C: Evolution Machines

Replication with accumulation
- Case of Ribo-PCR

- Spiegelman problem

- Case of trapped PCR

- Trapped PCR with flow

- Feeding problem

- Replication with heated tRNA
- Replication in driven Fog

Rebustness of evolution

- Error threshold

- Instability of four bases

- Hypercycles with ligation

- Spont. Symmetry breaking
- Spont. sequence selection
- Cooperation within cells
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Replication only by RNA
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Protection by accumulation
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Spiegelman Problem A
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Combining Replication with
Accumulation using Polymerase

Convection Replication

Minimal evolution machine
driven by thermal gradient

Mast & Braun, PRL, 104, 188102 (2010)



Combining Replication with
Accumulation using Polymerase
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DNA Length Selection
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DNA Length Selection

W selection Bases Long Stays
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DNA Length Selection
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DNA Length Selection
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Kreysing, Keil, Lanzmich & Braun, Nature Chemistry 2015



DNA Length Selection
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Replication and Length Selection
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Replication and Length Selection
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Replication and Length Selection
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1. How can the molecular feedstock
be chaperoned by early rocks?

0

Natural vs. synthetic |fum SSESIEF"
volcanic rocks



Tholeitic Basalt
most common igneous rocks on Earth,
produced by submarine volcanism
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Thermal traps to accumulate salts
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Salty habitat for ligase ribozyme
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Salty habitat for ligase ribozyme
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Cold (10°C)

Accumulation at air-water interface

\Condensation

Magnesium at interface
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Accumulation at gas interface triggers:

Nature Chemistry 2019



Fog PCR
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fluorescence
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Lysosensor 20 uM. Temperatures: hot side 27 °C, cold side 22 °C




Fog PCR
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Rebustness of evolution :

- Error threshold m &(‘M kMM

- Instability of four bases - — _—

- Hypercycles with ligation T bood, Q\MM

- Spont. Symmetry breaking .
- Spont. sequence selection M % Y ‘Dﬁwkv%
- Cooperation within cells w .
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Rebustness of evolution @ IR
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Rebustness of evolution

- Error threshold

- Instability of four bases

- Hypercycles with ligation

- Spont. Symmetry breaking
- Spont. sequence selection

- Cooperation within cells
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2D thermal trap:

- heat flow vV .

- water flow : tlenflal %w
- molecule diffusion
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=> Simulation in Comsol
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