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I Bioinformatics and Data Science

*Bioinformatics tools and pipelines for the
analysis of microblal genome datasets.

* Phylogenomics and comparative genomics of
microbial pathogens.

e Microbiome studilies (human and environmental)
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SARS-CoV-2



o World: 12,643,193 genomes cue
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o South America: 407,407genomes - f%

aaaaaaa

o Chile: 45,000 genomes . i

Shu, Y., & McCauley, J.(2017). https://doi.org/10.2807/1560-7917



I Phylogenomics of SARS-CoV-2 1n Chile

Variant
Alf: B.1.110
Delt BF.31
Gamm BF.31.1
aaaaaa cn
M C.26
Omicron c.28
AZ EF.1.1
B.A1 FL.2
N.4
B.1.1.1 N.6
B.1.1.33 XBB.2#6
B.1.1.348 Other variants
B.1.1.416

Year of Collection
2020

2021

2022

2023

Tgnacio Ramo



Genomic surveillance reveals dynamic shifts in the Highlights
connectivity of COVID-19 epidemics o . .
e Phylogenetic similarity of virus populations suggests

Graphical abstract Authors connectivity between locations
Nathaniel L. Matteson, Gabriel W. Hassler,
Genomic data Mobility data Epidemiological data Ezra Kurzban, ..., e COVID-19 mandates contained the spread of SARS-CoV-2in
Abraham Campos-Romero, Shirlee Wohl, the US

Mark Zeller

The lifting of mandates enabled SARS-CoV-2 to spread

Correspondence .
further as travel increased

natem@scripps.edu (N.L.M.),

L | andersen@scripps.edu (K.G.A.),
\ zellerm@scripps.edu (M.Z.) e Border closures to non-essential travel minimally impacted

During local restrictions Without local restrictions
cross-border transmission

COVID-19 Cases
([}

In brief
"{ Genomic surveillance, paired with
mobility and epidemiological data,

Ql‘ quantifies the impact of local and
international travel restrictions on SARS-
CoV-2 transmission. Both phylogenetic
R International travel restriction and mobility analyses indicate that
- ) collaborative interventions are more
e effective than targeted border closures at
> 7 reducing the transmission of SARS-CoV-

2 between highly connected locations.

COVID-19 Cases

ANDERSEN!|ab

The Scripps Research Institute




EPI_ISL_3358638
: g0 5L 11415700
51

EP_KSL_13163623

EPLISL_16385402

G7ERLBA_ 15944250

6454425

12178057

BESENSIED

247 Ba0 2431852

30.0

EPI_ISL_15274603

BEOOKE TSENC 453

PEE2485

PSS OTEAEIA L



SARS-CoV-2 phylogenetic distances between

countries .

CCCCC

patterns of bacterial and plant diversity

Jessica A. Bryant* T, Christine Lamannat, Héléne Moron*, Andrew J. KerkhoffS, Brian J Enquist™¥, and Jessica L Green* T

*Center for Eology and Evolutionary Biology, University of Oregon, Fugene, OR 97403; "Department of Foology and Erolutionary Biology,
Universty of Arizona, Tucson, A7 85721; $Departmentsof Hiology and Mathematics Kenyon College, Gambier, OH 43022, ¥5anta Fe Institute, Santa Fe, NM

87501: and Center for Applied Biodiversty. Sdence Conservation Intemational. Arlinaton. VA 22202 I
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Scale

Phylosor Analysis
(Beta-diversity
analysis)
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Spatial phylodynamics
of BA.4 subvariant

o 1,045 genomes of the BA.4

subvariant

o Reconstruction with BEAST, HYK

mode 1l

© 1 million 1terations, with
sampling every 10,000

generations







Top 10 Origins with the Highest Total Passengers to Chile Over Time

Air travel to Chi ™ ,

Origin

100000 ~o~ ARGENTINA
BRAZIL
COLOMBIA
FRANCE
MEXICO
PANAMA
PERU
SPAIN
URUGUAY
USA

Total Passengers

50000

EES S F 5 38

2020 2021 2022 2023 2024



scientific data

NexXt steps e T
A dataset to assess mobility

DATA DESCRIPTOR changes in Chile foIIowing local

| quarantines
o0 Modelling at the South

Luca Pappalardo®?, Giuliano Cornacchia?, Victor Navarro(®?3, Loreto Bravo®*
& Leo Ferres(®345™

