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1 Background

1.1 Introduction to Mycobacterium abscessus

In this tutorial we will investigate a real outbreak of skin infections caused by Mycobacterium
abscessus which was described in the publication “Investigation of Two Mycobacterium
abscessus Outbreaks in Quebec Using Whole Genome Sequencing” by Wuzinski and coworkers?.

M. abscessus is a rapidly growing non-tuberculous mycobacterium with high intrinsic resistance. It is
mainly affecting individuals with pre-existing lung diseases such as cystic fibrosis, bronchiectasis or
previous TB. It can also cause extra-pulmonary disease such as skin and soft tissue infections via
wounds, surgery or cosmetic procedures.

Phylogenetic analyses have shown that M. abscessus can be divided into three subspecies: subsp.
abscessus, massiliense and bolletii. In addition to these subspecies, several clusters of closely related
isolates have been identified within both subsp. abscessus and subsp. massiliense. These so called
dominant circulating clones (DCC) have been isolated from both CF and non-CF patients across the
whole globe and have been associated with increased virulence, higher rates of resistance, and worse
clinical outcomes compared to unclustered isolates. Seven such DCCs have been described by Bryant
and coworkers but DCC1, DCC2 and DCC3 are most commonly isolated from patients?™,

At the Research Center Borstel, we have developed a core genome multi-locus sequence typing
scheme (cgMLST) that can be used for population structure analysis as well as transmission and
outbreak analysis of M. abscessus strains (Figure 1)°.
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Figure 1. Core genome multi-locus sequence typing (cgMLST)-based neigbor-joining tree comprising 1,786 M. abscessus
strains. 1. Strains that were previously classified into one of seven dominant circulating clones (DCC) based on core genome
single nucleotide polymorphism (cgSNP)/FastBAPS analysis. DCC clades (inner circle) are delineated and colored based on the
most recent common ancestral node comprising all strains with known DCC classification. 2. Sequence types (ST) according



to the nomenclature of the 7-loci MLST scheme hosted on pubMLST. 3. Mash distance-based subspecies classification. (Diricks
et al. 2022)>.

The cgMLST scheme consists of 2,904 core loci (core genes) representing 59% of the gene set of M.
abscessus type strain ATCC19977. These core genes are present in nearly all M. abscessus strains, and
comparing their allelic profiles allows determination of the genetic relatedness between strains. Using
this scheme, we confirmed and amended the nomenclature of the main dominant circulating clones
previously proposed by Bryant and coworker and found that these also correlate well with traditional
7-loci multi-locus sequence typing (MLST)°. Moreover, we found that DCC strains could be linked to a
corresponding DCC reference genome with less than 250 alleles while 99% of pairwise genetic
comparisons between epidemiologically linked (epi-linked) isolates were below 25 alleles and 90%
below 10 alleles (i.e. most epi-linked isolates had a pairwise distance of <10 alleles). Epi-linked isolates
are isolates with a known epidemiological link, such as a shared host (e.g. isolates from a chronically
infected patient) or a common transmission pathway, exposure, or outbreak context (e.g. isolates
from individuals exposed to the same contaminated water source). Clustering of isolates using
thresholds of 25 or 10 alleles could therefore be used to guide further epidemiological investigations,
as isolates differing by fewer than 25 alleles (and more stringently fewer than 10 alleles) may be
epidemiologically linked. In general, smaller allelic distances indicate a higher likelihood of recent
transmission or a common source.

Note: An allele is a specific gene variant, represented by an allele number according to a fixed
nomenclature (i.e. each unique sequence is assigned a specific number). CgMLST analysis compares
the allele profiles of core genes (i.e. the numbers for each of these genes) and calculates pairwise
genetic distances. These distances (e.g. 10 alleles) refer to the number of core genes that differ
between two isolates, providing a measure of their genetic relatedness: the higher the number, the
more distantly related the isolates are.

