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Why phylogenetics?

2014 West African Ebola outbreak

DOI: 10.1126/science.12596 DOI: 10.1146/annurev-micro-041020-024935 DOI: 10.1038/s41467-019-13443-4

Bacterial and archaeal tree of life
Taxonomic distribution of  

methane-related metabolic  
pathways in Archaea

• A graphical representation to visualise the evolutionary relationships between genes or organisms



Outline

• Basics of phylogeny, definitions 

• Alignments 

• Tree construction methods



What are phylogenetic trees?

• A graphical representation to visualise the evolutionary relationships between 
genes or organisms
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What are phylogenetic trees?

• A graphical representation to visualise the evolutionary relationships between 
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What are phylogenetic trees?

• A graphical representation to visualise the evolutionary relationships between 
genes or organisms
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• Phylogenetics is based on the idea of homology, i.e. similarity due to shared 
ancestry 

• Can be based e.g., on morphological traits, nucleotide polymorphisms (SNPs) 
or amino acid polymorphisms

What are phylogenetic trees?

• Homoplasy: Similarity that cannot be 
explained by shared ancestry,  
e.g., loss of feature, features that have 
arisen multiple times independently, or that 
have recombined



What are NOT phylogenetic trees?

• Minimum spanning trees (MST)

DOI: 10.1038/s41598-021-88514-y

DOI: 10.1128/JVI.74.15.6992-7004.2000

?



Approaches for phylogenetic inference

• Distance-based 
 
 
 

• Character-based
Sequence alignment Pairwise distance matrix 

A B C D E F
A 0 2 4 6 6 8
B 2 0 4 6 6 8
C 4 4 0 6 6 8
D 6 6 6 0 4 8
E 6 6 6 4 0 8
F 8 8 8 8 8 0

Output tree

Sequence alignment Output tree

Tree proposals and 
scoring



Alignments/SNPs

• Tool to identify evolutionary relationships, usually in  
biological sequences, by aligning characters based on  
homology 

• For phylogenetics: 

• Align whole genes, concatenated genes (e.g., marker  
genes) or  whole genomes (e.g., viruses) to each other 
(e.g., mafft, Clustal, blast, …) 

• Call SNPs against a reference directly from reads (e.g., snippy) 
or from our alignment made during assembly (e.g., samtools, bcftools, …) 

• Kmer approaches, e.g.,  
split kmer analysis (SKA) for small, closely related haploid genomes 
Mash for distance calculation more distant genomes



Approaches for phylogenetic inference

• Distance-based 
 
 
 

• Character-based
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A B C D E F
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Distance-based tree inference

• (Uncorrected) p distance: proportion of sites at which two 
sequences are different 

• Evolutionary nucleotide models: 

• Transitions/transversions 

• Nactual > Nobserved : some fraction of “conserved” positions 
mutated twice 

• Examples:  
Jukes Cantor: all equal 
Kimura 80: transitions more likely than transversions 

• Models for amino acid evolution or codon evolution exist as well

A G

C T

Transition

Transition

Transversion

Purine bases

Pyrimidine bases



• Example p distance vs evolutionary model 
 

• p distance 

• Evolutionary model K80: transitions = 1; transversions: 2 

Distance-based tree inference

ATGTCACCACAAACAGAAACTAAAGCAAGTGTTGGATT 
|||||X||||||||||||X||||||X|||||||||||| 
ATGTCTCCACAAACAGAAGCTAAAGGAAGTGTTGGATT

00000100000000000010000001000000000000 = 3

<latexit sha1_base64="t9cO6hBcw0UUqVHj6aPO1ejWz48=">AAACD3icbVC7TsMwFHXKq5RXgJHFogIxVQmtaBmQKmBgYCgSfUhtVDmu21p17Mh2kKqof8DCr7AwgBArKxt/g9NmgJYrWT7n3HNl3+OHjCrtON9WZml5ZXUtu57b2Nza3rF39xpKRBKTOhZMyJaPFGGUk7qmmpFWKAkKfEaa/ugq6TcfiFRU8Hs9DokXoAGnfYqRNlLXPg7hBYyvYUcYF7ydJKyYsmIloU7BKZ937by5pwUXgZuCPEir1rW/Oj2Bo4BwjRlSqu06ofZiJDXFjExynUiREOERGpC2gRwFRHnxdJ8JPDJKD/aFNIdrOFV/T8QoUGoc+MYZID1U871E/K/XjnS/4sWUh5EmHM8e6kcMagGTcGCPSoI1GxuAsKTmrxAPkURYmwhzJgR3fuVF0DgtuGeF0l0pX71M48iCA3AIToALyqAKbkAN1AEGj+AZvII368l6sd6tj5k1Y6Uz++BPWZ8/EmCY4w==</latexit>

