi
et al., 2019). This specific variant that had a statistically significant result in our
analysis but there is no reference of it in the existing literature regarding its clinical

significance.

Besides the most statistically significant results presented above, more SNPs, with
p<0.05 were also identified. The PER2, rs35333999 variant carriers spent less time

spent in bed. PER2 gene (OMIM 603427) is also majorly implicated in the circadian
regulation (see Introduction, chapter 1.7) via the TTFL and associated with familial
advanced sleep phase syndrome 1 (OMIM 604348). It is an autosomal dominant
inheritance disorder where sleep onset and offset, in comparison with DSPS, are
very early (Jones et al. 1999). The rs35333999 is a missense variant where G is
replaced with A in 2707 position and alters the protein by replacing valine (V) 903

with isoleucine (I). In the literature, it has been linked with later chronotype (Chang et
al., 2019). The PER3, rs10462021, has shown longer objective night sleep time in

the carriers group. PER3 gene (OMIM 603427) is also a part of the TTFL that
controls the circadian rhythm (see Introduction, chapter 1.7) and is associated with
familial advanced sleep phase syndrome 3 (OMIM 616882). The syndrome is an
autosomal dominant inheritance disorder, characterized by early sleep onset and
offset (Zhang et al.,, 2016). The rs10462021 is a missense variant where A is
replaced with G in the 3446 position and histidine (H) 1149 is replaced with arginine

(R).

REV1 gene (OMIM 606134) has a mutagenic role in the DNA repair (See
Introduction, chapter 1.7). The carriers of rs717454, rs3087386 and rs28369942
had shorter objective sleep in total TiB than the non-carriers, whereas rs1324957632

carriers group sleep less time at night from the non-carriers. The rs717454 was
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previously associated with mood disorders (Xiao et al., 2017). The rs3087386 , a
missense variant, where the protein is altered with the replacement of phenylalanine
(Phe) 257 with serine (Ser), may be possible related as a risk factor for lung cancer
survival (Xu et al., 2013). The rs28369942 and rs1324957632 have not been linked
to any clinical findings yet. Even though, there has not been found sleep related
evidence in the literature, all variants of REV1 had shorter objective sleep in all
parameters. It seems that through its role, REV1 affects the circadian regulation.

However this hypothesis needs to be further investigated and clarified.

The BDNF gene (OMIM 113505) is a neurotrophic factor and its deficiency is
implicated in neurodegenerative diseases (see Introduction, chapter 1.7). The
rs412744440 and rs145503674 variants are related to shorter objective total TiB,
comparing with the non-carriers but there is no evidence in literature regarding their

clinical significance.

The GABBRL1 variants, rs29230, rs5875197 and rs29267 carriers had shorter
objective sleep time than the non-carriers. GABBR1 gene encodes the GABA (B)
receptor 1 and is implicated in diseases such as schizophrenia and epilepsy (NCBI,
2004). There are no significant data regarding the synonymous rs29230 variant. The
same applies for the rs5875197 and rs29267.

Regarding the rare polymorphisms study, our aim was to search through the sample
for rare variants in combination with extreme phenotypes (eligible to the criteria set)

in order to explore the possibility of an association and a causality.

Participant FM555 had extremely long objective sleep in all parameters and carried
solely the missense PER3 rs139315125 and rs150812083 which are related to
familial advanced sleep phase syndrome (Zhang et al., 2016). As we take in
consideration the medication the participant is receiving, we cannot but indicate the
association between the long objective sleep scores and the presence of two
variants already linked to the sleep disorder. Furthermore, some variants of PER2
present very interesting correlations. PER2 missense rs751755416 variant was
present to BX0708 participant only, who had long objective sleep and was labeled as
probably damaging by Polyphen2. Despite this association between “a rare variant
and very long objective sleep” that we observed, there has not been any reference of
rs751755416 in literature. The rs76355956, a missense and probably damaging
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variant, is being carried by a participant who demonstrated long objective sleep
scores in all parameters. Although, this PER2 variant was previously associated with
delayed sleep-wake phase disorder (Miyagawa et al., 2019), we have to take in
consideration the effects of ME0816's medication on the regulation of the circadian
rhythms before assuming the presence of a possible association.

Additionally, regarding the rare variants, two novel PER1 variants, new24 and
new?28, have been detected in participants with very long objective sleep. Both of
them have a frame shift impact but there have not been mentioned in the literature.
However, it seems as an important finding, amenable to further research, while

taking in consideration the medication’s effect that KZ2731 (new28 carrier) receives.

The novel PER2 variant, new44, was associated with shorter objective sleep. As
mentioned before, it has a missense impact and was characterized as probably
damaging by Polyphen2. Considering all these, we could indicate a possible
association that needs to be further analyzed and studied. Another novel variant of
the PER1 gene, new4l causes a frame shift mutation and was associated with

shorter objective sleep. These data could imply a possible association.

Regarding the limitations on this study, the sample consisted of individuals from
Crete area. It needs to be done further research on samples from other regions of
Greece or other places in the world so as to enhance the evidence. Along with that, it
is important for the data already studied to be validated, so as to create stronger
evidence where a possible causality between the genotype and the disorder’s
phenotype will be based on. Regarding the actigraphy data, the duration of the
recordings was short and there was a lack of objective sleep apnea data as well.
Furthermore, the medication the participants received was a factor that was taken in
consideration to the outcome’s interpretation. However, this factor is impossible to be
eliminated in general, due to the age and the multiple health issues the participants
experienced, and more thorough research is demanded to directly associate variants
with sleep disorders. Last, in the second part of the study, only 5 out of 25 genes
were used to identify rare variants in the participants with shorter or longer objective

sleep.

