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Covid-19 pandemic

- Last 3 months of
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SARS-CoV-2 genome sequences
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e ~30,000 nucleoftides
o AT C,G,N,D
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SARS-CoV-2 genome sequences
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e ~30,000 nucleoftides
o AT C,G,N,D
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SARS-CoV-2 genome sequences

e ~30,000 nucleotides
@) A/ T: C: G/ N: D Original sequence
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Lineage classification
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e Phylogenetic Assignment of
Named Global Outbreak
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Lineage classification
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Lineage classification
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Named Global Outbreak

e 3,053 lineages

e Automated lineage assignment
through pangolin

\ Image: cov-lineages.org

%&2{3,5}53{}335 Background Methods Results Discussion




Lineage classification

4 ) o

,,,,,,,,, . | 520 |

e Phylogenetic Assignment of E Mwn

Named Global Outbreak o Sé‘fié

e 3,053 lineages | ootes ’ el
1
|

e Automated lineage assignment ey

through pangolin wn i [ s '
e Lineages are based on small, e e

hand-curated sets of mutations

Image adapted from: Bhadane, R. and Salo-Ahen, O.M.H. 2022.

High-Throughput Molecular Dynamics-Based Alchemical Free Energy

Calculations for Predicting the Binding Free Energy Change Associated with

\ / the Selected Omicron Mutations in the Spike Receptor-Binding Domain of
SARS-CoV-2. Biomedicines. MDPI AG.

%gﬁﬁﬁgﬁg Background Methods Results Discussion




Lineage classification

4 N

e Phylogenetic Assignment of z_’ Mw

Named Global OQutbreak L o Sé‘fié
[ } 3,053 “ne(]ges e I;[m - » i__é%j_g,j D614G

1
)
: . PR ) TR T T ST FRNTNNINENENRNINE |19 )
e Automated lineage assignment : ; rrre ®
. : 0, 0
B.1.1.7 (a)
through pangolin e ———n usz 1P A G0 oy T quen
| 484K ! Delie K417T T478K BA1 | S373P G4465 QM93R YSOSH
N501Y & | E484K ! i D614G ;- S37SE SA7IN GA96S D64G |
. _D614G EagaK N501Yi """"" ’ BAz'f G339D T376A N440K Q493R
e Lineages are based on small, st oot
. ' S375F KA417N EA484A YSO0SH
hand-curated sets of mutations
oAAEBAS | L .

L N eed a dOTO—d rnven , Image adapted from: Bhadane, R. and Salo-Ahen, O.M.H. 2022.
High-Throughput Molecular Dynamics-Based Alchemical Free Energy
Wh Ole‘g enome m Od el Calculations for Predicting the Binding Free Energy Change Associated with
\ / the Selected Omicron Mutations in the Spike Receptor-Binding Domain of
SARS-CoV-2. Biomedicines. MDPI AG.

%gﬁﬁﬁgﬁg Background Methods Results Discussion




Overview: data-driven strains
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Overview: data-driven strains

Millions of genomes
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Data pre-processing

/

e Challenges
o Low-quality sequences

o

~

J

;!QOAK RIDGE

National Laboratory

Background

Methods

Number of sequences (log)

Distribution of deletions (Ds)

108

0 5000 10000 15000 20000 25000 30000 bp
I T S (O R TR N [ N S LAY RN N N N NN N N YO T TN 1 | I T T

L
E ORF6
ORF1b ORF3 | | ORF7
N B
s 18]
M
[ [ORF8

x-axis: SARS-CoV-2 genome

Genome adapted from novusbio.com

Results Discussion




Data pre-processing

/

e Challenges
o Low-quality sequences
o Sequencing error

o

~

J

;!QOAK RIDGE

National Laboratory

Background

Methods

Number of sequences (log)

Distribution of Ns

106

0 5000 10000 15000 20000 25000
VI [ S Y I N M N T Y N YO N (AN 1 | PR

30000 bp
S T SN T S SR S -

L
E ORF6
ORF1b ORF3 | | ORF7
e B
ORF1a R —— s
| I,
[ [ORF8

x-axis: SARS-CoV-2 genome

Genome adapted from novusbio.com

Results Discussion




Data pre-processing

/

e Challenges
o Low-quality sequences
o Sequencing error
o Incomplete metadata

o

~

Number of sequences (log)

