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How could the first biotic cell How could the first biotic cell 
come to be?come to be?
How could life have emerged?How could life have emerged?
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Lipid–assembly as a possible origin

Spontaneous self-assemble Template effects

Assembly; Matrix effect.
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GARD model (graded autocatalytic replication domain)

Lipid world: Compositional information.

Segre, Lancet, Kedem & Pilpel, OLEB 28 (1998)
Segre, Ben-Eli & Lancet, PNAS 97 (2000)

Rich molecular repertoire (NG ~ 100 lipids).
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GARD model
β matrix � main driving force behind 
GARD.
Each matrix is randomly picked from a 
lognormal distribution.
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GARD simulation
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“Composome ” composition

(similar composomes are 

clustered into “compotype ”)
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Lack of selectivity in GARD?
Vasas, Szathmary & Santos, PNAS 107, 1470-1475 (2010): Imposing 

Darwinian selection in GARD has, at most, negligible effect…

Their weak points:
(1) Target is not a composome.
(2) Arbitrary fitness threshold.
(3) Only a single simulation performed.

Index of assembly composition
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Lack of selectivity in GARD? NO!

{ Material removed from the web version }
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Done with the intro., now to the main course.Done with the intro., now to the main course.

The evolution of authority
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Self-catalysis (SC)
SC is in the heart of origin-of-life field, and a prerequisite of Darwinian 
evolution and life, yet is taken for granted.

Eigen and Schuster, Naturwissenschaften 64 (1977)

Hypercycle

I = self-replicating polynucleotide

Self-replication: a process 
by which a “thing” copies 
itself (with or without 
errors).
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Identifying different simulations

 

 

100 200 300 400 500 600 700 800 900 1000

100

200

300

400

500

600

700

800

900

1000

 

 

100 200 300 400 500 600 700 800 900 1000

100

200

300

400

500

600

700

800

900

1000
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{ Material removed from the web version }
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{ Material removed from the web version }
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Evolvability score (ES) in GARD

{ Material removed from the web version }
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Self-catalysis (SC)

{ Material removed from the web version }
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Summary

Mutual catalysis is the heart of good evolution.

{ Material removed from the web version }
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GARD simulation

� The general Chemistry and Physics of the ‘universe’ are ‘determined’

by:

� The specific ‘GARD environment’ is determined by the actual βij

values, which are different for different randomization.

σµρ ;;;;;; maxNNkk Gbf

Simulation:
1) Generate βij values.
2) Start with initial, random, assembly (    ).
3) Assembly is grown according to the GARD equations.
4) A random split occurs at Nmax.
5) One child is randomly picked, and the other is disregarded.
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Real GARD
Raphael Zidovetzki from University of California, Riverside.
Real lipids.
Actual physical properties (charge, length, unsaturation).

{ Material removed from the web version }