This research aimed to enhance the knowledge that is building around sleep

genetics based on another research carried out several years ago using the same
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tools but less participants from the sample and the basic clock genes only
(Konstantara, 2016) (Table6). Having it as a starting point, more genes related to
circadian mechanism according to literature where collected to be analyzed.
Moreover, this data could be used in future gene based analysis and polygenic risk
score analysis, where the total effect of many SNPs can be associated with the
disease (Baker et al., 2019) and the genotype of an individual along with GWAS data
are used so as to estimate a possible causality of the individual's genotype with a
disease or a trait (Choi et al.,, 2020), respectively. The genotyping of each gene
studied in this research could be used for the evaluation of a disease (although it has
not been clarified whether there is a causative connection or not between them).
Last but not least, the genetic markers are important for the early diagnosis and
prevention of a disease so as to inform the patient and act accordingly, aiming to

improve its prognosis, hinder its progress or even cure it.

68



REFERENCES

Abel, E. A., Schwichtenberg, A. J., Mannin, O. R., & Marceau, K. (2020). Brief
Report: A Gene Enrichment Approach Applied to Sleep and Autism. Journal of
autism and developmental disorders, 50(5), 1834-1840.
https://doi.org/10.1007/s10803-019-03921-5

Adzhubei, I. A., Schmidt, S., Peshkin, L., Ramensky, V. E., Gerasimova, A., Bork, P.,
Kondrashov, A. S., & Sunyaev, S. R. (2010). A method and server for predicting
damaging missense mutations. Nature methods, 7(4), 248-249.
https://doi.org/10.1038/nmeth0410-248

Albus, H., Vansteensel, M. J., Michel, S., Block, G. D., & Meijer, J. H. (2005). A
GABAergic mechanism is necessary for coupling dissociable ventral and dorsal
regional oscillators within the circadian clock. Current biology : CB, 15(10), 886—893.
https://doi.org/10.1016/j.cub.2005.03.051

Aton, S. J., Huettner, J. E., Straume, M., & Herzog, E. D. (2006). GABA and Gi/o
differentially control circadian rhythms and synchrony in clock neurons. Proceedings
of the National Academy of Sciences of the United States of America, 103(50),
19188-19193. https://doi.org/10.1073/pnas.0607466103

Aminoff, M. J., Boller, F., & Swaab, D. F. (2011). We spend about one-third of our life
either sleeping or attempting to do so. Handbook of clinical neurology, 98, vii.
https://doi.org/10.1016/B978-0-444-52006-7.0004 7-2

Angelousi, A., Kassi, E., Ansari-Nasiri, N., Randeva, H., Kaltsas, G., & Chrousos, G.
(2019). Clock genes and cancer development in particular in endocrine
tissues. Endocrine-related cancer, 26(6), R305-R317. https://doi.org/10.1530/ERC-
19-0094

Basta, M., Simos, P., Vgontzas, A., Koutentaki, E., Tziraki, S., Zaganas, |,
Panagiotakis, S., Kapetanaki, S., Fountoulakis, N., & Lionis, C. (2019). Associations
between sleep duraton and cognitive impairment in  mild cognitive

69


https://doi.org/10.1007/s10803-019-03921-5
https://doi.org/10.1038/nmeth0410-248
https://doi.org/10.1016/B978-0-444-52006-7.00047-2
https://doi.org/10.1530/ERC-19-0094
https://doi.org/10.1530/ERC-19-0094

impairment. Journal of sleep research, 28(6), e12864.
https://doi.org/10.1111/jsr.12864

Basta, M., Koutentaki, E., Vgontzas, A., Zaganas, |, Vogiatzi, E., Gouna, G.,
Bourbouli, M., Panagiotakis, S., Kapetanaki, S., Fernandez-Mendoza, J., & Simos,
P. (2020). Objective Daytime Napping is Associated with Disease Severity and
Inflammation in Patients with Mild to Moderate Demential. Journal of Alzheimer's
disease : JAD, 74(3), 803-815. https://doi.org/10.3233/JAD-190483

Basta, M., Zaganas, |, Simos, P., Koutentaki, E., Dimovasili, C., Mathioudakis, L.,
Bourbouli, M., Panagiotakis, S., Kapetanaki, S., & Vgontzas, A. (2021).
Apolipoprotein E €4 (APOE ¢4) allele is associated with long sleep duration among

elderly with cognitive impairment. Journal of Alzheimer's Disease, 79(2), 763-771.

Baker, E., Sims, R., Leonenko, G., Frizzati, A., Harwood, J. C., Grozeva, D.,
GERAD/PERADES, CHARGE, ADGC, EADI, IGAP consortia, Morgan, K.,
Passmore, P., Holmes, C., Powell, J., Brayne, C., Gill, M., Mead, S., Bossu, P.,
Spalletta, G., ... Escott-Price, V. (2019). Gene-based analysis in HRC imputed
genome wide association data identifies three novel genes for Alzheimer's disease.
PloS one, 14(7), e0218111. https://doi.org/10.1371/journal.pone.0218111

Bassetti, C., Adamantidis, A., Burdakov, D., Han, F., Gay, S., Kallweit, U., Khatami,
R., Koning, F., Kornum, B. R., Lammers, G. J,, Liblau, R. S., Luppi, P. H., Mayer, G.,
Pollméacher, T., Sakurai, T., Sallusto, F., Scammell, T. E., Tafti, M., & Dauvilliers, Y.
(2019). Narcolepsy - clinical spectrum, aetiopathophysiology, diagnosis and
treatment. Nature reviews. Neurology, 15(9), 519-539.
https://doi.org/10.1038/s41582-019-0226-9\

Basta, M., Simos, P., Vgontzas, A., Koutentaki, E., Tziraki, S., Zaganas, I,
Panagiotakis, S., Kapetanaki, S., Fountoulakis, N. & Lionis, C. (2019). Associations
between sleep duration and cognitive impairment in mild cognitive impairment.
Journal of sleep research, 28(6), €12864. Doi: 10.1111/jsr.12864

Bishir, M., Bhat, A., Essa, M. M., Ekpo, O., lhunwo, A. O., Veeraraghavan, V. P.,
Mohan, S. K., Mahalakshmi, A. M., Ray, B., Tuladhar, S., Chang, S., Chidambaram,
S. B., Sakharkar, M. K., Guillemin, G. J., Qoronfleh, M. W., & Ojcius, D. M. (2020).