1.2 Case presentation

Within a short time period of 6 weeks, three females and one male patient presented to the doctor
with similar skin lesions around their new tattoo. Biopsies were taken and tested positive for
mycobacteria. The isolates were identified as M. abscessus subsp. abscessus by MLST and PCR
sequencing of the 16S and hsp65 genes. Patient interviews revealed a common exposure at a specific
tattoo studio. The Public Health Laboratory in Quebec suspected an outbreak and sent the samples to
the National Microbiology Laboratory to be investigated through whole genome sequencing.
Subsequent core genome single nucleotide polymorphism (cgSNP) analysis revealed close genetic
similarity with SNP distances ranging between 3 and 11 SNPs, indicative of a transmission cluster®.

1.3 Tasks

We want to trace back the source of the outbreak. As person-to-person transmission is considered
rare for M. abscessus, we start a hypothetical environmental investigation and take samples within
the tattoo shop: 500 mL of tap water, 50 mL of ink, 500 mL of shower water and 500 mL of water from
the aquarium. Samples are sent to the National Reference Laboratory in Borstel, Germany. After
standard pre-processing procedures, including filtration and decontamination, samples were
inoculated into liquid medium (mycobacterial growth indicator tubes, MGIT) as well as onto solid
media (7H10 and Léwenstein-Jensen), incubated for 8 weeks at 30 and 37 °C, and monitored closely.
If colonies grew, they were examined microscopically after Ziehl-Neelsen staining to identify acid-fast
bacteria. Two different looking acid-fast bacteria with different growth rates were identified from the
shower sample (isolate L and N). Also the tap (sample M) and aquarium water (sample O) tested
positive for mycobacteria but not the ink. After DNA extraction and library preperation, the isolates



were sequenced on a lllumina machine. The raw data (fastQ) were assembled using the skesa®
assembler and resulting assemblies (fastA) have been shared with you on the ECDC platform.

Table 1 Overview of isolates to be studied

ic:Z:It?:; . Reference Source
Wuzinski 2020 Patient 1
I Wuzinski 2020 Patient 2
J Wouzinski 2020 Patient 3
K Wouzinski 2020 Patient 4
L Hypothetical investigation Shower
M Hypothetical investigation Tap water
N Hypothetical investigation Shower
0] Hypothetical investigation Aguarium

The ultimate goal of this tutorial is to identify the source of the skin infection outbreak. To achieve
this, several subtasks must be completed:

¢ Task 1: Determine which NTM (sub)species were isolated from the environmental samples
(L-0) using Pathogenwatch and/or NTM-Profiler

* Task 2: Determine the 7-loci MLST Sequence Type (ST) of the M. abscessus isolates using
Pathogenwatch and/or pubMLST

* Task 3: Determine whether the M. abscessus isolates belong to known dominant circulating
clones (DCCs) using pubMLST and/or Ridom Typer (for existing users only)

* Task 4: Determine the genetic distance (expressed as allele differences) between outbreak
isolates using pubMLST and/or Ridom Typer (for existing users only)

* Task 5: Determine the genetic resistance profiles of the isolates using NTM-Profiler
Complete all results in Task_Exercise2026_NTM.xIsx.

* Task 6: Determine the source of the outbreak: i.e. which strains isolated from the
environmental samples are genetically similar to the ones from the patients 2 formulate a
hypothesis regarding the transmission route

2 Gather required data

Make sure you have downloaded all required files for today’s tutorial from the ECDC learning platform
to a folder you can access:

1. Folder FastA - containing draft genomes (fastA files) of the 8 isolates (clinical and environmental)
2. Task_Exercise2026_NTM.xIsx = to store results
3. 110 _Ref Mabscessus_pubMLST.xIsx = to determine DCCs

The file 110 _Ref Mabscessus_Ridom.xlIsx is optional and intended only for users with a valid Ridom
Typer (SeqSphere+) license. FastQ files are also optional and can be downloaded and used by those
with command-line experience.



3 Bioinformatic analysis

Note: Software tools often change over time, so some screenshots might not fully reflect the current
interface. If you notice any mistakes or need assistance, please feel free to contact me at
mdiricks@fz-borstel.de.

3.1 Web-based and desktop GUI Tools

3.1.1 Species identification and typing using Pathogenwatch
1. Browse to https://pathogen.watch/
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metadata, or view all publicly available
genomes.

2. Click on “Upload” at the top of the website and sign in. If it is the first time you sign in, you
will need to click on the activation link that will be sent to you.

