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BIO 5099: Molecular Biology
for Computer Scientists (et al)

Lecture 3: More Evolution, Geologic 
time, and Mass Extinctions

http://compbio.uchsc.edu/hunter/bio5099
Larry.Hunter@uchsc.edu

Housekeeping

We will delay answers and discussion of the problem 
set until Thursday so we can get a sense of how 
everyone did.
The controversy about the Peppered Moth story turns 
out to be about the proposed mechanism of selection 
(differential predation by birds), not about the selection 
itself.  More detail in a link on the course web site.
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More Housekeeping
(and a new term)

In the example of balanced polymorphism (sickle cell 
& malaria resistance), someone asked if sickle cell was 
really recessive, since it has an effect on phenotype in 
heterozygotes
Answer is a new term: pleiotropy.  A pleiotropic gene 
is one that effects more than one phenotype.  In this 
case the two traits are sickling (recessive) and malaria 
resistance (dominant).

Population Genetics

One of the few places where math models were 
important in pre-molecular biology.
What are the dynamics of allele frequencies in a 
population?
Great mathematicians of statistical / population 
genetics:
– Haldane (effect of selection on allele frequencies)
– Fisher (key to the Modern Synthesis, invented much of modern 

statistics for his studies of plant breeding)
– Sewell Wright (genetic drift, fitness landscape)
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Hardy-Weinberg Equations

Allele frequency equilibrium (no change over time) is 
reached when: 
– random mating of an infinite population,
– no migration
– no mutation
– no natural selection

Let p≡f(A) and q≡f(a), with p+q=1, then
– f(AA) = p2, f(Aa)=2pq and f(aa)=q2 

– genotype frequency tells us allele frequency
– p & q are constants; rare genotypes don't die out!

f A = 1� f aa

What happens when those assumptions fail?
The rest of population genetics

Finite populations
– Genetic Drift:  frequencies change due to finite sampling 
– Founder effect & bottlenecks: extreme examples of genetic drift 

where a population begins with a small number of individuals + 
inbreeding among descendents

Non-random mating:
– Inbreeding
– Assortive mating (genotype influences mate selection)

Gene Flow and Mutation
Selection pressure
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Inbreeding

Mating of close relatives: a form of non-random 
mating.  Allele frequencies don't change(without other 
pressures), but genotype frequencies do
F ≡ probability that a two alleles in one individual are 
identical by descent.  F=1 is completely homozygous; 
F = 0 is complete heterozygous
Extreme example: self-fertilization. 

Self fertilization

let f(AA) = x, f(Az) = y and f(aa) = z 
Under self-fertilization, AA � AA, aa � aa, and Aa �
¼ AA + ½ Aa + ¼ aa
So in the next generation, 
f(AA) = x+¼y, f(Aa) = ½y and f(aa) = z+¼y
Large decrease in heterozygosity over time
Works the same way for less intense inbreeding, but 
more slowly.
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Fitness

A property of genotypes, NOT individuals, phenotypes, 
populations or alleles.
The average number of progeny produced by 
individuals of a particular genotype.  Individuals will 
show variance.
Always relative to an environment.

Fitness landscapes

Fitness landscape is a surface in genotype space 
indicating the fitness of each genotype.
Dimensions = # genes.  Biologists write better fitness 
is up (physicists use down)
Shows interactions 
among genes
Evolution is strict
hill climbing.  Can't
take evolutionary 
steps that decrease fitness
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Calculate allele frequency under selection
wx ≡ fitness of genotype x, generally defined relative 
to other genotypes at that locus 
(locus = position on chromosome = gene)
w ≡ average fitness of the population

= wAAp2 + wAa2pq + waaq
2

f(AA, g+1) = wAAp2 / w
f(A, g+1) = p' = f(AA, g+1) + ½ f(Aa, g+1)

Selection in population genetics

Symbiosis

Two or more species of organisms living in close 
association.
– Competition: both (potentially) harmed by the association
– Parasitism: one benefits, one is harmed
– Commensalism: one benefits, the other is unaffected

(e.g. mimicry)
– Mutualism: both benefit
– Neutral: neither is affected

In all cases (save neutral), the selective environment 
includes other living things.
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Coevolution

Reciprocally induced evolutionary change between 
two or more populations
A mechanism by which ecosystems effect evolution 
and vice versa.
Many varieties.  Here, only between (not within) 
species coevolution: 
– Predator / Prey (including plant/herbivore)
– Parasite / Host
– Mutualism

Predator/Prey Arms Races

Moonsnails drill a hole in prey's shell to eat it.
Escalation: shells get thicker, drills more efficient.
70 million years of related fossils, and evidence of 
predation (holes in shells)
Very cool K-12 project www.moonsnail.org
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Escalation

Another drill snail selects prey (in part) on the basis of 
size.  Energy required to drill hole requires large meal 
as payoff.
Another route to increased fitness for prey: reproduce 
at smaller sizes.  So, some prey put less into 
synthesizing shell in order to reproduce earlier in 
lifecycle.  Shells got thinner!
Not all evidence supports escalation, which implies a 
kind of progress over time.

