
The SARS-CoV-2 Real-time Tracking and Early Warning System for 
SARS-CoV-2 Variants and Lineages of Concern (VoCs/LoCs) 
 
COVID-19 is currently a worldwide epidemic, with viral mutations creating new, time-critical 
concerns. The BRCs play an essential role in supporting infectious disease research and must 
respond to emerging diseases in a manner that best enables researchers working on 
countermeasures.  Thus, a major goal of the system enhancement is to facilitate the rapid, near 
real-time, identification of these variants/lineages of concern (VoCs/LoCs): 
 

• Variants affecting transmissibility 
• Variants affecting virulence 
• Variants affecting antibody neutralization (immune evasion) 
• Variants affecting detection 

 
The SARS-CoV-2 resource can be accessed through banners on the ViPR home page and 
Coronaviridae and SARS-CoV-2 portal pages: 
 

 
 
There is an additional way to access this information through the beta site for BV-BRC 
(https://beta.bv-brc.org/ ). To drill down and see more information about SARS-CoV-2 lineages 
and variants of concern, click on the SARS-CoV-2 Variants of Concern hyperlink that can be 
found at the top of the page. 



 
 
Variants of Concern Overview 
Clicking on the hyperlink will take you to an Overview page that shows summary information 
about the initial five lineages of concern (e.g., PANGO lineage information, key amino acid 
substitutions, functional impact.  This page also contains a series of tabs that provide links to 
additional information about sequence prevalence, overlap with sequence feature through a 
genome browser, etc.  
 

 
 
Lineage of Concern 
To see more information on the five lineages of concern, click on that tab. 

 
 



This will open a page that shows detailed information on these lineages.  Although the default 
shows the B.1.1.7 lineage, clicking on the down arrow below that box will allow you to view the 
detailed information about any of the defined LoCs.  The information provided on these pages 
includes: 

• The name of the LoC 
• The PANGO lineage 
• The NextStrain lineage 
• Other synonyms VOC 
• Emergence location: The place where the lineage/variant was first identified 
• Emergence date: The date when the lineage/variant was first identified 
• Amino Acid substitutions in the Spike protein: The mutations are defined by comparing 

a consensus sequence derived from available lineage isolates to the reference strain 
(see SOP) and are depicted as follows: Wuhan amino acid residue_Location in the Spike 
Protein_Amino acid replacement in the LoC. 

o D614G means that a D in the Wuhan strain was replaced by a G in the B.1.1.7 
lineage. 

o H69- means that the H in the Wuhan strain was lost in the B.1.1.7 lineage 
o -69H would mean that an insertion of an H at site 69 would be found in the 

B.1.1.7 lineage. 
o An * means that the mutation is found in 25% of the variants 
o A ** means that mutations are found in more than on variant of concern. 

• Amino acid substitutions in non-spike protein and whole genome nucleotide 
substitutions are also provided. 

• Links to consensus sequences and representative strains. 
• Reference to relevant citations regarding their functional impact. 



 
 
To see information on additional lineages of concern, click on the drop-down box at the end of 
the lineage name.  This will open the list of lineages, and after clicking one, the page will reload 
to show that data. 

 
 
 
Lineage Prevalence 
BV-BRC is currently focusing on five lineages of concern (B.1.1.7, B1.351, P.1, CAL.20C and 
B.1.375).  The sequence characteristics that define these lineages are defined on the Lineages 
of Concern tab, but there is additional information available about these lineages that can be 



seen by clicking on the Lineage Prevalence tab. 

 
 
This will open a table that shows information about all non-synonymous substitutions identified 
in the Spike protein.   The table has three inner tabs (Table, By County Chart, and By Lineage 
Chart).  The table has a dynamic filter at the top, followed by the table that has the following 
columns: 

• Lineage: Information on all unique amino acid substitutions identified in the spike 
glycoprotein is provided. 

• Sequence Features: These include protein domains, secondary structure elements, 
functional regions (e.g., receptor binding residues, enzyme active sites), sites of post-
translational modifications, protein-protein interaction sites, site in which substitutions 
have been shown to alter virus characteristics, antibody and T cell epitopes. 

• Country: The country where the lineage is found 
• Region: The region of the country where the lineage is found 
• Month: The year and month that the lineage has been found. 
• Total Isolates: The number of isolates found that have the variant.  The number will 

change based on the dynamic filter. 
• Lineage Count: The number of isolate genomes in this lineage. This number will vary 

depending upon the filtering. 
• Sequence Prevalence:  The number in this column represents the total isolates of this 

lineage from the indicated country or region and month divided by the total number of 
all isolate sequences from that same country or region and month.   

• Growth Rate: The growth rate is computed month over month. This number in this 
column is the prevalence of this variant for the current month divided by the past 
month. 

A summary of the available data is provided at the bottom left of the table.  This number 
changes when the filter is used. 



 
 
Filters are provided for each of the columns in in the table.  An additional keyword filter is also 
provided and can be used for any term. 

 
 
Text can be entered into the filter box.  Click on the down arrow at the end of any of the other 
filters will open a drop-down box where selections can be made. 

 
 
Any or all of the filtering facets can be used to generate Boolean AND operations.  Simply enter 
text in the text box (if desired) and choose any other value, and then click on the Filter button.   

 
 
This will reload the table to show the results based on that selection. 



 
 
The filter can be reset to the default values by clicking on the Reset Filter button. 

