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One hundred and fifty years ago, more precisely on the 24th of November of 1859, Darwin 
introduced a new paradigm in natural history with the publication of On the origin of species 
by means of natural selection, or the preservation of favoured races in the struggle for life. As 
epistemology has already acknowledged, the Darwinian theory of descent with modification or 
theory of natural selection took around twenty years to be formulated, roughly between 1837 and 
1859. The history of Darwinism and of evolution clearly illustrates the fertility of the theory of 
natural selection, in the field of the sciences of life and of man, as in the cultural field. Like almost 
everywhere else across the globe, Portugal’s reception of Darwin began in the 1860’s, featuring 
surprising novelties, especially if we take into account the country’s level of development at the 
time. The meeting “Darwin, Darwinisms and evolution” took place in Coimbra between the 22nd 
and the 23rd of September 2009. This meeting’s main purpose was to provide a space of open 
discussion to all of those interested in the issue, both on the national and the international level. 

Ana Leonor Pereira - Doutorada em História da Cultura com a dissertação “Darwin em Portugal. 
Filosofia. História. Engenharia Social 1865-1914” (2 vols., 1998). É Professora da Faculdade de 
Letras da Universidade de Coimbra e Investigadora do Grupo de História e Sociologia da Ciência 
do CEIS20 da mesma Universidade. Tem coordenado e participado em projectos de investigação 
nacionais e internacionais neste âmbito, alguns financiados pela FCT, FCG e Ministerio de Ciencia 
e Innovación (Espanha). É autora / co-autora de mais de 150 publicações sob a forma  de livros, 
capítulos de livros e artigos publicados em revistas científicas e obras colectivas em Portugal e 
no estrangeiro e é autora / co-autora de centenas de comunicações e conferências apresentadas 
em reuniões nacionais e internacionais. Integra redes de investigação internacionais. Além das 
teses de mestrado e doutoramento orientadas, em 2011 é orientadora /co-orientadora de onze 
doutoramentos e pós doutoramentos dos quais nove financiados pela FCT.

João Rui Pita - Doutorado em Farmácia com uma tese de história da farmácia (1995). É Profes-
sor da Faculdade de Farmácia da Universidade de Coimbra e Investigador do Grupo de História 
e Sociologia da Ciência do CEIS20 da mesma Universidade. Tem coordenado e participado em 
projectos de investigação nacionais e internacionais neste âmbito, sendo alguns deles financiados 
pela FCT, FCG e Ministerio de Ciencia e Innovación (Espanha). É autor de livros, capítulos de livros 
e artigos publicados em revistas científicas e obras colectivas em Portugal e no estrangeiro e é 
autor / co-autor de comunicações e conferências apresentadas em reuniões nacionais e inter-
nacionais.. Além de várias teses de mestrado e doutoramento orientadas, em 2011 é orientador / 
co-orientador de quinze doutoramentos e pós doutoramentos dos quais doze financiados pela FCT.

Pedro Ricardo Fonseca - Licenciado em História pela Faculdade de Letras da Universidade de 
Coimbra. É Bolseiro de Doutoramento da FCT inscrito para doutoramento em História da Ciência, 
da Técnica e da Cultura Científica na Faculdade de Letras da Universidade de Coimbra.  É Inves-
tigador do Grupo de História e Sociologia da Ciência do CEIS20. O seu tema de doutoramento é 
“Darwin em Portugal (1910-1974)” sendo orientado pelos Profs Doutores Ana Leonor Pereira e 
João Rui Pita. É autor de vários trabalhos científicos sobre a temática da sua tese e tem apre-
sentado os resultados da sua investigação em reuniõies científicas nacionais e internacionais.

A presente colecção reúne originais de cultura científica resultantes da investigação no 
âmbito da história das ciências e das técnicas, da história da farmácia, da história da 
medicina e de outras dimensões das práticas científicas nas diferentes interfaces com a 
sociedade e os media.
Ciências e Culturas assume a complexidade das relações históricas entre as práticas 
científicas, o poder político e as utopias sociais.
A própria ciência é considerada uma cultura e fonte de culturas como a ficção científica, 
o imaginário tecnológico e outras simbologias enraizadas nas práticas científicas e 
fortemente comprometidas com os respectivos contextos históricos.
Em Ciências e Culturas  o e não é apenas união; é relação conjuntiva, fonte de inovação pelo 
enlace de diferentes, como dois mundos abertos um ao outro em contínuo enamoramento.
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thE contrIbutIon of gEnEtIcS to thE EvolutIon of EvolutIon

