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The discovery of the spec i f i ci ty of l iving things expressed in the 
particular mo<les of the i r  conservation and modif i cat ion , is a recent pheno-
rnenon. 

One can find in the ancient wri tings many test imonies of a concep­
tion of the origin of l i fe in which the dist inction between minerals and 
living things is not clearly made . In his Timaeus , Plato showes .. ten uprising 
from the earth , and thi s  point of view i s  also pre sent in the celebrated : 
"Dus t thou art ,  and unto dust shalt thou re turn" (Genesis  3 ,  19) . We have 
to wai t unt il Pas teur to see i t  defini tively e l iminated.  

Thi s  pass age from a form to another i s  not conceived as obeying 
laws . The Metamorphoses o f  Ovid show Attys transformed into a pine tree or 
Io in to a cow . St.re , people know that , in the ordinary way of 1 i fe ,  animals 
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and p l ants produce a progeny s imilar to themselves, but thi s  does not appear 
as a internal ine luctab le necess i ty .  Fai ries , devil s  and gods can decide 
otherwise . 

To comfort Cinderel l a ,  a fairy can transform a pumpkin into a coach 

or rats into horses and , at the very time of Perraul t ,  one speaks s t i l l  
.serious ly o f  a woman o f  Freiburg f!iving birth t o  a l iving goose . 

It is a p aradox that , for a speci f ic  theory of evolution to become 
pos s ible , thought should go through a period where every possib i l i ty of 
change , unles s  minima l ,  i s  excluded from the universe of forms . The theory 
of the fixity of speci es , to which the names of Ray and Linneaus are attached, 
is  the discovery of the dis tinction. This affirmation of absolute permanence , 
with all i t s  uni lateral i ty ,  conveys a real i ty : the impossibi l i ty to pass 
arb i trari ly from one form to another .  

But ,  as forms change , as there is a way from one form to another 
fo l lowing de terminate laws , the turning of permanence into an absolute , 
characteris ing the theory o f  the fixi ty o f  species , cannot escape contra­
diction with the observation of reality .  That is why the transformis t  
concep tion o f  the passage from one form t o  another, according t o  l aws , came 
into exi s tence . Here one can evoke such names as Maupertui s ,  Buffon , the 
German philosophers of nature and Goe the . 

It is to Lamarck that we owe the elaboration o f  a complete theory 
of evolution based on irri tabi l ity ,  fee l ing ,  wi l l ,  hereditary influence o f  
needs and hab i t s ,  usage and non-usage , i n  chanching circumstance s  o f  environ­
ment .  Sure , the Lamarckian point of view appears as tonishingly primitive to 

our modern eyes , but before j udging it , we should no t forget that b iology was 
stil l in its  infancy. At the time, the cellular s tructure had not ye t been 
recognized as the basic pattern of the organisation of the l iving world,  
organic chemistry was s ti l l  toddl ing , and ye t Lamarck b oldly asserted the 
unity of the living world , including man , and its evolution according to 
natural l aws . I t  was a fact o f  tremendous importance . Some time later, 
Darwin paid tribute to his  predecessor by saying that Lamarck had done a b i g  
service in  dec laring that every change in  the organic ,  a s  wel l  in  the 
inorganic world , was the result  of a law and not of some miraculous 
intervention .  



Nevertheless , there is a world between the Darwinian and the 

Lamarckian conceptions of evolution . They are separated by ha lf a century 
during which biology l ived and grew vigorous ly .  I would like to characte-
risl� rapidly Darwin ' s  contribution , because of its important influence on 

modern biology . First , Darwin presents a huge documentation on the real facts 
of the transformation of specie s .  His documentation is essentially historical , 
calling to paleontology , geographic distrib ution of forms , emb ryology, com­

parative anatomy . So, evolution is conceived as a single and irreversible  

process . 

But early , Darwin fee l s  that this documentation , abundant as it is , 
is not enough to gain his col leagues ' approval, as he can see in his dis­
cussions with the geologist Lye l l  or the botanist Henslow , and as shows the 
history o f  ideas itse l f ,  because after all, Darwin is not the first to 
produce this kind of testimonies ,  even if a work of many years allowed him 
to colle ct so many evolutionary facts, far more that any of his p redecessors . 

He felt necessary to put forward a theory accounting for the 
tural character of the p rocess of evolution. He finds the root of this 

theory in the work of animal and plant breeders , the kind of p ractical 
men for whom the pos sibility of transformation of forms is not a theoretical 
problem ,  but the very aim of their activity . This artificial transformation 
realised in practice , Darwin generalises  it to the who le o f  nature in the 
princip le of natural sel ection . 