Drop files here

—

Supported files:

Genomic Data Metadata

1ti-FASTA

.fa, .fas, .fna, . Ffn, .f2a, . frn, .fasta, .genome, .contig, .dn3, .nf3, .nga, . asta.gz,
fq.gzand .csv

assembled DNA sequences of whole genomes or short reads. including extension




3. Open Windows Explorer and navigate to the downloaded FastA folder. Drag and drop the 8
fastA files into the middle of the Pathogenwatch website. Alternatively, click on the “+” sign
at the bottom right, browse to the FastA folder, select all 8 files, and click “Open”.

4. Once all samples are analysed, click on “View Genomes” in the center of the circle. You will
see the species annotation of the sequences you have just uploaded. Complete these results
in Task_Exercise2026_NTM.xlsx (Column species).

5. Click on a sample (e.g. H) in the column “Name” to open a sample-specific report. Here you
can see the full MLST ST profile, assembly stats and organism prediction. Check these
reports for all samples and complete the results in Task_Exercise2026_NTM.xIsx (Column
MLST ST).

H ,F‘Pa’hoqpnwafch

Metadata

Typing
MLST - Multilocus sequence typing

222

Core genome clustering

Clusters have not been calculated for this genome

QC & Stats
Passed 5,004,181 25
1,551,651 200,167 354,864

6. Click in the middle of the report on ,,Run Clustering” and click on “View Cluster”. Are the
patient samples related? Which environmental isolate clusters with the patient isolates?



3.1.2 Typing using PubMLST

We will make use of the web-based typing tool PUbMLST to determine the multi-locus sequence
type (MLST ST) and genetic relatedness of the 6 M. abscessus strains.

e Before you can start:
o Make a pubMLST account: follow instructions at https://pubmlst.org/site-accounts
o Loginto your account. Click at the upper right on My account and look for the
Mycobacteroides abscessus databases via the Search function in the tab “Database
registrations”. Click on Register, they now should appear on the left under
“Registered”.

PubMLST site-wide settings

» User details

Use this page to register your account with specific databases. You need to do this if you want to submit data to a specific database, access a password-protected resource, create a
user project, or run jobs.
Registered Auto-registrations

Youcaccountis egictered for The listed resources allow you to register yourself
Select from list and click ‘Register’ button

« Mycobacteroides abscessus complex isolates (pubmist_mabscessus_isolates)
« Mycobacteroides abscessus complex typing (pubmist_mabscessus_seqdef)

isolates (pubmist_z _isolates) a

typing (pubmist_ (_seqdef) ]

Acinetobacter baumannii isolates (pubmist_abaumannii_isolates)

Acinetobacter baumannii typing (pubmist_abaumannii_seqdef)

isolates (pubmist_¢ ;_isolates)

Actinobacillus typing (pubmist_actinobacillus_seqdef) .

REGISTER

7. Browse to the website https://pubmlst.org/, click at the top on “ORGANISMS” and search
for Mycobacteroides abscessus

Public databases for molecular typing
u Ry

ORGANISMS SPECIES ID ABOUT US UPDATES
—
Home > Organisms

Organisms

Most popular

Campylobacter jejuni/coli Haemophilus influenzae Neisseria spp.

Staphylococcus aureus Streptococcus agalactiae Streptococcus pneumoniae

Search

mycobacteroides abscessus

8. Click on Mycobacteroides abscessus complex and click on “Typing” (box at the bottom left).




Public databases for molecular typing
and microbial genome diversity

PubMLST

ORGANISMS ~ SPECIESID  ABOUTUS  UPDATES

Home > Organisms

Mpycobacteroides abscessus complex

Source of isolates submitted to the Mycobacteroides abscessus complex database &, SUBMIT

This MLST scheme was developed by Song Yee Kim and
colleagues at the Yonsei University College of Medicine,
Seoul, Korea. It is described in Kim et al. 2013 Diagn

Dis 77:143-9 «

Database curated by Margo Diricks.

The separate scheme for M. massiliense has been removed

since this was leading to confusion with the M. abscessus

scheme as they used the same loci with different allele

numbers. Allele and profile definitions for the legacy M.
nassiliense scheme are available for download here.