70


https://doi.org/10.1111/jsr.12864
https://doi.org/10.3233/JAD-190483
https://doi.org/10.1038/s41582-019-0226-9/

Sleep Deprivation and Neurological Disorders. BioMed research
international, 5764017. https://doi.org/10.1155/2020/5764017

Boissard, R., Gervasoni, D., Schmidt, M. H., Barbagli, B., Fort, P., & Luppi, P. H.
(2002). The rat ponto-medullary network responsible for paradoxical sleep onset and
maintenance: a combined microinjection and functional neuroanatomical study. The
European journal of neuroscience, 16(10), 1959-1973.
https://doi.org/10.1046/j.1460-9568.2002.02257.x

Bollu, P. C., & Kaur, H. (2019). Sleep Medicine: Insomnia and Sleep. Missouri
medicine, 116(1), 68-75.

Boucetta, S., & Jones, B. E. (2009). Activity profiles of cholinergic and intermingled
GABAergic and putative glutamatergic neurons in the pontomesencephalic
tegmentum of urethane-anesthetized rats. The Journal of neuroscience : the official
journal of the Society for Neuroscience, 29(14), 4664-4674.
https://doi.org/10.1523/INEURO SCI.5502-08.2009

Bourgin, P., Huitron-Résendiz, S., Spier, A. D., Fabre, V., Morte, B., Criado, J. R.,
Sutcliffe, J. G., Henriksen, S. J., & de Lecea, L. (2000). Hypocretin-1 modulates
rapid eye movement sleep through activation of locus coeruleus neurons. The
Journal of neuroscience : the official journal of the Society for Neuroscience, 20(20),
7760-7765. https://doi.org/10.1523/JNEUROSCI.20-20-07760.2000Breijyeh, Z., &
Karaman, R. (2020). Comprehensive Review on Alzheimer's Disease: Causes and
Treatment. Molecules (Basel, Switzerland), 25(24), 5789.
https://doi.org/10.3390/molecules25245789

Brinkman, J. E., Reddy, V., & Sharma, S. (2021). Physiology of Sleep. In StatPearls.
StatPearls Publishing.

Cardinali, D. P., Brown, G. M, & Pandi-Perumal, S. R. (2021).
Chronotherapy. Handbook of clinical neurology, 179, 357-370.
https://doi.org/10.1016/B978-0-12-819975-6.00023-6

Carskadon, M. A, & Dement, W. C. (2005). Normal human sleep: an

overview. Principles and practice of sleep medicine, 4(1), 13-23.

71


https://doi.org/10.1155/2020/5764017
https://doi.org/10.1046/j.1460-9568.2002.02257.x
https://doi.org/10.1523/JNEUROSCI.5502-08.2009
https://doi.org/10.3390/molecules25245789

Chang, A. M,, Duffy, J. F., Buxton, O. M., Lane, J. M., Aeschbach, D., Anderson, C.,
. & Saxena, R. (2019). Chronotype genetic variant in PER2 is associated with

intrinsic circadian period in humans. Scientific reports, 9(1), 1-10.

Choi, S. W., Mak, T. S., & O'Reilly, P. F. (2020). Tutorial: a guide to performing
polygenic risk score analyses. Nature protocols, 15(9), 2759-2772.
https://doi.org/10.1038/s41596-020-0353-1

Christou, S., Wehrens, S., Isherwood, C., Moller-Levet, C. S., Wu, H., Revell, V. L.,
Bucca, G., Skene, D. J., Laing, E. E., Archer, S. N., & Johnston, J. D. (2019).
Circadian regulation in human white adipose tissue revealed by transcriptome and
metabolic network analysis. Scientific reports, 9(1), 2641.
https://doi.org/10.1038/s41598-019-39668-3

Colten, H. R., Altevogt, B. M., & Institute of Medicine (US) Committee on Sleep
Medicine and Research (Eds.). (2006). Sleep Disorders and Sleep Deprivation: An

Unmet Public Health Problem. National Academies Press (US).

Cox, K.H. & Takahashi, J.S. (2019). Circadian clock genes and the transcriptional
architecture of the clock mechanism. Journal of molecular endocrinology, 63(4),
pp.R93-R102. https://doi.org/10.1530/IJME-19-0153

Culnan, E., McCullough, L. M., & Wyatt, J. K. (2019). Circadian Rhythm Sleep-Wake
Phase Disorders. Neurologic clinics, 37(3), 527-543.
https://doi.org/10.1016/j.ncl.2019.04.003

Da Silveira Cruz-Machado, S., Guissoni Campos, L. M., Fadini, C. C., Anderson, G.,
Markus, R. P., & Pinato, L. (2021). Disrupted nocturnal melatonin in autism:
Association with tumor necrosis factor and sleep disturbances. Journal of Pineal
Research, 70(3). doi:10.1111/jpi.12715

D'Souza, S., Thompson, J. M., Slykerman, R., Marlow, G., Wall, C., Murphy, R.,
Ferguson, L. R., Mitchell, E. A, & Waldie, K. E. (2016). Environmental and genetic
determinants of childhood depression: The roles of DAT1 and the antenatal

environment. Journal of affective disorders, 197, 151-158.
https://doi.org/10.1016/j.jad.2016.03.023

72


https://doi.org/10.1038/s41598-019-39668-3
https://doi.org/10.1530/JME-19-0153
https://doi.org/10.1016/j.ncl.2019.04.003

Ebisawa T. (2007). Circadian rhythms in the CNS and peripheral clock disorders:
human sleep disorders and clock genes. Journal of pharmacological
sciences, 103(2), 150-154. https://doi.org/10.1254/jphs.fmj06003x5

Espafia, R. A, & Scammell, T. E. (2011). Sleep neurobiology from a clinical
perspective. Sleep, 34(7), 845-858. https://doi.org/10.5665/SLEEP.1112

Gaine, M. E., Chatterjee, S., & Abel, T. (2018). Sleep Deprivation and the
Epigenome. Frontiers in neural circuits, 12, 14.
https://doi.org/10.3389/fncir.2018.00014

Galinos: Odigos Pharmakon. (n.d.). Cipraplex. In Galinos.gr online pharmaceutical
guide. Retrieved May 26, 2022, from
https://www.galinos.gr/web/drugs/main/drugs/cipralex

Gillette, M, & Abbott, S. (2005). Fundamentals of the circadian system. In: Sleep
Research Society (Eds.), SRS Basics of Sleep Guide. Westchester. (pp. 131-138).
IL: Sleep Research Society.

