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(C) Evolutionary change
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Types of selection

(A) Directional

(B) Stabilizing
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(C) Disruptive
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Testing Darwin’s ideas
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Are finch populations variable?
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|s some of the variation heritable?
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s survival and reproduction even?
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Is survival and reproduction random?
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Did the population evolve?

Finches hatched in 1976, the year before the drought
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Natural selection is blind to the future
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Natural selection adapts populations to conditions that prevailed in the past, not
conditions that might occur in the future!

In variable environments, this can lead to fluctuationsin the frequency of certain traits.
How do you expect the frequency distribution to look like in 19797
What if hard seeds prevailed on after the initial drought?



Natural selection is blind to the future
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Genetic variation in natural populations

Fig. 3. Frequency of
Mclr alleles in one
mainland and eight
beach mouse subspe-
cies from northern Flor-
ida. Images represent
typical color patterns
for each subspecies.
Red areas represent
the distribution of each
beach mouse subspe-
cies, and the gray area
represents the range of
mainland subspecies in
Florida. Lines indicate
sampling locales. Circles
represent frequencies of
the light McIr (white)
and dark Mcr (black)
alleles identified. The
number of alleles sam-
pled is provided.

Color genes in beach mice: genetic variation in space.
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An inverse frequency-dependent polymorphism
in the scale-eating cichlid




Scale-eating cichlids of Lake Tanganyika




Frequency dependent selection in African scale eating cichlid fish
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An inyerse (-) frequency-dependent polymorphism in the scale-eating cichlid
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The mythical self-sacrificial behavior of lemmings

Earaon




Selfless lemmings and other Disney stories
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Constraints and trade-offs

* Adaptation does not lead to perfection, as it is impossible to
build a perfect organism

* Organismal design reflects a compromise between competing
demands

* Trade-offs: Resources devoted to one body part or function may
be resources stolen from another part or function; traits can be
subject to multiple sources of selection, leading to
“compromises” to increase fitness as much as possible



Constraints

Constraints are factors that make populations resistant to evolutionary change

Genetic constraint: Lack of genetic variation or presence of genetic
correlation (linkage disequilibrium or pleiotropy)
* |If one gene affects multiple traits, traits cannot be optimized independent
of each other

Developmental constraint: 7 neck vertebrae

Functional constraint: traits may have more than one function

* |f one trait has more than one function, one function may not be improved
without negatively affecting the other function

Environmental constraint: organisms need to function adequately in their
environment
* Gravity imposes constraints on modification of skeletons



Trait heritability as constraint
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Trade-off example

* Individuals with higher fecundity usually have higher fitness

* In some environments, however, having larger offspring is more
advantageous than having small offspring

* The relation between fecundity and offspring size represents a trade-off

Non-sulfidic surface sites

Cueva del Azufre



Natural selection does not lead to perfection
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Many traits are genetically linked and cannot be optimized independently of each other

Some traits are beneficial in one context and detrimental in another



Key messages for adaptation

Adaptation as both a characteristic of an organism and the process of
selection changing the state of a character to increase fitness

The origin of a traits is not necessarily reflected in its current use
Adaptations can be identified experimentally, observationally, and using
comparative approaches. Know how scientists use these. Combining
multiple approaches is best.

Not every adaptation is perfect (in fact none really are!).

Constraints and trade-offs can limit evolutionary possibilities



Natural selection is not equal to evolution

What other processes can cause evolution?

* Mutation
e Migration (gene flow)

e Genetic Drift



Evolutionary Biology after Darwin

* Modern synthesis between
1936-1947 by E. Mayr, R. A.
Fisher, T. Dobzahansky, J. B. S.
Haldane, S. Wright, G. G.
Simpson, and J. Huxley

* Integration of evolution by
natural selection with genetics,
population genetics, systematic,
paleontology (development was
missing).

Evolution = change in allele frequencies




(Population) Genetics: essential terms

Locus

- specific location on a chromosome (arbitrary length)

e.g.chromosomel,

140,500 bp
Alleles A A,
- mutually exclusive states at a given locus - ACTGCATC...

a A ...AGTGCATC...
Genotype
- genetic makeup of an individual across genome (often used in context of locus)
AlAl A1A2 AZAZ
homozygou heterozygous homozygou

S S



Mutation

Change in the nucleotide (DNA) sequence in the genome
Ultimate source of genetic variation

Responsible for new alleles

Responsible for new genes (loci)




11/11/25, 6:26 PM James D. Watson, Co-Discoverer of the Structure of DNA, Is Dead at 97 - The New York Times

Ehe New York Eimes

James D. Watson, Co-Discoverer of the Structure of DNA, Is
Dead at 97

His decoding of the blueprint for life with Francis H.C. Crick made him one of the most
important scientists of the 20th century. He wrote a celebrated memoir and later ignited an

uproar with racist views.

Structure of DNA




Survival to maturity

What are the fithess effects of mutations?
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Mutation accumulation lineages:

* Reduced longevity

* Reduced fecundity

» Most mutations are deleterious,
some are neutral, few are
beneficial!