America level using air

Download

° —--- g j
and Upload User's trajectory

travel 1nformation

T,=<BBBAAEEEEDDD>

o Modelling within Chile, Vi
. ,',.»-a_: '._.'.E"’, . .
using cell phone data SN L
"E'"' |n:er-c:::na

(collaboration with Leo
Ferres, Data Scilence

Institute, UDD)



Microbial Genomics
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* More than 275 emm types, based on the gene coding
for the M protein.

* There 1s an association between human development
index (HDI) and strain diversity.

*emml 1s the most frequent 1n invasive 1nfections
in high-income countries, and 1s considered
highly virulent.

* F'or example, 1n countries such as China, Hong
Kong, UK, emmlZ? and emml are the most common
causes of scarlet fever.



Emergence of dominant toxigenic M1T1
Streptococcus pyogenes clone during increased scarlet fever
activity in England: a population-based molecular

epidemiological study

Nicola N Lynskey*, Elita Jauneikaite*, Ho Kwong Li, Xiangyun Zhi, Claire E Turner, Mia Mosavie, Max Pearson, Masanori Asai, Ludmila Lobkowicz,
J Yimmy Chow, Julian Parkhill, Theresa Lamagni, Victoria | Chalker, Shiranee Sriskandan

Summary
Background Since 2014, England has seen increased scarlet fever activity unprecedented in modern times.

In 2016, England’s scarlet fever seasonal rise coincided with an unexpected elevation in invasive Streptococcus pyogenes
infections. We describe the molecular epidemiological investigation of these events.

Interpretation A dominant new emml1 S pyogenes lineage characterised by increased SpeA production has emerged
during increased S pyogenes activity in England. The expanded reservoir of M1, and recognised invasive potential of
emml S pyogenes provide plausible explanation for the increased incidence of invasive disease, and rationale for

global surveillance.



Article https://doi.org/10.1038/s41467-024-47929

Rapld expansion and international spread of
M1y in the post-pandemic UK upsurge of

Streptococcus pyogenes
eeeeeee d: 12 January 2024 Ana v 3, Yu w @ 4, Yan Ry 5, Ho Kwo gL@ Rb ca L. Guy?,
- Mari Pp gl , Kristin K. Hus LyCR Vl wcs@
coepted: 15 April 2024 Roger Dani l Ales d Har ly Karen Bro gh S, Chen h th m
Mark Gan| M| e A. Gan Zy melnMymR
Emma Rul db g Rf Mmmd S, Ewuraben AMll , Vin oSgro‘
Kai Yi Mok', Xavi Ddl@NhlaJc ucher®7:8 ElJ cikaite @37

Theresa Lamagni®#, Colin S. Brown ® 34, Juliana Co lh@ &
Shiranee Sriskandan ® %3
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N° de cepas

Figura 1. NUumero de cepas confirmadas de S. pyogenes, segun afo.
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tagenomics and

tibi1otic resistance



Gut microbiome and antimicrobial resistant
mlCcroorganilisms

* Colonization study: 798 samples from rectal swabs,
from 272 individuals.

*All i1individuals were hospitalized, and samples were
collected every 7 days.

* F'or each available sample, cultures were performed
to evaluate for Gram—-negative bacilli resistant to
ceftazidime and ciprofloxacine

vl V3 “vs5 V7 T v9

N oo



Samples for most patients until the third
vislt

Cases and controls

\ Cas3: Colonized individual
Control: No colonization
200 \

3 N

£ A\

& A\

ki |

g

€ 100+

Z

V1 V2 V3 V4 V5 V6 V7 V8 VO V10

Type of sample [ Case ] Control [_] Dropout



The majority of the colonization was found
during the second and third visit

Acquisition of resistant bacteria in cases

100+

(&)
o

Number of samples

[[] Carbapenem-resistant bacteria ] None

Acquire [ Extended-spectrum cephalosporin-resistant bacteria [] Dropout
. Extended-spectrum cephalosporin-resistant and carbapenem-resistant bacteria



I Metagenomlic sequencing

DNA extraction from 798 cards

Shotgun metagenomic sequencing. 40 million PE reads
(2x150) . ~9 Gb per sample.

