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understanding human biology today

Understanding evolutionary history shapes our
expectations about the future
1.3 COMPLEMENTARY RECORDS OF THE HUMAN PAST

Understanding chronology allows comparison of
evidence from different scientific approaches
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The transmission of mtDNA mutations between
generations is complex

3.4 VARIATION IN TANDEMLY REPEATED DNA SEQUENCES

Microsatellites have short repeat units and repeat
arrays, and mutate through replication slippage

Microsatellite mutation rates and processes

Minisatellites have longer repeat units and arrays,
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Minisatellite diversity and mutation
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Primer extension and detection by mass
spectrometry is a medium-throughput method

High throughput SNP chips simultaneously analyze
more than 1 million SNPs

Whole-genome SNP chips are based on a tag SNP
design
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DNA is degraded after death
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SUMMARY

QUESTIONS

REFERENCES

CHAPTER5 PROCESSES SHAPING
DIVERSITY

5.1 BASIC CONCEPTS IN POPULATION GENETICS
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Different parts of the genome have different
effective population sizes

Genetic drift causes the fixation and elimination
of new alleles

Variation in census population size and reproductive
success influence effective population size

Population subdivision can influence effective
population size

Mate choice can influence effective population size
Genetic drift influences the disease heritages of
isolated populations

5.4 THEEFFECT OF SELECTION ON DIVERSITY

Mate choice can affect allele frequencies by sexual
selection

5.5 MIGRATION
There are several models of migration
There can be sex-specific differences in migration

5.6 INTERPLAY AMONG THE DIFFERENT FORCES OF
EVOLUTION

There are important equilibria in population

genetics

Mutation—drift balance

Recombination-drift balance

Mutation—selection balance

Does selection or drift determine the future of

an allele?

5.7 THENEUTRAL THEORY OF MOLECULAR
EVOLUTION

The molecular clock assumes a constant rate of
mutation and can allow dating of speciation
There are problems with the assumptions of the

molecular clock
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population mutation parameter theta (8)

The mismatch distribution can be used to represent
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Genetic distances between populations can be
measured using Fsy or Nei's D statistics
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models of mutation
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Population structure can be analyzed using genomic
data

Genetic distance and population structure can
be represented using multivariate analyses

6.4 PHYLOGENETICS

Phylogenetic trees have their own distinctive
terminology

There are several different ways to reconstruct
phylogenies

Trees can be constructed from matrices of genetic
distances
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phylogenetic tree?
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equivalent trees
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POPULATION HISTORY
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mathematically
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Coalescent analysis can be a simulation tool for

hypothesis testing

Coalescent analysis uses ancestral graphs to model

selection and recombination

Coalescent models of large datasets are approximate

6.6 DATING EVOLUTIONARY EVENTS USING
GENETIC DATA

Dating population splits using Fst and Nei's D

statistics is possible, but requires a naive view of

human evolution

Evolutionary models can include the timing of

evolutionary events as parameters

Evolutionary models and effective population size

An allele can be dated using diversity at linked loci

Interpreting TMRCA

Estimations of mutation rate can be derived from

direct measurements in families or indirect

comparisons of species

An estimate of generation time is required to

convert some genetic date estimates into years

6.7 HASSELECTION BEEN ACTING?

Differences in gene sequences between species can
be used to detect selection

Comparing variation between species with
variation within a species can detect selection
Selection tests can be based on the analysis of
allele frequencies at variant sites
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Comparing haplotype frequency and haplotype
diversity can reveal positive selection

Analysis of frequency differences between
populations can indicate positive selection

Other methods can be used to detect ongoing

or very recent positive selection

How can we combine information from different
statistical tests?

Tests for positive selection have severe limitations

6.8 ANALYZING GENETIC DATA IN A GEOGRAPHICAL
CONTEXT

Genetic data can be displayed on maps

Genetic boundary analysis identifies the zones of

greatest allele frequency change within a genetic

landscape

Spatial autocorrelation quantifies the relationship

of allele frequency with geography

Mantel testing is an alternative approach to examining

a relationship between genetic distance and other

distance measures
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Primates are an Order of mammals
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Sequence divergence Is different among great apes
across genetic loci

Great apes differ by gains and losses of genetic
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The DNA sequence divergence rates differ in
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How many genera, species, and subspecies are there?
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Evidence from linguistics suggests an origin of

language in Africa

9.3 HYPOTHESES TO EXPLAIN THE ORIGIN OF
MODERN HUMANS
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Genetic diversity is highest in Africa
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Ancient mtDNA sequences of Neanderthals and
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Malnutrition and infectious disease
Agriculture led to major societal changes

12.4 THE FARMING-LANGUAGE CO-DISPERSAL
HYPOTHESIS
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CHAPTER 13 INTO NEW-FOUND LANDS
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Consequences of admixture for language
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future?
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CHAPTER 16 EVOLUTIONARY INSIGHTS
INTO SIMPLE GENETIC DISEASES

16.1 GENETIC DISEASE 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
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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 nermal 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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