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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.  



Darwin and the origin of life 

Peretó, Bada & Lazcano (2009) Origins Life Evol Biosph 39: 395 



Intellectual & scientific genealogies 

Charles Darwin Kliment A. Timiriazev Alexandr I. Oparin 



Bada & Lazcano, 2003  

The times were ripe for a heterotrophic theory 



The evolution of Oparin’s heterotrophic theory: 
what happened between 1924-1936? 



Oparin’s step-wise heterotrophic origin of life 

reducing atmosphere  

synthesis and accumulation of organic  
compounds in the primitive oceans 

coacervates 

primordial anaerobic 
heterotrophic bacteria 



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 found in 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 

 
cf Lazcano (2010) Cold Spring Harbor Perspectives in Biology: the origins of life (CSHS Press): 1 



 Herman J. Muller’s single gene theory 
of the origin of life 

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)  mutability (evolvability) 
 

           Muller, 1926 



synthesis & accumulation 
of organic monomers 

precellular systems 

primordial 
metabolism 

anaerobic heterotrophs 

                  non-living matter       primordial gene 

Muller 1926 

Oparin 1924 



The harvest of ‘53 

Watson & Crick and the DNA double 
helix model 

S. L. Miller and the prebiotic  
synthesis of amino acids 



An insightful proposal… 
 
 
“The long-chain polymers found in living organisms 
have ‘back-bones’, composed of phosphate [i.e., 
nucleic acids], glycine or pentose residues.  The first 
seem to be the most catalytically active, and may be 
the most primitive. The critical event which may have 
best be called the origin of life was the enclosure of 
several different self-reproducing polymers within a 
semipermeable membrane”  
 
 
Haldane (1954) New Biology 16: 12 



v  a wide array of organic compounds of biochemical   
    significance –and not only proteinic amino acids 

v  many inorganic & organic catalysts 

v  many different purines & pyrimidines  
   (the potential for template-directed polymerizations) 
 
v  membrane-forming compounds 

The evidence suggests that prior to the origin  
of life the primitive Earth already had: 



Synthesis of monomers under possible prebiotic conditions produce 
appreciable yields under a wide range of environmental settings* 

Miller & Lazcano, 2002 



CO2, CO, N2, H2S, H2O, CH4 

CO2, NH3, H2S, H2O 
 

amino acids, nucleobases, sugars, lipids, oligomers of 
molecules of biochemical significance  

Lazcano 2006) 



DNA 

DNA RNA protein 



DNA 

DNA RNA protein 



In the early 1950s, it was argued that since 
 
a)  some viruses, like the tobacco mosaic 

virus, have RNA genomes; and  

b)  viruses can be crystalized, leading many to 
argue they may be at the threshold of life, 

 
       therefore, RNA genomes must be primitive 

A broken watch gives the right time now and then… 

cf. Lazcano (2012) Hist.Phil.Life Sci. 34: 407   



Neidhart, Ingraham & Schaechter (1990) 

In the 1950s, Brachet and Belozersky independently concluded that the 
abundance of RNA molecules was an indication of its antiquity 

Jean Louis Auguste Brachet�

Andrei Nikolaevich Belozersky  



“…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) 



From the early 1950s onwards the road to proposals 
of an RNA World was paved by  

 
 
1)  The embracement of the idea that primitive life had RNA 

genomes (Haldane, Bernal, Pirie, Oparin, Belozerki, 
Brachet, Lipmann);  

 
2)  Proposals of an ancestral metabolism catalyzed by 

ribonucleotidyl coenzymes (Eakin, Handler, Orgel, White 
III); 

 
3)  The awareness of the complex tertiary structures of RNAs 

and their key roles in protein biosynthesis (Smithies, Crick, 
Orgel) 

 
 
       cf. Lazcano (2012) Hist.Phil.Life Sci. 34: 407   



In vivo & in vitro biochemical catalysis  

Hernández-Morales, Becerra & Lazcano 2014 (submitted) 
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ribonucleotides 
 coenzymes 
histidine 
alarmones 

RNA 

coding RNA 
(c RNA) 

non-coding RNA 
(nc RNA) 

deoxyribonucleotides                  

 ribose-P, amino acids, CO2, NH3 

large nc RNA small nc RNA 
(Argonaute/Piwi RNA) 

RNA and ribonucleotides: stepping out of the shadows 

Lazcano (2014) 
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Philip Handler (1917-1981) 

Coenzymes as primordial catalysts 

Robert E. Eakin (1916–1979) 

Leslie E. Orgel (1927-2007) Harold B. White III 

Eschenmoser & Loewenthal 1992 



Harold White’s hypothesis: is histidine an evolutionary 
remmant of a catalytic ribonucleotide? 



