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Foreword

This is a beautiful and useful book for the numer-
ous world’s sleep and dream clinicians and
researchers (hypnologists and oneirologists) and
sleep researchers and we should thank the editors,
Paul Shaw, Mehdi Tafti, and Michael Thorpy.
Although I am not a specialist in genetics, I have
been introduced to this discipline by one of my best
students and coworkers, Jean Louis Vataltx, who
pioneered this field in 1972, by reporting in Nature
a study in inbred mice. Certainly, genetic studies of
the sleep-wake cycle help the physiologist and I was
interested to read the paper from the University of
Missouri reporting the role of metabolic genes in
sleep regulation. I was wondering which relation-
ships between sleep deprivation and cognitive
deficits (paper No. 17), and sleep and long-term
memory storage (paper No. 20) have been demon-
strated. In this field, may I suggest that results
obtained in animal models should not be applied
to humans.

Some 30 years ago, I had the rare opportunity to
study a man, continuously recorded by EEG, who

suffered from Morvan’s disease and did not sleep for
5 months. He was not sleepy and did not show any
memory disturbances nor cognitive deficits and was
able to complete several difficult cognitive tests. At
the end of our report (Fischer-Perroudon C, Mouret
J, Jouvet M. Electroencephalogr Clin Neurophysiol.
1974;36(1):1-18. French), we had the following ques-
tion: what was the function of sleep?

However, it was only later that I recognized the
very important role of genetics. In studying the pat-
terns of rapid eye movements during dreaming in
man, we found that these patterns were genetically
controlled since they were identical in monozygotic
twins, reared together or apart. This result opened the
hypothesis that dreaming (REM sleep) might be an
iterative genetic programming of the psychological
individuation in man. Thus, long life to the future
of genetic studies of dreaming.

Michel Jouvet
Emeritus Professor of Experimental Medicine
University of Lyon, France
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Preface

The genetics of sleep and sleep disorders is still largely
unknown and not well understood; however, new
studies show the importance not only for understand-
ing brain physiology but for sleep disorders and the
circadian regulation that influences most body
systems. In order to understand the physiology and
pathophysiology of sleep, genetic studies are being
developed that include new genetic techniques to tell
us not only about brain regions that are activated or
deactivated by sleep and alertness but also help us
understand the pathophysiological mechanisms
involved. This book, Genetics of Sleep and Sleep Dis-
orders, details the important advances in the genetics
of sleep disorders that hold promise to help us
understand the underlying physiology and patho-
physiology of sleep that will also aid in the diagnosis
of sleep disorders.

There has been a major increase during the last
decades in knowledge of the genetics of sleep and
sleep disorders. Genetic epidemiologic studies have
contributed considerably; however, there are marked
differences in the level of knowledge between
different aspects of sleep and individual disorders.
Linkage, genome-wide association, and sequencing
are yielding new insights into the basis of sleep traits.
Mutations in the clock genes have been associated
with Mendelian alterations of circadian rhythms and
candidate gene association studies have been
reported for a variety of sleep disorders. Most sleep
disorders are considered to be complex genetic dis-
orders. Recent progress has been made in identifying
the genetic basis of narcolepsy and RLS and genome-
wide association studies have demonstrated several
genetic loci associated with their pathogenesis. The
genetic basis remains to be determined for the more
prevalent sleep disorders, insomnia and obstructive
sleep apnea. Epigenetic mechanisms are being recog-
nized as playing a major part in gene regulation of
sleep. In the future whole-genome sequencing may
clarify the genetic basis of complex traits including

those associated with circadian sleep-wake regulation
and help discover new gene networks involved in the
regulation of sleep and the pathogenesis of sleep
disorders.

This book represents the first major overview of
the accumulated scientific developments in genetics
to the study of sleep and sleep disorders.

No previous book has been published which com-
prehensively focuses on genetics of sleep and its dis-
orders. This book accumulates the most recently
available information on genetics and epigenetics
and is written by top specialists in the field, geneti-
cists, sleep disorders physicians and sleep researchers,
from the Americas, Europe, and Asia. The chapters
are arranged in five major sections: an introductory
section on principles of genetics and genomics, genet-
ics of sleep and circadian rhythms, sleep physiology
and homeostasis, genetics of the sleep disorders
including, insomnia, sleep-related breathing dis-
orders, circadian rhythm disorders, parasomnias and
sleep-related movement disorders, psychiatric and
medical disorders associated with sleep and finally
therapeutics. The introductory section comprises
chapters on linkage and associations, complex trait
analysis, and genome-wide association studies,
including the fundamentals and methodology of gen-
etic methods. The second section addresses genetics
of normal sleep and circadian sleep-wake rhythms
and includes epidemiology, and presentations on
Drosophila, C. elegans and zebrafish genetic models,
new techniques such as optogenetic photostimulation,
astrogial regulation, metabolic genes, circadian pace-
maker control and epigenetic mechanisms. Section
three presents the genetics of the electrocephalo-
graphic basis of normal sleep, homeostasis and circa-
dian entrainment, sleep deprivation and effects on
memory and synaptic plasticity. Section four dis-
cusses the role of genetics in the understanding of
the sleep disorders including, insomnia, narcolepsy
and the hypersomnias, sleep-related breathing
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disorders, circadian rhythm sleep disorders, restless
legs syndrome, relevant psychiatric disorders and
nocturnal epilepsy, and finally the future role of gene
therapy.

