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Aim and learning objectives

Use genetic sequences to characterise and understand basic aspects of 
poliovirus spread during outbreaks

Specific learning objectives
At the end of this session, you will be able to:

1. Understand how to build your own background dataset. 
2. Generate your own multiple sequence alignment and perform alignment quality control. 
3. Generate a maximum likelihood phylogenetic tree. 
4. Root and interpret a tree using FigTree. 
5. Perform quality control of phylogenetic analysis.
6. Build a microreact project.
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Outline

This session consists of the following elements

1. Building a multiple sequence alignment
2. Multiple sequence alignment
3. Maximum likelihood tree
4. Tree visualisation and interpretation
5. Exercise answers
6. Microreact
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Building a background dataset
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• Go to the main databases that keep sequences of the viruses you are investigating and download the
information;

• Remove sequences which might belong to experiments, product development, reference genomes, 
duplicates or anything that might not represent the process you are trying to investigate.

What is a good background dataset?

• It will depend on the question you are trying to answer
• Representative of the biology and epidemiology of the virus
• Evolutionary, geographically and temporally balanced
• Large enough (No need to be super large and repetitive)
• Good quality sequences (i.e., without lots of gaps, ambiguities, missing information or poor assembling)



Classified as ECDC NORMAL

Building a background dataset
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• Sequences of poliovirus 1, 2 and 3, from 
different countries and years

• Sabin 1, 2 and 3

• Virus is extremely unlikely to be wild type 
poliovirus 2 and 3

• Wild type poliovirus 1 diversity more closely 
related to Pakistan and Afghanistan

• Vaccine viruses are more likely to be Sabin 2 

• Your dataset will be limited to the sequences you 
have access to, i.e., publicly available or that 
might have been made available to you.
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Building a background dataset
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Organize sites/positions that are homologues (if the organisms or genes or regions are 
homologues, so are their nucleotides)

To perform evolutionary/phylogenetics analysis – homology assumption (population 
history)
So…sequence alignments try to maximize similarities;

 recover historical information

Bonobo
Chimp
Human
Gorilla

Why do we have to align?

Slide shared by Dr Camila Romano – USP



Classified as ECDC NORMAL

For multiple sequences

These methods differ in speed, accuracy, and their approach to minimizing errors caused by distant
evolutionary relationships
Progressive: Build the alignment once by progressively adding sequences or groups of sequences 
Iterative: Repeatedly improve an existing alignment (usually progressively generated)

Algorithms: Progressive /iterative; Hidden Markov Model 

Feature Progressive Iterative
Speed Very Fast Moderate
Accuracy Low to Moderate High
Error 
Handling

Propagates errors Corrects errors

Best Use 
Case

Large datasets Refinement/Medium 
set

Example ClustalW MUSCLE, MAFFT

Multiple sequence alignment

Slide shared by Dr Camila Romano – USP
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Multiple sequence alignment
mafft –auto Background_dataset.fasta > align_Background_dataset.fasta
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ü Assembly issues (low coverage?)
ü Reverse-complement genome
ü Other region /same virus
ü Same region/ Other virus

ALIVIEW

https://github.com/AliView/AliView

Multiple sequence alignment

Slide shared by Dr Camila Romano – USP
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ALIVIEW

https://github.com/AliView/AliView

Multiple sequence alignment

Slide shared by Dr Camila Romano – USP
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Inferring the tree
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Maximum parsimony

Key idea: simplest explanation is the best
Optimizes algorithmically for identifying the tree that requires the least number of mutations
Limitations: 

• It does not explicitly incorporate molecular evolution models
• No statistical consistency
• Can’t estimate rates and dates 
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Superimposed mutations (multiple hits)

A given site may change more than once over evolutionary timescales

This is particularly the case for rapidly evolving organisms
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Nucleotide substitution models 

Substituion models were proposed 
to account for unobserved mutations 

for phylogenetic inference

Multiple models exist, from the most 
simple to the most complex

Hierarchical nature

The phylogenetic handbook, 2012



Classified as ECDC NORMAL

Nucleotide substituion models 

General time reversible (GTR)
• All rates are different

• Unequal base frequencies
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Maximum-likelihood

A standard method in statistical inference
Key idea: to calculate the probability of the data, given a hypothesis (model and parameters)
ML conceptually:

• Compute the likelihood of possible outcomes given a set of parameters for a model
• The best estimate is the set of parameter values that maximize the likelihood (maximum likelihood estimate)