Alarmones: a vestigial regulatory and signaling system  
from the RNA World 

Lazcano, Becerra & Delaye (2011)  



The robustness of the RNA world hypothesis 

RNA ribosomal catalyzes peptide-bond 
formation (Hsiao et al 2009) 

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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What is the RNA World? 
 
There are many definitions of the RNA World, 
including several contradictory ones. Any 
definition should recognize the role of 
ribonucleotides and modified ribonucleotides 
as part of the RNA World. 
 
Recognition of the evolutionary significance of 
RNA catalytic activities implies that the origin of 
life is no longer synonymous to the origin of the 
genetic code 



The heterotrophic theory of the origin of life: 
a contemporary reassessment 

      

reducing atmosphere  

synthesis of organic compounds 
& formation of the primitive soup 

coacervates 

anaerobic heterotrophic 
bacteria 

synthesis & accumulation of  
organic compounds 

RNA World 

DNA/RNA/protein cells 



Consilience* and the heterotrophic 
theory of the origin of life 

 
It is impossible to demonstrate that this is the 
evolutionary pathway that led to the origin and 
early evolution of life.  
 
However, the available evidence from widely 
different scientific fields is consistent with the 
possibility that it happened this way. 
 
* E. O. Wilson (1998) Consilience: the unity of knowledge (Knopf, New York) 



synthesis & accumulation  characterization of extraterrestrial organic   
of organic molecules   compounds 

    Miller-Urey type model experiments   

The study of the origin and early evolution of life: 
some methodological issues 

        RNA World   characterization of ribozymes 
    In vitro evolution of RNA-based systems 
    theoretical models (v.gr., quasi-species) 
    synthetic life experiments 

     RNA/protein cells   evolutionary biochemistry 
    comparative genomics 
    RNA viruses 

 STAGE              METHODOLOGIES 



Some examples of self-organization which may be 
relevant to the origin of life * 

 

1.  Formation of micelles, liposomes and lipid vesicles from 
prebiotic amphiphiles; 

2.  Self-assembly of nucleic acids (base-bearing polymers); 

3.  Fe-S catalytic clusters; 

4.  Mineral and organic compounds complexes (clays and 
bases); and 

5.  Autocatalytic synthetic reactions (formose reaction) 
 

* Lehn 2002; Orgel 2008; Lazcano 2010; Budin & Szostak 2010 



Evolutionary history or emergence of 
complexity? 

 
To understand the nature of life, we must recognize both 
the limits imposed by the laws of physics and chemistry, 
as well as history’s contingency. For instance, concepts 
like natural selection and endosymbiosis are consistent 
with physical laws, but cannot be deduced from them.  
 

This is shown, for instance, in the different types of lipids 
found in archaeal and bacterial membranes. Both can 
self-organize and form liposomes or bilayers, but have 
different evolutionary histories. 



“It is mere rubbish thinking at present of 
the origin of life; one might as well think of 
the origin of matter…”"

Charles Darwin (1887)"
"
“This does not mean that we should 
accept wild hypothesis of the origin of life 
or of matter, which simply conceal 
ignorance, but rather that we should 
attempt almost from the outset to produce 
careful and logical sequences in which we 
can hope to demonstrate that certain 
stages must have preceded certain others, 
and from these partial sequences 
gradually built up one coherent history. 
There are bound to be gaps where this 
cannot be done, but until the process is 
attempted these gaps cannot be located, 
nor can the attempt be made to fill them 
up…” 



prebiotic 
syntheses 

fatty acids 
noncanonical bases 
racemic sugars 
racemic nonprotein & 
(some) protein amino 
acids , etc 

catalytic RNA 
 amino acids 

lipids, etc  

cells with RNA, 
proteins & DNA 

time 

synthetic efficiency, physical stability, chemical      natural selection 
reactivity, self-assembly, self-organization 

CONCLUSIONS…. 


