PREFACE

WHY POPULATION GENETICS, WHY NOW?

This Fourth Edition of Principles of Population Genetics provides an introduc-
tion to population genetics as it exists today. It is intended for students at the
undergraduate and graduate levels as well as newcomers from fields like
human genetics. The presentation is balanced between theory and observa-
tion, and has been written to optimize its use as a teaching aid. Our empha-
sis is on critical and analytical thinking about real data. We have therefore
included numerous problems interspersed within the chapters to encourage
students to stop for a moment to think about what they have just learned and
how it applies to real situations.

Modern population genetics has been revamped and revitalized by three
different but related revolutions in ideas and technology. One revolution was
conceptual and turned theoretical population genetics on its head. Another
was empirical and gave population geneticists vast amounts of data to ana-
lvze. And the third, computational, allowed the conceptual advances and the
new data to come together.

The conceptual revolution emerged from the theory of coalescence, which
established a framework for thinking about populations and genes in terms
of their evelutionary history. This seemingly simple change in perspective
was of major importance. Because each of the alleles present in a population
at any time descends from an allele that existed in the past, the composition
of a sample of alleles taken from a population at any fime contains important



Preface  xiii

information about the evolutionary history of the alleles, and therefore infor-

mation about the history of the population.

The empirical revolution resulted from genomics, which changed popu-
lation genetics in three distinct but critically important ways. The first was
the determination of the complete DNA sequences of many genomes, includ-
ing the human genome and that of key model organisms along with those of
closely related species. The second was the use of DNA sequencing technol-
ogy to discover single-nucleotide polymorphisms (SNPs, pronounced snips)
throughout the genome. Such polymorphisms are important because one of
the goals of population genetics is to understand the evolutionary and bio-
logical significance of genetic variation. The third contribution of genomics
was its high throughput and cost-effective methods for determining the
genotypes of hundreds of thousands of SNPs in hundreds or thousands of
individuals. This technology provides population geneticists with the sub-
strate for identifying genes affecting complex traits in humans and other
organisms. These traits include genetic risk factors for disease, genes affect-
ing polygenic traits in human parasites or agriculturally important plants
and animals, and genes that have been targets of natural selection, including
those genes whose activities distinguish the physical and mental develop-
ment and behavior of humans from our closest primate relatives.

The third revolution was computational, including not only vastly
increased power for sheer number-crunching but also the explosion of the
Internet as a medium for communication among researchers as well as a
repository of data and other informational resources. The increased compu-
tational power has resulted in widespread application of such methods as
Markov-chain Monte Carlo simulation, which allows maximum likelihood
and Bayesian methods to be applied to huge data sets for statistical inference
on a scale that not leng ago would have been considered unimaginable. As
one insightful high-school senior has described statistics, “All unrigged data
is messy in its own right, and statistics is a collection of methods by which to
gather and make sense of that mess artfully in at least one helpful and mean-
ingful way.” To make optimal use of statistical resources on the Internet, the
text includes references to many vital web resources that connect the materi-
al to up-to-the-minute progress in modern population genetics.

» Chapter 1 examines the fundamental observations that motivated the ori-
gins of population genetics. It includes the apparent disconnect between
dichotomous phenotypic variation of the sort studied by Mendel and
continuous phenotypic variation of the sort that so fascinated Galton. The
chapter discusses various hypotheses for the origin and maintenance of
genelic variation as well as the ways that modern molecular methods are
used to discover and quantify the amounts and structure of genetic varia-
tion in natural populations,

» Chapter 2 focuses on the relationship between allele frequencies and
genotype frequencies, with special emphasis on random mating. We con-
sider statistical pitfalls of testing for random mating both when small
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sample sizes and when large-scale simultaneous tests are carried out on
hundreds of thousands of SNPs throughout the genome. The chapter also
discusses linkage disequilibrium, its causes and measurement, why it
matters, and how it is used.

Chapter 3 considers random genetic drift in the context of the classical
Wright-Fisher model. We discuss the mechanisms that cause random
genetic drift and examine how diffusion theory was originally deployed
to obtain key theoretical results. We then introduce the concept of coales-
cence and show how this approach is particularly apt for the analysis of
molecular data.

Chapter 4 adds mutation and lays down the foundations for the neutral
theory of molecular evolution. We show how mutation and random
genetic drift act together to determine the fate of neutral or nearly neutral
alleles, and we also consider the characteristics of samples drawn from
natural populations at steady state.

Chapter 5 addresses the mechanisms of Darwinian selection in detail.
The chapter brings together the theoretical foundations and empirical
observations of the dynamics of gene-frequency change under the action
of natural selection. We develop haploid and diploid cases and the con-
cepts of equilibrium, stability, and context dependence. Not only do we
develop classical models of mutation-selection balance, but we also con-
sider models of natural selection in many other guises.

Chapter 6 examines population subdivision and its consequences for the
distribution of genetic variation among subpopulations, including the hier-
archical F statistics used in estimating these effects. We examine migration
in the context of population subdivision, along with the most up-to-date
methods for estimating migration rates from natural populations.

Chapter 7 focuses on molecular evolutionary genetics, currently one of
the most active areas for theory and experiment. The unifying theme is
the neutral theory; we closely examine the correspondence between the
data and theory. Our goal is to give the student a firm grasp of the funda-
mentals and a deep enough understanding of the principles to identify
important gaps in our knowledge.

Chapter 8 covers the implications of quantitative genetics from an evolu-
tionary perspective. A compelling argument for using quantitative genetics
for the study of evolution is that adaptive evolution takes place at the level
of the phenotype, and quantitative genetics provides the tools for under-
standing transmission of phenotypic traits. We give theoretical quantitative
genetics special importance because of the paradoxes it raises in contrast-
ing evolution at the levels of the phenotype and of the DNA sequence.
Chapter 9 is completely new. It covers the exciting field of population
genomics, which refers to the analysis of population genetic principles on
a genome-wide scale. Included are discussions of genome size and com-




position, genome-wide patterns of polymorphism, linkage disequilibrium,
evolutionary divergence, various aspects of the population genetics of
speciation, and an extended discussion of the population genetics of trans-
posable elements.

* Chapter 10 is also completely new and shows how the principles of pop-
ulation genetics are actively being applied to human populations to iden-
tify genetic risk factors for complex diseases and to understand human
evolutionary history and migration across the planet.

Throughout the book we have taken special care to explain the biological
motivation behind the theoretical models so that the models do not simply
materialize out of thin air, and to explain in plain English the implications of
the results. Many concepts are illustrated by numerical examples, using actu-
al data wherever possible. Special topics and examples are often set off from
the text as boxed problems whose solutions are explained step by step. Every
chapter ends with about 20 problems, graded in difficulty, and solutions
worked in full appear at the end of the text.
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