The preferred citation for this website is

en Res 2018, 3:124 [version 1; referees: 2

Isolate collection

Typing

The typing database contains nomenclature - allele
definitions that provide an identifier for every unique
allele sequence, and MLST profiles that index each unique
combination of alleles with a sequence type (ST).

Genome collection

The isolate database consists of isolate records containing
provenance and phenotype information linked to contain genomes assemblies. You can access these from
molecular typing information. These records may also the isolate database by filtering on sequence bin size in a
include genome assemblies. query.

A subset of records within the isolate database may

Allele sequences: 191,947

Last updated: 2026-04-22

Isolates: 2,233
Last updated: 2026-04-28

Genomes: 2,189

Last updated: 2026-04-22

9. Atthe right, click on + sign next to “Information” and click on “database status”. You will
see that there are two typing schemes available: MLST (based on 7 loci) and cgMLST (based
on 2,904 loci defined in Diricks et al. 2022°). These can both be used to type and compare M.
abscessus isolates. The cgMLST scheme can also be used for outbreak analysis.

10. Go back to the previous screen and click on the box “Single Sequence”.

Query a sequence

Single sequence

Find alleles

By specific criteria

Mycobacteroides abscessus complex typing database

Search for allelic profiles

By specific criteria

together.

(+ LOG OUT ar

X SUBMISSIONS

Query a single sequence or whole Find alleles by matching criteria (all Search, browse or enter list of profiles 4 DOWNLOADS ST
genome assembly to identify allelic loci together) -
matches.
(2 EXPORT =+
Batch sequences By locus By allelic profile
q By By P k2 ANALYSIS +
Query multiple independent sequences Select, analyse and download specific This can include partial matches to find
in FASTA format to identify allelic alleles from a single locus. related profiles.
matches. £ CUSTOMISE =
© INFORMATION o
In a batch
Look up multiple allelic profiles £ ISOLATES

11. Select “MLST” in the first box (Please select locus/scheme). In the middle, click on “select
fasta file” and navigate to the folder FastA and choose H.fasta. Click on “Submit”.




Sequence query

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 Order results by
MLST locus

Action

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

Select FASTA file:

Uploaded file: H.fasta

7 exact matches found.

argH 510 contig00001_len=1551651_cov=62.3_corr=0_origname=Contig_11_62.3438 pilon_sw=shovill-skesa/1.1.0_date=20211201 430151 430660
cya 2 540 contig00002_Len=769008 _cov=65.6_corr=0_origname=Contig_23_65.5755_pilon_sw=shovill-skesa/1.1.0_date=20211201 490649 491188
gnd 3 506 contig00001_len=1551651_cov=62.3_corr=0_origname=Contig_11_62.3438_pilon_sw=shovill-skesa/1.1.0_date=20211201 505859 506364
murC 2 445 contig00001_len=1551651_cov=62.3_corr=0_origname=Contig_11_62.3438 _pilon_sw=shovill-skesa/1.1.0_date=20211201 45742 46186
pta 2 520 contigD0008_len=189718_cov=68.3_corr=0_origname=Contig_19_68.252 pilon_sw=shovill-skesa/1.1.0_date=20211201 128141 128660
purH 25 497 contigD0004_len=318344_cov=63.5_corr=0_origname=Contig_18_63.4806_pilon_sw=shovill-skesa/1.1.0_date=20211201 224905 225401
rpoB 4 503  contig0D0009_len=155652_cov=65.9_corr=0_origname=Contig_2_65.8717_pilon_sw=shovill-skesa/1.1.0_date=20211201 139878 140380

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.

MLST
@‘ Matching profile

12. Do the same for the other 7 fastA files. Enter the MLST sequence type results in
Task_Exercise2026_NTM.xIsx (column MLST ST). Compare the MLST ST from pubMLST with
that from pathogenwatch. It should be the same as they are using the same nomenclature!

13. Go back to https://pubmlst.org/organisms/mycobacteroides-abscessus-complex and click on

,Genome collection”

PubMLST

Public databases for molecular typing
and microbial genome diversity

ORGANISMS ~ SPECIESID  ABOUTUS  UPDATES

Home > Organisms

Mycobacteroides abscessus complex

Source of isolates submitted to the Mycobacteroides abscessus complex database A, SUBMIT

This MLST scheme was developed by Song Yee Kim and
colleagues at the Yonsei University College of Medicine,
— ~ Seoul, Korea. It

s described in Kim
Dis 77:143-9 «

2013 Diagn

Database curated by Margo Diricks

The separate scheme for M. massiliense has been removed
since this was leading to confusion with the M. abscessus
scheme as they used the same loci with different allele
numbers. Allele and profile definitions for the legacy M.
iliense scheme are available for download here.

