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Specific objectives of this session:
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. Learn about the principles of MLST and cgMLST

. Learn about allele calling and scheme design

Understand applications in surveillance and outbreak detection
. Learn about the strengths and limitations of MLST/cgMLST

. Explore implementations of LIN codes
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The principles of Multi-Locus Sequence Typing (MLST) Qﬁc

S. zooepidemicus

~500bp fragments

ST arcC nrdE proS Spi

6 2 4 4 6

80 2 4 4 7 Summarises ~3500 bp
133 2 4 4 7 DNA sequence into 7
137 16 4 4 7 integers (or 1 ST number)
149 16 4 4 7



The principles of Multi-Locus Sequence Typing (MLST) @C
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S. zooepidemicus

ST arcC nrdE  proS Spi

6 2 4 4 °
80 2 4 4 i
133 2 4 4 4
137 16 4 4 /
149 16 4 4 4



The principles of Multi-Locus Sequence Typing (MLST) @c
&
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Related STs can be grouped
together into clonal complexes,
named after the central profile.

@ These often persist temporally and

\@ geographically.

ST arcC nrdE proS Spi tdk tpi yqiL
6 2 4 4 6 4 5 6
80 2 4 4 7 4 5 20
133 2 4 4 7 5 5 20
137 16 4 4 7 4 3 20
149 16 4 4 7 4 5 20



Analysing alleles rather than sequences directly can &

mitigate the effects of recombination on tree topology ===

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

tdk 4 - 5 (13 nt changes) ) .
recombination event

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

©

arcC-2 - arcC-16 (2 nt changes)

% tpi-3 (1 nt change)

ST arcC nrdE proS Spi tdk tpi yqiL
6 2 4 4 6 4 5 6
80 2 4 4 7 4 5 20
133 2 4 4 7 5 5 20
137 16 4 4 7 4 3 20
149 16 4 4 7 4 5 20



cgMLST facilitates high-resolution clustering by ;@6
extending MLST to whole genome sequence data e

The gene-by-gene approach

clonal complex (MLST)
I ST-11 complex [3273]
[] ST-41/44 complex [1517]
[T sT-23 complex [1278]
[ ] ST-269 complex [980]
Il ST-32 complex [619]
[] ST-213 complex [423]
I s7-22 complex [322]
[]sT-10217 complex [233]
[ ST-198 complex [213]
[ ] ST-865 complex [203]
[l sT-60 complex [181]
[] ST-53 complex [168]
D ST-5 complex [167]
[ ] ST-162 complex [156]
B ST-35 complex [151]
D ST-167 complex [148]
[] ST-174 complex [147]
[ ] ST-1157 complex [144]
ST-461 complex [139]
[ ] ST-1136 complex [89]

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

/ Neisseria meningitidis, cgMLST v1 coloured by clonal complex
Bratcher et al. 2014 BMC Genomics 15:1138 -
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cgMLST scheme design principles

4 N

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.

o v
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There is a problem with missing data when assigning cgSTs @ C

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

ST | abcz | adk | aroE | fumC | gdh | pdhC | pgm _
11 2 3 4 3 8 4 6

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

e K K K e )
2 8 18 10 64 10 13 12 13 9 2

13

D




Defining cgSTs — the problem with missing data @ C

DISEASE PREVENTION

cgST profiles can be assigned with a ‘N’ for missing loci
e ) e K
2 8 18 10

2 8 18 10

* ‘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 @6
related than they are S

NEIS0001 NEIS0004 NEIS0005 | NEIS0006 | NEIS0007 | NEIS0008 | NEIS0009 NEIS0010 NEIS0011 | NEIS0012 NEIS0013 NEISO(
2 8 | 18 10 64 - 10 13
2 L12) 18 10 10 13