J

%OAK RIDGE

National Laboratory

Background

Methods

Distribution of Ns

106

25000

10000
FI S N T | P

15000
FERR M . |

20000
I R S TS

30000 bp
FE——

-
E ORF6
ORF3 | | ORF7

s HH

ORF1b
ORF1a

| I , =

[ [ORF8

x-axis: SARS-CoV-2 genome

Genome adapted from novusbio.com

Results Discussion




Data pre-processing
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Data pre-processing
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SARS-CoV-2 genome vector binarization
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Duo similarity metric
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Duo similarity metric
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CoMet: Network generation

- N e

g30
(o]
- . . i 25

e /.7 million binarized vectors 2,

e Vectors each 107,000 bits 5 i,
o)
Q0

e 2.98x 10" vector comparisons 5% B

0.0 0.965 0.975 0.985

Duo score

o

%NOAK RIDGE

ional Laboratory

Background Methods Results Discussion




CoMet: Network generation
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CoMet: Network generation
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CoMet
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e Deployed on various HPC systems
o Summit (#5 TOPSQO list)
o Frontier (#1 TOP500 list)
o JUWELS Booster
o Perlmutter

e Awarded Gordon Bellin 2018
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CoMet
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e Deployed on various HPC systems
o Summit (#5 TOPSQO list)
o Frontier (#1 TOP500 list)
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Markov clustering with HipMCL’
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e Unsupervised algorithm

Image: micans.org/mcl

\ / * Azad, A. et al. 2018. HipMCL: a high-performance parallel
implementation of the Markov clustering algorithm for large-scale
networks. Nucleic Acids Research. Oxford University Press (OUP).
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Markov clustering with HipMCL
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Unsupervised algorithm

Random walk
o expansion (flow spreads)
o inflafion (flow recedes)
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Markov clustering with HipMCL

4 e Unsupervised algorithm )
e Random walk
o expansion (flow spreads)
o inflafion (flow recedes)
e Network -> clusters
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Markov clustering with HipMCL
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e Unsupervised algorithm

e Random walk
o expansion (flow spreads)
o inflafion (flow recedes)

e Network -> clusters

e 22,000 SARS-CoV-2 strains
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Markov clustering with HipMCL

4 )

e Unsupervised algorithm

e Random walk
o expansion (flow spreads)
o inflafion (flow recedes)

e Network -> clusters

e 22,000 SARS-CoV-2 strains

e Cluster number driven by
graph topology

Images: github.com/GuyAllard/markov_clustering
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Our SARS-CoV-2 strains and WHO variants
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Our SARS-CoV-2 strains and WHO variants
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Our SARS-CoV-2 strains and WHO variants
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Our SARS-CoV-2 strains and WHO variants
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Geospatial asynchronicity - Alpha
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Geospatial asynchronicity - Delta
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Geospatial asynchronicity - Omicron
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Geospatial asynchronicity - early pandemic
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e Early pandemic view on
Frontier

e 10 largest clusters (dominant
strains with most samples)

e Shared couniry borders,
different strains
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Summary
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All-against-all, whole-genome
vector comparison

> 22,000 SARS-CoV-2 strains

Geospatial and temporal
trajectories for each strain

Spatially asynchronicity of
dominant strains

Possibly different pattern of
epidemiological risk
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Future work
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County or city geo-resolution
Triplets of vectors (3-way)
Assimilation of new samples

Recombination analyses
o Phylogenetic trees
exclude recombination

Relationship to other variables
o Environmental
o Demographic
o Mortality rate

Cumulative sequences
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Markov clustering with HipMCL
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e Unsupervised algorithm

Low inflation

e Random walk
o expansion (flow spreads)
o inflafion (flow recedes)

e Neftwork -> clusters

e 22,000 SARS-CoV-2 strains

e Cluster number affected by High inflation
o graph topology
o inflation value

- J

Images: github.com/GuyAllard/markov_clustering

%NOAK RIDGE

ional Laboratory

Background Methods Results Discussion