It is intere sting to note that , in the Origin , Darwin makes a 
distinction between p rinciples  and laws . He cal l s  principle  o f  heredity the 
universal recognizing of the likeness  o f  parents and progeny , and principle 
of selection , the cumulative choice of variants in the aim of trans formation , 
used in the formation of domestic race s .  

At the same time , Darwin shares the complete ignorance o f  the 

time on the laws of variation and heredity , adopting himse l f  very old 
theories o f  heredity . Principles  so appear as generalis ations at the 
phenomenal level , whereas laws, the p roduct of scientific activity , are 

going to the essence . 

I f  heredity , the specific form of the permanence of living things , 
and variation , the specific fo rm of their change , obey unknown laws , it is 
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sufficient that these laws exi s t  : then , natural selection , acting. as a 

cumulative fil ter of varian t s ,  gives movemen t to adaptation and coadap tation 

of forms . Several times , Darwin ins i s ts on the necessity for biologists to 
explain adaptations .  The bill o f  the woodpecker ,  adapted to the extract ion 
of insects under the bark , the seed of mis tl e toe , transported by birds , 
appear as the present term of a process , the nature of whi ch must be 
explained .  

Darwin's was a pioneer ' s  work , but giving the l ines of a research 
program s ti l l  large ly inspiring biologi s t s .  

This shif t ing of the centre of gravity of the concept ion o f  living 

things i s  wel l  brought out by ewontin : for Darwin , evol ution was conversion 
of variation between indivi duals within an interfertile group in variation 
among groups in space and t ime. Such a theory takes necessarily the variation 
between individuals as the es sence . The importance thus given to variation 
gives Darwin ' s  works their  so pronounced his torical ben t .  

I n  the years fol lowing 1 85 9 ,  comparative anatomy quickly becomes 

the mos t  influent ial b iological science and certainly contributes to the main 
bulk of "proofs " ,  leading to the general acceptance o f  the theory . Carl 
Gegenbauer can be considered as the characteri st ic  scientis t of the morpho­
logi cal research of that time ,  where the s tudy of the s tructures of the 
animal body has the ir  hi s tory as end. This his torical approach , of ten symbo­

l ized by phylogenetical trees ,  was to be upset  by the di scovery o f  the l aws 
of heredity. 

One of the mos t important contributions of Mendel to the general 
conception of evolution is the distinction between genotype and phenotype , 
that is between the intracellular elements determining the p articular 
specifici ty of l iving things , the genes , and the manifes tat ion of characters 
in individuals living in  determined condi tions of envi ronment .  Characters 
are the resul t of interactions between genes and environment , acting in the 
development and l i fe of individual s .  Genes , and not characters , are transmit­
ted by gametes , the only material l ink between s uccessive generations in 
sexually reproducing species . Particul ar genes , in different conditions of 
environment , wi l l  determine different characters . Different genes , in given 
environmen tal condi tions , wil l  determine i dentical characters . That is why 



the mere observation of phenotypes does not allow the predi ct ion of the 
future in the selection .  A selection wil l  modi fy progeny, only i f  phenoty­

pical differences correspond to di fferences in the gene tical s tructure . 

Wh ile the Darwinian thought worked at the phenotypical level, 
gene tics goes ins ide the cel l  for determining s tructural differences . I ts 
pecul iar too l ,  the s tatis tical analysis o f  progenies, that is of fami l ia l  
re lations, has  however a l imi t .  I t  is  not  possible to  go  outs ide the species , 
because the possib i l i ty o f  cross ings i s  the condi tion of the detection of 
genotypi cal differences .  That i s  why genetics concentrated , at that t ime , on 
evolution ins ide populat ions , showing the consequences o f  mendel ian l aws o f  
genie transmission ,  on  the genetic composi tion of populat ions . Conservation 
l aws through gene rations are then put in evidence . 

A second important aspect of clas s ical genes , sometimes cal led 
atoms o f  heredity, is the recogni tion of the fact that they were individualy 
di s tinc t .  The discrete character of the genetic material al lows a constant 
renewal of combinations of genes , in the s tochas tic process of production of 
game tes , and even in the stochas tic process of ce l l ul ar divi s ion , owing to 
somatic cross ing-over .  Thi s possibi l i ty of diversification is at the cos t of 
the s tabi l i ty of the adapted type in constant condit ions . 

