Module variant: Advanced Molecular Plant Sciences

Module: Molecular Phylogenetics

University/Department/Teaching Unit: Freie Universitat Berlin/Department of Biology, Chemistry, Pharmacy/Biology

Module coordinator: Prof. Dr. Thomas Borsch

Prerequisites: none

Learning objectives:

Understanding phylogenetic relationships is of fundamental importance in biology. Today phylogenetic hypotheses open up
a wide field of further questions such as character and trait evolution, tempo and mode of species diversification, taxonomic
classification, and historical biogeography. This course provides an introduction to phylogenetic theory and methods for
generating molecular phylogenetic trees. After the course, the students should (1) be familiar with the basic concepts of
phylogenetics and be able to critically reflect on the phylogenetic aspects in relevant biological literature; and should (2) know
protocols and methods (wet lab and bicinformatics analysis) that are widely applied in phylogeny reconstruction. The student
will learn methods and protocols, from material collection to sequence generation, by implementing them in the lab.
Furthermore, students will acquire knowledge on how to analyze sequence data with the goal of reconstructing phylogenetic
trees, and get familiar with the most important computer programs.

Content:

The course will use selected groups of flowering plants as exemplars to reconstruct phylogenetic trees based on DNA
sequence data. It starts with the collection and documentation of plant material (living collection and herbarium of the BGBM)
and the isolation of genomic DNA. Subsequently, laboratory steps including PCR amplification and sequencing will be carried
out. The primary data (such as pherograms) will be analyzed, assembled and processed into a matrix of sequence characters.
Data matrices will then be analyzed with a spectrum of methods and computer programs to reconstruct phylogenetic trees,
The trees will be digitally visualized and discussed in relation to the knowledge gained on the respective study group. The
course employs a mini-project approach with which participants can, to a large extend, generate and analyze their own data.
The lecture and seminar part will address the theory of phylogenetics (cladistics), homology and definition of characters
comparing DNA and morphology, sources of molecular characters from the different genomic compartments (plastid,
mitochondrial, nuclear), study design, multiple sequence alignment, models of sequence evolution, phylogenetic tree
reconstruction using parsimony, Maximum Likelihood and Bayesian Interference, evaluation of node confidence, the use of
phylogenetic trees to understand character and trait evolution and to inform classification, as well as current trends in
molecular phylogenetics and our understanding of the evolutionary diversification of plants. While the course works with
plants, the basic concepts and methods are also applicable to other groups of organisms

Contact hours
. . (hours per week . S Workload
Modes of instruction during the Types of active participation (in hours)
semester)
Class attendance (lecture) 30
Lecture (V) 2 - Preparation, before and after | 30
(lecture)
Seminar (S) 1 Presentation and discussion Class attendance (seminar) 15
Preparation, before and after | 30
(seminar)
. . Class attendance (safety lab) | 75
Safety Lab (sP) 5 Carry|.ng out and documenting lab Preparation, before and after | 40
experiments
(safety lab)
Exam preparation and exam | 80

Written exam (60 minutes), wholly or partially in multiple-choice format;
Module assessment can also be carried out electronically or written report on research results
(approx. 10 pages) or examination colloquium (approx. 20 minutes)

Language English

Regular attendance required Seminar and safety lab: yes, lecture: attendance recommended

Total workload 300 hours ‘ 10 credit points
Duration one semester

Frequency irregular

Applicability Master’s degree program M.Sc. Biology




Utilization in the following specializations (decision by the examining board):

Biodiversity, Evolution and Ecology X
Genetics and Genomics

Microbiology

Molecular- and Cellular Biology X
Molecular Plant Sciences X
Neurobiology

Biology X




