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Viral Molecular Epidemiology

● We can use properties of the evolution of viruses to study a viral epidemic

○ How did the virus spread across our communities or across the world?

○ What “transmission clusters” exist within our population?

○ How is the virus mutating across the epidemic?

○ What is the molecular mechanism by which the virus invades our cells?

○ Are any of the mutations impacting the infectiousness of the virus?

● How can we translate such questions into formal computational problems?
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                 TACTACTGC           CGATCAGCT CCACATCGT GCTACGATG           TATCGGATC           CGTAGC

CTGATGATG ACTACGCT            TGTATTACG TCAGCTACC CATCGTAGC           AGCAAGCTA           ACCACATCG   X

                         CTAGCTGTA TACGATCAG                     GCATTAGC            CAGCTACCA        X

      ATGGACTAC CTACTACTG            CGATCAGC            GCTACGATG          CTATCGGATCA CTACCAC TCGTAGC



Bioinformatics Algorithms: An Active Learning Approach



SPAdes Assembler

Center for Algorithmic Biotechnology, St Petersburg University | https://cab.spbu.ru/software/spades/
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Assembled Genome
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CTGCAGGCTGCTTACGGTTTCGTCCGTGTTGCAGCCGATCATCAGCACATCTAGGTTTCGTCCGGGTGTGACCGAAAGGTAAGATGGAGAG
CCTTGTCCCTGGTTTCAACGAGAAAACACACGTCCAACTCAGTTTGCCTGTTTTACAGGTTCGCGACGTGCTCGTACGTGGCTTTGGAGAC
TCCGTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGGCACTTGTGGCTTAGTAGAAGTTGAAAAAGGCGTTTTGCCTCAAC
TTGAACAGCCCTATGTGTTCATCAAACGTTCGGATGCTCGAACTGCACCTCATGGTCATGTTATGGTTGAGCTGGTAGCAGAACTCGAAGG
CATTCAGTACGGTCGTAGTGGTGAGACACTTGGTGTCCTTGTCCCTCATGTGGGCGAAATACCAGTGGCTTACCGCAAGGTTCTTCTTCGT
AAGAACGGTAATAAAGGAGCTGGTGGCCATAGTTACGGCGCCGATCTAAAGTCATTTGACTTAGGCGACGAGCTTGGCACTGATCCTTATG
AAGATTTTCAAGAAAACTGGAACACTAAACATAGCAGTGGTGTTACCCGTGAACTCATGCGTGAGCTTAACGGAGGGGCATACACTCGCTA
TGTCGATAACAACTTCTGTGGCCCTGATGGCTACCCTCTTGAGTGCATTAAAGACCTTCTAGCACGTGCTGGTAAAGCTTCATGCACTTTG
TCCGAACAACTGGACTTTATTGACACTAAGAGGGGTGTATACTGCTGCCGTGAACATGAGCATGAAATTGCTTGGTACACGGAACGTTCTG
AAAAGAGCTATGAATTGCAGACACCTTTTGAAATTAAATTGGCAAAGAAATTTGACACCTTCAATGGGGAATGTCCAAATTTTGTATTTCC
CTTAAATTCCATAATCAAGACTATTCAACCAAGGGTTGAAAAGAAAAAGCTTGATGGCTTTATGGGTAGAATTCGATCTGTCTATCCAGTT
GCGTCACCAAATGAATGCAACCAAATGTGCCTTTCAACTCTCATGAAGTGTGATCATTGTGGTGAAACTTCATGGCAGACGGGCGATTTTG
TTAAAGCCACTTGCGAATTTTGTGGCACTGAGAATTTGACTAAAGAAGGTGCCACTACTTGTGGTTACTTACCCCAAAATGCTGTTGTTAA
AATTTATTGTCCAGCATGTCACAATTCAGAAGTAGGACCTGAGCATAGTCTTGCCGAATACCATAATGAATCTGGCTTGAAAACCATTCTT
CGTAAGGGTGGTCGCACTATTGCCTTTGGAGGCTGTGTGTTCTCTTATGTTGGTTGCCATAACAAGTGTGCCTATTGGGTTCCACGTGCTA
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TCCGTGGAGGAGGTCTTATCAGAGGCACGTCAACATCTTAAAGATGGCACTTGTGGCTTAGTAGAAGTTGAAAAAGGCGTTTTGCCTCAAC
TTGAACAGCCCTATGTGTTCATCAAACGTTCGGATGCTCGAACTGCACCTCATGGTCATGTTATGGTTGAGCTGGTAGCAGAACTCGAAGG
CATTCAGTACGGTCGTAGTGGTGAGACACTTGGTGTCCTTGTCCCTCATGTGGGCGAAATACCAGTGGCTTACCGCAAGGTTCTTCTTCGT
AAGAACGGTAATAAAGGAGCTGGTGGCCATAGTTACGGCGCCGATCTAAAGTCATTTGACTTAGGCGACGAGCTTGGCACTGATCCTTATG
AAGATTTTCAAGAAAACTGGAACACTAAACATAGCAGTGGTGTTACCCGTGAACTCATGCGTGAGCTTAACGGAGGGGCATACACTCGCTA
TGTCGATAACAACTTCTGTGGCCCTGATGGCTACCCTCTTGAGTGCATTAAAGACCTTCTAGCACGTGCTGGTAAAGCTTCATGCACTTTG
TCCGAACAACTGGACTTTATTGACACTAAGAGGGGTGTATACTGCTGCCGTGAACATGAGCATGAAATTGCTTGGTACACGGAACGTTCTG
AAAAGAGCTATGAATTGCAGACACCTTTTGAAATTAAATTGGCAAAGAAATTTGACACCTTCAATGGGGAATGTCCAAATTTTGTATTTCC
CTTAAATTCCATAATCAAGACTATTCAACCAAGGGTTGAAAAGAAAAAGCTTGATGGCTTTATGGGTAGAATTCGATCTGTCTATCCAGTT
GCGTCACCAAATGAATGCAACCAAATGTGCCTTTCAACTCTCATGAAGTGTGATCATTGTGGTGAAACTTCATGGCAGACGGGCGATTTTG
TTAAAGCCACTTGCGAATTTTGTGGCACTGAGAATTTGACTAAAGAAGGTGCCACTACTTGTGGTTACTTACCCCAAAATGCTGTTGTTAA
AATTTATTGTCCAGCATGTCACAATTCAGAAGTAGGACCTGAGCATAGTCTTGCCGAATACCATAATGAATCTGGCTTGAAAACCATTCTT
CGTAAGGGTGGTCGCACTATTGCCTTTGGAGGCTGTGTGTTCTCTTATGTTGGTTGCCATAACAAGTGTGCCTATTGGGTTCCACGTGCTA
GCGCTAACATAGGTTGTAACCATACAGGTGTTGTTGGAGAAGGTTCCGAAGGTCTTAATGACAACCTTCTTGAAATACTCCAAAAAGA...