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




Strategy 1: Naive

Allele database

PubMLST/BIGSdb uses BLAST for allele calling

Genome database

IS ——————, CCATCOCGTTGTCGACAGCAGGTACGECA
AAGCCOCCAMGCCOCCGOCEGOTGRAC CTTCACCGOCAACCACACCACCTTGACCAG
GTGTTGTCCACATITTCAGOCTTGGCA] caccssceee
>LOCUS0001 1 AGOGGAACTTCGTCCGOCCCOAGTITG] Ao s oo o1 T CCCOSMAAG cracaTacao
. ACTATCCGGTTATCCACATCGAAAACGG| CTATCCACAGCCGAACAGCTCCGECAAGCT 'CCCGGAAAACC
ATGCTGCAAAGAACT AGAAATTGTGGATAA COATOCCGTTaTOOMCAGCASGTACS] A T rronrco coccamocer
ACGGCANTGTCATCAACCACSGTTTTCATCE
CTTCACCGOCARCCACACCGACCTTGAC] ACCOCATOTEATCAACCAGOGTITIGATCC ToccTomaca
AGGAACCCTCARAGCCGTTTTCCCG GTrTICATCCC
>LOCUS0001_2 CTATCCACAGOCGAACAGCTCOGCCAAG] oo o0 SOATTTOOMG BoaTTcamArce
oy ATTTTGCCCGAACCTTCCGTCTGGCT CCAAGGAACGCG TACCGGTTTGTCCA GATTTGGAAGC
ATGCTGCAAAGAACT AGAAATTGTGGATAA ACOGCAATGTCATCAAGCACGGTTTTCH] ACTTAAAGTOGAGTICACCGCOTICACGS Berrratceac
COAACTGGACGAATTGCGGCGCATTCAA 1 1T AT STOCAMACATAAGC0 cortcaceee
>LOCU S O O 0 1 3 CATGGCGACGAATTTTTGCTGGATTTGE| /i (o CGOCGACGCTTCATCA \ACCCAAGCCG
- GGAACGCOMCGTACCGGTITGT] CAmoo TAMMACGCCOMEGCTTCATEA | cancaceoce
CTTARAGTCGAGTTCAACCGCGTTCA coorrcatcac
ATGCTGCAAAGAACT AGAAATTGTGGATAA CTTTACATTGANTTGTCCAMMACCCARG] STOACTOCTEMGASCMGCOCTASCCTT AGACAAAGT
GOCCCOAGTITGCCGACTATCCGGTTA sccetceeeTr
AAGGCGCCARAGCCGCCOCCGOGCTOGAC ‘
ACAGCAGGTACGCCACTTCACCGCCARG - -l oo chGcrrcAAA
CACCGACCTTGACCACAMCACCGCC]] fseacTaoAC
>LOCUS0001 820 CTGETCACCBGCCCCARTATGGGCGGC| /SCSSMETTESTEs000cceAsTTT 0CS TTGGCAMAG
- ACTATCCOGTTATCCACATCGAMACGGCCG
TCCACCTACATGOGOCAAGTCGCGCTEA sarriaces
ATGCTGCAAAGAACT AGAAATTGTGGATAA oo,
TTCACCGOCACCACACCOACCTTGACCAC
ARACAGCGCCTCATGCTGLTCACCGGOCCE
AATATGGGCGGCAARTCCACCTACATGEG
GAAGTCGCGCTGATTGTTT

BLAST genome sequence against
database of all alleles

* One locus at a time

« BLAST database constructed on-the-fly

Locus
LOCUS0001 5

LOCUS0002
LOCUSO0003
LOCUS0004

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




Allele calling strategy 1: Naive @ C
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Searching against all alleles, locus-by-locus

« Sensitive * Multiple BLAST
« Will identify every queries needed
known allele * Locus definition can

drift
 (Gets slower as more
alleles added

« Easy to program




BLAST against one example allele

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

Wi®

Allele calling strategy 2: Type alleles (Eﬁc

Only alleles within a
defined distance of the
type allele will be found
Not good if there are
multiple allele classes
for a locus

A\ B ® B =R



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 @ | "“ * Locus definition can drift
Ny,

space s ) @
« |dentifies all known g

alleles — even if highly
variable

 Reduced search space
means all loci can be

searched together
I A\ B =§ 5 =



7
Genomes can be rapidly compared using gene-by-gene

lant beri oach
Product Sequence|Genome |Reference 644 662 | 665
length | position | genome |(L93/4286)|(2837)|(2845)|(

Locus

NMCO0001|IpxClenvA

NMC0002|pilS1
NMCO0003|pilS2
NMCO0004|fop
NMC0005
NMC0006
NMCO0007|metG
NMC0008|gimS

