Quantitative principles in biological systems

10. Evolution and evolutionary dynamics
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Some numbers

E. coligenome L ~ 108 bp
Mutation rate u ~ 10-° mutations / bp / gen
— Lu ~ 10-3 mutations / genome / gen

Population size N ~ 10° cells in an overnight culture
— Nu ~ 1 mutation produced at each site overnight

... but double mutantsarerare N x u x u < 1

Some numbers

Human genome L ~ 10° bp
Mutation rate u ~ 108 mutations / bp / gen
- Lu ~ 10 mutations / genome / gen

Population size N ~ 10'% humans
— Nu ~ 100 mutations produced at each site per gen in some individual

... but your genome and my genome only differ at 10-3 of the genome




Crash course in evolutionary dynamics
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Crash course in evolutionary dynamics — genetic drift
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Crash course in evolutionary dynamics — selection
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Crash course in evolutionary dynamics — mutation
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Crash course in evolutionary dynamics — selection + mutation + drift
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Crash course in evolutionary dynamics — “strong selection weak mutation”
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Spin glass for slow fitness trajectories
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Yipei Guo et al. Sci Adv (2019)

Crash course in evolutionary dynamics — “clonal interference”
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Predicting the next flu strain from the shape of genealogical trees:
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Predicting the next flu strain from the shape of genealogical trees:

until Feb 2007 until Feb 2007 + season 2007/2008 (grey)
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Predicting the next flu strain from the shape of genealogical trees:
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Predicting the next flu strain from the shape of genealogical trees:
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Predicting the next flu strain from the shape of genealogical trees:
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Evolutionary dynamics affects mode of emergence of antibiotic resistance.
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Crash course in evolutionary dynamics — recombination
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Summary

- Evolution can be predictable.

until Feb 2007

until Feb 2007 + season 2007/2008 (grey)




