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1. Natural Selection

1.1: Natural selection is a major mechanism of
evolution




Charles




Pre-Darwin

Lyell: Geology, Uniformitarianism—-> very old
earth.

Malthus: Exponential Population Growth

LaMarck: Evolution. Inheritance of acquired
characteristics (wrong, but still evolutionary)




The Voyage of the
HMS Beagle
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Observation 1: Variation




No two organisms are
completely alike.




Observation 2: Reproduction...
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Inference 1: Differential “fitness” in the
environment due to variations.




The “struggle for existence”




Inference 2. Over th
time (billions of years), inheritance of
adaptations will lead to evolution of the
population.
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Fundamental Conclusions

. To develop the diversity of life seen on
the Earth today, the Earth has to be
incredibly old.

2. If organisms evolve from pre-existing
organisms, then all organisms should
share a universal “‘common ancestor”




“tree thinking”




Unsettled by Darwin

1. Origin of Life

1. Origin of species

1. Nature of variation/inheritance




2. The Modern Synthesis

1.1: Natural selection is a major mechanism of
evolution




The “Modern Synthesis”

Connects Darwinian evolution to genetics
and modern understanding of inheritance.
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Where Traits come from:

GTGCATCTGACTCCTGAGGAGAAG *°° DNA
CACGTAGACTGAGGACTCCTCTTC ee-

\L (transcription)

GUGCAUCUGACUCCUGAGGAGAAG «+» RNA | i




Variation comesﬂ%1

Mutation

Mutation: A change in a DNA sequence. Happens
spontaneously and unavoidably.

Before

After

Incoming
UV Photon




Mutations create “alleles”

Alleles: Different versions of the genes for a




Evolution

Defined:

Evolution: Changes in dllele frequencies over fime.




EX. Galapagos Fin_

S
Grant and Grant: Studied the finch population on
an isolated island in the Galapagos.

Measured the beak dimensions of all birds on the
island every year for decades.
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Connected changes in be@

fluctuations in the environment (precipitation, seed
sizes)
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Evolution Misconception Alert!
Misconception: Individuals evolve.

Evolution is a “population level” phenomenon.
Individuals DO NOT evolve!

The evolution of a population emerges from the
Individual fithess of members of that population.

As they survive and reproduce or not, the frequencies
alleles in the next generation will change accordingly.




1. How Natural Selection
Works.

1.2: Natural selection acts on phenotypic variations
in populations.




Genotype

The alleles that an individual has for @
particular trait.

2 Types:

Homozygous:. Two copies of the same
allele.

Heterozygous: Two copies of different
alleles for each trait.




Phenotype

The trait that an individual shows.

Genotype determines Phenotype!




Alleles conftrol the prOM

@nd proteins determine traits.

s CACGTAGACTGAGGACTCCTCTTC ee-

** GTGCATCTGACTCCTGAGGAGAAG =*°° DNA I
\l/ (transcription)

. GUGCAUCUGACUCCUGAGGAGAAG -+» RNA
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bDominant & Recessive

Some dlleles (“dominant”) will control phenotype over
other alleles (“recessive”) when both are present.

Ex. Eye color (simplified)

Two alleles: B (dominant) and b
(recessive)

Two phenotypes: Brown eyes and blue
eyes




3 possible genotypes:
Ege Color Genefics:

bb
Homozygous Heterozygous
Homozygous
Dominant
Recessive

2 possible .T eng

Brown eyes
Heterozygotes have BROWN eyes.

Bo

Blue eyes




Misconception: Dominant = “better”

Evolution Misconception Alert!
Dominant alleles are NOT “better” than recessive
alleles

Dominant and recessive have nothing to do with their
effect on fithess. They only refer to how they
contribute fo phenotype expression.




Phenotype and Fithess

Different phenotypes will be more or less fit,
depending upon the requirements of the
environment.

“Fitness”: Ability to conftribute genes to the next
generation (reproduction).

The environment determines fithess.




Fifness changes with the environment
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EX. Pesticide Resistance
Before pesticide  After pesticide I

application application

First generation

ater generation




Human Impact on Variation

Humans are able to impact variation in
other organisms by controlling which
individuals are able to reproduce.

Artificial selection: When reproductive
success is determined by human
requirements
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Ex. Food Crops




1. Other Evolutionary
Forces

1.3: Evolutionary change is also driven by random
processes.




