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Introduction



Bacteria genotyping

Genotyping is the process of determining differences in the genetic make-up 
(genotype) of an isolate by examining its DNA sequence by comparing it with 
another isolates sequence or a reference sequence.



Clone

Isolates of bacterial species that are indistinguishable in genotype are assigned 
as a clone

Cluster cut-offs for cgMLST and SNP analyses:
• Salmonella - depends on the serovar

• 0-3 ADs/SNPs in clonal serovars and 
• up to 5 AD/SNP in other serovars

• Campylobacter - 5 or less ADs/SNPs

Instead, in outbreak investigations we use clusters of isolates with nearly 
identical genomes to consider pathogen mutation rates in different 
hosts/environments and time

Cluster



Reference-based cgSNP (CSI 
Phylogeny)



Schematic CSI Phylogeny workflow

Saltykova et al. 2018
PLoS One. 2018 Feb 6;13(2):e0192504. doi: 10.1371/journal.pone.0192504



Reference-based SNP analysis using CSI Phylogeny
https://cge.food.dtu.dk/services/CSIPhylogeny/

https://cge.food.dtu.dk/services/CSIPhylogeny/


Read mapping to the reference genome 

Ref. genome AAAAACTGAGGGTCCTGCGTAAGTTAAACC--------
Genome 1 ACAT ACTGAGGGTCCTGCCTAAGTT---------CCATT
Genome 2 AAAAACTGAGGGTCCTGCGTAAGTT-----------------
Genome 3 ACAT ACTGAGGGTCCTGCCTAAGTT-----------------
Genome 4 TGCGACTGAGGGTCCTGTAGAAGAA-----------------

Identical areas
Different areas Area not compared

> false lower number of SNPs if you choose 
a distant reference = false assignment to 
the same genotype

Pairwise similarity matrix (.txt format) 

Ref. Genome Genome 2 Genome 1 Genome 3 Genome 4

Ref. Genome 0 0 3 3 9

Genome 2 0 0 3 3 9

Genome 1 3 3 0 0 9

Genome 3 3 3 0 0 9

Genome 4 9 9 9 9 0



How to choose the reference

The reference should be somewhat similar to the isolates you test (>90%, if possible):

• well annotated, high quality, closed genome of same or similar ST (7 gene MLST)

• use KmerFinder (CGE Tools) to search for ref. genome

• draft genome sequence from own dataset (e.g. representing the first case)

• consensus sequence of all genomes in own dataset



Ref. Genome Genome 2 Genome 1 Genome 3 Genome 4

Ref. Genome 0 0 3 3 9

Genome 2 0 0 3 3 9

Genome 1 3 3 0 0 9

Genome 3 3 3 0 0 9

Genome 4 9 9 9 9 0

Genotyping using SNP (e.g. CSI Phylogeny)

Genome 2

Ref. genome 

Genome 1

Genome 3

Genome 4

Phylogenetic tree (.newick file format)

Clone 
1

Clone 
2

Pairwise similarity matrix (.txt format) 

Cluster

Ref. Genome Genome 2 Genome 1 Genome 3 Genome 4

Ref. Genome 0 0 3 3 9

Genome 2 0 0 3 3 9

Genome 1 3 3 0 0 9

Genome 3 3 3 0 0 9

Genome 4 9 9 9 9 0

Ref. Genome Genome 2 Genome 1 Genome 3 Genome 4

Ref. Genome 0 0 3 3 9

Genome 2 0 0 3 3 9

Genome 1 3 3 0 0 9

Genome 3 3 3 0 0 9

Genome 4 9 9 9 9 0



cgMLST (SeqSphere and 
Enterobase) 



Core genome multi-locus sequence typing (cgMLST) 

Gene08

Gene09

Gene10

Gene11
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Each gene variant has an allele number

database

7 gene MLST

cgMLST contains >1000 genes

Identical allele 
pattern = clone



cgMLST schemes and allele calling methods (most common)

cgMLST schemes No. of alelles

Salmonella: EnteroBase (Atchman et al., 2021) 3002

Campylobacter: Oxford (Cody et al.  2017) 1343

Different allele calling methods in use: 

EnteroBase, SeqSphere, BioNumerics, 
chewBACCA, MentaLIST

May result in different allele profiles

Allele calling workflow in SeqSphere

https://www.ridom.de/u/General_Procedure.html

https://www.ridom.de/u/General_Procedure.html


Cluster detection using cgMLST

Clusters in SeqSphere
• Default cut-offs

HierCC in EnteroBase scheme for Salmonella using default cut-offs
• 0, 2, 5, 10, 20, 50, 100, etc.

More about that in the lecture from Pernille 

Same thresholds can be used for cluster detection

HOWEVER

To assure proper outbreak definitions, the users may and often choose different cluster 
cut-offs depending on the species/serovar and in accordance to the epidemiological data 
of time, place and person. 



Assignment to clusters by SeqSphere

Default cluster cut-off is ≤6 

Clusters of samples with maximum six alleles distance are shaded

AD of ≤6 is not suitable to recognise an outbreak of RT 181



Assignment to HierCC by EnteroBase

The clusters are assigned stable cluster group numbers at different, fixed cgMLST allele 
distances. Salmonella for instance, has cut-offs such as 0, 2, 5, 10, 20, 50, 100, etc.

Cluster! And even a 
clone!

Same ST and cluster 
group at any cut-off

Cluster based on H10, but not on 
H5, H2, H0. 

The user decides which threshold 
to use for recognizing the same 
outbreak/cluster group

https://enterobase.readthedocs.io/en/latest/features/clustering.html



Summary

cgMLST-based typing 

• Species specific

• No reference genome required. Requires 
database that is updated continuesly

• Different allele calling methods may 
result in different allelic profile

• Allelic differences between the genes 
under the analysis 

• The unique combination of alleles is the 
sequence type (ST1-STXXX…). Default and 
user defined cluster cut-offs 

Reference-based SNP-based typing 

• Species non-specific

• Require user defined reference genome 

• The genetic diversity of the reference and 
dataset influence the discriminatory power 
of the method

• SNPs in the whole genome, both coding and 
non-coding sequences

• User defined genotypes. User defined cluster 
cut-offs 