NMC0009
NMC0010|gna33
NMC0011
NMC0012
NMC0013
NMCO0014|phnA
NMC0015|gimuU

NMC0016
NMC0017|topA
NMC0018
NMC0019
NMC0020|pilB
NMCO0021|pilA
NMC0022
NMC0023

NMC0024
NMC0025
NMC0027
NMC0028
NMC0029

UDP-3-0-[3-hydroxymyristoyl]
N-acetylglucosmine deacetylase
pilin (fragment)
truncated pilin
peptidyl-prolyl cis-trans isomerase
putative membrane protein
putative glycerate dehydrogenase
methionyltRNA synthetase
glucosamine—fructose-6-phosphate
aminotransferase [isomerizing]
putative lipoprotein
outer membrane lipoprotein Gna33
putative integral membrane protein
putative lipoprotein
possible membrane protein
putative phosphonoacetate hydrolase
bifunctional GImU protein [includes: UDP-
N-acetylglucosamine pyrophosphorylase (EC
2.7.7.23) (N-acetylglucosamine-1-phosphate
uridyltransferase); glucosamine-1-phosphate
N-acetyltransferase (EC 2.3.1.57)]
conserved hypothetical protein
putative solute-binding periplasmic protein
putative inner membrane protein
conserved hypothetical protein
peptide methionine sulfoxide reductase
probable signal recognition particle protein
putative transposase
conserved hypothetical protein (putative ATP-
binding protein)
putative inner membrane protein
TspB protein
putative inner membrane protein
putative periplasmic protein
conserved hypothetical protein
conserved hypothetical protein

924

291
366
330
219
954
2058
1839

519
1326
840

1167
1266
330
1371

978
1002
849
486
1569
1266
957
1188

285
1560
303
231
201
312

1261

3341
3675
4069
4476
4316
5843
8016

10290
11226
12763
13599
15029
16366
16772

18197
19233
20328
21203
21790
23503
25628
26799

27987
28574
30552
30882
31339
31543

1 1
1
N
.

666
2843)

B
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Distance matrix shows number of genes that are &
different between every pair of isolates PAoAS

#NEXUS

[Distance matrix calculated by BIGSdb Genome Comparator (Thu Sep 12 09:43:44 2013)]
[Jolley & Maiden 2010 BMC Biocinformatics 11:5385]

[Truncated loci excluded from analysis]

[Paralogous loci included in analysis]

BEGIN taxa;

DIMENSIONS ntax = 13;
END;
BEGIN distances;
DIMENSIONS ntax = 13;
FORMAT
triangle=LOWER
diagonal
labels
missing=?
MATRIX
ref 0
644 |193/4286 626 0
66212837 651 146 0
6632839 603 189 221 0
6642838 604 189 221 14 0
665|2845 366 671 68 645 645 0
6666|2843 374 656 673 634 635 446 0
8667|2842 379 662 675 639 639 441 8 0
6692846 257 650 682 634 633 408 421 425 0
6702840 657 153 33 235 235 696 677 683 692 0
6671|2844 650 143 20 227 227 691 672 677 683 31 0
67212847 649 147 21 223 221 6390 670 676 683 34 26 0

698 | FAM1S8 0 626 651 603 604 3686 374 379 257 657 650 649 0

END;



NeighborNet can visualise distance matrix to resolve strain &® .
relationships %0

663|2839 I
6642838 6665/2845 Carrier

hid

Sporadic case

Close contact carrier
644|L93/4286

AN

670[2840 698|FAM18
671|2844 %I ref
662|2837
67|2|2847 S
" 669(2846
Outbreak _
Carrier

Jolley et al. 2012. Resolution of a meningococcal disease
outbreak from whole-genome sequence data with rapid web- T Carriers

based analysis methods. J Clin Microbiol 2012 50:3046-3053 6667?258243



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 SlidO



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 3R
Strengths \% \ @ Limitations
® Standardisation and comparability e ®* Requires centrally curated database

