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1953: DNA
1953: Miller-Urey experiment

(1989

Nobel Prize)
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While there are data related to Darwinian evolution 

(fossils), there is no direct data for the origin of life.
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Life is complex.

……

Amino Acid Chain (Protein)

Pool of amino acids
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Is this a likely event?
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(Chemical system)
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Time, Billions of years from present

The emergence of the first 

minimally-living system.
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(last universal common ancestor)
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Panspermia ?

X Shifts the problem „outside“.

X Does not answer the question of how life started.
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What are the basic ingredients of Life?

Can we come up with a definition for (minimal) Life?

Self-replication (self-sustaining) 

& Darwinian evolution
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Self replication
(exponential growth)
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Darwinian Evolution = genetic variations are selected
over generations.

The base for Darwinian Evolution is the random
variations of progenies.

Parent Child 1

Child 2

Child 3
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Murchison meteorite
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Spark

Heat

Miller & Urey’s experiment

Mixing according to early-Earth’s

atmosphere (ammonia, methane,

water, hydrogen)

 Simple chemical and biological

molecules formed

Sets the stage for the emergence of life on 

Earth, but

Does NOT answer the question of how

life started.
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Chicken + Egg = Chegg 

Self-replication & Darwinian evolution

Chicken or Egg ?

Not one before the other, but they are coupled.
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“RNA world” origins of life

Biology central dogma Ribozyme = Catalytic RNA

(folds like a protein)
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 Chegg

Х Immensely complex to start on its own

Х Need to be very long for function (fold)

Х Needs to be un-folded to replicate

“RNA world” origins of life
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Biological polymers

(DNA / RNA / proteins)

Strong covalent bonds

Order matters

Chemistry

Self-assembly

Weak non-covalent bonds

“Random access”
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Self-assembly

Lipid

Water loving 

head

Water hating 

tail

Spontaneous self-assembly
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Chemistry: self-replication driven by self-assembly

[Ang. Chem. Int. Ed. 121, 6811 (2009)]

[Science 327, 1502 (2010)]

[PLoS ONE 13, e0192871 (2018)]

GARD model for chemical evolution:
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I am taking the networks perspective



28

1) What is “life”?

2) What is special about biology?

3) Can chemistry be “alive”?
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More general about chemical evolution and chemical networks:

Lancet, Zidovetzki & Markovitch; J. R. Soc. Interface, 0159 (2018)

Shapiro, Scientific American, 296, 46 (2007)
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@OmerMarkovitch

Thank You
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https://bmsis.org/


