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Intended Learning Objectives

Specific objectives of this session:

1. Define basic phylogenetic tree concepts and terminology (clade, 
branch length, synapomorphy, monophyly).

2. Describe different types of phylogenetic trees derived from WGS 
data (maximum parsimony, maximum likelihood, distance-based 
trees).

3. Explain how distance matrices and phylogenetic trees are applied 
in outbreak investigations.

4. Interpret SNP and allele-based trees to identify clusters and 
assess clonal relatedness.
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Outline

This session consists of the following elements:

1. Introduction to Phylogenetic Trees 

2. Reading Phylogenetic trees 

3. Building Phylogenetic Trees

4. Interpreting SNP and cgMLST trees
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Introduction to Phylogenetic Trees 

4



Introduction to phylogenetic trees 

• In 1837 Charles Darwin sketched his “Tree of 
Life” 

• First known visual representation of common 
ancestry

• Modern phylogenetics builds on this principle

• Origin on Species wasn’t published until 1859! 
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Darwin's Tree of L ife sketch from his "B" notebook on Transmutation of Species, CUL DAR 121, page 36, Cambridge University Library -

https://www.darwinproject.ac.uk/commentary/evolution/darwin-s-species-notebooks-i-think 
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Introduction to phylogenetic trees 

6

• Phylogenetic trees aim to describe the 
relationships between taxa (e.g. species, 
genera).

• They can be based on:

• Phenotypic traits (e.g. hair colour, 
presence of wings).

• Genotypic markers (e.g. restriction 
patterns, genes, SNPs, 
nucleotide/amino acid sequences).

• This tree was constructed by Carl Woese
using ribosomal RNA gene sequences in 
1977- a breakthrough that revealed the 
three domains of life (Bacteria, Archaea, 
Eukarya).

Last universal 

common ancestor? 

1.4: Carl Woese and the Phylogenetic Tree, LibreTexts Biology, 

https://b io.libretexts.org/Courses/Prince_Georges_Community_College/PGCC_Microbiology/01%3A_Introduction_to_Microbiology/1.04%3A__Carl_Woese_and_the_Phylogenetic_Tree

https://bio.libretexts.org/Courses/Prince_Georges_Community_College/PGCC_Microbiology/01%3A_Introduction_to_Microbiology/1.04%3A__Carl_Woese_and_the_Phylogenetic_Tree
https://bio.libretexts.org/Courses/Prince_Georges_Community_College/PGCC_Microbiology/01%3A_Introduction_to_Microbiology/1.04%3A__Carl_Woese_and_the_Phylogenetic_Tree
https://bio.libretexts.org/Courses/Prince_Georges_Community_College/PGCC_Microbiology/01%3A_Introduction_to_Microbiology/1.04%3A__Carl_Woese_and_the_Phylogenetic_Tree
https://bio.libretexts.org/Courses/Prince_Georges_Community_College/PGCC_Microbiology/01%3A_Introduction_to_Microbiology/1.04%3A__Carl_Woese_and_the_Phylogenetic_Tree


Introduction to phylogenetic trees 

• Today trees are built on the comparison of whole genomes! 

Ciccarelli, F. D., Doerks, T., Von Mering, C., Creevey, C. J., Snel, B., & Bork, P. (2006). Toward 

automatic reconstruction of a highly resolved tree of life. science, 311(5765), 1283-1287.

Hug, L. A., Baker, B. J., Anantharaman, K., Brown, C. T., Probst, A. J., Castelle, C. J., ... & 

Banfield, J. F. (2016). A new view of the tree of life. Nature microbiology, 1(5), 1-6.



Reading Phylogenetic trees 
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Reading phylogenetic trees 

Different visualisations of the same tree! 

Adapted from Raphael N. Sieber, Statens Serum Institut, Denmark, slides: “Phylogenetic analysis” Presentation, Bridging the Gaps, GenEpiBioTrain, March 2024.



