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What if life went extinct?

* Imagine a scenario in which life on Earth becomes extinct

* In the absence of photosynthesis, atmospheric CO, would
accumulate rapidly, reducing oxygen levels

* A stronger greenhouse effect would increase temperatures and
sea levels

* With vegetation gone, erosion would carry soil into the oceans,
leaving exposed rock and sand

* Over time, positive feedback could intensify the greenhouse effect
to conditions resembling Venus, ultimately making Earth
uninhabitable



What if Life Went Extinct?




Evolutionary mechanisms



Evolutionary mechanisms

* Evolution is the change in the heritable characteristics of
biological populations over successive generations



Evolutionary mechanisms

* Evolution is the change in the heritable characteristics of
biological populations over successive generations

* As such, there are evolutionary mechanisms that increase or
decrease variation in populations over successive generations
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Why sex?
The paradox of sexual reproduction

Ameivula nativo



Why sex?
The paradox of sexual reproduction

* Parthenogenetic species
* All individuals are female

e Compared to other similar
species, a female of Ameivula
hativo produces about twice the
number of females of a sexual
species

* |f sexis so costly, why even
bother?




The ubiquity of sex

* Nearly all Eukaryotes engage in sexual reproduction or possess
ancient meiotic machinery.

* Asexual eukaryotes are almost exclusively derived from sexual
ancestors.



Eukaryotes
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Eukaryotes

* Mitochondria allow survival on an oxygenated environment
* Mitochondria also provided a specialized powerhouse for the cell



Eukaryotes

* Ability to use large (>1500 base pairs) genes

* Prokaryote genes encode proteins of roughly the same size as the
genes

* Eukaryote genes use alternative splicing to generate functional
variations



Eukaryotes
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Eukaryotes
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So, why sex?



Disadvantage of asexual reproduction
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Novel genotypes
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Clonal interference
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Horizontal Gene Transfer

* Movement of genetic material between organisms other than by
the ”vertical” transmission of DNA from parent to offspring



Horizontal Gene Transfer

* Movement of genetic material between organisms other than by
the ”vertical” transmission of DNA from parent to offspring

* Transmission: bacteria can absorb material in the surroundings
* Transduction: virus mediated transfer
* Bacterial conjugation: transfer by cell-to-cell contact

* Gene transfer agents: transfer by virus-like elements encoded by
the host



Cambrian explosion
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Red Queen hypothesis

6 Find Gardeners Two and ‘Five’
and Gardener ‘Seven:

“OFF WITH THEIR HEADS !’ said the QUEEN.




Red Queen hypothesis

* The environment changes with time
* As such, species must constantly adapt to survive
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Red Queen hypothesis

* Extinction rate is constant with time
* Different taxa have different probabilities of extinction



Extinction
rate is
constant
with time

An evolutionary
Zero-sum game
driven by
Interspecific
competition

Different
taxa have
different

probabilities

of extinction



Red Queen hypothesis

* The increase in the fithess of one
species decreases the fithess of
coexisting species

* As such, species must keep evolving
to stay in the same place or else go
extinct.

"Now, here, you see, it takes all the running
you can do, to keep in the same place."

- the Red Queen
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Resistance to parasites

* Parasites have a gene with alleles p and P conferring two types of
parasitic ability

* Hosts have a gene with alleles h and H, conferring parasitic
resistance

* Parasites with allele p can attach to hosts with allele h, and Pto H
* |[n such a scenario, allele frequencies will be cyclic



Resistance to parasites

* |[n an asexual population of hosts, different parasitic resistance
will appear after a new mutation

* |n a sexual population of hosts, offspring will have a combination
of resistance alleles



New Zealand mud snalil

Potamopyrgus antipodarum



New Zealand mud snalil

King & Lively. 2009. Oikos



Models of sex evolution

* Selection varies with time > Red Queen hypothesis
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Models of sex evolution

e Selection varies with time

* Selection varies with space
* Migration can cause some genetic associations to be locally detrimental

* Migrant sexual species can quickly break such deleterious association by
crossing with locals
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Models of sex evolution

* Selection varies with time
* Selection varies with space

e Selection varies with individuals

* [n many species, sex become more common under poor environmental
conditions

* The genotype may not match environmental requirements
* Sex allows quicker reconfiguration of genotypes
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Deleterious mutation elimination

* Mutations in asexual populations can only be removed by another
mutation, which is quite rare

 As such, irreversible deleterious mutations accumulate in a
process called Muller’s ratchet

* |In small populations, the process could lead to loss of fithess and
decline of population size up to extinction

* Horizontal gene transfer may help asexual protists and
prokaryotes to handle the problem
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Deleterious mutation elimination

* |n sexual populations, recombination allows deleterious
mutations to be eliminated

* Additionally, single-celled bottlenecks reduces the spread of
mutations
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Sexual selection
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Sexual selection

* Sexual selection is a special case of natural selection where
mating success is favored instead of fitness

* There are two kinds of sexual selection:
* Intrasexual
* Intersexual



Intrasexual selection

* Members of one sex compete among themselves for access to
members of the other sex



Intrasexual selection
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Intrasexual selection
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Intersexual selection

* Members of one sex create a reproductive differential in the other
sex by selecting mates



Intersexual selection
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Sexual selection

* First proposed by Darwin

* Poorly received by Victorian society

* Wallace accept intrasexual, but rejected intersexual selection
* The problem was recognizing female agency in mate selection

* Except for Fisher’s studies in the 1930s, received little attention
until the 1960s



Fisherian runaway

* A mechanism to explain the evolution of ostentatious male
ornamentation by directional female choice



Fisherian runaway
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* A mechanism to explain the evolution of ostentatious male
ornamentation by directional female choice

* Fisher argued that if the process is unchecked by severe
counterselection, it will advance with ever-increasing speed



Fisherian runaway

* A mechanism to explain the evolution of ostentatious male
ornamentation by directional female choice

* Fisher argued that if the process is unchecked by severe
counterselection, it will advance with ever-increasing speed

* Dawkins later added that females that prefer long tailed males
tend to have mothers that chose long-tailed fathers; thus, they
carry both sets of genes. Thus, both the genes for long tails and for
preferring long tails become linked



Handicap Principle

* Proposed by Zahavi in 1975, states mate choice using signhal
selection would lead to reliable signaling between male and
female animals, despite both having interest in deceiving each
other



Honest signal
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Dendrobates leucomelas



Handicap Principle

* Under the handicap principle, secondary sexual characteristics
are costly signals, and, thus, reliable indicators of the signaler’s
quality



Handicap Principle
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Handicap Principle




Takeaways

* |s sex required for complex life in the universe?
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Takeaways

* Life appeared just after Earth cooled down
* The speed suggests it was not a rare event
* However, for billions of years, complexity never evolved
* Diversity exploded after the development of Eukaryotes

* Eukaryotes have more energy, more sophisticated protein
regulation, and sexual recombination to increase evolutionary
speed and opening up the possibility of macroevolutionary
radiations

* These traits represent a more stringent evolutionary bottleneck for
complex life than the origin of life itself
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