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Motivation - A Deadly and Mutating Virus
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SARS-CoV-2 is a Single-Stranded RNA Virus
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Point Mutations and Phylogenetic Tree




Hamming Distance Along Edges of Phylogenetic Tree - Point Mutations
Add Up Through Vertical Evolution




Basic Problem of Phylogenetics - Inferring Evolutionary History




Horizontal Evolution - Recombination is an Exchange of Genetic
Information




Phylogenetic Trees Fail to Capture Recombination

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



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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Generators of a Homology Group
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First Question

What can topological data analysis tell us about the

evolution of SARS-CoV-27
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Collecting SARS-CoV-2 Sequences
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Data is Downloaded

as Text File
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ATTAATAACTAATTACTGTCGTTGACAGGACACGAGTAACTCGTCTATCTTCTGCAGGCTGCTTACGGTTTCGTCCGTGT
TGCAGCCGATCATCAGCACATCTAGGTTTCGTCCGGGTGTGACCGAAAGGTAAGATGGAGAGCCTTGTCCCTGGTTTCAA
COAGAAAACACACGTCCAACTCAGTTGCCTGT T TACAGGTTCGGACGTGCTCGTACTGGCITTGGAGACTCCGTGG
AGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGGCACTT TTGAAARAGG!
A TGANAGCCCTA TG TG CATCAAACGTTCGOATGLTCOAACTGCALTCATGOT CATGT TATGGTTOAGLTGGT
AGCAGAACTCGAAGGCATTCAGTACGGTCGTAGTGGTGAGACACTTGGTGTCCTTGTCCCTCATGTGGGCGAAATACCAG
TGGCTTACCGCAAGGTTCTTCTTCGTAAGAACGGTAATAAAGGAGCTGGTGGCCATAGTTACGGCGCCGATCTAAAGTCA
TTTGACTTAGGCGACGAGCTTGGCACTGATCCTTATGAAGATTTTCAAGAAAACTGGAACACTAAACATAGCAGTGGTGT
TACCCOTGAACTCATOCCTOAGC TTAACGGAGGGGCATACACTCGCTATGTCGATAACAACTTCTGTGGCCCTGATGGCT
ACCCTCTTGAGTGCATTAAAGACCTTCTAGCACGTGCTGGTAAAGCTTCATGCACTTTGTCCGAACAACTGG
GA(ACYAAGAGGGGTGYAYA(YG('GC(GYGMUYGAGCAYGAMTTGCTTGGYACACMGTYCYGMMGAGCT A
TGAATTGCAGACACCTTTTGAAATTAAATTGGCAAAGAAATTTGACACCTTCAATGGGGAATGTCCAAATTTTGTATTTC
CCTTAARTTCCATAKTCAAGACTATTCAACCAACGOTTGAMGAMARAGLTTGATGGCTTTATCGOTGAATTCGATCT
STCTATCCAGT TGCOTCACCAATGAKTGOMACCAMRTGTGCCTTTCAACTCTC
GGCACACGGGCATTTTGTTAMAGCCACTTGCAATTTTGTGGCACTGAGMTTTGACTAMGAAGGTGCCACTA
CTTGTGGTTACTTAC(CCAMA ‘GCTGTTGTTAAAATTTATTGTCCAGCATGTCACAATTCAGAAGTAGGACCTGAGCAT
AGTCTTGCCGAATACCATAATGAATCTGGCTTGAAAACCATTCTTCGTAAGGGTGGTCGCACTATTGCCTTTGGAGGCTG
TGTGTTCTCTTATGTTGGTTGCCATAACAAGTGTGCCTATTGGGTTCCACGTGCTAGCGCTAACATAGGTTGTAACCATA

CAGGVG"GTTGGMMSGTTCCGAAGGYCTYMYGACMCCTTCWWTACYCCMMA MMG"CMCAYCMT
ATTGTTGGTGACTTTAAAC M MMG UT’ATTTT GCATCTI'T'ITCTGCTT(CAUAGYGCWTTE
AACTGTGAAAGGTTT

GGATTAT) GMAAG
CTMAMGTGCCTGEMTAHGGTGMCAGAMTCAATA(TGAGTCHCWATGCAYTT“ATCAGAGGCT GCTCGT
GTTGTACGATCAATTTTCTCCCGCACTCTTGAAACTGCTCAAAATTCTGTGCGTGTTTTACAGAAGGCCGCTATAACAAT
ACTAGATGGAATTTCACAGTATTCACTGAGACTCATTGATGCTATGATGTTCACATCTGATTTGGCTACTAACAATCTAG
WETAATGGCCTACATTACAGGKGTGTTGWCAGWGACT{CGCAGYGG(TAACTMCAY(TT[GGCACTGTTYAYGAA
AAACTCAAACCCGTCCTTGATTGGC TTGAAGAGAAGTTT) \GAGTTTCTTAGAGACGGTTGGGAAATTGT
TMATTTATCTCMC(TGTGCTTGTGAMTTGTCGGTGGACMATTGTCACCTGYGCAAAGGMATTAAGGAGAGTGTVC
AGACATTCTTTAAGCTTGTAAATAAATTTTTGGCTTTGTGTGCTGACTCTATCATTATTGGTGGAGCTAAACTTAAAGCC
TTGAATTTAGGTGAAACATTTGT! (ACGCACTCMAGSGATTGYACAGAMGYGTGWNTCCAGAGMGAMCTGGC"
ACTCATGCCTCTAAAAGCCCCAAAAGAAATT/ TTAGAGGGAGAAACACTTCCCACAGAAGTGTTAACAGAGGAAG
‘ITETCTTWM(YGGTGMTTAWCCATTAGMCAACEYACTAEYGAM;CTGTTGAAGCYC(ATTGGTTGEYACA(CA
GTTTGTATTAACGGGCTTATGTTGCTCGAAATCAAAGACACAGAAAAGTACTGTGCCCTTGCACCTAATATGATGGTAAC
AAACAATACCTT CA(ACTCMMGCGG1GCACCMCAMGGTTACTTTTGGTGAYGACACTGTGAYAGMGYGCMGGW
AC ACTTTTGAACTT( TTAATGAGAAGTGCTCTGCCTATACAGTT
EMCTCGGYACAGMGTMATGAGTI'CGCCTGTGWGTGGCAGATGCTGYCATAMMCTTTG(MC(AETATCTGMTT
ACTTACACCACTGGGCATTGATTTAGATGAGTGGAGTATGGCTACATACTACTTATTTGATGAGTCTGGTGAGTTTAAAT
TGGCTTCACATATGTATTGTTCTTTCTACCCTCCAGATGAGGATGAAGAAGAAGGTGATTGTGAAGAAGAAGAGTTTGAG
CCATCAACTCA; TTACCAAGGTAAACCTTTGGAATTTGGTGCCACTTCTGCTGCTCT
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Align Sequences Before Computing Distance
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TDA Results Were Inconclusive
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Second Question

What do TDA barcode lengths and generators reveal
about the underlying data?
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Simulation Method
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Recombination Cycle and TDA Results
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Explaining the Missing Recombination and Hole
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Ancestor than Its Direct Ancestor

An Aside: How a Recombinant Can Be Genetically Closer to a Common
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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

» Develop Generator Conjecture - Run simulations with

different types of recombinations, metrics, complexes.

» 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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