Haas, H. L., Sergeeva, O. A, & Selbach, O. (2008). Histamine in the nervous

system. Physiological reviews, 88(3), 1183-1241.
https://doi.org/10.1152/physrev.00043.2007

Hamosh, A., Scott, A. F., Amberger, J. S., Bocchini, C. A., & McKusick, V. A. (2005).
Online Mendelian Inheritance in Man (OMIM), a knowledgebase of human genes

and genetic disorders. Nucleic acids research, 33(Database issue), D514-D517.
https://doi.org/10.1093/nar/gki033

Hastings, M. H., Maywood, E. S., & Brancaccio, M. (2018). Generation of circadian
rhythms in the suprachiasmatic nucleus. Nature reviews. Neuroscience, 19(8), 453—
469. https://doi.org/10.1038/s41583-018-0026-z.

Huang, Z. L., Urade, Y., & Hayaishi, O. (2007). Prostaglandins and adenosine in the
regulation of sleep and wakefulness. Current opinion in pharmacology, 7(1), 33-38.
https://doi.org/10.1016/j.coph.2006.09.004

International Statistical Classification of Diseases and Related Health Problems
(11th ed.; ICD-11; World Health Organization, 2019).

73


https://doi.org/10.1254/jphs.fmj06003x5
https://doi.org/10.5665/SLEEP.1112
https://doi.org/10.3389/fncir.2018.00014
https://doi.org/10.1152/physrev.00043.2007
https://doi.org/10.1038/s41583-018-0026-z
https://doi.org/10.1016/j.coph.2006.09.004

Irukayama-Tomobe, Y., Ogawa, Y., Tominaga, H., Ishikawa, Y., Hosokawa, N.,
Ambai, S., Kawabe, Y., Uchida, S., Nakajima, R., Saitoh, T., Kanda, T., Vogt, K.,
Sakurai, T., Nagase, H., & Yanagisawa, M. (2017). Nonpeptide orexin type-2
receptor agonist ameliorates narcolepsy-cataplexy symptoms in  mouse
models. Proceedings of the National Academy of Sciences of the United States of
America, 114(22), 5731-5736. https://doi.org/10.1073/pnas.1700499114

Jetten A. M. (2009). Retinoid-related orphan receptors (RORS): critical roles in
development, immunity, circadian rhythm, and cellular metabolism. Nuclear receptor
signaling, 7, e003. https://doi.org/10.1621/nrs.07003

Jim, H. S., Lin, H. Y., Tyrer, J. P., Lawrenson, K., Dennis, J., Chornokur, G., Chen,
Z., Chen, A. Y., Permuth-Wey, J., Aben, K. K., Anton-Culver, H., Antonenkova, N.,
Bruinsma, F., Bandera, E. V., Bean, Y. T., Beckmann, M. W., Bisogna, M., Bjorge,
L., Bogdanova, N., Brinton, L. A., ... Phelan, C. M. (2015). Common Genetic
Variation in Circadian Rhythm Genes and Risk of Epithelial Ovarian Cancer
(EOC). Journal of genetics and genome research, 2(2), 017.
https://doi.org/10.23937/2378-3648/1410017

Jones, C. R., Campbell, S. S., Zone, S. E., Cooper, F., DeSano, A., Murphy, P. J.,
Jones, B., Czajkowski, L., & Ptacek, L. J. (1999). Familial advanced sleep-phase
syndrome: A short-period circadian rhythm variant in humans. Nature medicine, 5(9),
1062-1065. https://doi.org/10.1038/12502

Konstantara, L. (2016). Detection of polymorphisms in clock genes in patients with
dementia, and evaluation of their sleep architecture [Unpublished master thesis].

Medical School of University of Crete.

Krieger, J. (2000). Respiratory physiology: Breathing in normal subjects. In Kryger
M, Roth T & Dement W.C (Eds.), Principles and Practice of Sleep Medicine (4th ed.,
pp. 229-241). Philadelphia: Elsevier Saunders.

Lee, M. G., Hassani, O. K., & Jones, B. E. (2005). Discharge of identified
orexin/hypocretin  neurons across the sleep-waking cycle. The Journal of
neuroscience : the official journal of the Society for Neuroscience, 25(28), 6716—
6720. https://doi.org/10.1523/INEUROSCI.1887-05.2005

74


https://doi.org/10.1073/pnas.1700499114
https://doi.org/10.1621/nrs.07003
https://doi.org/10.23937/2378-3648/1410017
https://doi.org/10.1523/JNEUROSCI.1887-05.2005

Leonard, C. S., & Llinas, R. (1994). Serotonergic and cholinergic inhibition of
mesopontine  cholinergic  neurons controling REM sleep: an in vitro
electrophysiological study. Neuroscience, 59(2), 309-330.
https://doi.org/10.1016/0306-4522(94)90599-1

Lin, W., Xin, H., Zhang, Y., Wu, X, Yuan, F., & Wang, Z (1999). The human REV1
gene codes for a DNA template-dependent dCMP transferase. Nucleic acids
research, 27(22), 4468—-4475. https://doi.org/10.1093/nar/27.22.4468

Madsen, P. L., Schmidt, J. F., Wildschigdtz, G., Friberg, L., Holm, S., Vorstrup, S., &
Lassen, N. A. (1991). Cerebral O2 metabolism and cerebral blood flow in humans
during deep and rapid-eye-movement sleep. Journal of applied physiology
(Bethesda, Md.: 1985), 70(6), 2597-2601.
https://doi.org/10.1152/jappl.1991.70.6.2597

Mahoney, C. E., Cogswell, A., Koralnik, I. J., & Scammell, T. E. (2019). The
neurobiological basis of narcolepsy. Nature reviews. Neuroscience, 20(2), 83-93.
https://doi.org/10.1038/s41583-018-0097-x

