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Epigenetics is considered by many to be the “new genetics” because many biological
processes are controlled not through gene mutations, but rather through reversible and
heritable epigenetic phenomena ranging from DNA methylation to histone modifications
to prions. Epigenetic processes occur in diverse organisms and control a vast array of
biological functions, such as tissue/organ regeneration, X-chromosome inactivation, stem
cell differentiation, genomic imprinting, and aging. Epigenetic aberrations underlie many
diseases, including cancer and disorders of the immune, endocrine, and nervous systems;
clinical intervention is already in place for some of these disorders and many novel
epigenetic therapies are likely on the horizon.

Handbook of Epigenetics: The New Molecular and Medical Genetics is the first comprehensive
analysis of epigenetics, and summarizes recent advances in this intriguing field of study. This
book will interest students and researchers in both academics and industry by illuminating
the evolution of epigenetics, the epigenetic basis of normal and pathological processes, and
the practical applications of epigenetics in research and therapeutics.

xili



CHAPTER

Epigenetics: The New
Science of Genetics

Trygve 0. Tollefsbol*2345

‘Department of Biology, University of Alabama at Birmingham, AL 35294

2Center for Aging, University of Alabama at Birmingham, AL 35294

3Comprehensive Cancer Center, University of Alabama at Birmingham, AL 35294
4Nutrition Obesity Research Center, University of Alabama at Birmingham, AL 35294
SComprehensive Diabetes Center, University of Alabama at Birmingham, AL 35294, USA

INTRODUCTION

The term epigenetics was first introduced in 1942 by Conrad Waddington and was defined
as the causal interactions between genes and their products that allow for phenotypic
expression [1]. This term has now been somewhat redefined and although there are many
variants of the definition of this term today, a consensus definition is that epigenetics is the
collective heritable changes in phenotype due to processes that arise independent of primary
DNA sequence. This heritability of epigenetic information was for many years thought to

be limited to cellular divisions. However, it is now apparent that epigenetic processes can

be transferred in organisms from one generation to another [2-3]. This phenomenon was
first described in plants [4] and has been expanded to include yeast, Drosophila, mouse and,
possibly, humans [5-7].

THE BASICS OF DNA METHYLATION AND HISTONE
MODIFICATIONS

In most eukaryotes DNA methylation, the most studied of epigenetic processes, consists of
transfer of a methyl moiety from S-adenosylmethionine (SAM) to the 5-position of cytosines
in certain CpG dinucleotides. This important transfer reaction is catalyzed by the DNA
methyltransferases (DNMTs). The three major DNMTs are DNMT1, 3A and 3B and DNMT]1
catalyzes what is referred to as maintenance methylation that occurs during each cellular
replication as the DNA is duplicated. The other major DNMTs, 3A and 3B, are known more
for their relatively higher de novo methylation activity where new 5-methylcytosines are
introduced in the genome at sites that were not previously methylated. The most significant
aspect of DNA methylation, which can also influence such processes as X chromosome
inactivation and cellular differentiation, is its effects on gene expression. In general, the
more methylated a gene regulatory region, the more likely it is that the gene activity will
become down-regulated and vice versa although there are some notable exceptions to this
dogma [8]. Chapter 2 of this book reviews the mechanisms of DNA methylation, methyl-CpG
recognition and demethylation in mammals. Recent advances have highlighted important
roles of UHRF1 and DNMT3L that are required for maintenance and de novo methylation,
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