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Background Results

Rapid sequencing of the SARS-CoV-2 pandemic virus has presented an unprecedented opportunity to track Minimum spanning tree of the 13688 STs showing the 59 CCs. The 5 Active CCs are in red and the 12
the evolution of the virus and to understand the emergence of a new pathogen in near-real time. During its  Quiet CCs are in black. The pie charts show the percentage distribution of genomes from the different
explosive radiation and global spread, the virus has accumulated enough genomic diversity that we are now geographic regions in each CC. The analysis uncovered strong associations of ST/CCs with certain
able to identify distinct lineages and track their spread in distinct geographic locations and over time. geographical regions but also dynamic local changes in ST/CC prevalence.

Reconstructing a robust phylogeny of the existing virus variants is an intuitive approach. However, one of
the main problems of this approach is scalability. Building phylogenetic trees will be harder as more
genomes are added every day. Building a phylogeny of a selected subset genomes necessarily loses
information and explanatory power.

Because of this roadblock, our goal was to come up with a rapid way to categorize genomes that scales
readily and leads to as little information loss as possible. We saw an opportunity to combine our allele
identifying tool “WhatsGNU”1 with the Multilocus Sequence Typing (MLST)? approach that has been widely
used in bacterial categorization, tracking the emergence of new lineages, and associating specific
Sequence Types/Clonal Complexes (STs/CCs) with certain diseases.
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Here we developed the GNU-based Virus |Dentification (GNUVID) tool® that implements a wgMLST
scheme composed of all ten ORFs in the SARS-CoV-2 genome. It rapidly assign an allele number to each
gene nucleotide sequence in the virus's genome creating a ST which is codified as the sequence of allele
numbers for each of the ten genes in the viral genome. The STs are then linked into clearly defined CCs
that are consistent with phylogeny. We show that assessment of STs and CCs agrees with multiple
introductions of the virus in certain geographical locations. In addition, we use temporal assessment of
STs/CCs to uncover waves of expansion and decline, and the apparent replacement of certain STs with
emerging lineages in specific geographical locations.
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o 25,594 genomes passed our quality check (No ambiguous or degenerate bases in the 10 ORFs).
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« GNUVID is available so that new WG sequences can be rapidly assigned to an ST/CC “————S=il——
(https://github.com/ahmedmagds/GNUVID).
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