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Intended Learning Objectives

Specific objectives of this session:
1. Learn about the principles of MLST and cgMLST
2. Learn about allele calling and scheme design
3. Understand applications in surveillance and outbreak detection
4. Learn about the strengths and limitations of MLST/cgMLST
5. Explore implementations of LIN codes
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The principles of Multi-Locus Sequence Typing (MLST)
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DNA sequence into 7 
integers (or 1 ST number)



The principles of Multi-Locus Sequence Typing (MLST)
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The principles of Multi-Locus Sequence Typing (MLST)

5

yqiL

203474416137
205474416149

6546442

20557442133
2054744280

6
ST tpitdkspiproSnrdEarcC

80

149

137

133

6

Related STs can be grouped 
together into clonal complexes, 
named after the central profile.

These often persist temporally and 
geographically.



Analysing alleles rather than sequences directly can 
mitigate the effects of recombination on tree topology
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tdk 4 à 5 (13 nt changes)

spi-7 à spi-6 (1 nt change)
yqiL-20 à yqiL-6 (9 nt changes)

arcC-2 à arcC-16 (2 nt changes)

tpi-5 à tpi-3 (1 nt change)

Allele change from tdk-4 to tdk-5 
could be 13 mutation events or 1 
recombination event



cgMLST facilitates high-resolution clustering by 
extending MLST to whole genome sequence data

• More loci (hundreds or 
thousands) compared 
to usually 7 for MLST

• Complete coding 
sequences – including 
stop codon

• Missing data – most 
draft genomes will be 
missing some loci
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Neisseria meningitidis, cgMLST v1 coloured by clonal complex

Bratcher et al. 2014 BMC Genomics 15:1138

The gene-by-gene approach



cgMLST scheme design principles

• Core genome definition – gene must be present in >95% 
members of diverse population
• Minimise number of missing loci allowed

• Locus selection
• Single copy genes – no paralogues
• Complete coding sequences
• Reliably recovered from assemblies
• Reliable sequence alignment across all isolates

• Start codon position must be consistent
• There can be some variability in stop codon positions
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Personal recommendation:
• Gene present in >98% isolates
• Allow up to 25 (or 2%) missing loci for profile definition

It is preferable to have fewer loci that are robustly identified than more loci 
that are sometimes missing.



There is a problem with missing data when assigning cgSTs

ST abcZ adk aroE fumC gdh pdhC pgm
11 2 3 4 3 8 4 6

Conventional 7-locus MLST is straightforward – most isolates have a complete allelic profile

NEIS0001 NEIS0004 NEIS0005 NEIS0006 NEIS0007 NEIS0008 NEIS0009 NEIS0010 NEIS0011 NEIS0012

2 8 18 10 64 10 13 12 13

NEIS0013 NEIS0014 NEIS0015 NEIS0016

9 2 13 5

cgMLST profiles usually have missing data (~1600 loci from draft genomes)



Defining cgSTs – the problem with missing data

NEIS0001 NEIS0004 NEIS0005 NEIS0006 NEIS0007 NEIS0008 NEIS0009 NEIS0010 NEIS0011 NEIS0012

2 8 18 10 64 N 10 13 12 13
2 8 18 10 64 14 10 13 12 13

NEIS0013 NEIS0014 NEIS0015 NEIS0016

9 2 13 5
9 2 13 5

cgST profiles can be assigned with a ‘N’ for missing loci

• ‘N’ matches any allele
• Missing loci must be limited

• profiles can appear artificially related
• PubMLST defines cgST for profiles with <= 25 missing loci



Records with missing data can appear more 
related than they are

This is counted as 3 differences, but it could be up to 5!

NEIS0001 NEIS0004 NEIS0005 NEIS0006 NEIS0007 NEIS0008 NEIS0009 NEIS0010 NEIS0011 NEIS0012

2 8 18 10 64 10 13 12 13
2 12 18 10 64 3 10 4 13

NEIS0013 NEIS0014 NEIS0015 NEIS0016

9 2 13 5
2 2 13 5



PubMLST/BIGSdb uses BLAST for allele calling
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CCATCCCGTTGTCGAACAGCAGGTACGCCA
CTTCACCGCCAACCACACCGACCTTGACCAC
AAACACCGCCTCATGCTGCTCACCGGCCCC
AATATGGGCGGCAAATCCACCTACATGCGCA
GGAACCCTCAAAGCCGTTTTCCCGGAAAACC
TATCCACAGCCGAACAGCTCCGCCAAGCCA
TTTTGCCCGAACCTTCCGTCTGGCTGAAAGA
CGGCAATGTCATCAACCACGGTTTTCATCCC
GAACTGGACGAATTGCGCCGCATTCAAAACC
ATGGCGACGAATTTTTGCTGGATTTGGAAGC
CAAGGAACGCGAACGTACCGGTTTGTCCAC
ACTTAAAGTCGAGTTCAACCGCGTTCACGGC
TTTTACATTGAATTGTCCAAAACCCAAGCCG
AACAAGCACCTGCCGACTACCAACGCCGGC
AAACCCTTAAAAACGCCGAACGCTTCATCAC
GCCGGAACTGAAAGCCTTTGAAGACAAAGT
GCTGACTGCTCAAGAGCAAGCCCTCGCCTT
AGAAAAACAACTCTTTGACGGCGTATTGAAA
AACCTTCAGACGGCATTGCCGCAGCTTCAAA
AAGCCGCCAAAGCCGCCGCCGCGCTGGAC
GTGTTGTCCACATTTTCAGCCTTGGCAAAAG
AGCGGAACTTCGTCCGCCCCGAGTTTGCCG