The di scre te character of the genetic material expl ains a wel l-known 
and diffic.ult problem in Darwin's times : the keeping of variabi l i ty in popu­
lation in time . In the old hippocratic theory of the "mixture of b loods", 
s t i l l  accepted by Darwin , we expect a progressive homo gene isation of popula­
tions , and in parti cular , we expect to see the progeny o f  exceptional 
individuals regress rapidly to mediocrity. How then exp lain the cumulative 
character of natural select ion To do i t ,  Darwin was compel led to admi t the 
production , at every generat ion , of a huge quant.i ty of variants , a production 
for which proofs were lacking. It was a difficulty for his theory . We know 
now that genes are not mixed , they exist  in j uxtapos i t ion in normal cel l s  
and can separate t o  g o  through the game tes . 

In the first half of our century , what about the problem o f  the 
change of b io logical s tructures ? The di s t inction be tween genotype and phe­
notype shows that biological change sp l i ts in genetical and non-genetical 
change . But from thi s ,  it does not fol low that we have absolutely to  separate 
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the effec t o f  genes and o f  environment on characters . Genetical change is 
always exp ressed in de termined conditions o f  environment ,  non-genetic change 
is always the change of a living thing, and then the non-genetic change of 
a genetic s tructure . 

But i f  genetical s tructures alone are t ransmi tted to progeny , the 
relevant change for evolution is the change of the genes . A particular gene 
is sub ject ,  with low probab i l i ty ,  to chemical changes called mutation s .  
Genes being associated i n  more complex units , the chromosomes , are also 
likely to be reorganised. The advantage or disadvantage of a mutation depends 
on the interactions and is not a property of the genes .  In classi cal genetics , 
genes are conceived as elementary uni ts ,  and a mutation appears as a change 
of s tate of the genes ,  the differents permi tted s tates for a particular gene 
being called allele s .  Mutat ion , as a recurrent p rocess ,  takes the gene a 
random walk on the allelic s tates , in fini te number .  We know now that this 
cyclic change is mainly determined by the errors of repli cation appearing 
in the process of cell divis ion . So the cycle of forms loses i ts h i s torical 
character and particularly its irreve rsibility . 

It is quite interes ting to see how , in the models of evol ution of 
population genetics , tiire i s  reduced to the abs tract form of classical 
mechanics .  The immense wealth of forms , of transformations , of gains and 
losses o f  functions and o rgans completely disappears from the evolut ive inter­
p re ta tion . We only hear of measuring rates of mutation ,  intensi ties of 
selection, adapt ive values ,  consanguinity rates and population effective 
s i zes . It  is the price we pay to know laws . 

In o rder to i llus trate this complete modification of the point of 
view,  we can consider the concep t of adaptive l andscape , that is the geography o f  

the surface of adapt ive value o f  a population plotted against gene frequencies . 
Such are now the peaks and valleys whe�e theoretical geneticists walk .  To be 

sure ,  the knowledge o f  the l aws of heredi ty gives the darwinian select ion 
theory a new and impress ive bas i s .  But , as already noted, the l imi t of 
cross ings , and the resulting impos sib ili ty of comparing dis tant group s ,  is a 
weaknes s  underl ined by opponents saying that genetics explains micro- but 
not macroevolution .  In the opposi te direction ,  the same limit has the conse­
quence of some discredi t ,  in the new biology , put on the so-called "descrip­
t ive" sciences , as embryology and comparative anatomy , the old queens of the 
p receding period. 



In the fifties, the builders of the new theory of evolution, 
sometimes ca l led synthetic theory, or neo-J_}arwini� theo_!� high ly conscious 
of the vigor and originality of their effort, show a tendency to consider the 
theory o f  evo lution as practical ly  comple te. Due allowance being made, this 
period is not without similarity with Lord Kelvin's time, when physics was 
believed  to be almost comple tE'. The general expl anation by way of mutntion 
and natura l  se lection som1.:rirnes takes a schol astic f lavour, with its cap.::tcity 

Xto explain, in words, .::ill fat't:s of evolution by this simp]e rhetoric. 
','hese certitudes were t:c g� Je way to molecular biology. Its discoveries con-
vert the gene from an atomic particle to a long mol ecul e  of DNA, high polymer 
o f  nucleo tides. Each nucleotjde has three parts : a puric or pyrirnidic base, 
a sugar, a phosphate. A gene is characterised by the sequence of the bases 
in the po l ymer and the genetic code gives the rules by which the sequence o f  
bases determines the sequence of  aminoacids i n  the protein resul ting of the 
activi ty o f  the gene . The d i fference between two a l le les is no more a global 
d i fference of  states, but a difference between some bases in two homologous 

sequences .. 

