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PREFACE

his book is a completely revised edition of Human Evolutionary Genelics,

first published in 2004. We decided to write the first edition because there
were no textbooks available covering the areas that interested us. Once we had
embarked upon the Herculean task of producing it, we realized why nobody had
attempted to summarize this forbiddingly broad and contentious field before.
But luckily the reception was positive, one eager person (our ideal reader and
not, we point out, one of the authors in disguise) writing on Amazon that “I
bought a copy for myself, and another one for my advisor. I have read it twice in
a week!” A revised version seemed like a pretty good idea.

We cheerfully imagined that the second edition would be easier to write than the
first. How wrong we were. First, all three original authors (MJ, MH, and CTS) had
accumulated additional responsibilities that reduced the available time for writ-
ing. Second, the field obstinately continued to grow, and scarcely a week went
by without some interesting and important development—the genomes of new
species, genomewide surveys of human variation, next-generation sequencing
and its data tsunami, spectacular ancient DNA discoveries, large-scale popu-
lation studies, novel statistical methods, archaeological and paleontological
revelations—the list goes on. We sometimes wished everyone would just stop
working for a bit, so we could catch up. So, our deadline for the second edition
passed, was revised, and passed again. HEG1 was becoming more and more out
of date. We needed help.

The cavalry duly arrived in the form of two sterling new recruits to the autho-
rial team—EH and TK. They brought their own areas of interest and expertise,
but also a more efficient and energetic approach to the writing process, which
revitalized the whole project. So, after a lengthy and difficult gestation, here is
HEG2.

Following an initial introductory chapter, the book is divided into five sections,
allowing it to be read by interested students and researchers from a broad range
of backgrounds. “How do we study genome diversity?” (Chapters 2-4) and “How
do we interpret genetic variation?” (Chapters 5-6) together provide the neces-
sary tools to understand the rest of the book. The first of these sections surveys
the structure of the genome, different sources of genomic variation, and the
methods for assaying diversity experimentally. The second introduces the evolu-
tionary concepts and analytical tools that are used to interpret this diversity. The
subsequent two sections take an approximately chronological course through
the aspects of our current state of knowledge about human origins that we con-
sider most important. The section “Where and when did humans originate?”
(Chapters 7-9) first considers our links to our closest living nonhuman relatives,
the other great apes, then investigates the genetic changes that have made us
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human, and finally details the more recent African origin of our own species.
“How did humans colonize the world?” (Chapters 10-14) describes how human
genetic diversity is currently distributed globally and then discusses the evi-
dence for early human movements out of Africa, and the subsequent processes
of expansion, migration, and mixing that have shaped patterns of diversity in
our genomes. Finally, “How is an evolutionary perspective useful?” (Chapters
15-18) demonstrates the wider applications of an evolutionary approach for
our understanding of phenotypic variation, the genetics of diseases both simple
and complex, and the identification of individuals. Extensive cross-referencing
between these sections facilitates different routes through the book for readers
with divergent interests and varying amounts of background knowledge.

An important feature is the use of “Opinion Boxes"—short contributions by
guest authors who are experts in different aspects of this diverse subject area.
These help to give a flavor of scientific enquiry as an ongoing process, rather
than a linear accumulation of facts, and encourage the reader to regard the
published literature with a more critical eye. Opinions about how data should
be interpreted change, and often an objective way to choose between differ-
ent interpretations is not obvious. This is particularly true of genetic data on
human diversity. Many of the debates represented in the Opinion Boxes scat-
tered through this book derive from methodological differences.

Additional resources have been incorporated to permit interested readers to
explore topics in greater depth. Each chapter is followed by a detailed bibliog-
raphy, within which the sources that should be turned to first for more detail
are highlighted in purple text. Electronic references to internet sites are given
throughout the book, both for additional information and for useful software and
databases. We explain specialist terms where they are first used, and include an
extensive glossary at the back of the book that defines all terms in the text that
are in bold type. At the end of each chapter is a list of questions (some short-
answer, and some prose) that allow the reader to test their knowledge as they
proceed. Teachers may be interested to know that most of the figures are freely
available from the Garland Science Website (www.garlandscience.com) for use
in teaching materials.

An obvious difference from the first edition is the presence of two extra chapters,
reflecting developments in understanding the human genome in the context of
other hominid genomes, and in complex disease. A very welcome development
is the availability of full-color printing, which makes complex figures much eas-
ier to understand.
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A few large-scale studies of human genetic variation

have made major contributions to human evolutionary

genetics
What is a population?
How many people should be analyzed?

