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Overview

● UShER: Ultrafast Sample placement in Existing tRee

● UCSC’s daily updated UShER tree of 16 million SARS-CoV-2 genomes

● UShER in the Pango lineage ecosystem

● autolin: automating discovery of new lineages



Pandemic phylogenetics is different

Traditional phylogenetics:

● Thousands of genomes over decades

Pandemic phylogenetics:

● Tens of thousands of genomes per day

● Highly diverged genomes

● Maximum likelihood estimation…

● Many similar sequences

● … would be too slow



UShER is an Online Phylogenetics Application
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UCSC UShER tree: 16 million genomes and counting

McBroome et al. Mol Biol Evol. 2021
https://doi.org/10.1093/molbev/msab264



UShER web interface   ~   https://usher.bio/

Upload sequences →

Paste in names or IDs →

or



UShER’s roles in the Pango lineage ecosystem
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Sustainable?  Broadly applicable?

Volunteer 
lineage 
hunters



Can we automate (some of) the work?

What are lineage hunters looking for?

→Genetically distinct branches with epidemiological events:

✔ Rapid growth

✔ Introductions into new geographic regions

✔ Interesting mutations (SARS-CoV-2: Spike, immune evasion)

⋯ Recombination

➖ Change in phenotype



autolin: automate search for new lineages

● Input: mutation-annotated tree (e.g. UShER, Nextstrain Augur output)
● Identifies branches comparable to what a human would pick out by eye
● Ranks candidate lineages by growth, highly configurable weighting
● Can extend a pre-existing lineage system
● Scalable to SARS-CoV-2 volumes of data

McBroome et al. Nat Microbiol 2024      https://doi.org/10.1038/s41564-023-01587-5
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autolin: finding “lineage-y” branches

Information-theoretic Genotype Representation Index (GRI)

Quickly computed for all nodes in tree

More descendants

Less divergence → Higher GRI

Fewer 
descendants

More divergence

→ Lower GRI



autolin: comparable to human designations

Pango                 Autolin         
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autolin: ranking candidate lineages: growth 

Lower bound of 95% CI exponential growth fit

WeekWeek

% Samples/
country % Samples/

country

Good fit:
Lower bound pretty 

good

Bad fit:
Lower bound very low



autolin: ranking candidate lineages: sample weights

USA, UK, Europe are overrepresented 

→ proportionally increase weights of other countries’ samples

Sample weights can be completely user-defined



autolin: ranking candidate lineages: mutations

Options:

● Restrict to gene of interest
● Consider only amino-acid changing mutations
● User-defined mutation weights



autolin web app

autolin.bio

Just drag & drop the .json from a Nextstrain 
Augur build!

http://autolin.bio


Online Analysis is Great for… 

1. Collaboration - findings and analyses are comparable. 
2. Scalability - only add a fraction of the data to an ever-

growing analysis object. 
3. Reproducibility - archived, curated, and documented 

analysis.
4. Equity - resource-limited researchers can obtain 

comprehensive analysis at a fraction of the cost. 
https://rdcu.be/duEFP

Russ Corbett-Detig, UCSC

https://rdcu.be/duEFP


Conclusions

We have great tools for going from genomes to lineages

→ Support open sharing of pathogen genomes

→ Support lineage system maintenance
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UShER: what makes it Ultrafast?

1. Full MSA → compact binary-encoded Mutation-Annotated Tree

1. Maximum likelihood estimation → parsimony

2. Utilize all the CPUs

             Turakhia et al. Nature Genetics 2021.  https://doi.org/10.1038/s41588-021-00862-7
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