McCarthy, M. J., Nievergelt, C. M., Shekhtman, T., Kripke, D. F., Welsh, D. K., &
Kelsoe, J. R. (2011). Functional genetic variation in the Rev-Erba pathway and
lithium response in the treatment of bipolar disorder. Genes, brain, and
behavior, 10(8), 852—-861. https://doi.org/10.1111/j.1601-183X.2011.00725.x

Micic, G., Lovato, N., Gradisar, M., Ferguson, S. A., Burgess, H. J., & Lack, L. C.
(2016). The etiology of delayed sleep phase disorder. Sleep medicine reviews, 27,
29-38. https://doi.org/10.1016/j.smrv.2015.06.004

Miyagawa, T., Hida, A., Shimada, M. Uehara, C., Nishino, Y., Kadotani, H.,
Uchiyama, M., Ebisawa, T., Inoue, Y., Kamei, Y., Tokunaga, K., Mishima, K., &
Honda, M. (2019). A missense variant in PER2 is associated with delayed sleep-
wake phase disorder in a Japanese population. Journal of human genetics, 64(12),
1219-1225. https://doi.org/10.1038/s10038-019-0665-6

Mohawk, J. A., & Takahashi, J. S. (2011). Cell autonomy and synchrony of
suprachiasmatic nucleus circadian oscillators. Trends in neurosciences, 34(7), 349—
358. https://doi.org/10.1016/j.tins.2011.05.003

75


https://doi.org/10.1016/0306-4522(94)90599-1
https://doi.org/10.1093/nar/27.22.4468
https://doi.org/10.1152/jappl.1991.70.6.2597
https://doi.org/10.1038/s41583-018-0097-x
https://doi.org/10.1111/j.1601-183X.2011.00725.x
https://doi.org/10.1016/j.tins.2011.05.003

Momany, S. M., Al-Qatarneh, T. A., Khader, Y. S., Abu-Harfeil, N. M., Daoud, A. K.,
& Mahasneh, A. A. (2017). The association of HLA-DQB1*0602 but not HLA-
DRB1*15 with obstructive sleep apnea. Clinical and investigative medicine.
Medecine clinique et experimentale, 40(4), E167-E175.
https://doi.org/10.25011/cim.v40i4.28494

Morin L. P. (2013). Neuroanatomy of the extended circadian rhythm
system. Experimental neurology, 243, 4-20.
https://doi.org/10.1016/j.expneurol.2012.06.026

National Center for Biotechnology Information (NCBI), (2004). National Library of
Medicine (US). Bethesda (MD): [cited 2022 May 26]. Available from:
https://www.ncbi.nlm.nih.gov/gene/

NHLBI (National Heart, Lung, and Blood Institute). 2003. Sleep, Sleep Disorders,
and Biological Rhythms: NIH Curriculum Supplement Series, Grades 9-12. Colorado

Springs, CO: Biological Sciences Curriculum Study.

Niwa, Y., Kanda, G. N., Yamada, R. G., Shi, S., Sunagawa, G. A., Ukai-Tadenuma,
M., Fujishima, H., Matsumoto, N., Masumoto, K. H., Nagano, M., Kasukawa, T.,
Galloway, J., Perrin, D., Shigeyoshi, Y., Ukai, H., Kiyonari, H., Sumiyama, K., &
Ueda, H. R. (2018). Muscarinic Acetylcholine Receptors Chrm1l and Chrm3 Are
Essential for REM Sleep. Cell reports, 24(9), 2231-2247 .e7.
https://doi.org/10.1016/j.celrep.2018.07.082

Ollla H. M. (2020). Narcolepsy type 1. what have we Ilearned from
genetics?. Sleep, 43(11), zsaa099. https://doi.org/10.1093/sleep/zsaa099

Parker, K.P, & Dunbar, S.B. (2005). Cardiac nursing. In Woods S.L, Froelicher,
E.S.S, Motzer S.U, & Bridges E (Eds.), Sleep. (5th ed., pp. 197-219). Philadelphia:
Lippincott Williams and Wilkins.

Passani, M. B., Blandina, P., & Torrealba, F. (2011). The histamine H3 receptor and
eating behavior. The Journal of pharmacology and experimental
therapeutics, 336(1), 24—29. https://doi.org/10.1124/jpet.110.171306

Patel, A. K., Reddy, V. & Araujo, J. F. (2022). Physiology, Sleep Stages.
In StatPearls. StatPearls Publishing.

76


https://doi.org/10.25011/cim.v40i4.28494
https://doi.org/10.1016/j.expneurol.2012.06.026
https://www.ncbi.nlm.nih.gov/gene/
https://doi.org/10.1016/j.celrep.2018.07.082
https://doi.org/10.1093/sleep/zsaa099

Patke, A., Murphy, P. J., Onat, O. E., Krieger, A. C., Ozcelik, T., Campbell, S. S., &
Young, M. W. (2017). Mutation of the Human Circadian Clock Gene CRY1 in
Familial Delayed Sleep Phase Disorder. Cell, 169(2), 203-215.e13.
https://doi.org/10.1016/j.cell.2017.03.027

Petersen, B. S., Fredrich, B., Hoeppner, M. P., Ellinghaus, D., & Franke, A. (2017).
Opportunities and challenges of whole-genome and -exome sequencing. BMC
genetics, 18(1), 14. https://doi.org/10.1186/s12863-017-0479-5

QlAamp® DNA Mini and Blood Mini Handbook (5th ed.) (2016).

Saeed, Y., & Abbott, S. M. (2017). Circadian Disruption Associated with Alzheimer's
Disease. Current neurology and neuroscience reports, 17(4), 29.
https://doi.org/10.1007/s11910-017-0745-y

Sakurai, T., Amemiya, A., Ishii, M., Matsuzaki, I., Chemelli, R. M., Tanaka, H.,

Williams, S. C., Richardson, J. A., Kozlowski, G. P., Wilson, S., Arch, J. R,,
Buckingham, R. E., Haynes, A. C., Carr, S. A, Annan, R. S., McNulty, D. E., Liu, W.
S., Terrett, J. A, Elshourbagy, N. A., Bergsma, D. J., ... Yanagisawa, M. (1998).