Introduction

Some 150 years ago, in 1859, Darwin explained why the changes operated in 
organisms are transmitted from generation to generation, disappearing or becoming 
more common, depending on their contribution to survival. Later on, between 1936 
and 1947, this idea was combined with others, which preceeded from genetics, which 
was still to be discovered in Darwin’s time, and from several others disciplines of Biology. 
From this combination a new evolutionary paradigm emerged, the Modern Synthesis 
or the Synthetic Theory of Evolution, which connected inherited genetics and natural 
selection. According to this conceptual framework the changes operated in organisms 
are produced by genetic mutations: i) if they contribute to improve organism’s fitness 
they become more common in the population gene pool, and eventually, became part of 
the species heritage; ii) after gradual accumulation, over successive generations, genetic 
mutations will originate new species. The Synthetic Theory of Evolution was, and still 
is, accepted by most biologists and can be considered as a natural update of Darwin’s 
theory as a consequence of subsequent scientific advances i.e. as an evolution of Evolution

The general acceptance of the Modern Synthesis did not prevent the questioning of 
some of its assumptions. One of them regards the evolution of species over geological 
time. The evolutionary change by accumulation of genetic mutations proceeds in two 
levels: within a single species, that contributes to population differentiation over a 
time scale of generations; and between species, responsible for the onset of new species 
and other taxonomic groups over geological time. These two scales of evolutionary 
change are often referred to as microevolution and macroevolution, respectively. While 
it is often assumed that macroevolution is just an extrapolation of microevolution, 
the discovery of new phenomena that are not easily explainable within the current 
paradigm hampers the reconciliation of these two fundamental evolutionary levels.

In the turn of the 20th century, new scientific and technological developments 
gave a new vision of life, far more complex than that which served as the basis for 
the Synthetic Theory. In the mid 60s and late 90s genetics experienced two major 
technological and conceptual revolutions: the molecular revolution, and the “omics” 
revolution. Both provided new information on organism’s variation, and new insights 
on the forces responsible for their origins. The purpose of this article is to provide a 
brief recapitulation of genetics' conceptual advances during the 20th century, and the 
discipline's impact on the history of evolutionary theory.
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“The Eclipse of Darwinism” and the consolidation of the principle of natural 
selection

In Darwin’s time, the concept of heredity was dominated by two powerful myths. 
One of them assumed that parental acquired characteristics should be transmitted to 
the future generations. The other claimed that offspring characteristics were of some 
intermediate value between those of its two parents, as a result of the mixture of both 
their blood during the conception – blending inheritance. 

In his book entitled The Variation of Animal and Plants under Domestication, 
published in 1868, Darwin developed a theory of inheritance in which small particles, 
called “gemmules”, were assumed to be shed by the organs of the body and carried 
in the bloodstream to the reproductive organs where they accumulated in the germ 
cells. After the union of the two gametes, the gemmules were combined in the zygote 
so that the offspring would be an analog constructed about the mean of the parental 
values. This concept of heredity was not compatible with that of natural selection 
since any advantageous change produced in a singular organism would be diluted 
in the next generation. “This effect is very similar to that which is obtained when a 
drop of paint is added to a litre of water: no matter how useful the paint may be in 
the future, there is no way of recovering the drop” (Dennet, 1995). 

At the time Mendel had already demonstrated that the hereditary factors transmitted 
by both parents to the progeny do not combine, but were passed intact as discrete 
units. Mendel also proposed rules for the transmission of the hereditary factors, which 
could be easily observed in the lab through selective cross-breading of chosen lineages. 
Mendel’s experiments were published in 1866 but were largely ignored until 1900, 
many years after his death.

Mendel’s inheritance theory was presented in Great Britain by William Bateson, 
at a meeting of the Royal Horticultural Society in May of 1900. Classical Darwinists, 
also known as biometricians, considered Mendel‘s heredity incompatible with natural 
selection. They reasoned that if hereditary units passed intact throughout generations 
as Mendel suggested, they couldn’t accumulate changes susceptible to natural selection's 
scrutiny. Moreover, Mendel’s traits were considered largely trivial and non-adaptive. These 
statements opened a debate between biometricians and Mendelians, originally focused 
on the clarification of the basis of inheritance. Mendelians were partisans of both models 
of evolution by natural selection and Mendelian inheritance, however, some of them saw 
in large effect mutations an opening for the possibility of saltation, the opposite idea 
of gradual evolution. Darwin was profoundly inspired by the concept of gradualism, 
and it became the foundation of his theory of evolution. This concept postulated that 
all geological and evolutionary changes were slow, gradual, and quantitative. 