This volume is intended primarily for sleep dis-
order specialists, sleep researchers, and geneticists;
however, it is suitable for neurologists, psychiatrists,
and any professional and researcher interested in the
interdisciplinary field of sleep medicine. It will be of
use for neurology, psychiatry and genetics residents
and fellows, clinical psychologists, advanced graduate
medical students, neuropsychologists, house officers,
and other mental health and social workers who want
to get an understanding the genetic basis of the

physiology of sleep and pathophysiological and diag-
nostic features of sleep disorders.

We are greatly indebted to all the authors who
have contributed to this book and are appreciative of
the help of the staff of the Cambridge University Press
in getting this book in print so quickly so that the
contents are up-to-date and current. As findings in
this area are rapidly advancing it is anticipated that
future editions of this volume Genetics of Sleep and
Sleep Disorders will take these developments into
account.

Paul, Mehdi and Michael
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Introduction

Human genetics is one of the most promising
approaches to identifying the cellular underpinnings
of human diseases and traits. For diseases whose
etiology is largely unknown, identifying genes that
contribute risk can lead to novel biological insights
and potentially reveal proteins and pathways to target
with therapeutics. Historically, the search for such
genetic variation that influences phenotype has been
particularly successful in rare genetic disorders,
termed Mendelian disease, that are caused by severe
mutations in DNA: classic examples of such diseases
include hemochromatosis, cystic fibrosis and phenyl-
ketonuria [1]. For these diseases, DNA changes in
particular genes lead to deficient or altered protein
that in turn results in a cascade of physiological out-
comes, ultimately culminating in the medical sequelae
that define the disease. Not only have these findings
helped elucidate the biological pathways important to
these phenotypes, but also understanding the damaged
cellular processes has been proven to be relevant to
patients’ medical treatment. A primary goal of human
genetics is to understand disease biology and ultimately
aid in the identification of novel therapeutic design.
The application of genetics to severe rare diseases
that follow clear inheritance patterns in families has
led to the successful identification of the root cause in
many instances. These Mendelian diseases are almost
completely caused by genetic factors, which explains
the success of genetics to unequivocally determine the
cause. In contrast, complex traits are characterized by
the combination of many genetic and environmental
factors that together create the phenotype. An add-
itional consequence of this complex trait architecture
is that the familial clustering of the trait does not
follow a clear and predictable inheritance pattern.

Linkage and associations

Elizabeth J. Rossin and Benjamin M. Neale

For most complex phenotypes, we do not understand
the bulk of the underlying pathophysiology, in spite of
the fact that many of these traits are clearly heritable.
Since the nineteenth century, scientists and physicians
have studied twins and families for complex pheno-
types and identified clear evidence of heritability. The
fact that traits tend to run in families and that more
genetically similar family members tend to be more
phenotypically similar provides empirical support of
the genetic hypothesis. Consequently, the identifica-
tion of genetic variants is possible and provides the
opportunity to gain insight into the biological pro-
cesses relevant to human disease. Twin and family
studies in sleep phenotypes have revealed significant
heritability; the earliest observation of sleep pheno-
types being heritable was made in 1937 when Geyer
reported higher sleep profile concordance in mono-
zygotic twins than dizogotic twins [2].

As with many traits, the majority of sleep disorders
and sleep-related traits are complex phenotypes. How-
ever, there are some examples of familial diseases that
present with disordered sleep as either a primary or
secondary finding. Phenotypes in both these categories
include diseases such as restless leg syndrome (RLS) and
narcolepsy—cataplexy as well as quantitative traits in
normal individuals including duration and quality of
sleep. A number of instances of sleep disorders segre-
gating in a Mendelian fashion within large families have
been documented, but there are also well-established
studies of heritability of sleep and sleep disorders as
complex traits as discussed later in this chapter [3-9].

Identifying genes for heritable Mendelian and
complex traits alike requires genetic mapping, i.e. the
identification and localization of genes that underlie
heritable phenotypes. Genetic mapping is accom-
plished by correlating DNA variation with phenotype.
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