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What is Phylogenetics?

The study evolutionary relationship of biological entities



Who created modern phylogenetics?



Why is phylogenetics important?

Studying 

Cancer

Disease genes

Viral 

Outbreaks



What is the purpose a phylogenetic tree?
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What is a phyletic clade?



What are orthologs, paralogs and homologs?



Why are mutations important?

Substitution Deletion Insertion

Mutations are the molecular data used to create phylogenetic trees



What is multiple sequence alignment?

Sequences



What is progressive sequence alignment?

It aligns sequences pairwise, starting with the most similar sequences

Guide Tree



Where is sequence data found?



How does sequence alignment create a tree?

Distance Based

Character Based



What can cause incorrect tree topologies?

Convergent evolutionHorizontal Gene TransferDuplication and loss



What tests are used on phylogenetic trees?

Bootstrapping can provide evidence for a phylogenetic tree 

Values >70% are 

considered reliable



The phylogenetics of evolving virus virulence

Phylogenetic analysis provides evolutionary information on virulence and transmissibility



How does virulence evolve in hosts?

Fitness



Why should we track virus phylogenies?



Summary

Phylogenetics helps us 

study the evolutionary 

information of biological 

entities

Phylogenetic trees are 

made using molecular data 

to determine relatedness

Virulence is a complex trait 

and studying its evolution 

reveals information about 

the virus
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Questions?



Worobey et al., Science 370, 564-570 (2020)

The emergence of SARS-
CoV-2 in Europe and 
North America



What is SARS-CoV-2?

Severe Acute Respiratory Syndrome Coronavirus 2



What is COVID-19?



What are important characteristics of SARS-CoV-2?



What are positive-sense RNA viruses?



How does proofreading activity of SARS-CoV-2 cause study limitations?

Proofreading by nsp14 leads to a relatively slow mutation rate



What was the main question of the study?



What does the timeline suggest about the introduction of SARS-CoV-2?

First confirmed case of COVID-19 
in the US reported in Washington 
state (WA1)

20 Jan. 2020

Viral genome (WA2) from 
community transmission reported 
to be similar to WA1

29 Feb. 2020

Hypothesis #1: WA1 established cryptic transmission in WA in mid-January



What is the Washington (WA) outbreak clade?

Mutation 1: C17747T

Mutation 2: A17858G



What are possible pathways given that WA1 is the parent strain of the WA outbreak clade?



What is FAVITES?

FrAmework for VIral Transmission and Evolution Simulation



How likely are each of 

the possible scenarios?

(N = 294)

"when we simulated the Washington 

outbreak....we failed to observe a 

single simulated epidemic that had 

the characteristics of the real 

phylogeny."



What is notable about SARS-CoV-2 genomes sampled from British Columbia, Canada?

Mutation 1: C17747T

Mutation 2: A17858G

16/27 genomes



What is another possible epicenter for the WA clade outbreak?

Hypothesis #2: British Columbia (BC) was the epicenter of the outbreak in North America



How does the size of the outbreak compare between WA and BC?

Washington 
State

Cases: 
7,111

Deaths: 
571

British 
Columbia

Cases: 
1,013

Deaths: 
24



Why do the BC genomes have the ancestral C17747 allele?

Hypothesis #3: there was a sequencing error and BC genomes really possess the C17747T mutation



How do the 

mutations of 

the genomes 

with the 

C17747T 

mutation 

compare to 

those 

without?



What is WA-S566?

Mutation 1: C17747T

Mutation 2: A17858G

Differs from WA1 at 7 other sites



How many divergent lineages were observed before

the rise of the 2 characteristic WA clade mutations? 

(N = 1000)

“…it is unlikely that, had it 

been the ancestral virus, WA1 

would have given rise to only 

the S566 lineage and the WA 

outbreak clade.”



How was COVID-19 introduced to North America?



What does the phylogenetic tree of all SARS-CoV-2 strains look like?

https://nextstrain.org/


Summary

The WA1 strain was not the ancestral strain of the WA 
outbreak clade.

There was an error in sequencing of some BC strains 
that resulted in a critical C→T mutation being missed.

The outbreak of the pandemic in North America was a 
result of multiple introductions of the SARS-CoV-2 virus.
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