RIVET: A visual interactive browser for
tracking and curating SARS-CoV-2

. recombinants
mgg Kyle Smith?, Cheng Yel, Yatish Turakhia®

JACOBS SCHOOL OF ENGINEERING lUniversity of California, San Diego

Electrical and Computer Engineering

Motivation

SARS-CoV-2 Recombination

Recombination is a known contributor to genetic novelty within SARS-CoV-2

Recombination can lead to drastic advances in viral fitness

The current dominant SARS-CoV-2 variant is a sublineage of the identified XBB recombinant

XBB sublineages, such as XBB.1.5 and XBB.1.16 have been shown to be some of the most transmissible SARS-CoV-2 variants!?13

Current Approach for Recombinant Lineage Designation

New sequences added to online databases are manually inspected for recombination events
Putative recombinants are proposed via Pangolin-GitHub Issues (LINK)

Evidence of recombination and growth accumulated over weeks to months

Decision to designate a unique lineage is reached
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Problem: Confidently identifying recombinants from thousands of new sequences is challenging and often suffers from weeks to months of delay,
becoming a bottleneck for online genomic epidemiology.

Our Approach

RIVET: SARS-CoV-2 Recomblnation ViEwer and Tracker

® RIVET is a software pipeline and visual web application designed to greatly accelerate the process of identifying and tracking recombinants
® RIVET’s architecture has two components:

O Backend to perform recombination inference using a fast implementation of the RIPPLES?? algorithm

O Frontend web-browser interface for interactive visualization and analysis of recombinants
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RIVET Backend RIVET Frontend
e Multithreaded recombinant inference with sensitive parameters e Visualization of recombinant and parental sequences
e Can be massively parallelized across many servers on Google Cloud e Integration with UShER, Taxonium, and Nextstrain/Auspice
e Quality Control/Filtration Pipeline e Integration with sequence metadata for built-in queries
e Recombinant date of origin inference using Chronumental e Aggregate all necessary evidence for recombinant Pangolin-
e Recombinant Ranking lineage proposal

RIVET Backend

RIPPLES Algorithm

Key innovations:

a. Restrict search space to long branches (~90,000) and
mutated sites only

a. Restrict to potential parents that improve partial- v aa
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placement parsimony __— Parsimony = 4

Node f being explored as
potential recombinant

a. Exhaustively break the possible recombinant D S

sequence into shorter segments, then place
segments back onto phylogeny using maximum
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Optimized implementation of RIPPLES Algorithm

® Achieves 1-2 orders of magnitude in speedup vs original implementation RIVET backend runtime and cost estimates
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2022
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a. Amortizing parsimony improvement computations between 2022
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a. Improved memory locality 2023
July 2, 2023 15,360,149 3,665 847 84m 43z 135m 47s $3.68

a. Fine-grained parallelism using available SSE-based vector instructions

Ranking Putative Recombinants by Growth Metric

1. RIVET backend infers dates of origin for all RIPPLES-inferred recombinant
nodes in the MAT using sequence metadata and Chronumental?
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1. To support tracking emerging recombinants of epidemiological interest, all s
detected recombinants are ranked based on recency of the recombinant S

ancestor and relative growth of its descendant sample set

Results
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manually curated recombinants quality recombinants that pass our filtration criteria showed increased

recombination rates in the 3’ portion of SARS-CoV-2 genome
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RIVET Web Interface

Visualization and Analysis of RIVET-Inferred SARS-CoV-2 Recombinants

e Typical RIVET web-interface workflow analyzing previously Pango-identified XBJ recombinant

1. Select or search for recombinant ancestry in results table
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2. View single-nucleotide variants of recombinant and inferred parents (donor and acceptor)
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5. Rapidly build new recombinant lineage proposals

View latest SARS-CoV-2 A& e
Recombinants: '
https://rivet.ucsd.edu/

Current Recombinant Lineage Designation: XBJ

Recombinant Origin Date: 2022-11-08

Recombinant Between: BA.S.2 and BA.2.3.20

T

Mumber Sequences: 65

WI k I / DO C u m e n ta‘t I O n . Earliest Sequence: USA/MN-CDC-LC0913295/2022|0PE67861.112022-10-07

Most Recent Sequence: 0Y149204.1)12023-02-27

https://turakhialab.qgithub.io/rivet/ ottt s, e, St U G

QC Flags:
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G ItH u b : e RIVET aggregates all the necessary information to immediately propose
ht’[DS//(]I’[h Ub. Com/TurakhiaLab/rivet a putative recombinant lineage designation for manual expert review

Future Work

1. Integration with Autolin® to fully automate lineage proposals with special treatment of recombinant lineages
1. Improved representation of sequence evolution using phylogenetic networks

1. Extending RIVET to enable recombination inference and analysis of other pathogens beyond SARS-CoV-2
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