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1. Molecules
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‘Cosmic-ray chiral selection?

/ Cosmic
ray

Globus & Blandford 2020

« Muons (85% of cosmic radiation) come from weak decays
« Unlike electrons, muons can retain their polarization
 Direct damage or,, bsorption of induced-circularly

polarized phc)tojf (Cherenkov UV or muonic X-rays)

| 4

‘ ! At ground level, the shower Muon Muon
is dominated by magnetically neutrino

‘ polarized muons.

Ejected
electron

(ionization)

Roger Blandford, Stanford
Stephen Blundell, Oxford
‘Dieter Braun, LMU/ORIGINS

Stephan Paul, TUM/ORIGINS

Interaction of primary cosmic ray (p*) with atmospheric atoms (N, O)
Thomas Prokscha, Paul Scherrer Institut

— Generation of K* and m* — Decay of m* — Generation of p* and v,



Acid-Base

Ring opening 0. 0 Dipeptide synthesis
Peptide synthesis vt 600x10’ Al
Pt y l pH 10 = Feamino
pH10 e + o AT " .
60°C | o ’-" c
oV R 5
07\ —Pf Confir ung, Lohrmann, Orgel &
?o Rabino
27:1205~
, ‘.;_';zr i = ,‘ B . ~ . .
2¢ 3‘cyclic >Ribosome RNA-amino-acid conjugates
Nucleotides 7 ‘ 140x10° 0
O 3]
H m Lu—ﬁ—o </N | N)\NH,
Amino T N
Acids RNA  na-peptide - —
: Rt ] eeeees N
5 Hybrids 0 Gly "Pro "Asn ' Ala ' Val
Prospect:

Coevolution of RNA and Peptides

withk&Moran Frenkel-Pinter towards early translation?



Synthesis of Nucleotides by Ring opening conjugation?
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2. Tackling Entropy
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Maxwell’s Daemon
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Maxwell’s Daemon
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Lower sequence entropy
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NPA
¥4
{ ;P\‘

A

High sequence entropy To ensure open-ended ... select
Random sequences Evolution we need to... for long
sequences

Sequence information

Sequence entropy = — Y p(c)log, p(c)
ceA,C,G,T
From random, AGCTTGAC: 2 bits / base 2\

towards ATATATATAT: 1 bit / base
not leading to AAAAAAAA: 0 bit = no information

Replication
Mutation



Maxwell’s Daemon
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High sequence entropy To ensure open-ended ... select
Random sequences Evolution we need to... for long
sequences

What is selected for?

- No mysterious phenotype
- Speed is the selection pressure
- Increase length for
open ended evolution
- Ribosome, not hard to reach
Ribozymes are the goal?

Replication
Mutation




3. How Early Earth can drive evolution



Creating RNA-Life by triggering Darwinian Evolution
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Creating RNA-Life by triggering Darwinian Evolution
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Creating RNA-Life by triggering Darwinian Evolution

Tag DNA Ligase
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Creating RNA-Life by triggering Darwinian Evolution
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Creating RNA-Life by triggering Darwinian Evolution
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Prebiotic Volcano Surface Simulator for RNA

Humidity control to
set salt concentration

Felix Almuth
Danekamp Schmid
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Isothermal replication by evaporative air flow
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Nonequilibrium and Chemistry driving early Darwinian Evolution
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