10.2 APPORTIONMENT OF HUMAN DIVERSITY

The apportionment of diversity shows that most
variation is found within populations

The apportionment of diversity can differ between
segments of the genome

Patterns of diversity generally change gradually from
place to place

The origin of an individual can be determined
surprisingly precisely from their genotype

The distribution of rare variants differs from that of
common variants

10.3 THE INFLUENCE OF SELECTION ON THE

APPORTIONMENT OF DIVERSITY

The distribution of levels of differentiation has been
studied empirically
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Low differentiation can result from balancing
selection

High differentiation can result from directional
selection

Positive selection at EDAR
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CHAPTER 11 THE COLONIZATION OF THEOLD

WORLD AND AUSTRALIA

11.1 ACOLDER AND MORE VARIABLE ENVIRONMENT
15-100 KYA

11.2 FOSSIL AND ARCHAEOLOGICAL EVIDENCE FOR
TWO EXPANSIONS OF ANATOMICALLY MODERN
HUMANS OUT OF AFRICA IN THE LAST ~130 KY

Anatomically modern, behaviorally pre-modern
humans expanded transiently into the Middle East
~90-120 KYA

Modern human behavior first appeared in Africa
after 100 KYA

Fully modern humans expanded into the Old World
and Australia ~50-70 KYA

Modern human fossils in Asia, Australia, and Europe
Initial colonization of Australia
Upper Paleolithic transition in Europe and Asia

11.3 ASINGLE MAJOR MIGRATION OUT OF AFRICA
50-70 KYA

Populations outside Africa carry a shared subset of
African genetic diversity with minor Neanderthal
admixture

mtDNA and Y-chromosomal studies show the
descent of all non-African lineages from a single
ancestor for each who lived 55-75 KYA

11.4 EARLY POPULATION DIVERGENCE BETWEEN
AUSTRALIANS AND EURASIANS
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CHAPTER 12 AGRICULTURAL EXPANSIONS

12.1 DEFINING AGRICULTURE

12.2 THE WHERE, WHEN, AND WHY OF AGRICULTURE
Where and when did agriculture develop?

Why did agriculture develop?

Which domesticates were chosen?

12.3 OUTCOMES OF AGRICULTURE

Agriculture had major impacts on demography and
disease

Rapid demographic growth
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Consequences of admixture for language
Archaeological evidence for admixture
The biological impact of admixture

14.3 DETECTING ADMIXTURE

Methods based on allele frequency can be used to
detect admixture

Admixture proportions vary among individuals and
populations

Calculating individual admixture levels using multiple loci

Calculating individual admixture levels using genomewide
data

Calculating admixture levels from estimated ancestry
components

Problems of measuring admixture

Natural selection can affect the admixture
proportions of individual genes

14.4 LOCAL ADMIXTURE AND LINKAGE
DISEQUILIBRIUM

How does admixture generate linkage

disequilibrium?

Admixture mapping

Admixture dating

14.5 SEX-BIASED ADMIXTURE

What is sex-biased admixture?

Detecting sex-biased admixture

Sex-biased admixture resulting from directional mating
The effect of admixture on our genealogical ancestry

14.6 TRANSNATIONAL ISOLATES

Roma and Jews are examples of widely spread
transnational isolates

European Roma
The Jews
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CHAPTER 15 UNDERSTANDING THE PAST,
PRESENT, AND FUTURE OF PHENOTYPIC
VARIATION

15.1 NORMAL AND PATHOGENICVARIATION IN AN
EVOLUTIONARY CONTEXT

15.2 KNOWN VARIATION IN HUMAN PHENOTYPES
What is known about human phenotypic variation?
Morphology and temperature adaptation

Facial features

Tooth morphology and cranial proportions

Behavioral differences

How do we uncover genotypes underlying
phenotypes?

What have we discovered about genotypes
underlying phenotypes?
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15.3 SKIN PIGMENTATION AS AN ADAPTATION TO
ULTRAVIOLET LIGHT

Melanin is the most important pigment influencing
skin color

Variable ultraviolet light exposure is an adaptive
explanation for skin color variation

Several genes that affect human pigmentation are
known

Genetic variation in human pigmentation genes is
consistent with natural selection

Does sexual selection have a role in human
phenotypic variation?

15.4 LIFE AT HIGH ALTITUDE AND ADAPTATION
TO HYPOXIA

Natural selection has influenced the overproduction
of red blood cells

High-altitude populations differ in their adaptation
to altitude

15.5 VARIATION IN THE SENSE OF TASTE

Variation in tasting phenylthiocarbamide is mostly
due to alleles of the TAS2R38 gene

There is extensive diversity of bitter taste receptors
in humans

Sweet, umami, and sour tastes may show genetic

polymorphism

15.6 ADAPTING TO A CHANGING DIET BY DIGESTING
MILK AND STARCH

There are several adaptive hypotheses to explain
lactase persistence

Lactase persistence is caused by SNPs within an
enhancer of the lactase gene

Increased copy number of the amylase gene reflects
an adaptation to a high-starch diet

15.7 THE FUTURE OF HUMAN EVOLUTION

Have we stopped evolving?

Natural selection acts on modern humans

Can we predict the role of natural selection in the
future?

Climate change
Dietary change
Infectious disease

What will be the effects of future demographic
changes?

