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Bacterial pandemics in history

Mycobacterium tuberculosis: infected and killed human 9,000 

years ago

- Remains a global threat, with an estimated 16-33 million cases and 

200,000 deaths annually

Yersinia pestis:

- Plague of Justinian 6th century: killed half of European 

population

- Black Death (14th century): reduced world population by a third

Salmonella enterica aka typhus:

- Plague of Athens, killing is 1/4 army, led to the collapse of the 

first democratic society

- Together with smallpox and measles, wiped 90% of American 

native population in 16th century



The Antibiotic: A Turning Point in History

● Antibiotic was discovered in 1930s-1940s

○ Nobel prize to Flemming, Florey and Chain saves more 

lives than all others combined.

● Increased life expectancy significantly, eg. 48 to 79 years in 

US

● 1950s and 1960s are the golden age of antibiotics discovery, 

but no new classes since 1970s



Antibiotics resistance

Source

A need of powerful tools to 

fight against antimicrobial 

resistance (AMR)

leads to a minimum of 700,000 deaths each year!

https://www.consilium.europa.eu/en/infographics/antimicrobial-resistance/


Antibiotics resistance prediction

Computational method:  Use genomic infoExperiment method: MIC test

Pros: Fast, effective

Cons: Need of training data
Pros: Accurate

Cons: slow and expensive

● Problem: Predict whether a bacterial strain will exhibit resistance or 

susceptibility to specific antibiotics.

● Crucial in healthcare and microbiology as it aids in determining appropriate 

treatment strategies for bacterial infections. 

● Predictive models for antibiotic resistance utilize various features, such as 

phenotypic data, genomic information, and environmental factors.



DNA Sequencing

Is the process of determining the order of nucleotides in 

DNA

ATAAATTCCCCCAAGGATTTTGGGGGGGGGAAAATTTTCCCCCG...



A brief history of DNA sequencing

Source

● Robert Holley, an American biochemist, sequenced

the first tRNA in 1965, for which he was awarded

the Nobel Prize in 1986.

● In the 1970s, Fredrick Sanger and his collaborators

were working on an alternative DNA sequencing

method. The “chain termination method,” developed

in 1977, uses radio labeled and partially digested

oligonucleotides to analyze pieces of the molecule.

● Later known as the Sanger method, it was widely

used throughout the 2000s and earned Sanger a

Nobel Prize in 1980.

http://source


A brief history of DNA sequencing



A brief history of DNA sequencing

Next-Gen-Seq



Next Generation Sequencing



Next Generation Sequencing



Next Generation Sequencing



Next Generation Sequencing



Next Generation Sequencing

Limitations of using a single reference genome.

- The bacterial genomes are quite dissimilar, compared to human genome.

- Different bacterial strains can have unique genes and mutations not present in the reference 

genome, affecting accuracy in identifying pathogenicity, resistance, and other traits.



Pangenome: graph reference



Pasa (Pangenome-based Scaffolding)

Next-Gen-Seq

SPADES

Our goal: Reconstruct bacterial genomes from short DNA segments

(produced by NGS) using the bacterial pangenome graph.



Next-Gen-Seq

SPADES

Pasa (Pangenome-based Scaffolding)

1. Build a pangenome graph 

from reference genomes



1. Build a pangenome graph 

from reference genomes.

Next-Gen-Seq

SPADES

Pasa (Pangenome-based Scaffolding)

2. Alignment



1. Build a pangenome graph 

from reference genomes.

Next-Gen-Seq

SPADES

3. Estimate contig 

adjacency using 

matching scores

Pasa (Pangenome-based Scaffolding)

2. Alignment

1.0

“The matching score measures the likelihood 
of two contigs being adjacent”

0.20.8



1. Build a pangenome graph 

from reference genomes.

Next-Gen-Seq

SPADES

2. Alignment

3. Estimate contig 

adjacency using 

matching scores

4. Solve the constrained 

maximum matching problem

Pasa (Pangenome-based Scaffolding)

1.0

0.20.8



Van Hoan Do, et al., Pasa: leveraging population pangenome graph to scaffold prokaryote genome 

assemblies, Nucleic Acids Research, 2024.

Pasa (Pangenome-based Scaffolding)



Pasa vs competing methods

Van Hoan Do, et al., Pasa: leveraging population pangenome graph to scaffold prokaryote genome 

assemblies, Nucleic Acids Research, 2024.



Genomics is the biggest data source!



AI

Supervised 

learning

(Labeling things)

Generative AI

Unsupervised 

learning

Reinforcement 

Learning

Data driven research tools
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Antibiotic resistance

Genetic diseases (cancer)

Plasmids detection 

Antibiotic resistance prognosis

Machine Learning 

(supervised learning)



Antibiotic resistance prognosis

Van Hoan Do, et al., PanKA: Leveraging population pangenome to predict antibiotic 

resistance, iScience, 2024.



Discover resistance mechanisms



Outlooks

Building “Google Maps” for the human body Building “ChatGPT”: language of molecular biology



Thank you for your attention!
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Tools (Python):

https://github.com/amromics/pasa

https://github.com/amromics/panka