* Scalability — more loci: higher resolution required

® Resolution for applications requiring

* Computationally efficient very high discrimination — only core

* Intuitive loci used
®* Robust to moderate recombination * Relies on good genome assemblies
* Database-driven integration ®* Does not capture nucleotide-level

variation directly — less suitable for
monomorphic species



Classification schemes can be used to cluster profiles @C

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

—  —
>200 >200
differences differences
Group 1 Group 2 Group 3

Single linkage clusters




G;‘oups merge when a new record is within the threshold @;S
distance of 2 or more groups SARee

<200 >200
differences differences
 C—
Group 1 ) Group 2 Group 3

Group 1 Single linkage Group 2 Group 3

of groups




cgMLST clusters can be used to identify nearest neighbours
PubMLS

Home > Organisms > Neisseria spp. > Neisseriatyping > Sequence query

Public databases for molecular typing
and microbial genome diversity

Sequence query

HOME

ORGANISMS  SPECIES ID

Curatorinterface

ABOUT US

=l
=

MY ACCOUNT

UPDATES

ooltips

Please paste in your sequence to query against the database. Query sequences will be checked first for an exact match against the chosen (or all) loci - they do not need to be trimmed. The nearest
partial matches will be identified if an exact match is not found. You can query using either DNA or peptide sequences. @

Please select locus/scheme

N. meningitidis cgMLST v3

Enter query sequence (single or multiple contigs up to whole genome in size)

v

Order results by

locus

v

TAC

AAATAGATGCGATACGCCGCCTGTTCGAGCAGACACGGCAACACATACGGACACACGCACAAGGAATCTA
CACGCACGAACTGGTAAATCTTCTGTTTGAGCAGCCATATACACGCATTGCCAACCTAGAAGCGGCAGGG
ATAGCCAAACGGCAGACGGCCTCTAAGTACCTGAAAGAGCTTTCAGACATAGGTGTGCTGCAAGAAATCG
TCATCGGCAGGGACAAACTATTCATTCATCCGCGCCTAATGGAACTATTGCGGGGAGAGGGCAACAGCTT

1315 exact matches found.

Alternatively upload FASTA file
Select FASTA file: (3)

Click to select or drag and drop...

Action

RESET SUBMIT

|_Locus_|Allele|Length | Contig |Start position |End position| _Attributes | ___Flags | ____________ Comments_______|

NEIS0001
NEIS0004
NEIS0005
NEIS0006
NEIS0007
NEIS0008
NEIS0009

4

3

2
15
4

4
13

924
330

219

954
2058
1839
522

199245
199327
199327
199327
199327
199327
199327

303
11793
11497
10422
8290
6336
5533

1226
12122
11715
11375
10347

8174

6054

Options.

ecoc

EUROPEAN CENTRE
DISEASE PREVENTIO!
AND CONTROL

Fo
N



cgMLST clusters can be used to identify nearest neighbours @ C

NEISO010 4 1326 199327 3792 5117
NEISO011 16 840 199327 2742 3581
NEISO012 4 1167 199327 1579 2745

A4

Only exact matches are shown above. If a locus does not have an exact match, try querying specifically against that locus to find the closest match.

B b
Text Excel

N. meningitidis cgMLST v3
I Matching profiles

Closest profile: cgST-56
Mismatches: 1
Loci matched: 1328/1329 (99.9%)

‘h Similar profiles (determined by classification schemes)

Experimental schemes are subject to change and are not a stable part of the nomenclature.

cgST-56 belongs to the following clusters:

Classification scheme | Clustering method |Mismatch threshold m

Nm_cgc3_200 (§) Single-linkage 200 experimental 3775 2346
Nm_cgc3_100 (3) Single-linkage 100 experimental 20 2225 1370
Nm_cgc3_50 () Single-linkage 50 experimental 726 164 101
Nm_cgc3_25 (&) Single-linkage 25 experimental 56 2 2

Nm_cgc3_10 () Single-linkage 10 experimental 56 2 2




Single-linkage clustering is not stable over time @c

* 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




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

> Mol Biol Evol. 2022 Jul 2;39(7):msac135. doi: 10.1093/molbev/msac135.

