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Overview

History

Key Issues

Basic population genetics

ESS theory

Assorted topics:
Multiple alleles
Diffusion approximations
Multiple loci

Frequency dependent selection
Spatially varying environments



Some History of Evolutionary Theory

1. Darwin - 2 key points made in the Origin:

(a) Evolution has happened ( existing organisms

descended from ancestral forms)

(b) Main cause of evolutionary change was
natural selection of variations which in
their origin were non-adaptive.

Without genetics, assumed acquired characteristics

2. Weissmann - germ line independent of soma,
so acquired inheritance cannot occur.

3. Rediscovery of Mendel’s laws - chromosome
theory ot heredity. Debate between Mendelians
and biometric school over continuous versus
discrete traits.

4. Population genetics (Fisher, Haldane, Wright)
Theoretical basis for eftects of selection,
mutation, drift.

5. Modern synthesis (Dozhansky, Mayr, Simpson,
Stebbins) - neo-Darwinism (natural selection
on Mendelian pops.) sufficient to explain
observations on geographic variation, fossils.

Key Issues in Evolutionary Theory

1. Origin of Life - how did entities with properties
of multiplication, heredity and variation arise?

2. Evolution of the genome - how are chromosomes
organized, how did recombination arise, is most
of the genetic complement neutral, is DNA
selfish, evolution of plasmids, viruses.

3. What maintains genetic diversity in populations
Why are there so many different types of

organisms? Evolutionary ecology - life history
theory, pop. structure affecting evolution.

4. Levels of selection - when are kin, group, trait
group, sexual selection important factors in
genetic change? Evolution of behavior, ESS
theory.

5. Cultural transmission and selection -
phenogenotype approaches. Epigenetics.

6. Large-scale features of evolution -
macroevolution - puncuated equilibria

See Evolution Now (J. Maynard Smith, ed.)
W.H. Freeman, 1982.
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Basic Population Genetics

Genotype - total genetic complement of an individual, capable of
being passed on to offspring

Phenotype - collection of all characters displayed by an individual,
controlled by genetics, environment, development

Population genetics - study of variation of genes within a population
through time and space

Evolution - change or potential change in genetic structure of a
population

Natural selection - process whereby if individuals of one genotype
have on average more offfspring than another, then the
first genotype will spread through the population.

Note: population genetics allows us to investigate the mechanisms

of the process of evolution, rather than just describing the patterns

we observe as the products of evolution (phylogeny).

Basic assumptions of simple models:

1. A gene controlling a character is at one location (locus) on a
chromosome or several such locations {multiple loci).

2. At any particular locus the gene may have one of a number of
possible forms (alleles)

3. Organism may be haploid(one allele at each locus) or diploid ( 2
alleles at each locus)

So in diploid case, AA and aa individuals are homozygous at
that locus, Aa individuals are heterozygous. If after time passes,
only one allele persists at a locus, that allele is "fixed", 1s more
than one allele persists at the locus, the population is "polymorphic”
at the locus.



Basic Forces of Population Genetics

1. Natural Selection - changes in gene frequencies in a population
due to traits giving diffcrential survival and reproduction among
individuals, and these traits are heritable.

2. Mutation - genes change form during the life cycle of an
individual in a way that can be passed to offspring. If one allele
mutates at a higher rate than another, get change in gene frequency
due to "mutation pressure”.

3. Random genetic drift - change in genetic structure in a population
due to random sampling error in finite populations. Important
when populations are small, when new populations are started in
isolated areas (founder effects).

4. Other forces:
Selection at other levels - group, kin, sexual
Gene flow - migration or dispersal of individuals with different
genetic structure into a population.
Segregation distortion (meiotic drive) - unequal production of
gametes in heterozygous individuals - difficult to tell apart
from gamete selection.
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