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Background and Objectives

Bacterial species1 = unique genotype + unique phenotypes (two or more independent phenotypes)

DNA-DNA Hybridisation2

Species cut-off: 70%

+ Current gold standard

- Labour- and time-intensive

16s rRNA sequence3

Species cut-off: 99%

+ Simple

- Utilises < 0.1% of genome

- Limited discriminatory power

Average nucleotide identity4

Species cut-off: 96%

+ Simple

+ Utilises the entire genome

+ A promising next-gen standard

Clostridioides difficile species problem: A diverse population classified into a single species based on 16s rRNA

Study objective: Use ANI to re-evaluate the species definition of C. difficile

12,098 C. difficile genomes 261 sequence types (ST) ANI analysis

Bayesian analysis

Pan-genome analysis

Methods

BactDating6, BEAST7

PyANI5

Panaroo8, Scoary9

Results
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New genomospecies
• Three different species
• Genus Clostridioides

ANI analysis reveals major discontinuity

in C. difficile taxonomy

Clade 1

Clade 2

Clade 3

Clade 4

Clade 5

C-I

C-II

C-III

1.61 mya
4.47 mya

3.89 mya
12.01 mya

13.05 mya
37.12 mya

22.02 mya
65.93 mya

47.61 mya
142.13 mya

BactDating
BEAST

* mya = million years ago

Bayesian evolutionary analysis reveals 

cryptic clades are ancient species
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Clades 1 – 4
14,869 genes

Clade 5
+ 519 genes

Cryptic clades
+ 2,082 genes

Total gene repertoire
17,470 genes

Core gene
2,232 genes (12.8%)

Potential specific traits
C-I - Fructosamine utilisation

C-II - EDTA resistance

C-III - Ethanolamine catabolism

- Polyamine biosynthesis

Pan-genome analysis identifies 

clade-specific genes and traits
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ReferencesConclusions
There was a clear species boundary separating C. difficile from the 3 novel genomospecies. 

Several potential phenotypic differences were identified. Difference in toxin gene architecture 

and its divergence may complicate the diagnosis of C. difficile infection.

Highly divergent toxin gene 

architecture in cryptic clades

Large toxin

Typical loci

Binary toxin

ST637 (C-II)

ST369 (C-III)

ST649 (C-I)

Large toxin genes Regulatory genes

Binary toxin genes Excisionase genes