A Dual Barcoding Approach to Bacterial Strain
Nomenclature: Genomic Taxonomy of Klebsiella
U T D o ot clecrs o s pe o e e of bl s, genones ana senovpes tses on s . [P TLEUINLO niae Strains

(MLST), whole genome based typing and supplementary schemes (in particular, antimicrobial resistance or virulence genes)

{' L'\ASS'_?EB; HOME  ABOUT US  CONTACT  WHAT'S NEW  REGISTER

Nomenclatures in BIGSdb-Pasteur are universally accessible for referencing and comparing strains, allowing global integration of epidemiological investigation

pathogens of public health importance, population biology research and surveillance activities in the contexts of One Health and Global Health (see the BIC r\/lelar”e Hennart 12 . Jul|en Gugheln][r“ 3[ Sébast]en Br[del 1 g '\/lart”‘] C J f\da]den 4 : Ke[th A _JO”ey 4 ,

policy)
1

vea  Alexis Criscuolo 3, Sylvain Brisse

Databases hosted on this site

Access Status

Q_ Search Public - All v

Listeria monocytogenes Bordetella diphtheriae complex

ages _institut Pasteur/Damien Balestrino & © Images : Institut Pasteur/Antoinette Ryter & ® ©Images * Institut Pasteur/Pierre Gounon & ® ® Images : Insfitut Pasteur & ® Design : Institut

sign : Institut Pasteur Design : Institut Pasteur Design : Insfitut Pasteur Pasteur




LIN codes provide a stable nomenclature to

cgMLST clusters
—— L 0104 0105
( B SR \|
i |
| |
| |
| |
= 7
I |
\ |

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

—— 0.10 0 24 6
—— 010024 8
010 0 24 9
L —
I — 0.10 0 24 1
r 0 10 0 24 5
C

f 0 10 0 24 4
010 0 24 3

24

b




&

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

cgMLST vl
I Matching profiles

Closest profile: ¢gST-1448
Mismatches: 164
Loci matched: 873/1037 (84.2%)

6':3 Similar profiles (determined by LIN codes)

Partial LINcode: 010200

mm
800 1960 663
o_1_o 630 1153 406
0102 480 414 141
01020 280 62 25

010200 200 62 [ PUDMLST isolates [P




Search by LIN code prefix or nickname @x&
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MY ACCOUNT

Public databases for molecular typing
u and microbial genome diversity

HOME  ORGANISMS | SPECIESID ABOUT US  UPDATES

Home > Organisms > Neisseria spp. > Neisseria isolates > Search or browse database

X
Search or browse database

Modify form parameters

Enter search criteria or leave blank to browse all records. Modify form parameters to filter or enter a list of values.

el 52 [ T A T T T TR Pl Click to add or remove additional query terms:

id v =

Display/sort options
Order by: id v
Display: 25 v records per page (0

v |Enter value... +]® Provenance fields

Secondary metadata

Allele designations/scheme field values
Sequence variation

Allele designation counts

Allele designation status

. Annotation status
Contact Cite us )
Sequence bin
Please cite if

use data or analysis from PubMLST in your publications.

if you have any comments or suggestions
Tagged sequence counts

concerning the website and the databases.

Tagged sequence status

Disclaimer & Privacy | Cookies | Terms & Conditions

000000000000

Attribute values list
Filters




Search by LIN code prefix or nickname

Public databases for molecular typing
u and microbial genome diversity

HOME  ORGANISMS

Home > Organisms > Neisseria spp. > Neisseria isolates > Search or browse database

Search or browse database

Enter search criteria or leave blank to browse all records. Modify form parameters to filter or enter a list of values.

Isolate provenance/primary metadata fields
id v = v |Enter value...
Display/sort options

Order by: id v ascending
Display: 25 v records per page ()

Contact

if you have any comments or suggestions

concerning the website and the databases.

Disclaimer & Privacy | Cookies | Terms & Conditions

SPECIES ID

Curator interface

Allele designations/scheme fields

+|® -

v | Enter value...

Action

Cite us Follow

Please cite if you
use data or analysis from PubMLST in your publications.

MY ACCOUNT

ABOUT US  UPDATES

=
=)

oltips Modify form.

Supported by

Website by Manta Ray Media



Search by LIN code prefix or nickname

Public databases for molecular typing MY ACCOUNT
u and microbial genome diversity

HOME  ORGANISMS | SPECIESID ABOUT US  UPDATES

Home > Organisms > Neisseria spp. > Neisseria isolates > Search or browse database

=
=)

Gurator interface Help oltips Modify form.