Reading phylogenetic trees 

• Always read the trees horizontally (left to right), never vertically. 

• Rotations are arbitrary and can be confusing

• Rooted vs unrooted?

Adapted from Raphael N. Sieber, Statens Serum Institut, Denmark, slides: “Phylogenetic analysis” Presentation, Bridging the Gaps, GenEpiBioTrain, March 2024.



Reading phylogenetic trees - terminology 

Adapted from Raphael N. Sieber, Statens Serum Institut, Denmark, slides: “Phylogenetic analysis” Presentation, Bridging the Gaps, GenEpiBioTrain, March 2024.

Internal nodes 

External nodes 

Branch

Internal nodes 

Branch

External nodes 

Internal nodes: the branching 

points. They’re not observed 
directly - they’re inferred ancestors 
where lineages diverge.

External nodes: the leaves or tips 

of the tree. These are the things 
you sequenced: bacterial isolates, 
species, or sequences.

Branches (edges): connect nodes. 

Their length reflects genetic distance -
• In outbreak trees: SNPs or allele 

differences (clonal relatedness)

• In evolutionary trees: substitution 
rates / evolutionary distance



Reading phylogenetic trees – rooted and unrooted

Adapted from Raphael N. Sieber, Statens Serum Institut, Denmark, slides: “Phylogenetic analysis” Presentation, Bridging the Gaps, GenEpiBioTrain, March 2024.

Rooted tree:

• Has a defined most recent 

common ancestor at the root

• Branch lengths may represent 

evolutionary distance or time

Unrooted tree:

• Shows relatedness but no 

direction of ancestry

• Can look rooted depending on 

display - always check the 

figure legend! 



Reading phylogenetic trees - Clades (Monophyletic 
Groups)

• A clade = an ancestor + all its 
descendants

• Represents an unbroken line of descent

• One cut rule: if a single cut on the tree 
separates the group, it’s a clade

• More than one cut → not a clade 
(paraphyletic / polyphyletic):

• Polyphyletic: a group of organisms that 
does not include the most recent 
common ancestor of those organisms.

• Paraphyletic: a group of organisms that 
includes the most recent common 
ancestor of all of its members but does 
not include all of the descendants of that 
most recent common ancestor.

https://evolution.berkeley.edu/the-tree-room/evolutionary-trees-a-primer/clades-within-clades/
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Building Trees
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Building a Phylogenetic Tree

1. Collect data
• Whole genome sequences, genes, or proteins

2. Identify variation
• Outbreak trees: SNP calling or cgMLST allele assignment
• Evolutionary trees: Multiple sequence alignment (MSA) of sequences

3. Create a matrix
• SNP/allele difference matrix (outbreaks)
• Aligned sites from MSA (evolutionary)

4. Choose a tree-building method
• Distance-based (Neighbor-Joining)
• Maximum Parsimony
• Maximum Likelihood

5. Visualize & annotate
• Add metadata in iTOL, Microreact, GrapeTree



Building a Phylogenetic Tree – different methods
Tree method Maximum Parsimony (MP) Maximum Likelihood (ML) Distance-based (Neighbor-Joining, UPGMA)

Overview • Parsimony = simplicity.

• Finds the tree that requires 

the fewest genetic changes.

• Uses a statistical model of sequence 

evolution (substitution model).

• Evaluates many possible trees and chooses the 

one with the highest probability of producing the 

observed data.

• Starts with a distance matrix (pairwise SNP or 

allele differences).

• Groups taxa iteratively to minimize overall 

branch length.

Strengths • Intuitive, easy to understand.

• Works well for small datasets.

• More accurate and robust than parsimony or 

distance methods.

• Can incorporate complex substitution models.

• Gold standard for outbreak trees in bacterial 

genomics.

• Very fast, can handle large datasets.

• Easy to compute and visualize.

Weaknesses • Can oversimplify if there’s 

recombination or parallel evolution.

