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SEQUENCE BASED TYPING

MLST

cgMLST / SNP (Core/Whole Genome Comparison)

Presence/absence of genes and mobile elements

…..often a combination of the above is used to study outbreaks.
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TAKE-HOME MESSAGES

Both SNP and cgMLST can be used to study clonal relationships. 

Sometimes a combination gives a “second view” when in doubt

They both have advantages and disadvantages…and potential pitfalls

Genetic distances (SNPs or alleles) to define an outbreak will vary 

depending on 1) the organism, 2) the outbreak (length ect) and 3) how the 

method is applied (references, inclusion criteria, pruning ect)

Only perform a SNP analysis on isolates, which are relatively closely 

related (less than 500-1000 SNPs as a rule of thumbs)

Using raw data takes longer time, but allows to adjust for ambiguous calls



Textbook – A clone is:

”a group of genotypic identical isolates descending from a 
common ancestor as part of a direct chain of replication”

A more realistic definition:

”the word clone will be used to denote bacterial cultures 
isolated independently from different sources, in different 
locations, and perhaps at different times, but showing so 
many identical phenotypic and genotypic traits that the most 
likely explanation for this identity is a common origin” 

(Ørskov & Ørskov, 1983)

Clone theory 101



The Chromosomograph
…an evolutionary clock!

• Randomly generated across the chromosome over time (“The mutation rate”)

• …but influenced by external factors… 

Diversity



Horizontal gene transfer
The Chromosomographs evil nemesis

• Horizontal gene transfer circumvents the linearity of the evolutionary clock 

• …and needs to be addressed in any whole genome analysis such as SNPs… 



Advanced clone theory
Clonal drift
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• The more discriminatory a typing method is, the more difficult it will be for it to 

accommodate biological variation caused by clonal drift over time (stability issues).

• On top of this, all typing methods will add methodological variation 

(repeatability and reproducibility issues) thus blurring the picture even more. 



SINGLE SOURCE OUTBREAKS

Single source

Short time span

“Contaminated dish”

“Single infected patient”

Single source – local spread

Long time span

“Hospital or regional outbreak”
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0-2
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COMPLICATED OUTBREAKS

Single source

Long time span

“Contaminated processing plant / industry”

“Long-term colonized patient / healthcare worker”

International source

Long time span

“Imported food source”

“Travel-related outbreak”

0-2 0-2 0-2

0-2 0-2 0-2

0-2



PO = POSSIBLE OUTBREAKS (E. COLI)

Tentative definition of possible outbreak (PO)

If two isolates have a SNP distance ≤ 10 (termed PO10), they are considered to 

be so genetically related that they may be part of the same outbreak.



Phylogenetic analysis

Core genome MLST (cgMLST)
vs

Single Nucleotide Polymorphism (SNP)



CORE GENOME MLST (cgMLST)

Reference based gene-by-gene comparison

“Super MLST”

Increased number of genes  Increased discriminatory power

Requires curated and validated schemes

Requires software to remove gene homologues if you want to build 

your own scheme.



cgMLST.ORG

Reference based gene-by-gene comparison

“Super MLST”

Increased number of genes  Increased discriminatory power

Requires curated and validated schemes

Requires software to remove gene homologues if you want to build 

your own scheme.



SEQSPHERE+ SOFTWARE

Available schemes:

S. aureus – E. coli – E. faecium – A. baumannii – K. pneumoniae …and more



CORE GENOME MLST (cgMLST)

• All isolates are assigned to specific Complex Types (CTs)

• Different cgMLST schemes use different cut-off values for new CTs



ST410

Ridom – SeqSphere+ 



CPO IN DENMARK – E. COLI ST410

cgMLST

(2505 

genes)



CORE GENOME MLST (cgMLST)



CORE GENOME MLST (cgMLST)



BUILD YOUR OWN cgMLST SCHEME

But what if my favorite organism is not in 

the cgMLST.org list?

….or if I want to make a lineage-specific

scheme?
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A B C D E F G H

Core Genome MLST (cgMLST)

1 1 1 1 1 1Allele no:

• Gene homologues (in reference) removed. 

• Intergenic regions are not included in analysis.

• Each gene variant is assigned to an allele number.

