Preface

The DNA molecule contains genetic information in the form of sequences
of nucleotides abbreviated A, T, C, and G. Therefore, genetic information
i essentially a very long sequence of these four letters. In a single human
mdividual, the genetic content amounts Lo aboul 3 billion letters. Further-
more, information in DNA is used to direct the production of proteins and
EMAs. Sequences of nuclectides in DNA and RNA, as well as sequences of
amino acids in proteins, are all examples of molecular sequences. This book
sttempis to present an accessible account of the molecular sequence infor-
mation contained in the human genome and how it is being used to direct the
production of RNA and protein. It addresses the question of what important
Binlogical signals are found in the linear sequence of nuclectides in DNA and
shows how specific DNA sequences have distinct functions, Such functional
sequence elements, typically in a small size range like 3-20 nucleotides,
may be classified into a number of different functional categories: Examples
are the three-nucleotide sequences that specify amino acids, or-short DNA
sequences that are targets for proteins that regulate transcription.

To provide biological motivation, the importance of the DNA sequence
for biological function is illustrated with a variety of inherited disorders or
with other genetic disorders such as cancer. With such examples, different
functional elements of a gene, as well as different aspects of genetic infor-
mation transfer within the cell, are introduced. For instance, a point muta-
Bon in a coding sequence of a globin gene gives rise to sickle cell anemia,
a splicing mutation results in a form of hemophilia, and a mutation in an
wntranslated region of an mRNA leads to an iron metabolism disorder.

When discussing the functional consequences of DNA sequence, it is
also of interest to consider the molecular impact of mutations and sequence
wanation. For instance, changes in DNA sequence may affect the recogni-
tion by a nucleic acid, such as in the case of a codon being read by a tRNA
anticodon. Alternatively, a DNA variant will affect the recognition by a pro-
tein, such as a protein regulating transcription. There are indeed through-
out the book several examples showing in structural detail the interaction
of 2 nucleic acid with another nucleic acid or with a protein, illustrating the
consequences of mutations at the level of molecular interactions.

; In essence, therefore, this book has a molecular sequence perspective,

and recurring themes are functional DNA sequence elements, illustration of
functional impact with genetic disorders, and molecular interactions affected
by sequence variation.

Why is it important to know about the different DNA sequence ele-
ments of the human genome and their functional impact? There are many
medical areas where such knowledge is critical, as shown in this book.
Examples include pharmacology, gene therapy, and the diagnosis of rare
inherited disorders and cancer.

The book is organized such that a major part (Chapters & through
12) discusses specific functional sequence elements of the human genome.
The preceding chapters offer an introduction Lo basic concepts with regard
to the human genome. Chapters 2 and 3 introduce human genes and their
relationship to human disease using sickle cell anemia as an example. Pro-
teins and their structure are introduced (Chapter 2), and the focus is then
on DNA structyre, the flow of genetic information from DNA to protein, as
well as the ba& principles of translating an mRNA using the genetic code
{Chapter 3). Human genome sequencing and the organization and overall
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content of the human genome are topics of Chapter 4. Individual genetic
variation, the phenotypic effects of mutations, as well as cancer are then
discussed in the following chapter.

Chapters 6 through 12 provide details about functional sequence ele-
ments of the genome and their role in the flow of genetic information. The
importance of these elements is illustrated with inherited disorders or cancer.
First, the role of the coding regions of mRNA molecules is discussed in Chap-
ter 6. Chapter 7 covers repeat expansions in coding regions. Then the role of
mRNA untranslated regions (Chapter 8) and the process of splicing to form
mature mRNA (Chapter 9) is considered. The complex but important area of
transcriptional control is then discussed in Chapter 10. The noncoding RNAs
are the subject of Chapter 11. The analysis of DNA and protein sequences
requires a substantial amount of computing. Therefore, in Chapter 12, com-
putational methods used with biological sequences are briefly reviewed.

«<Chapters 13 through 15 provide additional biological motivation as they
further illustrate why careful studies of the relationship between sequence and
function are essential. These chapters deal with important medical applications
of human genome sequencing. Thus, experimental methods to diagnose errors
in DNA sequences are described, including successful efforts to reveal causative
mutations in rare inherited disorders (Chapter 13). Furthermore, there is recent
progress in the dfea of gene therapy. Some of the most important methods
are covered, as well as a few cases of successful therapy for inherited disease
(Chapter 14). Finally, some of the applications of human genome sequencing
raise a number of ethical concerns, and these are discussed in the final chapter.

when it comes to level of difficulty, | have attempted to present the
material at a basic level to make it understandable for a reader without
previous studies of genetics and molecular biology. However, the reader
will benefit from a basic knowledge about chemistry and biochemistry.
Following the principle that a picture says more than a thousand words,
the book is richly illustrated, Furthermore, a web supplement to the book
that includes scientific updates and answers to selected chapter questions is
available at http:/ /toresamuelsson se/hg.

Why did this book come about? We currently see a dramatic devel-
opment in terms of human genome sequencing. Research laboratories
around the world generate a wealth of genomic sequence data. Sequenc-
ing is becoming widely used in the clinic to analyze a variety of genetic
disorders, including cancer. In addition, you can order your own genome
sequence from a company (“direct-to-consumer” sequencing). With this
wealth of genetic information, it becomes increasingly important to know
what the human genome sequence is all about, how the sequence should
be understood in terms of biological function, and how particular variants
in the genome should be interpreted. I wanted Lo write a book providing
an introduction to these topics. In the early days of my scientific career, |
worked as a molecular biologist. Eventually, | turned to bioinformatics with
a focus on molecular sequences. For a long time 1 have been intrigued by
the digital nature of genetic information, that the genome sequence can be
handled with computers as a long string of letters, and that computing with
molecular sequences may be used to address a variety of biclogical prob-
lems, There are already very good books dealing with the human genome,
but this book has a focus on molecular sequences and it examines in a
systematic manner the functional role of DNA sequence elements as illus-
trated with human genetic disorders.
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