Orexins and orexin receptors: a family of hypothalamic neuropeptides and G protein-
coupled receptors that regulate feeding behavior. Cell, 92(4), 573-585.

https://doi.org/10.1016/s0092-8674(00) 80949-6

Sanchez, R., Kalume, F., & de la Iglesia, H. O. (2022). Sleep timing and the
circadian clock in mammals: Past, present and the road ahead. Seminars in cell &
developmental biology, 126, 3—14. https://doi.org/10.1016/j.semcdb.2021.05.034

Saper, C. B., Fuller, P. M., Pedersen, N. P., Lu, J., & Scammell, T. E. (2010). Sleep
state switching. Neuron, 68(6), 1023-1042.
https://doi.org/10.1016/j.neuron.2010.11.032

Saper, C. B., Scammell, T. E., & Lu, J. (2005). Hypothalamic regulation of sleep and
circadian rhythms. Nature, 437(7063), 1257-1263.
https://doi.org/10.1038/nature04284

Scammell, T. E., Arrigoni, E., & Lipton, J. O. (2017). Neural circuitry of wakefulness
and sleep. Neuron, 93(4), 747-765. https://doi.org/10.1016/j.neuron.2017.01.014

77


https://doi.org/10.1007/s11910-017-0745-y
https://doi.org/10.1016/j.semcdb.2021.05.034
https://doi.org/10.1016/j.neuron.2010.11.032
https://doi.org/10.1038/nature04284

Scheltens, P., De Strooper, B., Kivipelto, M., Holstege, H., Chételat, G., Teunissen,
C. E., Cummings, J., & van der Flier, W. M. (2021). Alzheimer's disease. Lancet
(London, England), 397(10284), 1577-1590. https://doi.org/10.1016/S0140-
6736(20)32205-4

Schoch, S. F., Kurth, S., & Werner, H. (2021). Actigraphy in sleep research with
infants and young children: Current practices and future benefits of standardized
reporting. Journal of sleep research, 30(3), e13134. https://doi.org/10.1111/jsr.13134

Schone, C., Apergis-Schoute, J., Sakurai, T., Adamantidis, A.,, & Burdakov, D.
(2014). Coreleased orexin and glutamate evoke nonredundant spike outputs and
computations in histamine neurons. Cell reports, 7(3), 697-704.
https://doi.org/10.1016/j.celrep.2014.03.055

Schwartz, W. J.,, & Klerman, E. B. (2019). Circadian Neurobiology and the
Physiologic Regulation of Sleep and Wakefulness. Neurologic clinics, 37(3), 475—
486. https://doi.org/10.1016/j.ncl.2019.03.001

Shaw, P., Tafti, M., & Thorpy, M. J. (2013). The genetic basis of sleep and sleep

disorders. Cambridge University Press.

Simon, P.M, Landry, S.H & Leifer, J.C. (2002). Respiratory control during sleep. In
Lee-Chiong T.K, Sateia M.J & Carskadon M.A (Eds.), Sleep Medicine (pp. 41-51).
Philadelphia: Hanley and Belfus.

Slowik, J. M., & Collen, J. F. (2022). Obstructive Sleep Apnea. In StatPearls.
StatPearls Publishing.

Tafti, M., Dauuvilliers, Y., & Overeem, S. (2007). Narcolepsy and familial advanced
sleep-phase syndrome: molecular genetics of sleep disorders. Current opinion in
genetics & development, 17(3), 222-227. https://doi.org/10.1016/j.gde.2007.04.007

Treble-Barna, A., Wade, S. L., Martin, L. J., Pilipenko, V., Yeates, K. O., Taylor, H.
G., & Kurowski, B. G. (2017). Influence of Dopamine-Related Genes on
Neurobehavioral Recovery after Traumatic Brain Injury during Early
Childhood. Journal of neurotrauma, 34(11), 1919-1931.
https://doi.org/10.1089/neu.2016.4840

78


https://doi.org/10.1016/S0140-6736(20)32205-4
https://doi.org/10.1016/S0140-6736(20)32205-4
https://doi.org/10.1016/j.ncl.2019.03.001

Van Ruitenbeek, P., Vermeeren, A., & Riedel, W. J. (2010). Cognitive domains
affected by histamine H(1)-antagonism in humans: a literature review. Brain research
reviews, 64(2), 263-282. https://doi.org/10.1016/j.brainresrev.2010.04.008

Veatch, O. J., Bauer, C. R., Keenan, B. T., Josyula, N. S., Mazzotti, D. R., Bagai, K.,
Malow, B. A., Robishaw, J. D., Pack, A 1, & Pendergrass, S. A. (2020).
Characterization of genetic and phenotypic heterogeneity of obstructive sleep apnea
using  electronic  health records. BMC medical genomics, 13(1), 105.
https://doi.org/10.1186/s12920-020-00755-4

Verret, L., Goutagny, R., Fort, P., Cagnon, L., Salvert, D., Léger, L., Boissard, R.,
Salin, P., Peyron, C., & Luppi, P. H. (2003). A role of melanin-concentrating hormone
producing neurons in the central regulaton of paradoxical sleep. BMC
neuroscience, 4, 19. https://doi.org/10.1186/1471-2202-4-19

Wagner, S., Castel, M., Gainer, H., & Yarom, Y. (1997). GABA in the mammalian
suprachiasmatic nucleus and its role in diurnal rhythmicity. Nature, 387(6633), 598—
603. https://doi.org/10.1038/42468

Waldie, K. E., Cornforth, C. M., Webb, R. E., Thompson, J., Murphy, R., Moreau, D.,
Slykerman, R., Morgan, A. R., Ferguson, L. R., & Mitchell, E. A. (2017). Dopamine
transporter (DAT1/SLC6A3) polymorphism and the association between being born
small for gestational age and symptoms of ADHD. Behavioural brain research, 333,
90-97. https://doi.org/10.1016/j.bbr.2017.06.040