• Robustness is ensured by including a diverse dataset 
covering the genetic variation of the whole species.

• Validation using defined outbreak isolates with known 
epidemiology is required to determine CT-groups.



A B C D E F G H

Core Genome MLST (cgMLST)

1 1 1 1 1 1Allele no:

A B D E F G

2 2 2 2 2Allele no: 1

A C D E F H

2 3 3 3Allele no:

I
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REF
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Core Genome MLST (cgMLST)



Core Genome MLST (cgMLST)
Main advantages

• Common nomenclature (Cluster types)

• Fixed set of reference genes

• Recombination has been filtered out

Main disadvantages

• Requires a validated cgMLST scheme

• Requires a curator to manage the database

• Curated database

• The discriminatory power may be a bit lower than for SNP analysis

• May be sensitive to assembly  method

• Fast, as it runs on draft assemblies

• Have a tendency to drift over time – especially in long-lasting outbreaks



Core, auxiliary and pan genomes

SNP analysis



SNP analysis
practical considerations

• Choosing the best reference

• Detecting contamination

• Global SNP vs HQ SNP analysis

• Recombination events



A B C D E F G H

Choosing the best reference

1 1 1 1 1 1

REF1

11

1 1 2 1 1 1

S1

11

2 1 2 2 1 1

S2

11

S1  REF1 = 1 SNP

S2  REF1 = 3 SNP

S1  S2 = 2 SNP

Most of the reference covered by isolate genomes 



Choosing the best reference

A B D J G I

REF2

S1  REF2 = 10000 SNP

S2  REF2 = 10002 SNP

S1  S2 = 1 SNP

S1

S2

Not detected

(not in REF2)

Fraction of the reference covered by isolate genomes 



A B C D E F G H

Choosing only closely related isolates

1 1 1 1 1 1

REF1

11

1 1 2 1 1 1

S1

11

2 1 2 2 1 1

S2

11

S1  REF1 = 1 SNP

S2  REF1 = 3 SNP

S1  S2 = 1 SNP

Less of the reference used to call SNPs



A B C D E F G H

Choosing the best reference

1 1 1 1 1 1Allele no:

REF1

A B D J G

2 2 1 2Allele no: 1

I

REF2

• In general, a closely related reference is desired

• Complete genomes can also be searched at NCBI (but is not easy to use..)

• A draft genome of the index isolate can be considered to be used

• Or you can make your own complete genome by using MinION or PacBIO

• A best match in NCBI RefSeq can be searched using KmerFinder



SNP analysis
practical considerations

• Finding the best reference

• Detecting intraspecies contamination

• Global SNP vs HQ SNP analysis

• Recombination events



SNP analysis – intraspecies 
contamination

A B C D E F G H

I

I

• “Draft assembly” to give a “Draft genome”

• Different assemblers may give different results  cgMLST/SNP variation



SNP analysis - intraspecies 
contamination

II

A B C D E F G H

I

I

I

A B C D E F G H

I

Assembled genomes will not pick up contamination issues



SNP analysis – intraspecies 
contamination
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And any QC method should be able to pick up an increased level of 

hetogeneous positions and warn of possible contamination
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cgMLST vs SNP
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100%
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cgMLST  1 allele difference

SNP      2 allele difference

cgMLST  2 allele difference

SNP      9 allele difference



SNP analysis
practical considerations

• Finding the best reference

• Detecting contamination

• Global SNP vs HQ SNP analysis

• Recombination events



Recombination events
• Horizontal gene transfer

• Repetitive elements (IS-elements, AMR genes ect..)

• Gene duplication and diversification

Can to some extend be removed by using bioinformatic tools such 
as GUBBINS or by ignoring SNPs that at “close” to each other (called 
pruning).

100% 100% 99% 100% 100% 100%

B C D E F G

97%

H

Prune 100       Ignored                                    Kept      Kept

Prune 1000     Ignored                                 Ignored Ignored

No pruning Kept Kept Kept



WHAT’S IN A SNP?



WHEN NATURE IS F…. WITH YOU. HYPERMUTATORS



WHEN NATURE IS F…. WITH YOU. HYPERMUTATORS



WHEN NATURE IS F…. WITH YOU. HYPERMUTATORS



THANKS FOR THE ATTENTION