The preferred citation for this website is:

18, 3:124 [version 1; referees: 2

me Op

Jolley et a

approved)] o

Typing

The typing database contains nomenclature - allele
definitions that provide an identifier for every unique
allele sequence, and MLST profiles that index each unique
combination of alleles with a sequence type (ST).

Allele sequences: 191,947

Last updated: 2026-04-22

Isolate collection

The isolate database consists of isolate records containing
provenance and phenotype information linked to
molecular typing information. These records may also
include genome assemblies

Isolates: 2,233

Last updated: 2026-04-28

Genome collection

A subset of records within the isolate database may
contain genomes assemblies. You can access these from
the isolate database by filtering on sequence bin size in a
query

Genomes: 2,189

Last updated: 2026-04-22




14. Look if there are M. abscessus genomes of your country included in this database: choose
“Country” in first field of “Isolate provenance/primary metadata fields” and your country
name in the third field.

Public databases for molecular typing
u and microbial genome diversity

HOME  ORGANISMS  SPECIESID ABOUTUS  UPDATES

Fa

cteroides absce: s > Search or browse database

us complex > Mycol

Search or browse database
Restricted view: Note that you are currently restricted to viewing or downloading data that was submitted on or prior to 2024-12-31. Please log in to access the full dataset.

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 Sequence bin Display/sort options

country v = Vv Germany + O total length (Mbp) v >=wv 1 + @ Order by: id v ascending v
Display: 25  records per page (O

Action

(oo N

Isolate count Genome count
0 [month] 0 [month) :

7 records returned. Click the hyperlinks for detailed information.

Isolate fields MLST
id isolate subspecies source argH cya gnd murC pta purH rpoB ST clonal complex
1813 (F34/14-1 GCA_004010025.1;RRCGO1 Germany abscessus 2016 unknown 1 2 1 2 4 4 1 9 2
1881 ERR4298293 mmasl Germany massiliense 2006 human 30 39 17 28 16 44 19 263
1882 ERR4298315 mbol2 Germany bolletii 2016 human 16 6 18 13 10 17 8 264
1883 ERR4298316 mmas8 Germany massiliense 2015 human 38 31 19 28 16 45 20 266
1884 ERR4298318 mabs17 Germany abscessus 2013 human 4 43 10 2 2 7 1 268
2072 22007123 1AB6 B209 Germany bolletii 2011 human 17 23 18 13 26 15 7 293
2073 22007125 4BCA 7289 Germany abscessus 2020 humen 1 5 3 2 4 4 1 294

15. Choose “isolate” in the “Isolate provenance/primary metadata fields”, choose “contains” in
the second field and enter “ECDC-FZB_training_2025" in the third field and click on Search
(only visible if you have signed in!). You will see the 6 M. abscessus isolates from our
exercise which | have uploaded before to this database. Note that the MLST ST types are
also indicated here.

=

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 Sequence bin Display/sort options
isolate - | contains - [ECDC-FZB_training_2025 | + |® total length (Mbp) ~ >= - 1 +® Orderby: g - | ascending
Display: 25 . records per page @

Action

(o | N
solate count Genome count

6 6 |

0 [month] 0 [month]

2018

6 records returned. Click the hyperlinks for detailed information.

