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SARS-CoV-2 Research is Generating Data at an 
Astonishing Pace

In April, SARS CoV-2 papers had a doubling time of ~14.5 days.

(The virus doubling time in April was ~7 days)  

Source: primer.ai



Genomic Data has also grown at an exponential rate

First virus genome released on Jan 10, 2020

Source: virological.org



Genomic Data has also grown at an exponential rate

More than 100,000 genomes now sequenced! 
Source: GISAID



How do we make use of all this genomic and molecular 
data for analysis?
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The Genome Browser annotates nucleotides with 
information stored in tracks 

http://genome.ucsc.edu/s/SARS_CoV2/Figure1

http://genome.ucsc.edu/s/SARS_CoV2/Figure1


Users add annotations via “crowd-sourced” annotations

Users add annotations to spreadsheet at: http://bit.ly/cov2annots

Click element for information
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Crowd-sourced data: annotations contributed via bit.ly/cov2annots
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Annotation appears on genome.ucsc.edu after approval:

http://bit.ly/cov2annots


How can we leverage genomic data and the UCSC 
Genome Browser to understand a pandemic?

1. Genome sequencing to trace transmission events: 
• Are we accurately reconstructing evolutionary relationships?

2. Ensuring testing remains accurate: 
• Are PCR primers detecting all isolates accurately?

3. Aid in rational vaccine design:
• Can the virus escape specific antibodies?

4. Aid basic science research to prevent the next pandemic:
• What mutations led to this pandemic? Can we predict the next one?

5. Develop technologies to do better next time:
• What are the obstacles to true real-time viral genomics?



Sequencing artifacts can impact phylogenetic inferences

Turakhia et al, 2020 [in revision] https://www.biorxiv.org/content/10.1101/2020.06.08.141127v1

Mutations can trace transmission 
BUT artifacts can confound analysis

Some “mutations” that influence tree 
topology are lab-specific artifacts

List of “problematic sites” to mask from analysis available on genome.ucsc.edu



Variation can affect the ability to accurately detect virus
CZI Biohub recently reported 

variant that affected detection  
Genome Browser overlays standard 

detection primers with emerging variants
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Deletions and variants alter primer choice as pandemic progresses. 



“PDB Ligand Contacts” track allows visualization of 
mutational patterns at antibody-antigen interface

Neutralizing antibodies could contact mutable residues.
However, no contact sites for S antibodies have variants >1% frequency. 

Nothing to worry about so far!

Interactive viewer on clickGenome browser view of variants and 
predicted antibody-spike contacts

S465 (Spike)

Antibody

PDB from Wu et al., Science, 2020



Virus and host receptor interfaces rapidly evolve

Alignment of Coronaviruses 
(SARS-CoV-2 Browser)

Green = synonymous mutations  Red = non-synonymous mutations Yellow = alignment gap

Residues in S-ACE2 interface are rapidly evolving 
in both virus and host.

SARS-CoV-2 is evolved to be successful in humans.

Alignment of 100 vertebrates
(Human Genome Browser: hg38)

ACE2

S



Improving genomic analyses during an outbreak
Workflow:

1. Sequence & Assemble Genome

2. Upload sequences to database.

3. Place new sequences in context of existing global 
phylogenetic tree.

4. Trace spread via genomic epidemiology. 

Although vastly better than previous efforts, each step is 
not truly ”real-time”.  Specifically, current phylogenetics 
software is not built to scale to 100,000 genomes!  

Nexstrain.org



Ultrafast Sample placement on Existing tRees (UShER) 
is a step towards real-time viral genomics

User Sample
Existing Sample 1
Existing Sample 2

Method Time to Place 
1000 Sequences

PAGAN2 24+ Hours
IQ-TREE2 24+ Hours
TreeBeST 24+ Hours
RAxML epa 24+ Hours

UShER 43.2 SECONDS

UsHER uses parsimony annotations of 
tree branches & an optimized binary file

Workflow:

1. Sequence & Assemble Genome

2. Upload sequences to database.

3. Place new sequences in context of existing global 
phylogenetic tree.

4. Trace spread via genomics. 

Although vastly better than previous efforts, each step is 
not truly ”real-time”.  Current methods not built to scale for 
100,000 genomes!  



UShER is now available and integrated into the SARS-
CoV-2 Genome Browser

New samples 
added in blue 
in interactive 
environment 

with 
alignment 

and mutation  
calls

https://genome.ucsc.edu/cgi-bin/hgPhyloPlace
www.github.com/russcd/USHER_DEMO/

Link & Demonstration:

https://genome.ucsc.edu/cgi-bin/hgPhyloPlace
http://www.github.com/russcd/USHER_DEMO/


An idealized roadmap for how future outbreaks might be 
traced in true real-time

UShER

1. Sequence & assemble genome using nanopore and 
laptop in the field

2.  Upload sequences to database automatically.

3.  Place new sequences in context of existing global 
phylogenetic tree and get analysis immediately.

4.  True real time genomic contact tracing!



All data is easily accessible via the SARS-CoV-2 Browser



Please consider adding your genomic data! 

Data from many HHMI colleagues already online:
COVID19 Cell Atlas (Mark Krasnow
Lab) available in interactive scRNA-
seq browser at cells.ucsc.edu:
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S protein Deep Mutational 
Scanning Data (Jesse Bloom Lab)
available at genome.ucsc.edu:
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