Preface

In the past 20 years we have witnessed revolutionary technological development in
the fields of biology/genetics and computing. This has enabled the success of the
Human Genome Project and the sequencing of a huge proportion of the human
genome. However, this achievement has not reduced the number of questions
related to the influence of genes on a multitude of traits and the general well-being
of living organisms, although the availability of new tools has enabled us to identify
complicated genetic mechanisms, such as DNA methylation or gene—gene
regulation.

The systematic increase in the availability of good quality genetic data has aided
efforts toward a more complete description of the genetic background of complex
traits, i.e., those that are determined by many genes, often interacting with each
other. Research in this area is rapidly expanding, since, apart from extending
knowledge in the field of biology, it addresses many socially/economically
important problems. Marker (gene) assisted selection is currently widely applied to
identify promising individuals for breeding programs among domesticated animals,
leading to increased efficiency in production or enhancing the quality of food
products such as milk or meat. In the context of human genetics, the identification
of influential genes allows us to evaluate an individual’s susceptibility to certain
diseases, design tools for early diagnosis, and produce new efficient medicines or
personalized therapies.

As a result of this technological breakthrough, bioinformatics has appeared as a
new scientific discipline, where the most effective research is performed by col-
laboration between biologists, computer scientists, and statisticians. While search
through large and rapidly expanding genetic databases enables the identification of
new genetic effects, it also creates a multitude of computational and statistical
problems. Concerning statistical issues, the large dimension of statistical data often
results in an erroneous description of reality when oversimplified statistical tools are
used for their analysis. A full understanding of the properties of
statistical/bioinformatics methods in such a high-dimensional setting is needed to
accelerate progress in this field and requires further intensive research.
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Understanding the properties of various methods for analyzing high-dimensional
data requires advanced mathematical tools, while the development of efficient
computational methods requires advanced knowledge in computer science.
Therefore, the main intended audience of this book is students/researchers with a
background in mathematics or computer science, who would like to learn about
problems in the field of statistical genetics and statistical issues related to the
analysis of high-dimensional data. Thus, we expect that readers possess some
mathematical or computer science skills. On the other hand, the genetic material is
explained starting at a basic level. For those who are not totally familiar with the
fundamentals of statistics, an extensive statistical appendix is presented for
reference.

While bioinformatics and statistical genetics deal with a variety of complex
questions in the field of genetics, in this book we concentrate on methods for
locating influential genes. Thus, we mainly discuss methods of identifying the
associations between the genotypes of genetic markers and interesting traits (phe-
notypes). Also, we do not discuss methods based on pedigree analysis or family
relationships, often applied in studies on humans or domesticated animals. Instead,
we cover in detail methods of gene mapping in experimental crosses, as well as
genome wide association studies, which are based on a random sample of indi-
viduals from outbred populations (e.g., from general human populations). We
summarize classical and modern methods for gene mapping and point toward
related statistical and computational challenges. We believe that the knowledge
contained in our monograph forms an excellent starting point for becoming
involved in the exciting world of this field of research and hope that at least some of
our readers decide to take this invitation and participate in the ongoing journey to
develop a better understanding of the role of genetics in the biology of living
organisms.
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