Mendel’s work became the foundation of a new discipline in biology, genetics, 
and its “hereditary factors” were later termed the genes. As it gained recognition and 
importance in the scientific community, in the 20 years that follow the re-discovery 
of Mendel genetics, Charles Darwin’s conception of evolution by natural selection 
was considered a theory with a major flaw. He could offer no plausible mechanism 
to explain the mode of inheritance. During this period, the scientific challenges to 
Darwinism led many to abandon the theory. Morphologists remained faithful to a 
morphological ideal, paleontologists tended to be Lamarkists; and all of them agreed 
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that evolution progressed in abrupt steps, it was not gradual. Julian Huxley (1942) 
used the phrase “The Eclipse of Darwinism” to describe this state of affairs.

In 1918 the statistician Ronald Fisher compared the inheritance of traits measurable 
by real values, with Mendel predictions. He reached a value of significance of 0.99997, 
which means that in 100 000 simulations only 3 did not fit on Medelian predictions, 
from which he concluded that the discontinuous nature of Mendelian inheritance 
was compatible with continuous variation and gradual evolution. Through this 
statistical demonstration, Fisher reconciled biometricians and Mendelians. However, 
the experimental proof that Mendelian genes could be mutated was known only 
in 1927, with the first artificial mutation induction performed by Joseph Muller.  
By bombing male fruit flies with X-rays, Muller caused the mutation of their genes 
and noted that the offspring featured new malformations. The idea that the genes were 
singular molecular entities that could be changed over time provided the experimental 
support that the theory of natural selection needed to be accepted by the scientific 
community. Mutation was described as the mechanism responsible for the production 
of variant forms of a gene, called alleles. This discovery became the foundation of 
modern genetics.

The birth of Population Genetics and the discovery of a new mechanism of 
evolution: the random genetic drift

Through the study of the transmission of heritable traits, the causes of their 
stability and change, genetics appeared, in the beginning of the 20th Century, as the 
science that would provide the complete understanding of the evolutionary process. 
Mendelian genetics originally focused on organism’s heredity under controlled 
experimental conditions, using selected organisms and traits. However, to understand 
biological evolution, it would be necessary to study the heredity of organisms in 
the natural environment, where they reproduce randomly within populations.  
To accomplish this goal Ronald Fisher, Sewall Wright and John Haldane redefined the 
concept of evolution as the variation of allele frequencies over successive generations. 
The concept of population was also redefined as a group of interbreeding organisms. 
Population’s properties, such as population subdivision and structure, and effective 
population size, were tested to estimate their influence on gene frequencies variation, 
besides natural selection.

Population thinking provided a new scenario for cross-breeding and inheritance. 
Within populations of limited size parents will produce millions of sperm cells and 
thousands of eggs cells. From these numerous gametes produced in each generation only 
a small fraction will be united to form a zygote. The stochastic nature of the gametes 
sampling process could be responsible for allele’s frequency variation. Sewall Wright 
(1929, 1955) demonstrated that if this effect accumulates for several generations, it 
may cause the fixation or elimination of genetic variant forms, and thus, generate 
microevolution. The variation of genetic diversity due to stochastic processes became 
known as “random genetic drift”. Its contribution to the origin of species was intensively 
debated. At the core of the debate was the assumption that natural selection could be 
excluded from the process. 
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Fisher, Wright and Haldane succeed in merging both Darwinian natural selection 
and Mendelian inheritance theories. The concept of population was central to their 
approach which became known as “population genetics”.

The birth of the Modern Synthesis

The Theory of Population Genetics was based on sophisticated mathematical models 
that approximate reality. In this context, “population” was an idealized group of organisms, 
assumed to be adhering to the assumptions of a theoretical model (e. g. random mating). 
Those mathematical formulations have kept field naturalists apart from this new approach. 
Until a second triumvirate, composed by Theodosius Dobzhansky, Gaylord Simpson and 
Ernst Mayr translated the theory of population genetics into empirical practice. One 
major achievement of this work was the demonstration that populations had far more 
genetic variability than the early population geneticists had assumed in their models, 
and that genetically distinct sub-populations were important reservoirs of variability, 
which is pivotal to the evolutionary change through time and space.

The conceptual tools supplied by the synthesis between Darwinism and Mendelism 
proved to be effective in the interpretation of evolutionary change within natural 
populations. But were they capable of explaining macroevolution? At the time, the 
criteria to include a singular organism in a particular species was its similarity to a 
standard form, which was defined by a set of morphological features. Based on this 
assumption, speciation was described as a process that involved the production of 
systematic mutations that reorganized the genome, originating singular organisms 
which deviated, significantly, from the standard form. These organisms, which 
Goldschmidt (1940) called “hopeful monsters” were the true founders of a new species. 
The differences between species produced by this mechanism were not of an adaptive 
nature, and thus, there was no place for natural selection in the speciation process. 

