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A unique feature of life

Distinction between genomes & enzymes
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Three asymmetries that mark genome-enzyme distinction

@ Functional: template vs. catalyst
@ Informatic: template — catalyst (central dogma)
@ Numerical: little templates vs. many catalytsts




Introduction
®00

A unique feature of life

Distinction between genomes & enzymes

2,
2

& protein proty
protein protein POt TE
" protein __protein
protein protein protein  prof
ST RNA A PO PO prote
© RNA protein ein
: & \DNAw el o
RNA protein protein POtein protein

Three asymmetries that mark genome-enzyme distinction

@ Functional: template vs. catalyst
@ Informatic: template — catalyst (central dogma)
@ Numerical: little templates vs. many catalytsts




Introduction
oeo

QOutline of this talk

Purpose

We propose that genome-enzyme distinction
spontaneously arises from conflicting multilevel evolution

1. Basic facts about conflicting multilevel evolution

2. Emergence of genome-enzyme distinction
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Quotes from this conference

“Host-parasite conflicts drive evolution of complexity
including major evolutionary transitions”
(Eugene Koonin)
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Model 1

Protocell Replicator
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Evolution of catalytic activity
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(k): average catalytic activity
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Catalytic activity as function of cell size
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(k): average catalytic activity
V: max. no. of molecules per cell
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Takeuchi et al. Proceedings of the Royal Society B (2016) 283:20153109
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Phase diagram
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Takeuchi et al. Proceedings of the Royal Society B (2016) 283:20153109
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Genome-Enzyme Distinction

@®00000

Complex formation
catalyst template . complex
yz
® + @ = OO

=
1-kifz
(x=PorQ, y=PorQ, z=PorQ)

Production: replication (y=2) or transcription (ys2)
substrate product

@O+ * ®+O+O

Decay




Genome-Enzyme Distinction
0®0000

Symmetry breaking
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Symmetry breaking
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Ancestor tracking
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Symmetry breaking

¢ 100
< 80
2 60
L 40
g 20
0

All Ancestors

Bl templates
I catalysts



Genome-Enzyme Distinction

000080

Phase diagram

10,000

V 1,000

100

VVVVVYYVYY
VVVVYVYYVYY
VVvVVYyVYVYVYY
VRERVVVVY
®OVVVVVV
OO NV VVYVY
000 VY
000000
000000

[ 20 IRSERSARSEE B B BB |

EEJJJJ 44«4«

0.001  0.01
m

0.1

vcomplete SB
v incomplete SB
m uncategorized
e symmetric



Genome-Enzyme Distinction
oooooe

Approximate Price’s equation
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Ending
[ 1]

Summary

@ Conflicting multilevel evolution induces functional,
informatic, and numerical symmetry breaking,
establishing central dogma.

@ This is due to positive feedback between conflicting

multilevel evolution and asymmetric flow of
information between molecules. (< omitted)
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Model (simplified)

Protocell Reaction
Replication (y=z) or transcription (y2)
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Model (simplified)

Protocell Reaction
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Model (simplified)
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Price’s equation
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Approximate Price’s equation
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Approximate Price’s equation
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Approximate Price’s equation
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Approximate Price’s equation
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Phase-space portraits
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Phase-space portraits
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Functional symmetry breaking

Informatic asymmetry
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