Bookmark query
Isolate fields
aliases country subspecies year 9 gnd murC "

2111 H  ECDC-FZB_training_2025 1 Canada abscessus 2018  human 1 2 3 2 2 25 4
2112 | ECDC-FZB_training_2025_2 Canada abscessus 2018 human LTS L S
2113 ) ECDC-FZB_training_2025_3 Canada abscessus 2018  human 12 300 S ao5 Y
2114 K ECDCFZB_training_2025_4 Canada abscessus 2018  human 102003 200205 4
2115 M ECDC-FZB_training_2025_5 Canada abscessus 2018 envionmental 1 2 3 2 2 25 4
2116 N ECDC-FZB_training_2025_6 Canada massiliense 2018 environmental 30 31 17 27 21 31 18 3
Analysis tools

% Breakdown: Flelds TwoFleld G sites Sequence bin

|22 Analysis: BURST Codons Gene Presence GeneScanner Genome Comparator BLAST rMLSTspeclesid PCR
[® Export: Dataset Contigs ~Sequences

(2 Tnird party}] GrapeTree jiToL PhyloViz ReporTree  SNPsites




16. Click at the bottom on “GrapeTree”.

17. Check the box next to cgMLST in the middle box (schemes). And choose , Detailed source” in
the ,Include fields” at the right. Click on “Submit”.

Public databases for molecular typing
u and microbial genome diversity

NISMS  SPECIESID ABOUTUS  UPDATES

Home > Organisms > My s > GrapeTree

GrapeTree: Visualization of genomic relationships

This plugin generates a minimum-spanning tree and visualizes within GrapeTree

\%. GrapeTree is developed by: Zhemin Zhou (1), Nabil-Fareed Alikhan (1), Martin J. Sergeant (1), Nina Luhmann (1), Cétia Vaz (2,5), Alexandre P.Francisco (2,4), Jodo André Carrigo (3) and Mark Achtman (1)

1. Warwick Medical School, University of Warwick, UK

2. Instituto de Engenharia de Sistemas e C: Investigagdo e L (INESC-ID), Lisboa, Portugal

3. Universidade de Lisboa, Faculdade de Medicina, Instituto de Microbiologia and Instituto de Medicina Molecular, Lisboa, Portugal
4. Instituto Superior Técnico, Universidade de Lisboa, Lisboa, Portugal

5. ADEETC, Instituto Superior de Engenharia de Lisboa, Instituto Politécnico de Lisboa, Lisboa, Portugal

Publication: Zhou at al. (2018) GrapeTree: Visualization of core genomic relationships among 100,000 bacterial pathogens. Genome Res 28:1395-1404.

This tool will generate minimum spanning trees trees from allelic profiles. Please check the loci that you would like to include. Alternatively select one or more schemes to include all loci that are members of the scheme.

Analysis is limited to 50,000 records.

Isolates Loci Schemes Include fields
2111 Select options . i W . Allloci Select additional fields to include in GrapeTree metadata.
2112 ; MLST

i detailed source
a1 [ AU | None Jf Paste st | Ribosomal MLST
2115 ¥ . cgMLST
2116
4
Parameters / options Action

Rescan undesignated loci ()
Method: MSTreeV2 v @

18. After calculations are done, click on ,Launch GrapeTree”. Click on the “>” next to “Tree
Layout” and on “>” next to “Branch style”. Check box next to “Show labels” on branches to

display the allele distance between samples. Also check the box next to “Log scale” to better
see the small distances.

Tree Layout

°
‘ Static Redraw

Centre Tree |

Show Tooltips

Drag Icon to Rotate: ©

Zoom:
Node Style >
isolate
] WHm
Show Labels Blo]

OIS — Wym

14 3 Oxm

[ L9

4 Scaling (%) onm
100 <

K4 Collapse Branches

iog scate : 1 29 O

For branches ° A
longer than: =
®
Display Hide Shorten
Rendering >
Context Menu >

What do you think is the source of the outbreak? Which environmental isolate is closely related
to the clinical isolates from the skin infection?



Do our M. abscessus isolates belong to one of the known seven dominant circulating clones
(DCCs)?

1.

To address this question, multiple approaches can be used. As a first step, a preliminary
check can be performed. DCC strains typically share the same 7-loci MLST sequence type
(see Diricks et al., 2022°). Please open the file “110_Ref_Mabscessus_pubMLST.xlsx” for the
most common ST types associated with each DCC (e.g. DCC1 - ST5). Do the isolates H, |, J, K,
M, and N have the same ST type as any of the known DCCs?

A more accurate approach is to compare your isolates with known DCC isolates at the

whole-genome level, for example through phylogenetic positioning. This can be done, for
example, using pubMLST.

