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Let’s start with Wikipedia

In 1885, the German-Austrian pediatrician Theodor Escherich 
discovered this organism in the feces of healthy individuals. He called it 
Bacterium coli commune because it is found in the colon. Later the 
organism was reclassified in the newly created genus Escherichia, 
named after its original discoverer.

https://en.wikipedia.org/wiki/Theodor_Escherich
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Let’s start with Wikipedia

1996 E. coli food poisoning occurred in Wishaw, Scotland, killing 21 people

In 1885, the German-Austrian pediatrician Theodor Escherich 
discovered this organism in the feces of healthy individuals. He called it 
Bacterium coli commune because it is found in the colon. Later the 
organism was reclassified in the newly created genus Escherichia, 
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Let’s start with Wikipedia

In 1885, the German-Austrian pediatrician Theodor Escherich 
discovered this organism in the feces of healthy individuals. He called it 
Bacterium coli commune because it is found in the colon. Later the 
organism was reclassified in the newly created genus Escherichia, 
named after its original discoverer ...

2011 Germany, Ecoli outbreak linked to organic fenugreek sprouts, killed 53 people.

https://en.wikipedia.org/wiki/Theodor_Escherich
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How bacteria evolve

Central dogma of molecular biology
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How bacteria evolve

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4536854/

1) Bacteria take up DNA from their 
environment

2) Bacteria directly transfer genes to another 
cell

3) Bacteriophages move genes from one cell 
to another
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What makes Ecoli pathogenic

Variations in gene content
Venn diagram for 3 E.coli
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What makes Ecoli pathogenic

Variations in gene content
Venn diagram for 3 E.coli

Pan-genome approach

the entire set of genes from all strains within a clade
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What makes Ecoli pathogenic

Pathotypes:

enteropathogenic (EPEC) - Attaching and effacing lesions on intestinal epithelial cells
enterotoxigenic (ETEC) - Heat-stable and heat-labile enterotoxins
enteroinvasive (EIEC) - Colonocyte invasion
enteroaggregative (EAEC) - Aggregative adhesion on enterocytes
Shiga toxin-producing (STEC) - Shiga toxin
diffusely adherent (DEAC) -Diffuse adhesion on enterocytes
adherent invasive (AIEC) - Adhesion and invasion of intestinal epithelial cells

DOI: https://doi.org/10.1128/CMR.00022-13

https://doi.org/10.1128/CMR.00022-13
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Pathotypes:

enteropathogenic (EPEC) - Attaching and effacing lesions on intestinal epithelial cells
enterotoxigenic (ETEC) - Heat-stable and heat-labile enterotoxins
enteroinvasive (EIEC) - Colonocyte invasion
enteroaggregative (EAEC) - Aggregative adhesion on enterocytes
Shiga toxin-producing (STEC) - Shiga toxin
diffusely adherent (DEAC) -Diffuse adhesion on enterocytes
adherent invasive (AIEC) - Adhesion and invasion of intestinal epithelial cells

The genus Shigella is 
named after Japanese 
physician Kiyoshi Shiga, 
who researched the cause 
of dysentery. In 1897 Shiga 
studied 32 dysentery 
patients and identify the 
bacterium causing the 
disease. He continued to 
study and characterize the 
bacterium, identifying its 
methods of toxin production 
i.e Shiga toxin.

DOI: https://doi.org/10.1128/CMR.00022-13

https://en.wikipedia.org/wiki/Kiyoshi_Shiga
https://doi.org/10.1128/CMR.00022-13
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What makes Ecoli pathogenic

Strain E.coli O104:H4

~4000 people infected; 900 of those affected developed HUS, which was 
fatal for 54 individuals.

A combination of properties characteristic of EHEC, Stx2a production 
(although not harbouring the LEE of EPEC) and EAEC-type adherence:

- genes typical of enteroaggregative E. coli, such as attA, aggR, aap, aggA, 
and aggC, located on a virulence plasmid.

- gene for a Shiga-toxin 2 variant (stx2a).

- resistant to beta-lactam antibiotics (e.g., ampicillin) and third-generation 
cephalosporins and are partially resistant to fluoroquinolones (nalidixic acid).

https://en.wikipedia.org/wiki/2011_Germany_E._coli_O104:H4_outbreak
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How can we analyze it?

genome as an ordered set of genes and 
regulatory network

Papers: Seferbekova et al. Frontiers Microbiology 2021; Zabelkin et al. Bioinformatics 2021 

Kapli, P., Yang, Z. & Telford, M.J. Phylogenetic tree building in the genomic age. 
Nat Rev Genet 21, 428–444 (2020). https://doi.org/10.1038/s41576-020-0233-0
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How can we analyze it?
Pipeline: Parallel Rearrangements and Breaks identification

Papers: Seferbekova et al. Frontiers Microbiology 2021; Zabelkin et al. Bioinformatics 2021 

414 Ecoli genomes 
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Acquisition of invasion

Genetic map of the pINV. The red arrows 
indicate major virulence determinants. 
Due to the variability in position and 
number, the ipaH genes are not shown.

Source: “The Intriguing Evolutionary Journey of 
Enteroinvasive E. coli (EIEC) toward Pathogenicity”

Paper: Seferbekova et al. Frontiers Microbiology 2021

Plasmid Chromosome
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Acquisition of invasion

E3-ubiquitine ligase 
(ipaH)

Leucine-rich 
domain 

host
protein

T3SS effector E3 ubiquitin-protein ligase IpaH

Papers: Seferbekova et al. Frontiers Microbiology 2021



22Olga Bochkareva, IB

Mess with gene names
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Now it’s solved

Heatmap of identity level of (a) the ipaH genes; (b) their upstream sequences in Shigella.

Paper: Dranenko et al. SciRep 2022
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And classified!

Composition of virulence genes in human-host pathogenic E.coli

Paper: Dranenko et al.  SciRep 2022
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And classified!

Composition of virulence genes in human-host pathogenic E.coli

Paper: Dranenko et al.  SciRep 2022

And their copies
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But wait… what’s about animals?

Genomic and molecular characterisation of Escherichia marmotae from 
wild rodents in Qinghai-Tibet plateau as a potential pathogen. Sci Rep, 
2019

Alignment of C-terminal domains

Paper: Dranenko et al.  SciRep 2022
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Oh… there are many others! 

Composition of ipaH genes 
in Escherichia genomes 
from different hosts.

Paper: Dranenko et al.  SciRep 2022
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But how many?..

Composition of ipaH genes 
in Escherichia genomes 
from different hosts.

Paper: Dranenko et al. SciRep 2022
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Take-home messages

Wash your 
hands  
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Take-home messages

Sequence 
microbes

Wash your 
hands  

Do 
bioinformatics
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