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Natural Selection

1. Individuals in natural populations display variation. 

2. Certain individual variations are inheritable. 

3. Certain heritable variations result in differential reproductive 
success. 

4.  Differences in reproductive success due to heritable variation 
cause changes in the relative representation of such variations in the 
population. 







Patrick Matthew
 (1790-1874) 



"[What was done for animals artificially] seems 
to be done with equal efficiency, though more 
slowly, by nature, in the formation of varieties of 
mankind, fitted for the country which they 
inhabit. Of the accidental varieties of man, 
which would occur among the first scattered 
inhabitants, some one would be better fitted 
than the others to bear the diseases of the 
country. This race would multiply while the 
others would decrease, and as the darkest 
would be the best fitted for the [African] climate, 
at length [they would] become the most 
prevalent, if not the only race." 



Jean-Baptiste Lamarck (1744-1829)



“This analogy of forms supports the supposition that 
there is among them a real blood relationship, due to 
the derivation from a common progenitor; a 
supposition reached by the observation of the 
gradual approximation of one class of animals to 
another" 

Kant (1790) 



(1707-1788)



Chance, one might say, turned out a vast number of individuals; a small proportion of these were organized in such a 
manner that the animals' organs could satisfy their needs. A much greater number showed neither adaptation nor order; 
these last have all perished. . . . Thus the species which we see to-day are but a small part of all those that a blind 
destiny has produced. "
[Vénus Physique, 1745]

“Could one not say that, in the fortuitous combinations of the productions of nature, as there must be 
some characterized by a certain relation of fitness which are able to subsist, it is not to be wondered 
at that this fitness is present in all the species that are currently in existence? Chance, one would say, 
produced an innumerable multitude of individuals; a small number found themselves constructed in 
such a manner that the parts of the animal were able to satisfy its needs; in another infinitely greater 
number, there was neither fitness nor order: all of these latter have perished. Animals lacking a mouth 
could not live; others lacking reproductive organs could not perpetuate themselves... The species we 
see today are but the smallest part of what blind destiny has produced...”.
[Système de la Nature, 1756]

Louis Moreau de Maupertuis

(1698-1759)
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Willi Hennig
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Experimental phylogenetics

















Tewari et al., 2015

Glossopteris











Kinesin protein walking on microtubule







“Each new mutation must have 
derived its survival value from 
the effect it produced upon the 
"reaction system” that had been 
brought into being by the many 
previously formed factors in 
cooperation; thus a complicated 
machine was gradually built up 
whose effective working was 
dependent upon the interlocking 
action of very numerous 
different elementary parts or 
factors, and many of the 
characters and factors 
which, when new, were 
originally merely an asset 
finally became necessary 
because other other necessary 
characters and factors had 
subsequently become changed 
so as to be dependent upon the 
former. It must result, in 
consequence, that a dropping 
out of, or even a slight 
change in any one of these 
parts is very likely to disturb 
fatally the whole machinery”
  Muller (1918: 463-464)



condição precursora:
ponte formada por três
pedras



condição precursora:
ponte formada por três
pedras



condição precursora:
ponte formada por três
pedras



resultado: complexidade irredutível!
Nenhuma pedra pode ser retirada sem perda de 
funcionalidade. Cada um dos três elementos é indispensável 
para a funcionalidade do sistema.

















Lamprologus callipterus



Cnemidophorus neomexicanus





Poecilia formosa
Photo by Slaboch, R.



Cupressus dupreziana















Euphorbia (Euphorbiaceae) Astrophytum (Cactaceae)













From Storz (2016)















In the genome editing technology known as CRISPR-Cas9, RNA (blue) forms a 
complex with the protein Cas9 (bumpy structure). Cas9 unwinds target DNA 
(red) and acts as a molecular scalpel, slicing both strands. Cas13, a related 
protein, cuts RNA instead of DNA. Credit: 
HHMI BioInteractive, CRISPR-Cas 9 Mechanism & Applications

https://www.biointeractive.org/crispr-cas-9-mechanism-applications
https://www.biointeractive.org/crispr-cas-9-mechanism-applications


Cartoon representation of the entire bacteriophage 
MS2 protein capsid (pdb id 1AQ3).The three 
quasi-equivalent conformers in the structure are 
labelled blue (chain a), green (chain b) and 
magenta (chain c). The view is approximately 
down an icosahedral 5-fold symmetry axis.)

 Creative Commons Attribution-Share Alike 3.0 Unported license

3569 nucleotides 
(single-stranded RNA) 
-> 4 proteins



Putative secondary structure of the PSTV (potato spindle tuber viroid)
(By Jakub Friedl)









https://www.reddit.com/r/Naturewasmetal















“Programação Genética realiza a síntese automática 
de programas usando a seleção natural Darwiniana 
e operações biologicamente-inspiradas, como 
recombinação, mutação, inversão, duplicação e 
deleção gênicas.”





an evolved antenna is an antenna designed 
fully or substantially by an automatic computer 
design program that uses an evolutionary 
algorithm that mimics Darwinian evolution. This 
procedure has been used in recent years to 
design a few antennas for mission-critical 
applications involving stringent, conflicting, or 
unusual design requirements, such as unusual 
radiation patterns, for which none of the many 
existing antenna types are adequate.

the computer repeats the procedure, generating 
a successive population (using operators such as 
mutation, crossover, and selection) from which 
the higher-scoring designs are selected. After a 
number of iterations, the population of antennas 
is evaluated and the highest-scoring design is 
chosen. The resulting antenna often outperforms 
the best manual designs, because it has a 
complicated asymmetric shape that could not 
have been found with traditional manual design 
methods.



Gábor Domokos and Péter Várkonyi





“We discovered it with 
mathematics, but evolution got 
there first.” 
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