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Motivation - A Deadly and Mutating Virus
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Outline

Introduction to Recombination and Topological Data Analysis
Molecular Evolution and Recombination
Topological Data Analysis and Generators

Applying Topological Data Analysis to SARS-CoV-2 RNA Sequences
Collecting and Preparing Data
Results

Simulations of Homologous Recombination
Missing Recombination Events
Identifying Recombinants from Generators

Future Research
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SARS-CoV-2 is a Single-Stranded RNA Virus
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Point Mutations and Phylogenetic Tree
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Hamming Distance Along Edges of Phylogenetic Tree - Point Mutations
Add Up Through Vertical Evolution
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Basic Problem of Phylogenetics - Inferring Evolutionary History
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Horizontal Evolution - Recombination is an Exchange of Genetic
Information
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Phylogenetic Trees Fail to Capture Recombination

1
1Chan, J., et al., 2013. Topology of viral evolution. PNAS. 8



Topological Data Analysis as a Tool for Finding 1-Dimensional Holes
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Persistent Homology Can Be Visualized as a Barcode
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2Ghrist, R., 2007. Barcodes: The persistent topology of data. Bulletin of AMS. 10



Generators of a Homology Group
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First Question

What can topological data analysis tell us about the

evolution of SARS-CoV-2?
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Collecting SARS-CoV-2 Sequences
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3www.gisaid.org 13



Data is Downloaded as Text File
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Align Sequences Before Computing Distance
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4Alignment support by Sofia Jacovcevic 15



TDA Results Were Inconclusive

5
5TDA code (R) by Teresa D́ıaz Jordá, thesis on resources slide 16



Second Question

What do TDA barcode lengths and generators reveal

about the underlying data?
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Simulation Method

6
6Simulation code (Python) and support by Nathan Solomon 18



Example of Simulation
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Recombination Cycle and TDA Results
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Explaining the Missing Recombination and Hole
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An Aside: How a Recombinant Can Be Genetically Closer to a Common
Ancestor than Its Direct Ancestor
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Another Example of Missed Recombination
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Hypothesis to Explain Missed Homologous Recombinations

Homologous recombination is missed when the

recombinant sequence has closer genetic distance to a

common ancestor than to one or more of its direct

ancestors.
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Another Simulation Example to Develop Understanding of Generators
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TDA Results of Simulation
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Where Are the Missing Ancestors In the Generator?
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Conjecture of Relationship Between Recombinant and Other Sequences in
Generator
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Further Examples of Generator Conjecture
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Cycling Back - Looking at the California Data
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Future Research

I Develop Generator Conjecture - Run simulations with

different types of recombinations, metrics, complexes.

I Analyze SARS-CoV-2 data with respect to H1

generators - Compare suspected recombinants

point-by-point with other sequences in the generator.
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