 
 
Variant Prevalence  
While Lineages of Concern describe constellations of mutations that share a common 
evolutionary ancestor, Variants of Concern track single amino acid substitutions that may share 
a common ancestor or have been generated through convergent evolution.  The Variant 
Prevalence information is organized in a similar fashion to the LoC Prevalence described above.  
All variants are defined based on the reference Wuhan-hu-1 genome.  To find information on 
the individual SARS-CoV-2 variants and their prevalence, which currently only include variations 
in the Spike protein (S), click on the Variant Prevalence tab.  

 
 
This will open a table that shows all the variants in the spike protein.   The table has three inner 
tabs (Table, By County Chart, and By Lineage Chart).  The table has a dynamic filter at the top, 
followed ty the table that has the following columns: 

• AA Variant: The amino acid variant (indicated by the amino acid called in the Wuhan 
spike protein, the location of that amino acid in the protein sequence, followed by the 
amino acid seen in the variant). 

• Sequence Features: These include protein sequence features, and include protein 
domains, secondary structure elements, functional regions (e.g., receptor binding 
residues, enzyme active sites), sites of post-translational modifications, protein-protein 
interaction sites, site in which substitutions have been shown to alter virus 
characteristics, antibody and T cell epitopes. 

• Country: The country where the variant is found 
• Region: The region of the country where the variant is found 
• Month: The year and month that the variant has been found 
• Total Isolates: The number of isolates found that have the variant.  The number will 

change based on the dynamic filter. 



• Lineage Count: The number of lineages that has the variant. 
• Sequence Prevalence:  The number in this column represents the isolates with a given 

aa variant from the indicated country or region and month divided by the total number 
of all isolate sequences from that same country or region and month.   

• Growth Rate: The growth rate is computed month over month. This number in this 
column is the prevalence of this variant for the current month divided by the past 
month. 

A summary of the available data is provided at the bottom left of the table.  This number 
changes when the filter is used. 

 
 
Filters are provided for each of the columns in in the table.  An additional keyword filter is also 
provided and can be used for any term. 

 
 
Text can be entered into the filter box.  Click on the down arrow at the end of any of the other 
filters will open a drop-down box where selections can be made. 

 
 
Any or all of the filtering facets can be used.  Simply enter text in the text box (if desired) and 
choose any other value, and then click on the Filter button.  This will reload the table to show 
the results based on that selection. 



 
 
The filter can be reset to the default values by clicking on the Reset Filter button. 

 
 
 
Genome Browser 
As with other members of the Coronaviridae family, SARS-CoV-2 exhibits a relatively high 
mutation rate.  As a result, any given SARS-CoV-2 sequence typically carries multiple nucleotide 
substitution in comparison with the initial outbreak strain; for this purpose the Wuhan-hu-1 
reference strain (NC_045512) can be considered a close representative of the initial outbreak 
strain.  The JBrowse genome browser1 displays the sequence for Wuhan-hu-1, its RefSeq 
annotation, corresponding Uniprot sequence features and IEDB B cell/Ab epitopes.  In addition, 
substitutions that result in increased transmissibility or immune escape are variants of concern 
(VoCs) from a public health perspective, and are also displayed on the browser in their relation 
to features of the Wuhan-hu-1 reference strain.   
 
To locate the genome browser, click on the tab named Genome Browser 

 
 
This will open the genome browser page.  The page shows the annotations and the VoCs. The 
available tracks are shown to the right of the visualization. 



 
 
The browser view includes a dynamic filter.  Researchers can use the arrow icons to move 
rapidly in a 5’ or 3’ direction along the reference genome.  Magnifying icons with a minus (zoom 
out) or a plus (zoom in) sign within them provide an additional way to focus in on different 
aspects of the view.   
 
The text box following contig accession shows the contig and the start of the sequence, end of 
the sequence, and size of the sequence displayed.  The display can be changed by adjusting the 
numbers following the contig (delineated by a “:”).  Take care to maintain the format (1..13116) 
with the “..”between the start and end of the sequence. Researchers can use the highlight 
option to draw emphasis to a specific area of the genome, and also hide or show tracks using 
that particular icon. 
 

 
 
Many features are displayed on the browser.  Zooming in can reveal the names of particular 
features, but this can also be done by mousing over a feature of interest.  This will open a pop-
up window that provides the name of that particular feature.  The pop-up window usually 
appears to the right of the feature, and, depending on the particular view, could be somewhat 
downstream from item. 



 
 
More information about a specific feature can be seen by actively clicking on that feature from 
the browser view.  This will open a pop-up window that shows the data on the specific 
annotation (Primary Data) as well as additional data linked to that feature (Attributes).  The 
pop-up window can be closed by clicking on the OK button at the bottom right of the window.   

 
 
Clicking on one of the RefSeq annotations will load more information about that annotation. 
 
Removing individual tracks from a view is easily implemented by clicking on the “X” in front of 
the name of the specific track. 



 
 
The track will be removed once this has happened. 

 
 
The removed track can be restored by clicking on the check box in front of it in the left side of 
the browser. 



 
 
Researchers can also add their own data as an additional track, but it must match the reference 
genome (in this case the Wuhan-hu-1 genome).  Clicking on the File tab and then selecting one 
of the options will enable this. 
 

 
 
The overall view can also be adjusted by clicking on the View icon. 



 
 
 
Additional Resources 
Additional resources that provide information on the SARS-CoV-2 strains are provided under 
the Resources tab.  This can be reached by clicking on that tab. 

 
 
This will open the Resources page, where the name and brief description of the resource and 
the data types provided by the resource are included.  The name of each resource is a hyperlink 
that will open a new tab to that page. 
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