ACAAGTCGCGCTGATTGTTT

AACCTTCAGACGGCATTGCCGCAGCTTCAAA
AAGCCGCCAAAGCCGCCGCCGCGCTGGAC
GTGTTGTCCACATTTTCAGCCTTGGCAAAAG
AGCGGAACTTCGTCCGCCCCGAGTTTGCCG
ACTATCCGGTTATCCACATCGAAAACGGCCG
CCATCCCGTTGTCGAACAGCAGGTACGCCA
CTTCACCGCCAACCACACCGACCTTGACCAC
AGGAACCCTCAAAGCCGTTTTCCCGGAAAAC
CTATCCACAGCCGAACAGCTCCGCCAAGCC
ATTTTGCCCGAACCTTCCGTCTGGCTGAAAG
ACGGCAATGTCATCAACCACGGTTTTCATCC
CGAACTGGACGAATTGCGCCGCATTCAAAAC
CATGGCGACGAATTTTTGCTGGATTTGGAAG
CCAAGGAACGCGAACGTACCGGTTTGTCCA
CACTTAAAGTCGAGTTCAACCGCGTTCACGG
CTTTTACATTGAATTGTCCAAAACCCAAGCC
GCCCCGAGTTTGCCGACTATCCGGTTATCCA
CATCGAAAACGGCCGCCATCCCGTTGTCGA
ACAGCAGGTACGCCACTTCACCGCCAACCA
CACCGACCTTGACCACAAACACCGCCTCATG
CTGCTCACCGGCCCCAATATGGGCGGCAAA
TCCACCTACATGCGCCAAGTCGCGCTGATTG TTT

AGGAACCCTCAAAGCCGTTTTCCCGGAAAAC
CTATCCACAGCCGAACAGCTCCGCCAAGCC
ATTTTGCCCGAACCTTCCGTCTGGCTGAAAG
ACGGCAATGTCATCAACCACGGTTTTCATCC
CGAACTGGACGAATTGCGCCGCATTCAAAAC
CATGGCGACGAATTTTTGCTGGATTTGGAAG
CCAAGGAACGCGAACGTACCGGTTTGTCCA
CACTTAAAGTCGAGTTCAACCGCGTTCACGG
CTTTTACATTGAATTGTCCAAAACCCAAGCC
GAACAAGCACCTGCCGACTACCAACGCCGG
CAAACCCTTAAAAACGCCGAACGCTTCATCA
CGCCGGAACTGAAAGCCTTTGAAGACAAAGT
GCTGACTGCTCAAGAGCAAGCCCTCGCCTT
AGAAAAACAACTCTTTGACGGCGTATTGAAA
AAC CTTCAGACGGCATTGCCGCAGCTTCAAA
AAGCCGCCAAAGCCGCCGCCGCGCTGGAC
GTGTTGTCCACATTTTCAGCCTTGGCAAAAG
AGCGGAACTTCGTCCGCCCCGAGTTTGCCG
ACTATCCGGTTATCCACATCGAAAACGGCCG
CCATCCCGTTGTCGAACAGCAGGTACGCCA
CTTCACCGCCAACCACACCGACCTTGACCAC
AAACACCGCCTCATGCTGCTCACCGGCCCC
AATATGGGCGGCAAATCCACCTACATGCGC
CAAGTCGCGCTGATTGTTT

Locus Allele

LOCUS0001 5

LOCUS0002

LOCUS0003

LOCUS0004

• BLAST genome sequence against 
database of all alleles

• One locus at a time
• BLAST database constructed on-the-fly

Strategy 1: Naïve
Genome database

>LOCUS0001_1
ATGCTGCAAAGAACT ... AGAAATTGTGGATAA
>LOCUS0001_2
ATGCTGCAAAGAACT ... AGAAATTGTGGATAA
>LOCUS0001_3
ATGCTGCAAAGAACT ... AGAAATTGTGGATAA
…
>LOCUS0001_820
ATGCTGCAAAGAACT ... AGAAATTGTGGATAA

Jolley & Maiden (2010) BMC Bioinformatics. 11:595

Allele database



Allele calling strategy 1: Naïve

• Sensitive
• Will identify every

known allele
• Easy to program

Searching against all alleles, locus-by-locus

• Multiple BLAST 
queries needed

• Locus definition can 
drift

• Gets slower as more 
alleles added



Allele calling strategy 2: Type alleles

• Constrains search 
space
• Ensures locus 

definition doesn’t 
drift

• Good for cgMLST
and other routine 
typing

• Reduced search space 
means all loci can be 
searched together

• Only alleles within a 
defined distance of the 
type allele will be found

• Not good if there are 
multiple allele classes 
for a locus

BLAST against one example allele



Allele calling strategy 3: Exemplar alleles

BLAST against multiple example alleles covering known diversity
Exemplars on PubMLST defined such that all known alleles are 
within 3% identity of an exemplar allele of the same length.

