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Introduction

“Evolution” means cumulative change over time in the characteristics of a pop-
ulation of living organisms. Evolutionary changes have been in progress at all
times, including the present. Some can be very fast. A pest or bacterial popula-
tion susceptible to insecticide or antibiotic can be transformed into a resistant
population in a few generations, under the strong selection pressures that oper-
ate when a pesticide or drug is introduced into use. Many evolutionary changes,
however, are very slow, and take place over millions of years; for example, the
emergence of mammals from reptiles. Events such as the evolution of a new
species lie in the middle of this time spectrum. The types of traits involved in
evolutionary change are enormously varied, ranging from easily observable
characteristics of organisms, such as visible color patterns or behavior, to
the components of the genome itself. Understanding evolutionary change in the
sequences of the bases that make up the genetic information carried by DNA is a
major focus of modern biology.

All evolutionary changes require initially rare genetic variants to spread
among the members of the population, rising to a high frequency, so that the
population becomes genetically different from its ancestral condition. The goal
of evolutionary geneticists is to understand such changes, and to explain what
has happened in evolution. We now largely understand the origin of the vari-
ants that are the basis of evolutionary changes, and the mechanisms that can
cause variants to spread through populations. As in other branches of science,
we assume that the properties of organisms living in the past were fundamen-
tally the same as for present-day living organisms, so that even remote evolu-
tionary events were subject to the rules revealed by experimental studies today.
This assumption is supported by the basic similarities of the genetic material
and the genetic code across all types of organisms alive today, even ones whose
last common ancestor lived more than two billion years ago.

Evolutionary genetics differs from most other branches of biology in its
strong theoretical structure. The rules of transmission of genetic information
from parents to offspring, uncovered by experimental genetics, impose impor-
tant constraints on what can happen in evolution. From the very beginnings of
genetics, early in the 20th century, mathematical models of genetic processes in
populations have been used to study evolution. A major goal of this book is to
show how these models help us understand evolution, and how they can add
insights beyond those that we can gain intuitively, but sometimes giving coun-
terintuitive results. In addition, they can provide results that are far from obvi-
ous, and provide a quantitative understanding that leads to new ways of asking
and answering important biological questions.
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In this book, therefore, we present the models in the context of biological
questions, and analyze them only to a level of detail needed to illuminate these
questions. Our aim is keep our book as short as possible, and to provide a foun-
dation of knowledge of the main concepts of evolutionary genetics for use by
people with a variety of biological interests. We assume familiarity with the
basic principles of genetics and molecular biology; readers with backgrounds in
fields other than biology will first need to learn these principles from an intro-
ductory text.

In each chapter, the simpler and more basic concepts are described first, and
advanced topics are usually presented either at the ends of some chapters (where,
as we indicate, they can be skipped, because most are not essential for under-
standing later chapters), or in Appendices (Chapters 5, 6, and 8). Some special
topics illustrating important principles are discussed as separate Case Studies.
Each major section of the book (indicated by arabic numerals) could have been
a separate chapter, but we have grouped related topics into chapters, with divi-
sions into major sections providing natural breaks that we hope will help read-
ers to pause and think, and make sure that they have understood the ideas they
have been reading about. Slow reading and working through many sections
will be necessary, because they contain concepts and approaches that will be
new to most readers.

Our style of derivation is not rigorous. As J. B. S. Haldane (1964) wrote in his
famous essay A defense of beanbag genetics:

. . . Wright, Fisher, and I all made simplifying assumptions which allowed us to
pose problems soluble by the elementary mathematics at our disposal. . . . Our
mathematics may impress zoologists, but do not greatly impress mathematicians.

To avoid disrupting the flow of the verbal arguments, the mathematical deriva-
tions are separated into boxes, while the text discusses and illustrates the main
conclusions that can be drawn from them. To help readers understand the
approaches and concepts, problems are also provided, with worked answers at
the end of the book. The problems range from simple numerical examples
(intended to help readers see how a concept is used), to short derivations (to
help readers understand how the derivations work). Working through the boxes
and the problems will give a good understanding of the basics of the theory, but
the text can be read without reading the boxes (e.g., when first reading a section
of the book). Most of the boxes and problems are accessible to any reader who
can do simple algebra, but some (indicated by stars) require basic calculus or
matrix algebra. A summary of some useful basic results in mathematics and sta-
tistics is given in the final Appendix.

This book is appropriate for graduate students in evolutionary biology and
human genetics (or students in advanced level undergraduate courses), and for
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researchers in related fields who wish to become acquainted with evolutionary
genetics. Because of the emphasis on specific biological questions, individual
sections of the book can also be used in general evolution or genetics courses.

We illustrate the questions illuminated by the theory with examples drawn
from a wide variety of organisms, ranging from viruses to humans. In the ear-
lier, more basic, chapters we emphasize the historical development of the field.
Classical population genetics is classic science, with beautiful and often simple
results, providing the basis for an understanding of evolution and its genetic
basis that should be part of every biologist’s consciousness. Chapter 1 describes
the evidence accumulated from over a century of work on the nature and
amount of genetic variability in populations. Recent advances in DNA sequenc-
ing are revolutionizing the collection of data on differences between species and
among individuals within species. This is providing evolutionary genetics with
an unprecedented wealth of material, to which the models developed by the pio-
neers of population genetics are often surprisingly relevant. Furthermore, the
great power of genome-wide surveys of populations to detect associations
between genetic variants and diseases or complex traits, and to test for the
effects of selection, means that evolutionary genetics is more relevant than ever
before to practical problems, such as animal and plant improvement and human
health.

The major processes that cause variability within species and populations to
be incorporated into evolutionary change are natural selection (differences in
reproductive success among individuals with different characteristics) and
genetic drift (the random sampling of variants during the transmission of genes
from one generation to the next). These processes, and their interactions with
other evolutionary forces such as mutation, migration, and recombination, are
described in Chapters 2–8. The final two chapters (9 and 10) use these con-
cepts to study some evolutionary questions for which genetic approaches are
central.

The book does not comprehensively cover the whole of evolutionary genet-
ics, which has now developed into a major research area in biology, some of it
highly mathematical. Rather, as explained above, our aim is to describe basic
population genetic processes and to illustrate their relevance to interesting evo-
lutionary situations. For this reason, we only touch on the rapidly growing field
of statistical inference in population genetics. Many other interesting results in
population genetics and evolution are also omitted, as are details of applica-
tions to medical genetics and plant and animal improvement. We hope that
our choice of topics represents the major concepts in the field, but such judge-
ments are subjective, and reflect our own work and interests. Where possible,
we provide references to further work, either work on topics related to those we
discuss, or more mathematical developments of the same topics.
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