Host-Parasite coevolution

Simple case: time-lagged, frequency dependent 
selection.  
– Parasite must exactly match some aspect of host genotype to 

avoid immune response.  
– Parasites evolve to match most common genotype
– Most common genotype is selected against by infection
– Previously rare genotype becomes most common
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Mutualism 

Coevolution can be beneficial
Bullsthorn Acacias and Pseudomyrmex Ants:
– Plant doesn't make insecticide found in most acacias, and  

provides food for ants.  Venomous ants keep herbivores off and 
remove vines from the base of the tree. Trees that are not 
occupied by ant colonies are heavily attacked 

The History of Life on Earth

Challenges and outlines
Abiogenesis: The origin of life 
(most postponed until after some chemistry)
Mass extinction events
A brief survey of some eras and their creatures. 
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Fossils

Preserved remains of an organism. Source of almost all 
we know about the history of life.
What is preserved:
– Body parts: Bones, teeth and claws, eggs, embryos and nests, 

skin, soft tissues (very rare)
– Ichnofossils: leaf impressions, footprints, burrows and nests, 

toothmarks, dung
– Chemical fossils: isotope ratios, apatites

How is it preserved:
– transformed to rock (mineralization)
– in its original form (e.g. preserved in amber)

Dating

Challenging: Good dates are hard to come by.  
– Absolute dating methods are rare, and have inconvenient 

resolution.  14C half-life is about 5k years, 235U is 700M.
– Relative dating depends on correlated characteristics of rock 

layers, and can be controversial.  Shark teeth help!

Best estimates of the age of the earth:
– Oldest planetary rocks (from west-central Australia) have 

absolute ages of 4.3-4.4 Ga (billion years ago).
– Oldest meteorites (Canyon Diablo) are 4.52Ga
– Intense meteor bombardment of the earth ended about 4.03 Gya
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Relative dating

Index fossils

Sometimes strata are not 
easy to identify

So we can use widely distributed fossils 
to determine likely alignments
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Abiogenesis: The Origin of Life

Oldest evidence (isotopic) is 3.85 Ga
Oldest fossils are stromatolites, 3.45Ga
Amazingly similar to cyanobacteria 

Life's Eras

Precambrian: The origin of life + three billion more 
years.  Only soft-bodied marine organisms, mostly 
single celled.
Paleozoic: ~500Ma to 250Ma. Cambrian explosion 
(appearance of almost all classes of animals) to the 
largest mass extinction.  First colonization of land.
Mesozoic: ~250Ma-65Ma.  Dinosaurs, flowering 
plants, first mammals. K-T extinction
Cenozoic: 65Ma – now.
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Mass Extinction Events

Several times in the history of life, large proportions of 
the species present in the fossil record disappear 
forever. 
These are crucially important in the history of life 
(remember the effects of bottlenecks on allele 
frequencies)      Marine genus-level extinctions

Causes of mass extinctions

Two classes seem to have happened
– Terrestrial agents 

• Volcanoes
• Climate change
• Environmental change 

– Extraterrestrial agents
• Meteorite impacts
• Cosmic rays?

Periodicity?: Various cycles in extinction data, 
including with 26M and 60M year periods.
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Effects of Mass Extinctions

Marine and terrestrial species tend to both be effected 
(since origin of terrestrials).  Impact tends to be worse 
on marine organisms. 
On the land, plants tend to be more resistant  to 
extinctions than animals
Preferential disappearance of tropical forms
Some organisms survived more than one
– Trilobites and ammonoids

Hard to quantify microorganism effects

Precambrian Extinctions

About 2.2Ga (halfway to the origin) the first pollution 
catastrophe struck: Oxygen. 
– Oxygen is a toxic (to them) waste product of many bacteria.  

Early atmosphere was less than 1% oxygen.
– May be related to the origin of Eukaryotes

About 650Ma a huge glaciation wiped out about 70% 
the existing species.
At the end of the precambrian, another large extinction 
wiped out organisms similar to jellyfish, sea pens and 
segmented worms.
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Permian Extinction

The Permian extinction ended the Paleozoic era, about 
250Ma.
Worst in history.  85% of marine species and 70% of 
terrestrial species went extinct.
Cause was likely volcanism.  
– Eruption at just that time in Siberia covered 4M sq. kilometers 

in lava (twice the size of Europe).
– Not just lava, but huge volumes of soot, sulfur dioxide, 

greenhouse gases, etc. 

K-T extinction

The mesozoic era was ended by the 
Cretaceous/Tertiary extinction, which killed the 
dinosaurs.  Second largest extinction, eliminating 
about 80% of all species.
Likely cause was a meteor impact, although also 
significant volcanism at the time
– Iridium layer at the boundary
– Large impact site with good timing in Yucatan, Mexico
– Large eruptions at same time (India/Pakistan border)
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Anthropogenic mass extinction

Broad consensus among biologists, but still some 
holdouts.
UN Environment Program report in May '02:
– Current extinction rates are 100x to 1000x the “background” 

rate.  11,000 currently endangered plant and animal species 
– At current rates, approximately ½ of all species on earth will be 

extinct in 100 years.  
– ¼ of all mammals will be extinct in 30 years. 


