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Collaborative work



Bioinformatics and Data Science

• Bioinformatics tools and pipelines for the 
analysis of microbial genome datasets.

• Phylogenomics and comparative genomics of 
microbial pathogens.

• Microbiome studies (human and environmental)



SARS-CoV-2



Opportunities for phylogenomics analysis of 
SARS-CoV-2 in Chile

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

o World: 12,643,193 genomes
o South America: 407,407genomes
o Chile: 45,000 genomes



Phylogenomics of SARS-CoV-2 in Chile

Ignacio Ramos





Full South America phylogenomic tree



SARS-CoV-2 phylogenetic distances between 
countries

Phylosor 
Analysis (Beta-
diversity 
analysis)

Code soon available in 



SARS-CoV-2 phylogenetic distances between 
countries

Phylosor Analysis 
(Beta-diversity 
analysis)



Spatial phylodynamics 
of BA.4 subvariant

o 1,045 genomes of the BA.4 

subvariant

o Reconstruction with BEAST, HYK 

model

o 1 million iterations, with 

sampling every 10,000 

generations






Air travel to Chile



Next steps

o Modelling at the South 

America level using air 

travel information

o Modelling within Chile, 

using cell phone data 

(collaboration with Leo 

Ferres, Data Science 

Institute, UDD)



Microbial Genomics



Development and applications of tools for 
microbial genomics

https://github.com/gene2dis/mgap

• Support for ONT and 
Illumina

• Support for contig 
annotation

• Upcoming updates!



Streptococcus pyogenes

• More than 275 emm types, based on the gene coding 
for the M protein.

• There is an association between human development 
index (HDI) and strain diversity.

• emm1 is the most frequent in invasive infections 
in high-income countries, and is considered 
highly virulent.

• For example, in countries such as China, Hong 
Kong, UK, emm12 and emm1 are the most common 
causes of scarlet fever.









Streptococ
cus 
pyogenes
genomics 
in Chile

• Generated 32 sequences 
from chilean isolates, 
from one medical 
center

• Combined with 7 
isolates from PUC 
(thanks to Dr. Aniela 
Wozniak!)

Nicolas Canales





Metagenomics and 
antibiotic resistance



Gut microbiome and antimicrobial resistant 
microorganisms

V1

V2

V3

V4

V5

V6

V7

V8

V9

V1
0

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

• All individuals were hospitalized, and samples were 
collected every 7 days.

• For each available sample, cultures were performed
to evaluate for Gram-negative bacilli resistant to 
ceftazidime and ciprofloxacine 

Rafael 
Araos



Samples for most patients until the third 
visit

Cas3: Colonized individual
Control: No colonization



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



Metagenomic 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



Bioinformatic workflow for metagenomic 
analysis

• Reproducible and portable 
pipeline for metagenomic 
analysis (with an emphasis on 
AMR analysis).

• https://github.com/gene2dis/b
ugbuster

Fuentes et al. bioRxiv 
2025.02.24.639915



Example: One subject with multiple visits

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



At the phylum level, the community appears to 
be more stable from the sixth visit



At the species level, we noticed a particular 
species dominated on V3



Mycobacterium tuberculosis was the most 
abundant species in V3



Relative abundance and diversity of 
antimicrobial resitance categories changes 
across visits



Beta-lactamase are more abundant from 
visit 5



Using metagenomics we detect the same species 
that were found in cultures



From a single individual, across multiple 
visits, we were able to generate 103 
metagenome-assembled genomes (MAGs)



Next steps

• Full characterization of the dataset
• Changes in species populations over 
time

• Reconstruction of mobile elements
• Comparison of MAGs with isolate 
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