Go back to the genome collection:
https://pubmlst.org/bigsdb?db=pubmlst_mabscessus_isolates&page=query&genomes=1
Click on "Grapetree" at the Bottom

Click on "Clear" To remove all current Isolate IDs and past the list of identifiers from column
A'in the "110_Ref_Mabscessus_pubMLST.xlIsx" file in the "Isolates field"

Check the box next to "cgMLST" in the "Schemes" Panel and under "Include fields" select
country, subspecies, year, source, detailed source and disease.

GrapeTree: Visualization of genomic relationships

...Q GrapeTree is developed by: Zhemin Zhou (1), Nabil-Fareed Alikhan (1), Martin J. Sergeant (1), Nina Luhmann (1), Catia Vaz (2,5), Alexandre P. Francisco (2,4), Joao André Carrico (3) and Mark Achtman (1)

Publication: Zhou at aL (2018) GrapeTree: Visualization of core genomic relationships among 100,000 bacterial pathogens. Genome Res 28:1395-1404.

This tool will generate minimum spanning trees trees from allelic profiles. Please check the loci that you would like to include. Alternatively select one or more schemes to include all loci that are members of the scheme.

Analysis is limited to 50,000 records.

Isolates Loci Schemes Include fields
2111 a Select options - i All loci Select additional fields to include in GrapeTree metadata.
2112 MLST
2113 l: lm m country, subspecies, year,
2114 Ribosomal MLST source, detailed source,
2115 v cgMLST disease
2116 N/ ———
2126 Syw
¥ Checkall ¥ Uncheck all o
General a
country '
Parameters / options Action continent
< subspecies
Rescan undesignated loci
g S susmiT Jear
Method: MSTreeV2 - @
source

This plugin generates a minimum-spanning tree and visualizes within GrapeTree:

1. Warwick Medical School, University of Warwick, UK

2.Instituto de Engenharia de Sistemas e C Investigagao e Deser (INESC-ID), Lisboa, Portugal

3. Universidade de Lisboa, Faculdade de Medicina, Instituto de Microbiologia and Instituto de Medicina Molecular, Lisboa, Portugal
4. Instituto Superior Técnico, Universidade de Lisboa, Lisboa, Portugal

5. ADEETC, Instituto Superior de Engenharia de Lisboa, Instituto Politécnico de Lisboa, Lisboa, Portugal

7 Aatailad curra Y

10.

Click on submit and next on “Launch Grapetree” as soon as the job is done.

In the left panel, click on the > arrow next to “Tree Layout” and choose the option “Colour
by: “detailed source”

In the left panel, click on the > arrow next to “Branch style” and choose the option “Show

labels”.

Tip: you can turn a tree by clicking on “Drag Icon to Rotate” in the left panel. You can also

move the branches by clicking on the branches and dragging them in a specific direction.

Do the outbreak isolates belong to one of the seven DCCs?



detailed source @?D

o
W occt [20) —

[occ2 (20) N \C —
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[T]occs [10)

W ocer [10)

[Z] No DCC [10)

[l occb (5] 5] \c
[[] Tattoo lesion [4] \{

[l Shower (hypothetical) [1

[ Tab water (hypothetical) >

Q

P

11. Put on the “log scale” (in the left panel under “Branch style”) to better see the genetic
distance (number on branches) between isolates. Under “node Style” select the option
“Show labels” and choose “country” as label. The shower isolate N from Canada (brown
disc) seems to be very closely related to a DCC3a isolate from Australia with a genetic
distance of only 7 alleles. As isolate N is closely related (<250 allelic differences) to other
DCC3aisolates (i.e., it falls within the same cluster), it can be classified as belonging to
DCC3a. Please record this result in Task_Exercise2026_NTM.xIsx (column DCC).

Tree Layout v a

detailed source

o
— [Zoccz20)
[ static Redraw | Woccas)
[CJocca 0]
[Centre Tree Hoccs (10 .
Show Tooltips []occs (10) A a
W occ [10)
[ENo DCC [10)
W occan (5]
.o
Drag Icon to Rotate: < [ Tatioolesion 4
Zoom: [l Shower (hypothetical) (1
[ Tab water (hypothetical)
Node Style v
Colour By:
delailed source v
] m\ 8
Show Labels
Country v
Font Size:
v 1 8
4 Node size (%) @
100
W4 Kurtosis (%)
100 < 7
Highlight Label C
[
(J show pie Chart
Branch Style v
Show Labels
Font Size:
14 2
W scaling (%)
100 °
M Collapse Branches
0 -
Biog scaie

12. Note: you can also submit and analyse your own genomes in pubMLST:
https://pubmlst.org/submit-data. After submission, you will need to wait for the curator
(which is me for M. abscessus ) to accept your genomes.




