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Darwin vs. Mendel? 

Following the “rediscovery” of Mendel’s work, genetic 
mutations were considered as the fundamental source of 
evolutionary novelties in opposition to Darwin’s natural 
selection.  



 
1.  The first living being was a gene that appeared by chance 

in the primitive oceans; 
 
2.  The primordial gene was endowed with: 

  a) autocatalysis (replication) 
  b) heterocatalysis (metabolism) 
  c) mutation properties (evolvability) 

 
3. The primordial gene was endowed with autotrophic abilities 
  

Muller, 1926 

H. J. Muller joined Morgan’s Fly Room at Columbia University, 
and became a committed neoMendelian --as shown by his 

single gene theory of the origin of life (later “DNA first”) 



 Some important traits of Russian/Soviet Darwinism 
 
1. Starting in 1865, Arkady K. Tymiriazev started to promote 

Darwin’s ideas, an effort that rapidly attracted scientists, 
philosophers, writers and, of course, left-wing politicians. This 
lead a number of conservative thinkers, including several 
staunch supporters of monarchic absolutism, to campaign 
against Darwin’s views. 

 
3. The “rediscovery” of Mendel’s ideas and the role of mutation 

was seen by many as an attack against Darwinism.  
 

 This lead Tymiriazev (1912) to state that “Mendelists and 
mutationists are the principal enemies in the struggle against 
anti-darwinists” 

 
 Tymiriazev, A. (1912) Sochineniia 8: 63 



Bada & Lazcano, 2003"



Heterotrophic origin of life 

reducing atmosphere  

synthesis of organic compounds 
& formation of the primitive soup 

coacervates 

primordial heterotrophs 



It is surprising that Oparinʼs proposal did not 
include genes or nucleic acids?"

 

1.  Ernst Haeckel, who was a major influence in Oparin’s 
work, had assumed that Monera lacked all traces of the 
hereditary substances of other organisms  

 E. Haeckel (1904) The Wonders of Life 

 

2.  “… bacteria have no genes in the sense of accurately 
quantized portions of hereditary substances; and therefore 
have no need for accurate division of the genetic system 
which is accomplished by mitosis.” 

 Julian Huxley (1942) Evolution: the modern synthesis 



The 1953 Miller-Urey experiment 



 During the first twenty years following the 1953 
Miller experiment, attempts to understand the origin 
of life were shaped to a considerable extent,  
  

 1)  scientifically,  

   *  by the fact that since the late 1940´s, evolutionary 
biology became an established field of research;  

   * the unraveling of the details of DNA replication & protein 
biosynthesis; and  

   * the development of space programs 

 

 2) in socio-political terms, by the atmosphere created by  
 Cold War tensions. 



Molecular biology and prebiotic chemistry: did 
DNA molecules form in the primitive soup? 

a) Oró 1960; b) Ferris & Orgel 1966 



In sociopolitical terms… 



 In sociopolitical terms…. 
 

 “I do not know how to advise you. I think each of 
us must make his own mind about this. The 
nuclear scientists went some time ago, and if they 
will let the nuclear scientists go in the United 
States without stigmatizing them, I should think 
that innocent people like us might also go, but one 
never knows how what a McCarthy will do in the 
future. It is a very sad situation.” 

 

 Harold C. Urey to Stanley L. Miller, April 13, 1957 

 



RNA is a nucleic acid with a RIBOSE-
PHOSPHATE backbone 
  
  
-ose is for sugars, and RIB for the 
Rockefeller Institute of Biochemistry  

What’s in a name? 

Ettienne-Decant, J. (1988) Genetic Biochemistry: from gene to protein (Ellis Horwood Ltd) 



Neidhart, Ingraham & Schaechter (1990) 

By the time the 1957 Moscow meeting took place, the genetic  
roles of both DNA and RNA had been firmly established 



J. L. A.  Brachet (1909-1998)� A. N. Belozersky (1905–1972) 

RNA is abundant and functionally interesting: the value of intuition 



“…There is no doubt that nucleic acids played an important 
role in the evolution of the organic world and metabolic 
reactions. Yet both RNA and DNA could hardly arise 
simultaneously in the early evolution of life. It rather seems 
that ribonucleotides, and then RNA, originated first. DNA 
came into existence far more recently, as the protoplasm 
became more differentiated and its functions grew in 
complexity. 
 
“It seems that RNA, being associated with the most general 
processes of life, was formed at an earlier evolutionary 
stage, while the origin of DNA was associated with the 
development of more specialized and phylogenetically later 
features of organisms” 
 
A.N. Belozersky, 1957 (1959) 



Oparin (1968) Genesis and Evolutionary Development of Life 
(Academic Press, New York) 

By the early 1960s, Haldane, Oparin and others were convinced that RNA had 
preceded DNA as genetic material during early cell evolution. In fact, Oparin had 
worked on coacervates with RNA since 1947, which was, if not an act of defiance of 
Lysenko’s influence in Soviet science, at least a sympton of independence 
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The extraordinary plasticity of RNA molecules 



Orgel (1968) & Crick (1968) 

Woese (1967) 

During early evolutionary stages RNA molecules 
played a major role in heredity and metabolism 

 catalytic RNA 

replicative RNA 



Orgel 1968; Orgel & Sulston 1971; White, 1976 

Coenzymes as fossils of the RNA world  

• Most enzymes require coenzymes, without which catalysis is not observed 
 
•  Many coenzymes are ribonucleotide derivatives 



The robustness of the RNA world hypothesis 

RNA ribosomal catalyzes peptide-bond 
formation (Moore & Steitz, 2002) 

Self-sustained replication of RNA molecules 
Wochner et al. (2011)  

Ribozymes catalyze metabolic reactions (Fusz et al, 2005, Chem. Biol. 12: 941) 



Bada & Lazcano (2003) Science 300: 745 
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Unknown prebiotic 
chemical processes? 

Evolutionary outcome of 
pre-RNA worlds? 

RNA World 



“Thought there is no guarantee, of course, that the first-
reproducing genetic materials formed in the primordial 
soup of ancient oceans were nucleic acid, or any 
polymers even resembling polynucleotides, it has now 
become clear at least that probing into the origin of the 
genetic code –into ways in which it could have arisen 
without, like Athena, having sprung full-blown from Zeus’ 
head –is likely to be a most profitable attack on this 
problem.”





Stent (1968) Science 160: 390 



 For several years, attempts to understand the origin of life 
were shaped to a considerable extent,  

 

    *  by the unraveling of the details of DNA replication, protein 
biosynthesis and the key role of RNA in manifold biological 
processes; 

    * the molecularization of life sciences 

 

During the past 15 years, this situation has changed, due in 
part to 
 

   *  a strong reaction against molecular biology reductionism (e.g., 
structuralists); 

   * the search for all-encompassing theories (e.g., catastrophe theory, 
chaos, fractals, and now complexity theory…) 



DNA, RNA & proteins 

?

 
RNA + protein biosynthesis 

RNA World 