Increasing population size

Increased mobility

Differential fertility

Differential generation time

Will the mutation rate change?
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CHAPTER 16 EVOLUTIONARY INSIGHTS
INTO SIMPLE GENETIC DISEASES

16.1 GENETICDISEASE AND MUTATION-SELECTION
BALANCE

Variation in the strength of purifying selection can
affect incidence of genetic disease

Variation in the deleterious mutation rate can affect
incidence of genetic disease

16.2 GENETIC DRIFT, FOUNDER EFFECTS, AND
CONSANGUINITY
Jewish populations have a particular disease heritage

Finns have a disease heritage very distinct from
other Europeans

Consanguinity can lead to increased rates of
genetic disease

16.3 EVOLUTIONARY CAUSES OF GENOMIC DISORDERS

Segmental duplications allow genomic
rearrangements with disease consequences

Duplications accumulated in ancestral primates

16.4 GENETIC DISEASES AND SELECTION BY MALARIA

Sickle-cell anemia is frequent in certain populations
due to balancing selection

o-Thalassemias are frequent in certain populations
due to balancing selection

Glucose-6-phosphate dehydrogenase deficiency
alleles are maintained at high frequency in
malaria-endemic populations

What can these examples tell us about natural
selection?
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CHAPTER 17 EVOLUTION AND COMPLEX
DISEASES

17.1 DEFINING COMPLEX DISEASE

The genetic contribution to variation in disease risk
varies between diseases

Infectious diseases are complex diseases

17.2 THE GLOBAL DISTRIBUTION OF COMPLEX DISEASES

Is diabetes a consequence of a post-agricultural
change in diet?

The drifty gene hypothesis

Evidence from genomewide studies

The thrifty phenotype hypothesis

17.3 IDENTIFYING ALLELES INVOLVED IN COMPLEX
DISEASE

Genetic association studies are more powerful than
linkage studies for detecting small genetic effects
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Candidate gene association studies have not
generally been successful in identifying susceptibility
alleles for complex disease

Genomewide association studies can reliably identify
susceptibility alleles to complex disease

GWAS data have been used for evolutionary genetic
analysis

17.4 WHAT COMPLEX DISEASE ALLELES DO WE EXPECT
TOFIND IN THE POPULATION?

Negative selection acts on disease susceptibility

alleles

Positive selection acts on disease resistance alleles

Severe sepsis and CASP12

Malaria and the Duffy antigen

HIV-1 and CCR5A32

Unexpectedly, some disease susceptibility alleles
with large effects are observed at high frequency

Susceptibility to kidney disease, APOL1, and resistance
to sleeping sickness
Implications for other GWAS results

17.5 GENETICINFLUENCE ON VARIABLE RESPONSE
TO DRUGS

Population differences in drug-response genes
exist, but are not well understood
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CHAPTER 18 IDENTITY AND
IDENTIFICATION

18.1 INDIVIDUAL IDENTIFICATION

The first DNA fingerprinting and profiling methods
relied on minisatellites

PCR-based microsatellite profiling superseded
minisatellite analysis

How do we interpret matching DNA profiles?
Complications from related individuals, and DNA mixtures
Large forensic identification databases are powerful
tools in crime-fighting

Controversial aspects of identification databases

The Y chromosome and mtDNA are useful in
specialized cases

Y chromosomes in individual identification

mtDNA in individual identification

18.2 WHAT DNA CAN TELL US ABOUT JOHN OR
JANE DOE
DNA-based sex testing is widely used and generally
reliable
Sex reversal
Deletions of the AMELY locus in normal males

Some other phenotypic characteristics are
predictable from DNA
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Reliability of predicting population of origin
depends on what DNA variants are analyzed
Prediction from forensic microsatellite multiplexes
Prediction from other systems

The problem of admixed populations

18.3 DEDUCING FAMILY AND GENEALOGICAL
RELATIONSHIPS

The probability of paternity can be estimated
confidently

Other aspects of kinship analysis

The Y chromosome and mtDNA are useful in
genealogical studies

The Thomas Jefferson paternity case

DNA-based identification of the Romanovs
Y-chromosomal DNA has been used to trace
modern diasporas

Y-chromosomal haplotypes tend to correlate with
patrilineal surnames
18.4 THE PERSONAL GENOMICS REVOLUTION

The first personal genetic analysis involved the
Y chromosome and mtDNA

Personal genomewide SNP analysis is used for
ancestry and health testing

Personal genome sequencing provides the ultimate
resolution

Personal genomics offers both promise and
problems
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APPENDIX

HAPLOGROUP NOMENCLATURE

THE MITOCHONDRIAL GENOME
What are its origins?
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What genes are encoded within the mitochondrial
genome?

What diseases are caused by mutations within
mtDNA?

How has the study of mtDNA diversity developed?

How is information from the mtDNA variants in an
individual combined?

Why are all the deep-rooting clades called L?
Why is mtDNA so useful for exploring the human
past?

What about possible selection pressures?

THEY CHROMOSOME

How has it evolved?

What does the chromosome contain?

How similar are Y chromosomes within and between
species?

What molecular polymorphisms are found on the

Y chromosome?

How should the polymorphic information from
different variants be combined?

What are the applications of studying
Y-chromosomal diversity?

Is there any evidence of selection on the
Y chromosome?
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