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Learning about phylogenetics 
using collections and public databases 



“Tree-thinking” 

• The diversity of organisms 

• Evolution of genes, gene families, repetitive 
elements, genomes 

• Character mapping and ancestral 
reconstruction 

• Biogeography 

• Pathogens, emergent diseases, cancer… 

 Hillis, D. M. 2010. Phylogenetic progress and applications of the tree of life. In 
Evolution Since Darwin: The First 150 Years (M. A. Bell, W. F. Eanes, and D. J. 
Futuyma, eds.), Sinauer Associates, Sunderland, MA. 
 



HIV origins 

Forensics 

Molecular 
evolution 

Character 
evolution 



This presentation 

• A project-based approach for undergraduates 
to learn about phylogenetics 

• Context: 

– Upper-division course on evolution 

– Project to be developed during the semester, in 
parallel with lectures and labs. 

– Groups of 2-3 students work on project and 
produce a term paper. 



Course structure 
Weeks Lectures Labs 

  

1-2 Introduction 

Phylogenetics 

Phylogenetics 

Presentation of final project 

3-10 Microevolution &  

molecular evolution 

Genetic drift  

Natural & sexual selection 

Population structure 

Molecular evolution 

Multigene families 

Comparative genomics 

11-12 Species &  

speciation 

Species & speciation 

 

13-14 Macroevolution 

  

Biogeography 

Adaptation  

15 Human evolution 

  

Project report due 



 

Lecture slides 
 
Lecture videos 
 
 
 
 
 
Lecture audios 
 
Supportive materials 
 (notes, papers) 



Selecting topics 

• We have opted for presenting students with 2-3 
well-defined problems that: 

– Represent biological issues that can be addressed 
phylogenetically. 

– Involve appealing cases of biodiversity and/or 
biogeographical history 

– Have been the subject of historical (or ongoing) 
controversy, or views have shifted as a result of 
phylogenetic studies. 

– Can be addressed with existing DNA sequence data. 



Examples 



Examples 



Developing the project 

• Students (in teams of 2-3) need to: 

– Collaborate throughout the project  

– Clearly lay out hypotheses 

– Present phylogenetic predictions 

– Design a sampling  (taxonomic, genic) that would 
be appropriate for testing. 

– Go through all steps in phylogenetics. 

– Interpret and discuss results. 



Support   

• Lab exercises on phylogenetics 

• Guidance of TA, instructor 

• Extensive documentation, demos, videos, to 
guide the entire process, covering conceptual 
and practical issues, but also including 
excerpts from the literature, illustrations of 
the organisms, a current classification…  



• Written guide 
 

• Downloadable 
materials 
(excercises, 
databases, 
videos, MEGA 
software) 
 
 

• Online videos 



Some observations 

• Data selection and handling demands lots of 
efforts (and generates some frustration). 

 

• Problems above the species level are more 
effective than topics involving intraspecific 
variation. 

 



Using museum specimens 

• Opportunities to develop projects that will 
further explore thinking about the diversity of 
organisms and phylogenetics. 

 

• Character evolution: studying morphological 
diversity. 



 



Concluding remarks 

• Phylogenetics has become a central theme in all 
areas of biology 

• Phylogenetics offers ample opportunities to 
develop open-ended, inquiry based student 
projects, ranging from short excercises and 
workshops to projects spanning a full semester. 

• Museum specimens, cross-referenced to genetic 
and other databases, offer immense 
opportunities to link phylogenetics with natural 
history and cross-linked data relevant to diversity, 
ecology, and public health. 