• Doesn’t account for different 

probabilities of changes (e.g., 

transitions vs transversions in 

DNA).

• Computationally intensive for large datasets. • Less accurate than ML (can be misled if 

distances don’t reflect true ancestry).

• Doesn’t explicitly use a model of sequence 

evolution.

Outbreak context • Useful for teaching or quick 

approximations but not widely used 

in modern outbreak pipelines 

because bacteria recombine, and 

MP doesn’t handle that well.

• Widely used in tools like RAxML, IQ-TREE, CSI 

Phylogeny. Often the method behind “final” 

outbreak trees because it’s statistically robust.

• Good for exploratory analysis or quick 

clustering (e.g. GrapeTree, cgMLST

analyses). 

• Often used as a first-pass to visualize 

relatedness before more rigorous ML 

analysis.



Interpreting SNP and cgMLST trees
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CSI Phylogeny 

• Webtool on the CGE website 
for doing SNP calling 
(designed for Illumina data, 
use Mintyper for ONT data)

• You can run both FASTA and 
FASTQ files

• Reference must be in FASTA 
format 

• https://cge.food.dtu.dk/servic
es/CSIPhylogeny/

https://cge.food.dtu.dk/services/CSIPhylogeny/
https://cge.food.dtu.dk/services/CSIPhylogeny/
https://cge.food.dtu.dk/services/CSIPhylogeny/


CSI Phylogeny - Output 



CSI Phylogeny - Output 



CSI Phylogeny - Output 



Visualisation of tree (newick file)

We cannot determine clustering 

based on the visual tree only



SNP matrix – pairwise comparison of SNPs

A1 prune 10

Ec001_asse

mbly/1-2735

Ec002_assem

bly/1-2735

Ec003_ass

embly/1-

2735

Ec004_ass

embly/1-

2735

Ec005_assem

bly/1-2735

Ec006_assem

bly/1-2735

Ec007_assem

bly/1-2735

Ec008_assem

bly/1-2735

Ec009_assem

bly/1-2735

Ec010_assem

bly/1-2735

Ec011_assem

bly/1-2735

Ec012_assem

bly/1-2735

Ec001_asse

mbly/1-2735 0 2176 2122 2180 2176 2176 216 2280 2179 2179 2182 2184
Ec002_asse

mbly/1-2735 2176 0 94 80 78 78 2212 644 81 81 84 86
Ec003_asse

mbly/1-2735 2122 94 0 98 96 96 2170 662 99 99 102 104
Ec004_asse

mbly/1-2735 2180 80 98 0 38 38 2222 604 41 41 44 46
Ec005_asse

mbly/1-2735 2176 78 96 38 0 2 2218 598 5 5 8 10
Ec006_asse

mbly/1-2735 2176 78 96 38 2 0 2218 598 5 5 8 10
Ec007_asse

mbly/1-2735 216 2212 2170 2222 2218 2218 0 2322 2221 2221 2224 2226
Ec008_asse

mbly/1-2735 2280 644 662 604 598 598 2322 0 601 601 604 606
Ec009_asse

mbly/1-2735 2179 81 99 41 5 5 2221 601 0 0 3 5
Ec010_asse

mbly/1-2735 2179 81 99 41 5 5 2221 601 0 0 3 5
Ec011_asse

mbly/1-2735 2182 84 102 44 8 8 2224 604 3 3 0 8
Ec012_asse

mbly/1-2735 2184 86 104 46 10 10 2226 606 5 5 8 0
min: 0  max: 2322
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cgMLST tree – hospital outbreak 

Adapted from Henrik Hasman, Statens Serum Institut, Denmark, slides from EURL multidisciplinary training workshop on simulated exercise, 2022.



What is going on with that isolate?

Hypermutator!!

Adapted from Henrik Hasman, Statens Serum Institut, Denmark, slides from EURL multidisciplinary training workshop on simulated exercise, 2022.



Thank you for listening! ☺
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