Wang, S., Li, F., Lin, Y., & Wu, B. (2020). Targeting REV-ERBa for therapeutic
purposes: promises and challenges. Theranostics, 10(9), 4168-4182.
https://doi.org/10.7150/thno.43834

Weihs, A., Frenzel, S., Wittfeld, K., Obst, A., Stubbe, B., Habes, M., Szentkiralyi, A.,
Berger, K., Fietze, I, Penzel, T., Hosten, N., Ewert, R., Volzke, H., Zacharias, H. U.,
& Grabe, H. J. (2021). Associations between sleep apnea and advanced brain aging
in a large-scale population study. Sleep, 44(3), zsaa204.
https://doi.org/10.1093/sleep/zsaa204

Williams, J. A., Comisarow, J., Day, J., Fibiger, H. C., & Reiner, P. B. (1994). State-

dependent release of acetylcholine in rat thalamus measured by in vivo

79


https://doi.org/10.1016/j.brainresrev.2010.04.008
https://doi.org/10.1186/s12920-020-00755-4
https://doi.org/10.1038/42468
https://doi.org/10.7150/thno.43834
https://doi.org/10.1093/sleep/zsaa204

microdialysis. The Journal of neuroscience : the official journal of the Society for
Neuroscience, 14(9), 5236-5242. https://doi.org/10.1523/JNEUROSCI.14-09-
05236.1994

Wither, R. G., Colic, S., Wu, C., Bardakjian, B. L., Zhang, L., & Eubanks, J. H.
(2012). Daily rhythmic behaviors and thermoregulatory patterns are disrupted in
adult female MeCP2-deficient mice. PloS one, 7(4), e35396.
https://doi.org/10.1371/journal.pone.0035396

Wu, H., Dunnett, S., Ho, Y. S., & Chang, R. C. (2019). The role of sleep deprivation
and circadian rhythm disruption as risk factors of Alzheimer's disease. Frontiers in
neuroendocrinology, 54, 100764. https://doi.org/10.1016/j.yfrne.2019.100764

Xiao, X.,, Wang, L., Wang, C., Yuan, T. F., Zhou, D., Zheng, F., Li, L., Grigoroiu-
Serbanescu, M., lkeda, M., lwata, N., Takahashi, A., Kamatani, Y., Kubo, M., Preisig,
M., Kutalik, Z., Castelao, E., Pistis, G., Amin, N., van Duijn, C. M., Forstner, A. J., ...
Advanced Collaborative Study of Mood Disorder (COSMO) Team, MooDS Bipolar
Consortium (2017). Common variants at 2gl11.2, 89g21.3, and 11q9l13.2 are
associated with major mood disorders. Translational psychiatry, 7(12), 1273.
https://doi.org/10.1038/s41398-017-0019-0

Xu, H. L., Gao, X. R., Zhang, W., Cheng, J. R., Tan, Y. T., Zzheng, W., Shu, X. O., &
Xiang, Y. B. (2013). Effects of polymorphisms in translesion DNA synthesis genes on

lung cancer risk and prognosis in Chinese men. Cancer epidemiology, 37(6), 917—
922. https://doi.org/10.1016/j.canep.2013.08.003

Zaganas, l. V., Simos, P., Basta, M., Kapetanaki, S., Panagiotakis, S., Koutentaki, I.,
Fountoulakis, N., Bertsias, A., Duijker, G., Tziraki, C., Scarmeas, N., Plaitakis, A.,
Boumpas, D., Lionis, C., Vgontzas, N. A. (2019). The Cretan Aging Cohort: Cohort
description and burden of dementia and mild cognitive impairment. American Journal
of  Alzheimer's Disease & Other Dementias, 34(1), 23-33. Doi:
10.1177/1533317518802414

Zhang, L., Hirano, A., Hsu, P. K., Jones, C. R., Sakai, N., Okuro, M., McMahon, T.,
Yamazaki, M., Xu, Y., Saigoh, N., Saigoh, K., Lin, S. T., Kaasik, K., Nishino, S.,
Ptacek, L. J., & Fu, Y. H. (2016). A PERIODS variant causes a circadian phenotype

and is associated with a seasonal mood trait. Proceedings of the National Academy

80


https://doi.org/10.1371/journal.pone.0035396
https://doi.org/10.1016/j.yfrne.2019.100764
https://doi.org/10.1038/s41398-017-0019-0

of Sciences of the United States of America, 113(11), E1536-E1544.
https://doi.org/10.1073/pnas.1600039113

81


https://doi.org/10.1073/pnas.1600039113

SUPPLEMENTARY DATA

Table5. The genes associated with sleep disorders and studied in the current
research. All SNPs detected in the 201 participant sample and the numbers of the
carrier and non-carriers are being presented

Gene SNP Cases Controls Gene SNP Cases Controls
TNF rs4645843 5 4 HCRTR2 rs2653349 118 80
rs577329144 0 2 rs12111299 1 0
rs867435711 2 0 rs9475219 1 0
rs375864945 1 0 rs9396073 53 40
rs3093665 19 13 rs3122169 120 79
rs3093662 27 24 rs62416819 53 40
new 3 0 rs62416818 53 40
CHRM3  rs751548647 1 1 New10 1 0
rs200553848 1 0 MECP2  rs587783092 13 9
rs201489195 0 1 rs61752387 1 1
rs140545853 0 1 rs782482746 0 1
rs145865028 0 1 rs61748385 1 0
rs201656302 0 1 rs782743949 1 1
rs199549014 0 1 rs1057520135 3 2
rs200122635 1 0 rs782739532 3 3
rs2067481 9 8 rs61753975 0 1
rs753116253 0 1 rs3850326 6 1
Newl 1 0 rs61749711 0 1
New?2 1 0 rs61750245 1 2
New3 1 0 rs61753012 2’ 1
New4 1 0 rs3027927 1 0
BDNF rs76656357 1 1 rs2071569 1 0
rs145503674 2 7 New11 1 1
rs41274440 2 7 New12 1 0
rs748025933 0 1 New13 1 0
rs376019229 1 1 New14 1 0
rs79679324 0 2 New15 66 44
rs8192466 1 0 New16 6 0
rs139352447 1 0 Newl17 2 1
rs66866077 9 8 New18 0 1
rs909900837 2 0 GABBR1 rs56034620 6 2
rs200573189 0 1 rs183265065 0 1
rs6265 41 24 rs754019548 0 1
rs2353512 120 81 rs559736409 0 1
SLC6A4  rs74845752 2 1 rs1805057 1 3
rs1007216124 O 1 rs200280988 2 0
rs28914832 1 0 rs190501135 0 1
rs33919215 1 0 rs370044776 0 1
rs200015551 1 1 rs76632246 2 2
rs6355 1 0 rs200753831 0 1
rs41274284 2 0 rs78592538 0 1
rs41274280 2 0 rs1805056 19 11
rs34876533 2 0 rs29243 3 1
rs34083002 2 0 rs29220 54 32