p =
D

L
=

3

38
= 0.079

<latexit sha1_base64="0QS/4SjTFw/k+NywFChFFdmPpx4=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsxo0W6EohuXFexD2qFkMpk2NMkMSUYoQ7/CjQtF3Po57vwb03YWWj0QcjjnXu69J0g408Z1v5zCyura+kZxs7S1vbO7V94/aOs4VYS2SMxj1Q2wppxJ2jLMcNpNFMUi4LQTjG9mfueRKs1ieW8mCfUFHkoWMYKNlR5CdIXcqls/H5Qr9p8D/SVeTiqQozkof/bDmKSCSkM41rrnuYnxM6wMI5xOS/1U0wSTMR7SnqUSC6r9bL7wFJ1YJURRrOyTBs3Vnx0ZFlpPRGArBTYjvezNxP+8Xmqiup8xmaSGSrIYFKUcmRjNrkchU5QYPrEEE8XsroiMsMLE2IxKNgRv+eS/pH1W9S6qtbtapXGdx1GEIziGU/DgEhpwC01oAQEBT/ACr45ynp03531RWnDynkP4BefjGzEzjrc=</latexit>

d = 0.083



Distance-based tree inference
Unequal base frequency Equal base frequency

1 substitution type Felsenstein (F81) Jukes Cantor (JC, JC69)

2 substitution types

Hasegawa-Kishino-Yano (HKY85) 
Felsenstein (F84) 
 
1 transition 
1 transversion

Kimura-2-parameter (K2P, K80) 
 
1 transition 
1 transversion

3 substitution types

Tamura-Nei (TN, TN93) 
 
2 transitions 
1 transversion

Kimura-3-parameter (K3P, K81, K3ST) 
 
1 transition 
2 transversions

4 substitution types Generalised time-reversible model (GTR) Symmetric model (SYM)
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• Pairwise distances are calculated between all sequences 

• Tree topology and branch length is calculated, e.g. through clustering 
UPGMA (Unweighted Pair Group Method with Arithmetic mean = hierarchical clustering): 
implies constant molecular clock for all species/taxa/sequences 
(→ pretty poor trees) 
 
Neighbour-Joining:  
Minimises the sum of all branch lengths in the tree 
If input matrix is correct, the output tree will be correct 
even if matrix is not correct, tree topology is usually pretty good 

• Main advantages: gives only one tree as output, very fast computation

Distance-based tree inference



Approaches for phylogenetic inference

• Distance-based 
 
 
 

• Character-based
Sequence alignment Pairwise distance matrix 

A B C D E F
A 0 2 4 6 6 8
B 2 0 4 6 6 8
C 4 4 0 6 6 8
D 6 6 6 0 4 8
E 6 6 6 4 0 8
F 8 8 8 8 8 0

Output tree
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Character-based phylogenetic inference - Maximum Likelihood

• Likelihood refers to the probability of the data given a model (e.g., of nucleotide sequence evolution)  

• We test different hypotheses = tree topologies with branch lengths, parameters of sequence model 

• We aim to find the tree topology, branch length and parameters of evo model that maximises the 
probability of observed data (= sequences)  

• Advantages: 
✓ Inherently based on statistical and evolutionary models 
✓ Can be used for character and rate analyses 
✓ Can be used to infer sequences of extinct ancestors  

• Disadvantages: 
- Computationally expensive 
- Violations of model assumptions can lead to incorrect trees 



Tree reliability - Bootstrapping

• Re-sample alignment: Randomly sample 
alignment columns with replacement to 
create many replicate data sets of equal size 

• Build phylogenetic tree for each replicate 
data set  

• Most frequently constructed tree is 
considered the one with most support 

• Bootstrap values are the observation 
frequency of each branch 

Original sequence

Bootstrap sequence

3 2 1 1 5 4 
G T A A C A 
A T A A C A 
A T A A C A 
G T A A C A

1 2 3 4 5 6 
A T G A C C 
A T A A C T 
A T A A C T 
A T G A C T

DOI:10.1093/ve/vez047

http://dx.doi.org/10.1093/ve/vez047


Exercise tomorrow

• Outbreak investigation for our MRSA in hospital 1 

• Influence of reference selection

Question: How much do you  
want to code in the next exercise?

1

454

1 2

6

1695

SaH2P80822

SaH2P60722

SaH2P90822

SaH1P10622
SaH2P70722

SaH1P51022 SaH1P30922

SaH1P41122

ST:

30

45


