
Evolution: from Darwin to DNA 

            



Pre-Darwinian Views 

• The religious view was that species had been 
formed by God and were immutable 

• Before Darwin there were several attempts to 
explain the origin of species on a naturalistic 
basis: 

• Compte de Buffon (1707-1788) – first to consider 
a scientific basis for biological evolution 

• George Cuvier (1769-1832) – discovered fossil 
extinctions but opposed evolution 

• Jean-Baptiste Lamarck (1744-1829) – proposed 
the theory of acquired characteristics  



Evolution is Process 

• Evolution is a general concept that involves 
gradual change over time due to external 
conditions 

• Examples are: pebbles being rounded by the 
effects of waves;  rocks being eroded by the 
effects of wind and rain 

• The evolution of individuals thru stages, from egg 
to fetus, baby, child, teen, to adult is called 
ontogeny 

• Ontogeny recapitulates phylogeny  (evolution)  



Discovery 

Darwin discovered evolution just as 
Columbus discovered America 
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Examples of Evolution 

•                                     Geological evolution 

 

 

 

 

•   Human evolution 
•    the seven stages of man 

     



Charles Darwin (1809-1882) 

• Charles Darwin was born into a middle class 
family, his father was a doctor 

• He studied medicine, but gave it up and obtained 
a BA degree from Cambridge 

• He obtained a place as naturalist on the HMS 
Beagle  

• It sailed in Dec 1831 when Darwin was 22   
• During the trip to the Galapagos Islands Darwin 

was struck by the presence of unique species on 
each island. 



Galapagos Finches 

    



Natural selection 

• Darwin’s key concept was that species 
naturally evolve in response to environmental 
conditions, known as natural selection 

• He conceived that the survival of the fittest is 
the key to competition for scare resources 
based on the concepts of Malthus  

• His great advantage was that he amassed 
huge amounts of data to support his theory of 
biological evolution  



The Origin of Species 

• Darwin worked on the publication of his 
findings from 1836 until 1859 – 23 years 

• In 1858 he received a letter from the 
naturalist Henry Russel Wallace from Malaya 
who had come to the same conclusions based 
on his own evidence 

• This prompted Darwin to publish his findings 
in his famous book “The Origin of Species” in 
1859 – it revolutionized western thought 



Archipelago speciation 

   

Mainland 

Rare event 

Darwin was lucky to stumble across a good example of  
island  biogeography 
 

Intra-island  radiation 
Over millions of years 

Wallace did his research on 
The Malay archipelago 



Island Biogeography 

Many islands have unique species: 

 

 Mauritius had the Dodo (extinct since ca. 1662) 

 Komodo has the dragon (a giant lizard) 

 Madagascar has lemurs  (12 species + 12 extinct) 

 New Guinea has the “birds of paradise” 

 Australia has kangaroos, wombats and others 

 Tasmania has the “devil” the thylacine and others 

 New Zealand has the kiwi 

 

 

 



Strange Island Creatures 

• Dodo 

 

•    

Kimodo dragon 

Kangaroo 
Kiwi 

Indri 



Noah’s Ark 

• At the time of the Bible the number of species 
known was ca. 150   

• This persisted until the Middle Ages 

• At the time Carl Linnaeus published his 
Systema Naturae  in 1735 he knew of 1,000 

• We now know of ca. 12,000 living species and 
100,000 insect species, as well as thousands 
of extinct species  

• Altogether they would sink any Ark 



Support for Darwin’s Theory 

• Careful analysis of fossils shows the gradual 
change over time of many species, such as the 
ancestors of the horse  and humans 

• The finding of large bones of extinct dinosaurs in 
the 19th century clearly showed that animals had 
evolved over periods of millions of years 
(dinosaurs became extinct about 65 m years ago) 

• Examples of real time evolution have been 
recorded, such as the peppered moth 



Support for Darwin’s Theory 

 

Dinosaurs were named   
in 1842 independently 
of Darwin’s Theory 

 

• Examples of peppered 
moth  



Objections Raised to Darwin’s Theory 

• Missing links: There were missing links between 
species, eg. it was later found that birds are evolved 
from dinosaurs thru archaeopteryx 

• Human descent from apes: this was the basis of the 
Scopes trial.  Actually Darwin proposed that apes and 
man were descended from common ancestors, this has 
been subsequently proven 

