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Practical exercices
• Please see the five proposed exercices and perform the analyses to answer the questions

• Please interpret the results in terms of diphtheria epidemiology and evolution
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CdSC (Corynebacterium diphtheriae species complex) 
BIGSdb-Pasteur platform

• Search for public isolates from South Africa

• How are they distributed by MLST and year?

• Can we suspect several outbreaks occurred separately?

• How to find the evidence? 



South Africa isolates, GrapeTree based on MLST (7 genes)
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CdSC (Corynebacterium diphtheriae species complex) 
BIGSdb-Pasteur platform

• Search for public isolates of ST8

• How are they distributed by year, by country? 

• Are all ST8 isolates tox-positive, or what proportion are?

• How is the cgMLST diversity of ST8 isolates distributed by tox?

• Are cgMLST Minimum Spanning trees reliable for phylogenetic relationships?



ST8 cgMLST MStree



ST8 cgMLST MStree



Clonal Expansion/diversification
An MLST view

Single mutation

ST1 : 1 - 1 - 1 - 1 - 1 - 1 - 1

ST2 : 1 - 1 - 1 - 5 - 1 - 1 - 1

ST4 : 1 - 8 - 1 - 3 - 1 - 1 - 10

ST3 : 1 - 1 - 1 - 1 - 1 - 1 - 10

Homologous recombinaison

Single-linkage clustering

Classification:
Clonal complexes,
Clonal groups,…



ST8 cgMLST MStree

Nov. 1967

Feb. 1988

ST8 phylogenetic analysis

• Minimum spanning tree: hypothesizes that ancestral 
nodes are sampled

• Best domain of application: clonal expansion and 
diversification (short-term relationships with dense 
sampling)



Limitations of MStrees

• Typically from cgMLST data: based on raw allelic mismatch distances

• Not a phylogenetic method: Restricted evolutionary model (minimal 
evolution, all allelic mismatches treated as equal)

• Hypothesis: ancestral nodes are sampled:
Only adequate at microevolutionary scales with dense sampling
Useful from exploration of short-distance evolutionary links
(clonal expansion-diversification model)

MStrees: mostly data exploratory & visualisation tools

Feil, 2004
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CdSC (Corynebacterium diphtheriae species complex) 
BIGSdb-Pasteur platform

• What is the ST of genome assembly Assembly1.fas? 

• To what strain does this genome probably correspond to? 

• Are there other related strains currently in circulation?

• What would you conclude regarding diphtheria vaccination?



Alleles and profiles database



PW8: Park-Williams 8

Vaccine strain

This sequence type (ST44) 
has not been sampled in 
modern times (so far)
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CdSC (Corynebacterium diphtheriae species complex) 
BIGSdb-Pasteur platform

• What is the ST of genome assembly assembly2.fas? 

• To what strain does this genome probably correspond to? 

• Are there other related strains currently in circulation?



Alleles and profiles database



Scanning assembly2.fas for cgMLST
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CdSC (Corynebacterium diphtheriae species complex) 
BIGSdb-Pasteur platform

Explore public project 17: 2022_EuropeanWideReemergence_collection

• What is its country and clinical features distribution?  

• Are all isolates toxigenic, and why?

• What are its main genomic clusters and how much cgMLST diversity do they comprise?

• What would you infer regarding the emergence of these clusters?



EU consortium, 2022
Genomics of diphtheria wave, Europe, 2022

Hoefer et al., medRxiv, 2023
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Will you use BIGSdb for 
diphtheria genotyping in the 
near future?

Please download and install the 
Slido app on all computers you use

ⓘ Start presenting to display the poll results on this slide.
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