Total number of reads: 97,433 millions of reads
Total size of the dataset: 14.7 Tb
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READ PROCESSING

TAXONOMIC PROFILING IN READS

RESISTANCE GENE
PREDICTION IN READS

:
KARGA &
— e
. :E' e @—L MEGAres ARG & ARGV
= rediction
* Reproducible and portable = o s> B || '
_ PR PhiX genomes filtering /
- A

pipeline for metagenomic 1 l
analysis (with an emphasis on SR Ctoan ronds P

ANNOTATION IN CONTIGS PREDICTION IN CONTIGS

AMR analysis). i

BLAST NT database
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HPHCHAOSL0834

Example: One subject with multiple visits

V4 V5 V8 VO
Visita

Adquiere | | EscrE ] Escre-CRE ] NA

ESCrE = Extended-spectrum cephalosporin-resistant bacteria
ESCrE-CRE = Extended-spectrum cephalosporin-resistant and carbapenem-resistant bacteria



At the phylum level,
be more stable from the sixth visit

V14

V21

the community appears to

Phylum

Bacteroidota

Firmicutes_A

Firmicutes

V31

Proteobacteria

Actinobacteriota

Va4

Methanobacteriota

Firmicutes_C

V5;

Verrucomicrobiota

Campylobacterota

V61

V71

V8;

V91

Firmicutes_G

Other

0%

25%

50%
Relative abundance

75%

100%



At the species level,
specles dominated on V3

we noticed a particular

===

0%

25%

50%
Relative abundance

75%

1

o

Species

0%

Bacteroides ovatus
Phocaeicola dorei
Bacteroides thetaiotaomicron
Bacteroides cellulosilyticus
Parabacteroides distasonis
Parabacteroides merdae
Bacteroides uniformis
Enterocloster bolteae
Enterococcus_B faecium
Clostridium_AQ innocuum

Other



Mycobacterium tuberculosis was the most
abundant species 1n V3

65% -
60%
55%-
_50%-

nce (%
H H
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X X

Relative Abunda

15% A
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Visit

V6
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Species

B Enterobacter hormaechei_A

] Enterobacter kobei

B Enterobacter ludwigii

[ ] Escherichia coli

] Mycobacterium tuberculosis

= Pseudomonas aeruginosa
Staphylococcus aureus



Relative abundance and diversity of
antimicroblal resitance categories changes
across visits

Total ARG found

100%
90% 1
80% Drug_resistance
Aminoglycosides
Bacitracin
o/ |
70% Betalactams
Biocide resistance
O —~ Lo - . .
8 T 60%: Cationic gntlmlcroblal peptides
G O Fluoroquinolones
'g o Glycopeptides
S5 Q& 509 Lipopeptides
2 3 Metal resistance
<o MLS
o 8 40% Multi compound resistance
=~ Multidrug
Nucleosides
30% 1 Phenicol
Sulfonamides
Tetracyclines
20% 1 Trimethoprim
10%
0%

V1 V2 V6 V7

Visit



Beta-lactamase are more abundant from
visit 5

pbp2 1 0
oxa 0
OmMpA - 0
cix 1 0
cblA- 0
blalA 0
blaEC - 0
act- 0
V1 V2 V3

sample



Using metagenomics we detect the same species
that were found 1n cultures

Enterobacter cloacae (complex)

Metagenomics reads-

Escherichia coli

Metagenomics bins-

Culture -

V1

V2

V3 V4 V5 V6 V7

V8 V9 V1 V2 V3 V4 V5 VB V7 V8 V9

Visita

D Absent - Present



Completeness

From a single i1ndividual,
visits,
metagenome—-assembled genomes

across multiple
we were able to generate 103

(MAGS)
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I Next steps

Cases and controls

200+

N

\
N

\\c

\~

N\

\
N0 “
N

Number of samples

Type of sample [l Case [l Control [_] Dropout

* Tull characterization of the dataset

* Changes 1n speciles populations over
time

* Reconstruction of mobile elements

e "N"mnrnariaoenn NAf MACae with 1ol atoe
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