P (data | hypothesis)
In phylogenetics

• Data: multiple sequence alignment
• Probabilistic model: phylogenetic likelihood function
• Parameters: topology, branch lengths, nucleotide frequencies, substitution rates

P (alignment | tree)



Classified as ECDC NORMAL 18

Maximum-likelihood with IQ-TREE

IQ-TREE 2 edited_align_Background_dataset.fasta –B 1000 –alrt 1000 –m MFP
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Maximum-likelihood with IQ-TREE

edited_align_Background_dataset.fasta.bionj
edited_align_Background_dataset.fasta.ckp.gz
edited_align_Background_dataset.fasta.contree
edited_align_Background_dataset.fasta.iqtree
edited_align_Background_dataset.fasta.log
edited_align_Background_dataset.fasta.mldist
edited_align_Background_dataset.fasta.model.gz
edited_align_Background_dataset.fasta.splits.nex
edited_align_Background_dataset.fasta.treefile
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Open tree in FigTree
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Does this tree make sense?
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Add our sequences of interest
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• Add your sequence of interest to the main alignment
• Perform the previous steps again
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Question 1. What is the serotype of 
the sequences of interest?

Answer the questions

Answer: Poliovirus 2

Question 2: Are these sequences 
wild-type or vaccine-derived?

Answer: Vaccine
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Question 3: Are these sequences 
Sabin-like or VDPVs?

Answer: VDPVs (>= 6 nt from Sabin)

Question 4: How many different 
emergence groups do these 
sequences belong to?

Branch 
length: 

0.0115 = 
10-11nt

Branch 
length: 
0.008

Branch 
length: 
0.0011

Total = 0.0091 subst/site x ~900 = 8-9 nt
Answer the questions
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Question 3: Are these sequences 
Sabin-like or VDPVs?

Answer: VDPVs (>= 6 nt from Sabin)

Question 4: How many different 
emergence groups do these 
sequences belong to?

Answer: 4

Answer the questions
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Question 5: How geographically 
intermixed was the observed spread?

Fairly good mixing with sequences 
from District 1 present in several 
clusters

Answer the questions
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Microreact
1. Drop the rooted tree saved as Newick and the CSV file with metadata information onto 

https://microreact.org/upload

https://microreact.org/upload
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Recommended material to explore further

• Foundations
Lemey P, Salemi M, Vandamme A-M (eds.). The Phylogenetic Handbook: A Practical Approach to Phylogenetic Analysis 
and Hypothesis Testing. 
Page RDM, Holmes EC. Molecular Evolution: A Phylogenetic Approach. 
• Applications of genomic epidemiology
Dudas G, Carvalho LM, Rambaut A, Bedford T. Virus genomes reveal factors that spread and sustained the Ebola 
epidemic. Nature. 2017. 
Lemey P, Rambaut A, Bedford T, et al. Unifying viral genetics and human transportation data to predict the global 
transmission dynamics of human influenza H3N2. PLOS Medicine. 2014. 
Candido DS, Claro IM, de Jesus JG, et al. Evolution and epidemic spread of SARS-CoV-2 in Brazil. Science. 2020. 
Dudas G, Carvalho LM, Rambaut A, Bedford T, et al. MERS-CoV spillover at the camel–human interface. eLife. 2018. 
• Poliovirus case studies
Candido D, et al. Genomic epidemiology of circulating vaccine-derived poliovirus transmission in the Democratic 
Republic of the Congo. Nature Microbiology. 2026. 
Jørgensen D, et al. Genomic epidemiology of poliovirus transmission using environmental and clinical surveillance. 
Nature Communications. 2025.
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Reusing this content
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You are free: 
 to share – to copy, distribute and transmit the work 
 to remix – to adapt the work 

Under the following conditions; you must attribute the work in the manner specified by the 
author or licensor but not:

• in any way that suggests that they endorse you or your use of the work
• in any way that suggests you are author of the work.

This work is licensed under the Creative Commons (http://creativecommons.org)
Attribution 4.0 Generic license

The authors of this slide/page encourage educators, trainers, and professionals to include this 
slide within their documents and presentations for rightful attribution of their works and thus 
also allow it to be easily shared. (ECV1-29/9/11) 

Terms of usage (Learning Portal)

http://creativecommons.org/
https://learning.ecdc.europa.eu/mod/page/view.php?id=39796
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