Search or browse database

Enter search criteria or leave blank to browse all records. Modify form parameters to filter or enter a list of values.

Isolate provenance/primary metadata fields Allele designations/scheme fields
id v = v |Enter value... + @ LINcode (N. gonorrhoeae X _ starts with v 0_0_1 + @
cgMLST v2)
Display/sort options Action

Order by: id v ascending v RESET m
Display: 25 v records per page ()

Contact Cite us Follow Supported by

if you have any comments or suggestions Please cite if you

concerning the website and the databases. use data or analysis from PubMLST in your publications. w

welicome

Disclaimer & Privacy | Cookies | Terms & Conditions Website by Manta Ray Media



Search by LIN code prefix or nickname €coC
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Isolate count Genome count Continent Species Capsule group Clonal complex Year
24 2013 2016
e
4 0 [month] 4 0 [month] | 0 N
= ‘ — No value: 2 (1.6%)

122 records returned (1 - 25 displayed). Click the hyperlinks for detailed information.

Your projects Bookmark query

@@ 123 45 @@

Isolate fields /& Seqbin ] MLST .
N Contigs
I R e o e e o o e I e N 2 o e P e e e
isolate country |continent disease abcZ aroE | fumC pdhC ST
ci sampled group complex
31509 POL_11_148 10900_8_19 Poland  Europe Neisseria 2,200,098 185 126 39 67 146 153 133 10932

gonorrhoeae

31635 POL_10_5 10868_8_75 Poland  Europe 2010 Neisseria 2,197,160 203 126 39 67 238 146 153 133 10932 18-
gonorrhoeae

31657 POL_12 159 10900_8 32; Poland  Europe 2012 Neisseria 2,198,827 182 126 39 67 238 146 153 133 10932 18-
ERR352724 gonorrhoeae

34773 ATL_2011 01_17 USA North Georgia Atlanta 2011 Neisseria 2,145,634 353 126 39 67 238 146 153 133 10932 18-
America gonorrhoeae

37107 GCGS0376 12CFX_C 015; USA North Missouri 2012 Neisseria 2,191,447 204 126 39 67 238 146 153 133 10932 18-
3416STDY6016787 America gonorrhoeae

37152 GCGS0428 11CFX_C 024; USA North Ohio 2011 Neisseria 2,202,553 178 126 39 67 238 146 153 133 10932 18-
3416STDY6016833 America gonorrhoeae

37187 GCGS0429 12CFX_C 027; USA North Ohio 2012 Neisseria 2,195,737 239 126 39 67 238 146 153 133 10932 18-
3416STDY6016868 America gonorrhoeae

37292 GCGS0363 11AZ1_T_002; USA North  Michigan 2011 Neisseria 2,199,688 232 126 39 67 238 146 153 133 10932 18-
3416STDY6016975 America gonorrhoeae




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

LIN code [2]




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

LIN code [3]

2848 N. meningitidis; cgMLST v3 (1329 loci)
0_15_29



LIN code prefixes can be overlaid on a minimum- @6
spanning GrapeTree within PubMLST SR

LIN code [4]

0 15 29 0



Further reading Qﬁ C
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. . MLST revisited: the gene-by-gene approach to
bacterial genomics. Nat Rev Microbio/ 11(10), 728-736.
. . Open-access bacterial population genomics:

BIGSdb software, the PUbMLST.org website and their applications.
Wellcome Open Res 3:124.

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


https://pubmed.ncbi.nlm.nih.gov/23979428/
https://pubmed.ncbi.nlm.nih.gov/23979428/
https://pubmed.ncbi.nlm.nih.gov/23979428/
https://pubmed.ncbi.nlm.nih.gov/23979428/
https://pubmed.ncbi.nlm.nih.gov/30345391/
https://pubmed.ncbi.nlm.nih.gov/30345391/
https://pubmed.ncbi.nlm.nih.gov/30345391/
https://pubmed.ncbi.nlm.nih.gov/30345391/
https://pubmed.ncbi.nlm.nih.gov/35700230/
https://pubmed.ncbi.nlm.nih.gov/35700230/
https://pubmed.ncbi.nlm.nih.gov/35700230/
https://pubmed.ncbi.nlm.nih.gov/35700230/
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