LarryFrolich.com . /
Variability, Page 1

Natural Selection—Constraining Variability

Evolution Mechanisms or Process—the heart of how it works—please
review these web pages carefully
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Mechanisms: the processes of evolution

Evolution is the process by which modern arganisms have descended from ancient ancestors. Evolution is responsible for both the
remarkable similarities we see across all life and the amazing diversity of that life — but exactly how does it work?

Fundamental to the process is genetic variation upon which selective forces can act in order for evolution to occur. This section examines
the mechanisms of evolution focusing on:

« Descent and the genetic differences that are heritable and passed on to the next generation;
« Mutation, migration (gene flow), genetic drift, and natural selection as mechanisms of change;
« The importance of genetic variation;

+ The random nature of genetic drift and the effects of a reduction in genetic variation;

+ How variation, differential reproduction, and heredity result in evolution by natural selection; and

» How different species can affect each other's evolution through coevolution.

Please carefully review the seven pages of this section of the Understanding Evolution website (from

Descent with Modification to Genetic Drift). Then, write your two-paragraph summary with your
opinion of these pages. This is a great foundation in the natural selection and other factors that
constrain variability.


https://evolution.berkeley.edu/evolibrary/article/evo_14
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Natural Selection Simulators

Check out this “Evolution Game” natural selection simulation. Show me a screen
shot of the simulation in action and then a paragraph tellin me what you think after
watching the YouTube videos about it:.

Simulator from Minute Labs—I think it will work on any device, but probably better
on bigger screen (you could play for hours)

Video introducing the simulator from Minute Labs (11 minutes)

Video about Natural Selection using the Simulator from Primer (10 minutes)

More Simulations

Here’s a couple of other simulations...more academic. The guppies is a classic
that we’ll talk about in class.

The Guppies: Based on the famous John Endler Guppy experiments. Still the best
example of actually measuring natural selection in the wild, and in simulated lab
environments. Choose the kind of guppy, the kind of predator and watch what
happens. From PBS

Full gene frequency calculator. Let the simulation do all the math of the p's and g's.
But you select initial gene frequencies, fitness, number of populations to simulate,
number of individuals in the population and number of generations. You can play
with this one for hours. Even has mutation rates and bottlenecks. From

Radford University



https://labs.minutelabs.io/evolution-simulator/#/s/1/viewer?intro=1
https://youtu.be/6nMo8T3T0L4
https://youtu.be/0ZGbIKd0XrM
https://www.pbs.org/wgbh/evolution/sex/guppy/low_bandwidth.html
http://www.radford.edu/~rsheehy/Gen_flash/popgen/
http://www.radford.edu/~rsheehy/Gen_flash/popgen/

Additional Resources

"Fitness, to a geneticist, is not the same as fitness to a movie director or a sports
columnist. Fitness is not measured by physical attributes, it is measured by the
number of offspring produced in the next generation that survive and reproduce. In
a hunting-gathering society, the most fit person may have been the near sighted
male who could not go on the hunt because he would stumble and make too much
noise. If he were left behind to gather fruit and berries with the women, he may
have become the most fit person in the tribe. Grandchildren, great-grandchildren,
etc., are the best measures of the fitness of an individual. This has always been my
favorite explanation of why so many of us are near sighted, and why society
changed from hunting-gathering to agriculture. It's all population genetics!

"The most fit phenotype in the population is assigned a fitness of 1. If there are two
equally fit phenotypes, each is assigned a fithess of 1. Those less fit must be
assigned a fitness of less than 1. The difference between 1 and the fitness value is
called the selection coefficient. The relationship between fitness, w, and the
selection coefficient, s, is given by the equation, w = 1-s."

Most mutations have a negative effect on fitness and
are quickly eliminated

But mutations which do not affect fitness
PP can persist in populations
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Fitness landscapes are visual evolution maps

Each generation, individuals A. Simple Landscape, K S 1
change and occupy different
positions in the landscape
from their parents.

fitness

Simple landscapes have one
clearly defined best behavior
and natural selection will
ultimately yield more of that
behavior.

Rugged landscapes represent
complex problems. Traits can
get "stuck” in molehills and
never converge on the big hill
representing the "most fit*

traits.
Selection
usually
pushes
populations

to the top

Fithess




. % u . ROy 7 - | \
(’/ - —_ LarryFroIich.co ‘ = \Q

Variability, Page 5

Genetic Drift and Founder Effects and Bottlenecks and Natural Selection—

are they all the same?

Nice article from FamilyPedia on genetic drift and all those other concpets--gives
plain English and also the math
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Genetic Drift as the null hypothesis. How can we tell when evolutionary change is
due to natural selection?

We can tell the story--we identify a difference in fitness and then we see a
population change in a direction that the fitness difference should drive it.