• Constrains search 
space

• Identifies all known 
alleles – even if highly 
variable

• Reduced search space 
means all loci can be 
searched together

• Locus definition can drift



Genomes can be rapidly compared using gene-by-gene 
variant numbering approach
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Distance matrix shows number of genes that are 
different between every pair of isolates
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NeighborNet can visualise distance matrix to resolve strain 
relationships
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Carriers

Carrier

Carrier

Sporadic case
Close contact carrier

Outbreak

Jolley et al. 2012.  Resolution of a meningococcal disease 
outbreak from whole-genome sequence data with rapid web-
based analysis methods.  J Clin Microbiol 2012 50:3046-3053
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What are the advantages of gene-by-
gene approaches like MLST for 
genomic surveillance?

The Slido app must be installed on every computer you’re presenting from

Do not edit

How to change the 

design

https://www.slido.com/powerpoint-polling?utm_source=powerpoint&utm_medium=placeholder-slide
https://www.slido.com/support/ppi/how-to-change-the-design
https://www.slido.com/support/ppi/how-to-change-the-design


Strengths and limitations of gene-by-gene approaches 
to genomic surveillance

Strengths
• Standardisation and comparability
• Scalability – more loci: higher resolution
• Computationally efficient
• Intuitive
• Robust to moderate recombination
• Database-driven integration
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Limitations
• Requires centrally curated database 

required
• Resolution for applications requiring 

very high discrimination – only core 
loci used

• Relies on good genome assemblies
• Does not capture nucleotide-level 

variation directly – less suitable for 
monomorphic species



Classification schemes can be used to cluster profiles

Group cgSTs based on different thresholds (200, 100, 50, 25 loci)
Nm_cgc_200 (Neisseria meningitidis core genome cluster 200 threshold)

Group 1 Group 2 Group 3

>200
differences

>200
differences

Single linkage clusters



Groups merge when a new record is within the threshold 
distance of 2 or more groups

Group 1 Group 2 Group 3

>200
differences

<200
differences

Group 1 Group 2 Group 3Single linkage
of groups



cgMLST clusters can be used to identify nearest neighbours



cgMLST clusters can be used to identify nearest neighbours



Single-linkage clustering is not stable over time

• Consistent at any point in time – can be useful for identifying outbreaks.
• Thresholds represent minimum distance between groups.
• Individual pairs within groups may be further apart than the threshold 

distance.
• Groups merge and get larger over time.

>200
differences

120

250



Life Identification Numbers (LIN) using cgMLST 
provide a stable nomenclature



LIN codes provide a stable nomenclature to 
cgMLST clusters

van Rensburg et al. 2024 Micro Genom 10(8):001280

LIN code prefixes (reading 
left-to-right) can define 
nodes at each taxonomic 
depth.



We can now use LIN codes to identify closest matching 
genomes in PubMLST following a sequence query



Search by LIN code prefix or nickname
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Search by LIN code prefix or nickname
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Search by LIN code prefix or nickname
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Search by LIN code prefix or nickname



LIN code prefixes can be overlaid on a minimum-
spanning GrapeTree within PubMLST

2848 N. meningitidis; cgMLST v3 (1329 loci)

LIN code [2]

0_15

0_12



LIN code prefixes can be overlaid on a minimum-
spanning GrapeTree within PubMLST

LIN code [3]

0_15_1

0_12_0

0_15_29

2848 N. meningitidis; cgMLST v3 (1329 loci)



LIN code prefixes can be overlaid on a minimum-
spanning GrapeTree within PubMLST

LIN code [4]

0_15_1_2

0_12_0_0

0_15_29_0

2848 N. meningitidis; cgMLST v3 (1329 loci)



Further reading

• Maiden et al. (2013). MLST revisited: the gene-by-gene approach to 
bacterial genomics. Nat Rev Microbiol 11(10), 728-736.

• Jolley et al. (2018). Open-access bacterial population genomics: 
BIGSdb software, the PubMLST.org website and their applications. 
Wellcome Open Res 3:124.

• Hennart et al. (2022). A dual barcoding approach to bacterial strain 
nomenclature: Genomic taxonomy of Klebsiella pneumoniae strains. 
Mol Biol Evol 39(7):msac135.
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