As an example, le t us consider haemoglobin. This protein is formed 

o f  four aminoacid chains, homologous two by two : two a chains ( 1 4 1  residues 
each) and two B chains ( 1 46  residues each ) ,  each chain be ing associated w i th 
a porphyrin, the haeme . We know the comple te sequence o f  aminoacids of the 
chains in normal human haemoglobin, and also in many abnormal haemoglobins. 
So, haemoglobin S, giving the sickle-cel l  anaemia, dif fers from the normal A 
haemoglobin by only one aminoacid residue of the chain, a glutamine being 
substituted by a val ine . This l ocalized al teration is linked to a particular 
mutation o f  the gene coding for B chains, that is a modification o f  the base 
sequence in the DNA molecule .  

The considerab le  growth o f  molecular bio logy in the sixties has 

given us more and more sequences of proteins, and progress ively sequences 
of DNAs themse lves. The Atlas o f  proteins sequences pub l ished by Eck and 
Dayhoff became the bib le of evolut ionists, evo lut ion being thus taken at the 
e lementary leve l . 

Let us come back to human haemoglob ins .  We know of six types of 
chains, a ,  S, y ,  8 ,  E ?  T .  The l ast two, being foetal haemoglobins are less 
studied. We observe great similitudes be tween sequences o f  a, B, y and 
chains, more than one third of aminoacid posit ions being identical. We can 
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think that the four chains have been produced by genes , first duplicated and , 

after duplication, evolved separately by mutat ion . 

Differences are presented in the tab l e ,  together with myoglobin . 

a 1 1 9  

1 1 8  

y 1 1 8  

1 1 7  

�o 

89 

84 

85 

39  

4 1  1 0  

y 

This shows wel l  the degree of divergence of forms , and al lows 

some hypo theses on the history of human genes for globins . 

A tree l ikes the following one gives a repre sentation . 

myo y 



We know too s equences o f  h aemoglobins for other species . The a chain 

of man and horse differ in 18 positions . The two chains are then more s imi lar 
than human a and S chains . We can conclude that the dupl ication o f  a and S 
chains occured in the ancestor of man and horse, a long t ime be fore the ir 
divergence of the two species. We see that molecular genetics gives us the 

possibility to go through the barrier of crosses . We can now compare dis tant 
species and groups. Even plant globins can be compared with haemoglobins. 

In these compari sons, we are at a l eve l d i f ferent from anatomic 
evolut ion. But, after the period of conceptual aus terity of the synthetic 
theory, the evo lutionis t finds again in the molecules all the variety of the 

living world and can rejoice in their morphogenesis  and comparative anatomy. 
Again, his tory wins the game. But laws are s till wai ting in the shadow. And 

the most warranted certitudes of the synthetic theory are now contested. 

Kimura, measuring rates of evolution in haemoglobins for different 
lines, finds them nearly cons tant. From the great  variety of environmental 

condi tions through which l amprey, carp , horse or man found their way, he 
deduces that natural selection h as no e ffect on the d iversification of mole­
cular forms : this is the neutral ist  theory, comforted by others l ike King 

and Jukes . They give to this the b lasphematory name of non-darwinian evolu tion. 
Kimura extends these assumptions to the huge polymorphism found in populations 
for enzymes, not wi thout fierce oppos i tions .  

A new abstract space comes to b irth, the  space of  sequences, with 
its ten to the nine or ten to the twe 1 ve dimensions, where theorists prepare 

themse lve s  to dream, and will may be find some Thom's catas trophes. 

But more important, new evolut ionary problems come on the stage : 
of the genetic· code ; experiments of acqui s i tive evolut ion ; origin 

and progress ive augmentation of the re liab i l i ty of repl ication and translation, 

condition of the complexi fication of organisms ; origin of l i fe ; and so on . 

The balance between his tory and law, s tructure and function cont inues 
to give matter to experimen ts and controvers ies, conduct ing biology in the 
ways where physics preceded it. Less than the relative importance of neutral 
and selective evolut ion, the ques tion is now the actual ways of these modes . 
Darwin is outdated by the exploration of the very terri tories he opened and 
is, in thi s  way, truly justi fied. 
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