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What is phylogenetics?

The comparison of DNA sequences to estimate the evolutionary past



Where did modern phylogenetics come from?



How do pedigrees fit into phylogenetic branching?



How do we reference a tree?

Monophyletic Group

Polyphyletic Group

Paraphyletic Group

Branch

Internal Node

Terminal Node



Is there any format variation among phylogeny trees?

Cladograms: Rooting:



How does gene homology influence the structure of a tree?

Orthologs: homologous genes in two different 
species that have diverged because of speciation

Orthologs

Orthologs Orthologs
Orthologs (α)

Orthologs (β)
Paralogs: A set of homologous 
genes that have diverged because of 
gene duplication

Paralogs
Sp. 1

Paralogs
Sp. 2

Paralogs
Sp. 3*Paralogous relationships can 

also occur between species



What if a duplicate paralog is deleted?

Missing genetic information can easily misrepresent true lineages



Parsimony: A preference for the least complicated hypothesis

How can accuracy of a tree be tested?



How is DNA aligned between species?



How do DNA deviations become a tree?

123 4 5

Discrete Data Method Distance-Matrix Method

Progressive Sequence Alignment



Where do we find the genomic or 
proteomic data for our tree?

Public database similarity and keyword searches



How do we align multiple sequences?

Progressive Sequence Alignment



What if there are gaps in sequences during alignment?

In progressive sequence alignment, gaps cannot be moved or removed

Gaps can be 
edited by eye to 

minimize 
gap events



How do we piece together a tree?

Distance-Matrix Method

Discrete Data Method



Can statistical analysis validate our trees?

Bootstrapping!

x1000Bootstrap values 
greater than 70%

are considered 
reliable

Any values lower 
than 50% should 
be removed from 

the tree



What uncertainties are there in phylogeny?

Outliers Long Branch Attraction

Mutations



How can phylogeny be applied to infectious disease?

Obtain data Use Augur, a bioinformatics 
resource to process and align 
data

IQTREE to create maximum 
likelihood phylogenetic 
trees

Auspice to view result

Images from Nextstrain, iqtree.org, and GISAID

The approach used by Trevor Bedford in this week's paper.



Summary

Phylogenetics allows us to map 
the evolutionary past and 
better understand infectious 
disease

Phylogenetic trees are made 
by gathering sequences, 
aligning them, and finding the 
most probable pattern

Trees can be verified 
statistically, however, sources 
of error are always possible





What is a coronavirus?

A family of zoonotic viruses that can lead to the development of respiratory illness.

(World Health Organization- Regional Office for 
Africa, 2021); Image from Cleveland Clinic



What does the structure of SARS-CoV-2 look like?

Severe Acute Respiratory Syndrome Coronavirus 2 is the virus that causes COVID-19.

RNA

Nucleoproteins

Spike 
proteins

Viral envelope

Envelope 
proteins

(Scripps Research, 2020); (CDC, 2021)



How does SARS-CoV-2 enter a cell?

(Chowdhury et al., 2020); (Scripps Research, 2020)



What are the symptoms of COVID-19?

Also:
• Headache
• Sore throat

Image from Georgia Cyber Academy





Where did the virus originate?

Image from CNN





Where was the first confirmed case of COVID-19 located in the U.S.?

Snohomish County, Washington State
Image from 50states.com



Snohomish County borders King County, which is where Seattle is located.

Image from Wikipedia





How did the CDC change COVID testing recommendations?

Up to 2/27/2020, the CDC advised testing only for people who were 
exposed to a confirmed case of COVID-19 or with specific travel history.

Images from AAA Newsroom and 
MD Anderson Cancer Center



How do you test a sample for SARS-CoV-2?

Image from nature.com





What is a Single Nucleotide Polymorphism, or a SNP?

Change in a base (A, T, G, or C) at one position leading to genetic variation.

(Bean & Fischer, 2017); (Chowdhury et al., 2020)



What is the Washington State Outbreak Clade?

Clade comes from 
viruses spreading 
in China.

Figure 1

Samples from 
2/20/2020-
3/15/2020



Are all early COVID-19 cases in Washington part of the same clade?

Figure 1

Small clade 
with European 
origins.



Are there early cases of COVID-19 in Washington that fall outside these two clades?

Figure 1

"Other"



What does this data tell us about early COVID-19 transmission in Washington?

An introduction event took place. In turn, the virus spread locally.

Chart created on excel



CDC, 2022







Figure 2A

Strain from 
Snohomish 
County
resident

How did the COVID-19 cases increase so rapidly in Washington?

"Comb-like 
structure"



Figure 2B

When did the common ancestor of the Washington state outbreak clade emerge?

Median = February 2nd, 2020



Figure 2B

What was the growth rate of the Washington state clade?

Median doubling time = 3.4 days



Can we determine much COVID-19 was circulating in WA in early 2020?

Between 1/1/2020 and 3/15/2020, there were 10,382 samples that 
were obtained and later used for analysis.

Figure 3 graph A



How many samples from the Seattle Flu Study were positive for COVID-19?

Figure 3 graph B

First 
positive result 
on 2/21/2020.

Subsequently, there were 65 positive samples.



What proportion of samples were positive for COVID-19 in the Seattle Flu study?

Figure 3 graph C

1.1% of specimens were positive for SARS-CoV-2 and there 
was a population prevalence of 0.05% on March 1st, 2020.















As of February 7th, 2023, COVID-19 
has claimed 6,830,232 lives.

(World Health Organization); Images from cfr.org, npr.org, usatoday



Are there vaccines and treatments to help reduce the severity of COVID-19?

(Chowdhury et al., 2020); (MacMillan, 

2023); (Service, 2022); Images from 

CNBC, medpagetoday.com, nbcnews,

pharmaceutical-technology.com



Is COVID-19 still mutating?

https://nextstrain.org/

Bedford

https://nextstrain.org/


Summary

• Over the past three years, COVID-19 has 
led to suffering worldwide.

• Information about the virus continues to 
evolve.

• Sequencing the virus using phylogenetic 
methods can allow experts to 
predict transmission trends and to create 
the best vaccines and treatments possible 
to reduce the virus's severity.

Images from Biorender and Nextstrain
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