We will learn more about the origin and fate of new alleles in the coming lectures....



Genetic variation in natural populations

Temperature-dependent alleles in mummichog:
genetic variation along environmental gradients

104 L@
%)
§ 0.8- N
o @
o
= 0.6 °
© \ o
o) o\ %
& 0.4 o o
1] ® o
o ° ‘oo.
@
Q 0.2- L
° ° -
° @

44 42 40 38 36 34 32 30

North Latitude (degrees North) South
Cold (6°C) Warm (21°C)



Genetic variation in natural populations

Fig. 3. Frequency of
Mclr alleles in one
mainland and eight
beach mouse subspe-
cies from northern Flor-
ida. Images represent
typical color patterns
for each subspecies.
Red areas represent
the distribution of each
beach mouse subspe-
cies, and the gray area
represents the range of
mainland subspecies in
Florida. Lines indicate
sampling locales. Circles
represent frequencies of
the light McIr (white)
and dark Mcr (black)
alleles identified. The
number of alleles sam-
pled is provided.

Color genes in beach mice: genetic variation in space.
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Genetic variation in natural populations

Human immunogenes (toll like receptor): genetic variation in space.
The Asp299Gly allele plays a role in malaria resistance.
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World distribution of the TLR4 haplotypes in human
populations. Circlesindicate allele frequency (red,
Asp299Gly; yellow, Thr399lle; and blue,
Asp299Gly/Thr399lle). The Asp299Gly haplotype is
concentrated in Africa, and the Asp299Gly/Thr399lle
haplotype is concentrated in Europe. Arrows indicate
the main out-of-Africa migration routes of modern
Homo sapiens, based on refs. 19-21. Abbreviations
used for the populations (and numbers): Ba, Basque,
Spain (107); NI, The Netherlands (209); Ge, Germany
(632); Ro, Romania (102); Gr, Greece (162); Is, Israel
(85); Ch, Han Chinese, China (100); Tr, Trio-Indians,
Surinam (99); Do, Dogon tribe, Mali (241); Fu, Fulani
tribe, Mali (243); Ca, Cameroon (142); Ta, Tanzania
(121); Su, Sudan (101); In, Indonesia (98); and Pa,
Papua New Guinea (49).
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Migration

 Movement of alleles between populations
* Evolutionary biologists refer to migration as gene flow
* Mechanisms may vary




Is migration an important evolutionary force?

* What needs to be fulfilled for migration to be considered an evolutionary force?

* Can you think of a scenario where it is important?




Migration prevents fixation of adaptive alleles
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Migration prevents fixation of adaptive alleles

Migration is the homogenizing force
in evolution, sometimes preventing
population divergence and

adaptation
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Genetic drift

* An evolutionary force generating random changes in
allele frequency between generations
* Does not lead to adaptation!
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Genetic drift

(1) Genetic drift is most important in small populations, as effects are more dramatic and rapid

(2) Due to the randomness, every population follows a unique evolutionary path
(a) Population size = 4

Frequency of allele A,

o
o

1.0

©
o)

©
o

o
~

©
[}

1

1

1

1

"

o

1 1 1 1

20 40 60 80 100

Generation
Copyright © 2004 Pearson Prentice Hall, Inc.

(c) Population size = 400

Frequency of allele Ay

1.0

o
(o]
1

©
(o]
1

Generation



Genetic drift

(a) Population size = 4

(1) Genetic drift is most important in small
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Genetic drift

(a) Population size = 4

(1) Genetic drift is most important in small
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Genetic drift

(1) Genetic drift is most important in small
populations, as effects are more dramatic
and rapid

(2) Due to the randomness, every population
follows a unique evolutionary path

(3) Given enough time, drift can cause
substantial changes in allele frequencies,
even in large populations

(4) In absence of other evolutionary forces,
drift causes the fixation of alleles

(5) As alleles drift to fixation, heterozygotes in
the population decline

(d) Population size = 4

Average heterozygosity
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Drift in nature: founder effect

If a population is founded by a small number of individuals, chance alone will cause
different allele frequencies in the new population.
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ML = Australian mainland

T = Tasmania

S| = South Island New Zealand

Cl = Chatham Island

PN = Palmerston North, south end of North Island New Zealand
A = Auckland, north end of North Island of New Zealand

NI = Norfolk Island



Drift in nature: loss of diversity

In small isolated population, drift can cause a loss of genetic diversity.
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Interaction between mutation, drift & selection

In natural populations, all mechanisms of
evolution occur simultaneously. Assume that a
new allele comes into a population by mutation,
what evolutionary scenarios involving selection
and drift can you envision?

Before Christmas:

Using population genetics to understand evolution
(changes in gene frequency)



QUIZ:
1) what is the last name of the famous couple of scientists from

Princeton University who study the Darwin’s Finches on the Galapagos
Island ?

2) Which famous Nobel Prize winner (discoverer of the structure of DNA
died last week?

Send answer to axel.meyer@uni-konstanz.de
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