But how can we be sure it's still not just random drift? The math can help, but so
many other factors complicate it.


http://familypedia.wikia.com/wiki/Genetic_drift
http://familypedia.wikia.com/wiki/Genetic_drift
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- founder effect: a few individuals from a population start a new population
with a different allele frequency than the original population
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Mutation creates
variation

Unfavorable mutations
selected against

Reproduction and
mutation occur

Favorable mutations
more likely to survive

... and reproduce

Natural Selection—how is it different from genetic drift—there’s a selective force!

Cabbage Cauliflower

Broccoli

Brussels
sprouts

A
Selection for
flower clusters

: Selec}ion for
e \termlnal bud fsalection for Kale
Kohlrabi .

Selection for stems and flowers .
lateral buds A

X

L

Selection __ 5 §
—= for leaves

Brassica oleracea
{a common wild mustard)

Cabbage - suppression of AP
\ internode length / Kale - enlargement

Broccoli - suppression of leaves
of flower development

Z

Cauliflower - sterility Kohirabi - enhancement
of flowers Wild mustard of lateral meristems

We humans as the selective force.
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Results

Course gravel, predator present

Fine gravel, predator present

The Famous Guppies—selection in action in lab and in nature—see guppy simulator.

Domestic animal
Livestock or companion
animals

Selection: Artificial over
many generalions
Environment: Typically
controlled; antibiotics;
dependent

for food

arfificial, potentially

parasite-filled and (such as hunting,
food limited feeding, habitat
change)

Captive animal Urban animal Managed animal
Zoo or park animal Wild or feral colonizer of Conserved, hunted or
Selection: Recently human habitats controlled species
artificial Selection: Both natural Selection: Both natural
Environment: Managed and arfificial pressures and arfificial pressures
by humans; antibiotics, Environment: Environment: Natural
dependent for food Unconirolled but wilh some intervention

from humans

Feral animal

Captive or domestic species
that revert to a free-living state
Selection: Both natural

and artificial pressures
Environment: Uncontrolled,
parasile-filled and food
limited
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Laboratory model
Selection: Artificial
over many generations
Environment: Totally
controlled and clean;
antibiotics; dependent
for food
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Human environments could also be considered to span some of this range
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Wild animal

Urmanaged; largely
untouched by humanity
Selection: Natural
Environment: Uncontrolled,
parasite-filled and food limited;
no human interventions
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(human-interaction) selection.

Marina Corral Spence
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What happens when sex, or gene transfer, complicates things?

A= Dominant allele = a= Reccesive deleterious allele

Inbreeding Outbreeding

The Ancestry of King Charles II of Spain
(1661-1700)

Philip of Casti Joanna of Castile

e sanna of C
(1478-1508) (1479.1555)
Far
Roi
s T
hilip | Mana of  Maimilian I, Holy Charles I
J;%EQQ".. Spain Roman Emperor of Austria
(1952-50) {1528-1603) [1527.76) (1540-90)
Anng of
Austnia
(1543-80)
Philip Il Marganita of
of Spain Aystnia
(1578-1621) (1584-1611)
- —
Philip b

Maria Anna
of Spain of Spain
(1605-65) (1606-45)

L

Charles 'II of Spain
(1661-1700)

Inbreeding Depression. This is just the negative side of the variation produced by
sex, as viewed at the population level.

What's interesting about inbreeding depression is that it takes us right back to the
guestion of how the production of variation, and the factors that constrain that
production, can lead to the parsing of organisms into species, and the parsing of
biological organization into hierarchically stable components like cells, organisms,
and species.
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Yet More Resources

Great site for getting details of math on fithess, genetic drift and selection, all for
plant pathogens--fascinating topic. Also explains all in good plain English.

Gene Flow from Nature magazine Knowledge Project--good graphics

University of llinois at Chicago--good review of basic genetic concepts for Mol Bio
course

Evolution concepts applied to software designers

Lesson from Natural Selection for international aid workers

Nice review article on Fitness from Allen Orr (Nat Rev Genet.)



http://www.bio.georgiasouthern.edu/bio-home/harvey/lect/lectures.html?flnm=nsln&ttl=Population+change+and+natural+selection&ccode=el&mda=scrn
http://www.bio.georgiasouthern.edu/bio-home/harvey/lect/lectures.html?flnm=nsln&ttl=Population+change+and+natural+selection&ccode=el&mda=scrn
http://www.nature.com/scitable/knowledge/library/natural-selection-genetic-drift-and-gene-flow-15186648
http://www.uic.edu/classes/bms/bms655/lesson13.html
http://www.uic.edu/classes/bms/bms655/lesson13.html
http://softwarecreation.org/2008/what-software-development-can-learn-from-biological-evolution/
http://chewychunks.wordpress.com/2013/09/03/evolution-international-development/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2753274/