Galaxy Training Network

Prokka: Gene Prediction and Functional Annotation  
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The SARS-CoV-2 Reference Genome
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● In de novo assembly, we inferred relationships between reads from overlaps

● In other words, we compare reads against each other

● What if we instead compare reads against the reference genome?
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Multiple Sequence Alignment

● We want to align n genome sequences, each with length k

○ COVID-19: k = 29,000 and n > 3 million

● Finding an alignment guaranteed to be optimal has time complexity O(kn)

○ Assuming each operation takes 1 ns, that’s longer than the existence of the universe

● Heuristics exist that give approximate alignments much faster

○ Not guaranteed to be optimal, but have pretty good accuracy





Align-to-Reference Approach
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Dating a Phylogeny

● When we infer a phylogeny, branch lengths are in unit of number of mutations

○ “How many mutations occurred from parent to child?”

● It would be more useful if branch lengths were in unit of time

○ “How much time has passed from parent to child?

● We can infer a mutation phylogeny using just sequences

● With time information (e.g. sample collection dates), we can scale branches

○ We can estimate mutation rates (# mutations per time) and scale the branches accordingly
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● One of the more popular tools is TreeTime

○ https://github.com/neherlab/treetime

○ Bonus: It can also do Ancestral State Reconstruction!

● Another popular tool is LSD2

○ https://github.com/tothuhien/lsd2

● Less popular but of interest is LogDate

○ https://github.com/uym2/LogDate

https://github.com/neherlab/treetime
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● Molecular Cluster: Group of persons linked by molecular (e.g. sequence) data

● A molecular cluster is a subset of a transmission cluster

○ Not every infected person gets their molecular data collected (e.g. sequencing)

○ A molecular cluster only consists of persons in a transmission cluster who got sequenced

● We need to be conscious of people missing from a molecular cluster

○ Diagnosed but not sequenced (in transmission cluster, but not molecular cluster)

○ Not diagnosed (in risk network, but not transmission cluster)
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Molecular Clustering from Sequences

● Imagine I collect a viral sequence from person x and person y

○ x and y were infected by the same person → d(x,y) will be extremely small

○ x and y were not infected by the same person, but same group → d(x,y) will be pretty small

○ x and y were infected from completely unrelated sources → d(x,y) wil be large

● Idea: We can “link” x and y if d(x,y) is very small

○ For all pairs of individuals, “link” them if their pairwise sequence distance is small

○ Each resulting chain of links defines a molecular cluster
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Molecular Clustering from a Phylogeny

● The viral phylogeny is heavily constrained by the transmission network

○ x and y were infected by the same person → x and y will be very close in the phylogeny

○ x and y were not infected by the same person, but same group → x and y will be pretty close

○ x and y were infected from completely unrelated sources → x and y will be far apart

● Idea: We can define clusters using relationships within the phylogeny

○ There are quite a few ways to define “clusters” given a phylogeny

○ Subtree with maximum pairwise distance below some threshold? Cutting the tree in some way?

○ Single-linkage like in HIV-TRACE (but using pairwise distances from the tree)?
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Questions?


