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Evolution and Biodiversity 
5.4- Cladistics 

Essential idea: 

• The ancestry of groups of species can be deduced by 

comparing their base or amino acid sequences. 

Figure 2. Comparison of percent similar 

(light blue) and percent identical (dark blue) 

between different species' proteins to the 

human ACTN3 protein. The homologs are 

arranged from most identical to least 

identical. 

Ex: ACTN3 gene encodes the protein 

alpha-actinin-3, a component of the 

contractile apparatus in fast skeletal 

muscle fibers 

Nature of science: 
• Falsification of theories with one theory being superseded by 

another 

– plant families have been reclassified as a result of evidence 

from cladistics. (1.9) 

Theory of knowledge: 
• A major step forward in the study of bacteria was the recognition in 1977 by 

Carl Woese that Archaea have a separate line of evolutionary descent from 

bacteria. Famous scientists, including Luria and Mayr, objected to his 

division of the prokaryotes.  

• To what extent is conservatism in science desirable? 

• Is it necessary to consider the social context when evaluating ethical 

aspects of knowledge claims? 

Understandings 
• A clade is a group of organisms that have evolved from a 

common ancestor. (branching point is a node) 

Understandings 
• Evidence for which species are part of a clade can be obtained 

from the base sequences of a gene or the corresponding amino 

acid sequence of a protein. 
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Understandings 
• Sequence differences accumulate gradually so there is a positive 

correlation between the number of differences between two species 

and the time since they diverged from a common ancestor. 

Understandings 
• Traits can be analogous or homologous. 

– Analogy implies convergence and no close relation 

– Homology implies divergence and close relation 

Understandings 
• Cladograms are tree diagrams that show the most probable 

sequence of divergence in clades. 

Skills 
• Skill: Analysis of cladograms to deduce evolutionary relationships. 

Skills 
• Skill: Analysis of cladograms to deduce evolutionary relationships. 

Skills 
• Skill: Analysis of cladograms to deduce evolutionary relationships. 
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Skills 
• Skill: Analysis of cladograms to deduce evolutionary relationships. 

Skills 
• Skill: Analysis of cladograms to deduce evolutionary relationships. 

Understandings 

• Evidence from cladistics has shown that classifications of some 

groups based on structure did not correspond with the 

evolutionary origins of a group or species. 

– Lungs and epiglottis put lungfish closer relative to mammals 

– Humans closest to chimpanzees 

Applications 
• Application: Reclassification of the figwort family using evidence from 

cladistics. 

Applications 
• Application: Reclassification of the figwort family using evidence 

from cladistics. 

– “Sadly the snapdragon family has suffered a nasty divorce, and what we 

now call the Scrophulariaceae (Figwort Family) no longer contains the 

snapdragons. ” (2012) http://botanyprofessor.blogspot.com/2012/04/whatever-became-of-snapdragon-

family.html 

Now a plantain 

Applications 
• Application: Reclassification of the figwort family using evidence 

from cladistics. 

– The general flower shape and form of the seed capsule evolved many 

times from different ancestors (convergent evolution) because they 

were adapting to similar pollinators and seed dispersal strategies. 

– DNA evidence has been used to show  more common ancestry. 
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Applications 

• Application: Cladograms including humans and other 

primates. 

End 

Carl Woese 
• 1977 

• Used ribosomal RNA to Demonstrate that it was possible to identify and 

classify microbes by intrinsic characteristics of their biological sequences. 

• This resulted in the discovery of a third domain of life – the Archaea. 

• Most biologists, unaccustomed to this new type of data, protected their 

dogmatic ideas by attacking Woese with harsh criticism and personal 

slander (“crazy crackpot” was one of the more civilized terms used).  

• Marked the birth of molecular phylogeny. 

Back 

http://journals.plos.org/plosgenetics/article?id=10.1371/journal.pgen.1001342