Dobzhansky and Huxley suggested that the change in allelic frequencies could lead to 
the formation of new species if it occurred in isolated populations. This hypothesis was 
later analysed by Ernst Mayr (1942) leading to a new concept of species, the biological 
concept as opposed to the typological concept based on morphology. Its main idea was 
that species are separated from each other by reproductive barriers, which prevent gene 
flow among their members. In isolated populations the gradual accumulation of genetic 
variants with slight effect on individual phenotypes, continued for sufficiently long, 
give rise to reproductive barriers, and thus, to new species or higher taxonomic levels 
such as genera and families.

During the first part of this century several branches of Biology, such as systematics, 
morphology, botany, and ecology, incorporated population genetics into evolutionary 
thinking. From this unanimity a consensus was born about the way how evolution 
proceeds which was, basically, a Neo-Darwinian theory that recognized the importance 
of mutation and variation within populations. This synthesis became known as 
the Synthetic Theory of Evolution or the Modern Synthesis. At its core were three 
important assumptions. The first assumed that evolution is a process which develops 
in two phases, in the first, mutations are produced at random; in the second phase, 
natural selection acts on those mutations as a driving force of evolutionary change  
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(in this process the contribution of genetic drift is not significant). The second assumption 
postulates that evolution is slow and gradual. The third assumed that macroevolution is 
an extension of microevolution; e. g. the gradual accumulation of genetic variants with 
slight effect, continued for sufficiently long, gives rise to new species. 

For some evolutionists the Modern Synthesis was a major paradigm shift. Karl 
Popper claimed that the Modern Synthesis is a theory about how evolution works at 
the level of genes whereas Darwinism was focused mainly on the evolution of form of 
the organisms and species (Platnick and Rosen, 1987). It is a common thought that 
developmental biology is missing from the theory of evolution even after the onset of 
the evolution of development (evo-devo) research program in 2003 (Pigliucci, 2007). 

The challenges of molecular evolution

In 1952 the complete sequence of the protein insulin became known. By the mid-
-50’s, a considerable amount of data regarding other proteins was available allowing its 
comparison between species. The amino acid sequences were aligned providing a new 
scenario of variation between species. Surprisingly, changes did not happen randomly 
but in particular regions of the molecule – amino acid substitutions in insulin from 
cows, sheep, pigs, horses and whales, for example, were restricted to positions 8 to 
10 of the sequence. Most of these changes did not affect its functional role; and the 
mutation rate was similar in different species. Based on these data Zuckerland and 
Pauling (1965) suggested a molecular clock for evolution at the molecular level. This 
hypothesis was the opposite of erratic tempo of evolution that was assumed at the 
morphological level. Later on, the molecular clock was used by Sarich and Wilson 
(1967) to measure the divergence time between humans and chimpanzees in 5 million 
years. This value was much lower than the 25 millions considered previously. 

In 1969, Kimura suggested that a constant rate of evolution most likely was not 
driven by natural selection. Alternatively he hypothesized that most molecular changes 
were caused by random drift of neutral or nearly neutral mutations. This same hypothesis 
was suggested, independently, by King and Juckes (1969) and became known as the 
Neutral Theory of Molecular Evolution. The term “neutral” used in this context means 
that the future of different variants of a gene is determined, mainly, by genetic drift.  
In other words, Kimura’s theory suggests that most genetic diversity exists because it 
does not affect an organism’s survival, and not because it was chosen by natural selection.

The neutral evolution model became the foundation of several mathematical models 
designed to predate divergence times between orthologous amino acid sequences.

The advent of several DNA techniques such as polymerase chain reaction, and 
direct sequencing analysis has brought a better understanding of gene structure  
and function. In the late 90’s the development of new algorithms for genome analysis, 
high speed-computers and bioinformatics have enabled fast and reliable predictions 
regarding evolution, physiology and fitness of the sequenced organisms. Genomic data 
revealed that genes evolve by duplication and that those which encode proteins are 
frequently conserved by tens and hundreds of millions of years, exceeding the duration 
of many species. Genes are now considered as an independent level of evolution, 
with a deep history, often different from that of the species to which they belong. 
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Previously, genes were considered adaptive characteristics of species, not a level of 
evolution. Furthermore, genomes are no longer described as well-organized libraries 
of genes, but complex units of information that change rapidly over time due to 
selection mechanisms operating at multiple levels simultaneously, as well as genetic 
processes of duplication, transposition, mutation, and recombination. 

The new information provided by the molecular and genome studies will force 
biologists to connect evolutionary and molecular biology. For some of them claimed that 
the Modern Synthesis needs to incorporate this recent knowledge in a new expanded 
post-modern synthesis. However, some of its historical defenders argue that the new 
concepts and empirical findings of the last 20 years are implicit in the theory and, thus, 
any expansion of its conceptual foundations or grafting of new ideas is dispensable.
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