• Origin of complex structures, such as the eye: it was 
subsequently shown that all intermediate forms of the 
eye exist in different species 

• No explanation for evolutionary jumps 
• No convincing basis of biological mechanism   



Living link between sea and land 
The lung fish has evolved lungs and can exist on 
land and sea.  They are found on four continents, 
most have two lungs and gills 



Archaeopteryx 

       Missing link between dinosaur and bird 



Evolutionary series 

        
      Evolution  

      of horse 
        
      Evolution  

      of man 

      (over 20 m yrs) 



Continental Drift 

• Alfred Wegener proposed the theory of continental 
drift in 1912 

• Its modern version is known as “plate tectonics” 

• Continental drift explains certain aspects of evolution 

• For example, there are no mammals in Australia, New 
Zealand and Madagascar, since these islands 
separated from the ancestral Pangaea 90 million years 
ago, before mammals evolved 

• Also flightless birds are widely distributed, such as moa 
in NZ, ostrich in S. Africa, emu in Australia, etc. since 
they evolved before the separation of the islands 



Continental Drift II 

• Dispersal of the 
continents  

 

 

 

Examples of flight- 

less birds  



Continuation of species 

• Some people are confused by the fact that 
ancient species continue to exist, e.g. crocodiles, 
while new ones evolve 

• This is because they have found their perfect 
niche in nature, nothing else evolved to replace 
them 

• But in other cases, animals evolve to adapt to 
changing environments, such as monkeys leaving 
trees to adapt to savannah and walking 

• An analogy, we still have records and tapes when 
they have been replaced by CDs and i-Pods 



The Mechanism of Evolution 
• Darwin could not explain the basic biological 

mechanism underlying evolution in his time 
• DNA was discovered in 1869, ten years after 

Darwin published his work, but its genetic 
function was not proven until 1944 and its 
molecular structure was not discovered until 
1953 nearly 100 years after Darwin. 

• Cell division (mitosis) was not described until 
1878 by Walther Flemming  

• Genetics was unknown to Darwin - Gregor 
Mendel’s work of 1865 was not recognized until 
1905 when the term “genetics” was coined 



Does Genetics Support Darwin? 

• Genetics in general supports the concept of 
biological evolution by providing a mechanism, 
thru which organisms can change   

• The phenotype (or physical characteristics) of 
an organism are dependent on the genotype 
(genetic make-up)  

• Further, specific genes or gene complexes can 
be associated with specific characteristics (eg. 
sex linkage) 

 



Molecular Evolution 

• The different sequence of chemical bases (A=T, 
G=C) in DNA are what distinguish one organism 
or species from another 

• The genetic sequence of DNA  that codes for 
specific proteins (enzymes or structural elements) 
can be determined and compared 

• The sequences of bases in the DNA of genes or of 
amino acids in proteins can be used to produce 
an independent evolutionary tree of the 
relationships between species. 



Example: Cytochrome c 

• Cytochrome c is a single polypeptide chain 
protein of 104 amino acids that is essential in 
all organisms for respiration 

• Evolutionary relationships are found by simply 
aligning the aa sequences for different species 

• Those species that are closest will have similar 
sequences and those that are further apart in 
evolutionary time will be more different (have 
more mutations) 



Cytochrome c 

 

 

 

 

 

 

 

Structure of horse   Aligned amino acid 
Cytochrome c   sequences  of cytochrome c 

 



Evolutionary tree based on 
cytochrome c sequences 

Note: this tree 
based entirely on 
the protein 
sequences and 
not on any other 
data.  The 
average mutation 
rate is 10-8 per 
site per 
generation 



Conclusions 

• Evolution is a process that has occurred over 
millions of years 

• Species are mutable, they change with time 

• Darwin’s theory of “natural selection” and 
“survival of the fittest” explain evolution 

• Later findings of genetics and molecular 
biology support the evolution of species 

• DNA and protein sequences provide an 
independent source of evolutionary trees 



Talking points 

• Occam’s razor: No need to invoke God if there is a 
satisfactory explanation for evolution  

• Creationism: The belief that there is an 
“intelligent” hand guiding evolution, but there is 
no evidence for this 

• Biblical analogy: Based purely on speculation 
• Evolutionary jumps: Can be explained by 

“jumping genes” and chromosomal transfers 
• Islands are isolated thus allowing evolution to 

occur more efficiently 
 
 
 