Genetic Drift

Random, non-selective,
changes in dllele frequency
due to chance.

Has a larger effect on smaller

populations, since each
individual is more of the total

alleles.
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Founder Effect IR

The descendants of a small, founding population
have different allele percentages than the population
the founders came from.

Originating population

| Red | Green

| Generation2| _ 0.50] _ 0.50|
Generation 4 0.90
Generation 5 1.00

Original 0.50 0.50|

Founder population




Ex. Amish Populations and polydactyly
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Bottleneck Effect _

The survivors of a catastrophic decrease in a
population may have a different allele frequency
than the pre-bottleneck population

Recovery

Population size
Bottleneck event




Ex. Modern Cheetahs are all genetically
similar due to 2 bottlenecks




Gene Flow

AN

~
/ Offspring of

immigrated bird
has a genotype
of Hh

A 4
!l >~ Population A

Selection pressure against recessive
phenotype has created a homozygous
population (HH).

emigration

Selection pressure against domi
phenotype has created a homoz

Movement of alleles due to immigration and

e

L~

Offspring of \

immigrated bird
has a genotype
of Hh

»

Population B

population (hh).



Example: Modern Human Migration
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Evolution Misconception Alert!

Misconception: Evolutionis “random”.

Evolution is a change in allele frequency in @

population. That change involves random forces (ex.

Genetic drift) and selective processes (ex. Natural
selection).




1. Evidence of Evolution

1.4: Biological evolution is supported by scientific
evidence from many disciplines, including
mathematics.




Ceological Evidence:

adiometric dating:
ed to date geological

tablishes chronological history
f Earth, and establishes Earth’s
ge at ~4.5 billion years.




1 Fossil Record:
Establishes History of life on Earth.




Living organisms resemble fossilized forms.

il




Transitional Fossils: _

Show evolutionary progression between groups

Ex. Tiktaalik




.
Anatomical Evid'ence

Similarities and differences in the anatomy
(morphology) of organismes.

Vestigial structures: structures that have lost their
primary adaptive purpose
Ex. Whale hind-limlbs
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"Homologous structures: _

Structures present in a common ancestor,
which have diverged during evolution.

The pentadactyl limb as the ‘ancestral’ terrestrial
vertebrates limb plan, subsequently adapted by
modification for different uses/habitats.

lay-out of a ‘five-fingered’
(pentadactyl) limb

forelimb hindlimb

upper arm —» humerus | femur +—————— thigh monkey (grasping)

forearm ——— radius + ulna || tibia + fibula +— lower leg

000

wrist ———— carpals tarsals «——— ankle

hand/foot — metacarpals ¢ metatarsals «+— foot

i AR
Y + phalanges | " : “ s+ phalanges
1 23453
dolphin (swimming) digits
3

displaced carpal

radio-ulna




‘Analogous structures: | IR

Structures that have evolved multiple fimes in
different lineages to fill similar adaptive needs.
Ex. WIngs
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Chemical Evidence

Similarities and differences in DNA and protein
sequences.

GTGCATCTGACTCCTGAGGAGAAG **° DNA
CACGTAGACTGAGGACTCCTCTTC ee-

\L (transcription

GUGCAUCUGACUCCUGAGGAGAAG --- RNA

PEPTYYYY -

FK -+ protei




Chemical evidence has
establish the evolutionary relatedness
("“phylogeny”) of all life on Earth

Fungi Gram-positives

) NN N1 1 NA I\

Animals )
Slime moulds / Chlamydiae :
Plants P Green nonsulfur bacteria
Algae / Actinobacteria
AN Planctomycetes
Protozoa \ Spirochaetes
‘1_
| Fusobacteria
Crenarchaeota -
_ /) Cyanobacteria
Nanoarchaeota / (blue-green algae)
Euryarchaeota Thermophilic

sulfate-reducers

Acidobacteria

Proteobacteria




Mathematical Modeling:

Computational analysis: The ability to
analyze large amounts of chemical
sequence data to establish evolutionary
relationships among organismes.

Hardy-Weinberg Theory: The ability to
quantity the amount of evolutionary change
from generation to generation.




2. MATH Skills: Hardy-
Weinberg Theory

1.4: Biological evolution is supported by scientific
evidence from many disciplines, including
mathematics.