82



SLC6A3
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rs28914830
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rs112801202
rs780852886
rs747783826
rs768979705
rs147837176
rs942434534
rs369942690
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rs145114326
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rs369805676
rs8179035
rs192044159
rs756371809
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rs460000
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13
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85
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59
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28
21
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Table6. The clock genes studied in the previous and current research. All SNPs
detected in the 201 participant sample and the numbers of the carrier and non-
carriers are being presented.

Gene SNP Cases Controls Gene SNP Cases Controls
CLOCK New21 1 0 rs74795714 4 0
rs766067893 0 1 rs937895139 1 0
rs200566706 1 0 New25 0 1
rs34812164 1 0 rs754411014 1 0
rs780830912 0 1 rs918239431 1 0
New22 1 0 rs148204955 1 0
rs767458103 1 0 rs746932415 0 1
rs188447644 2 0 New26 2 0
rs34897046 5 4 rs778368752 0 1
rs6855837 0 1 New27 5 0
rs74643067 5 4 New28 1 0
rs3736544 97 67 New?29 40 14
rs35793438 5 4 New30 1 0
ARNTL rs145121921 0 1 rs748386886 1 0
New23 0 2 New31 1 0
rs200521706 1 1 rs150726488 1 0
rs371906248 1 0 New32 1 0
rs374112499 0 1 New33 0 2
rs77363897 4 1 New34 2 0
rs140130779 0 1 rs143964144 0 1
rs10832030 119 81 New35 1 0
rs2290037 19 7 New36 1 0
NPAS2 rs113107029 0 2 New37 1 0
rs201271037 2 0 New38 2 1
rs183671025 1 0 New39 1 2
rs80034641 1 0 New40 2 4
rs138318020 1 0 rs146151077 0 1
rs17025128 6 0 rs200162062 0 1
rs200967952 1 1 New41 1 0
rs146893880 1 0 rs968568350 1 0
rs2305158 43 34 rs144699916 0 1
rs9223 78 41 rs55720390 7 3
rs13430345 1 1 rs55655060 4 1
rs2278727 56 31 rs112854368 7 2
rs11541353 39 35 rs112185134 5 2
rs60866311 3 0 rs3027178 67 41
rs2305160 108 75 rs10462024 72 44
rs112862134 4 4 rs2304911 15 10
rs1562313 40 16 rs2735611 101 69
rs35503589 19 16 rs2253820 101 72
rs2289950 19 16 rs2585405 111 76
rs3841571 1 3 rs112474322 5 1
rs41280595 38 36 PER2 New42 3 1
PER1 New24 1 0 New43 1 0
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VDR rs748166237 0 1 rs765172820 1 0
rs746039894 1 0 rs199616498 0 3
rs752590757 1 0 rs1022212450 1 0
rs540774973 0 1 rs150952015 14 10
rs150775215 0 1 rs150805444 1 0
rs2228570 101 74 rs200227651 0 1
rs2228572 4 0 rs117458658 2 1
rs10783218 16 4 rs143635644 1 0
rs1168267 40 19 rs73424068 3 2
rs1168266 94 70 rs78039601 7 3
rs731236 70 51 rs17237283 0 1

REV1 rs549798949 0 1 rs76532214 7 2
New56 1 1 rs61740274 32 20
New57 0 1 rs11071539 120 1
rs558361733 6 0 RORB rs144902615 1 0
rs1324957632 6 1 New65 0 1
New58 3 0 New66 0 1
New59 3 0 rs1264695746 0O 1
New60 1 0 rs41307459 3 2
rs3087383 2 0 rs3818559 75 53
rs571039597 1 0 rs2273975 45 28
rs3087385 9 2 rs139770757 39 17
rs147615288 4 0 BHLHE New67 0 1

40
rs777771050 2 1 rs182209585 0 3
New61 0 1 New68 0 1
rs754043439 0 1 rs111860035 1 0
rs3087396 6 2 rs908078 40 36
rs138292917 1 0 rs78035155 3 0
rs147467855 0 1 rs2271566 35 31
New62 9 2 BHLHE New69 0 1
41
New63 7 2 rs368411883 1 1
New64 0 1 rs76786372 11 3
rs774097504 1 0 rs370994677 1 1
rs28382881 0 1 rs200886903 1 0
rs28382973 0 1 rs372622178 1 0
rs28369942 45 53 rs1240463456 1 1
rs3087403 69 42 New70 7 3
rs3087386 89 61 rs61754129 0 3
rs3087399 8 10 rs1871557 13 7
rs10175852 8 10 NR1D1 rs17616365 1 0
rs13409359 8 11 rs778452400 0 1
rs717454 85 57 rs138791655 2 0
rs3087401 2 1 New71 1 0
rs2305354 87 60 rs201870231 58 23
RORA rs201488277 1 0 New71 0 1
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NR1D1 rs1237927783 0 1
rs148075782 1 0
rs140172310 0 1
rs140575858 1 0
New74 0 1
rs61736536 2 0
rs2102928 106 69
rs2314339 29 24
rs939346 117 75
rs883871 33 24
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