3.1.3 Species identification and resistance prediction with NTM-Profiler (web-server)

1. Browse to https://bicinformatics.Ishtm.ac.uk/ntm-profiler/
2. Click on “Upload”

NTM-Profiler

Welcome to the webserver of NTM-Profiler - a pipeline which allows users to analyse Mycobacterial whole genome sequencing data to predict lineage and drug resistance. Follow the instructions below to upload
a new sample or view analysed runs.

How does it work?

The pipeline searches for small variants and big deletions associated with drug resistance. It will also report the lineage. By default it uses Timmomatic to trim the reads, BWA (or minimap2 for nanopore) to align to the
reference genome and GATK (open source v4) to call variants.

Profile your sample
Upload your next generation sequencing data in fastQ format. You can upload one or two (forward
and reverse) fastq files. When you upload your data, the run will be be assigned a unique ID. Please
take a note of this ID as you will need to to find your results later. Batch upload of samples is also
possible.

View the results

Find your results by entering you unique run ID directly into the search box below.

Which mutations are being used to prodict resistance?

Resistance markers have been retreived from the literature. You can take a look at the up to date CSV files here by navigating to the relevant species folder and viewing the variants. csv file.

Can | run NTM-Profiler on my own computer?

If you have access to a linux or macOS operating system then you can download the commandiline version of NTM-Profiler. For more information on this please visit the github repository. If you would like to create your

own instance of this webserver, the code is fully open-source and available at thi: hub repository

3. Select “Fasta” as filetype and drop the 8 fastA files from windows explorer in the central
part.

rofiler

Upload your next generation sequencing data in fastq or fasta format. Files will be processed using the NTM-Profiler pipeline with default parameters. You may select the technology used to generate the data (Illumina
or Oxford Nanopore). Samples will be process with a first in first out policy so please be patient as there may be runs waiting to be processed before yours

Please note: at the moment we can only accomodate uploads of files under 4GB. If you have files which are larger or you require many isolates to be processed and have access to a linux or macOS operating system then

it might be worthwhile to run the commandline version of NTM-Profiler. For more information on this please visit the github rep

Please drop your files in here and click submit when done.

5.1 MB 578 5.1 MB 5.1 MB 6.5 MB 5.1 MB 5.3 MB 6.3 MB

o - asta Kiasta Liasta Miasta Nfasta Ofasta !

Platform: Filetype:
O Illumina Paired fastq
Nanopore Single fastq
O rasta
File suffix:

Read suffix. Use this option to change the default suffix of files. For example if your fastq file is named sample1.fna then your suffix should be .fna

File suffix:

4. Click on “Submit”. Processing will take around 2 min.

5. After the processing finished, you can click on every single isolate to look at the results. Do
you get the same results as Pathogenwatch? Complete the results in
Task_Exercise2026_NTM.xlIsx (especially column subspecies).



NTM-Profiler

Below are the details of your runs. You can click on the run ID to view the results. Make sure to bookmark this page so that you can return to it later.
Submitted runs
CSV  PDF
Search
Run ID Files ! status
17986¢f7-698f-4e31-beca-7b0a51ebcbag O-fasta
574af4d8-4630-46ba-9062-0abb113291d4 N.fasta Completed
6409a2fa-9df3-4f88-a251-f27865965e: M fasta
297e869a-7336-4ff1-b7ea-63f8c854126e Lfasta
21342968-5198-415b-8f21-7eafac1b5311 Kfasta Completed
679f5272-6641-4a89-90c2-c8bebba2b20f ) fasta
2fecibef-0cf7-40e6-b9f2-e7d31e9f5015 Ifasta
2307582-2a5a-4d31-bab6-c93f2b584666 Hfasta Completed
« >
Showing 1 to 8 of 8 entries
Previous Next

6. Have alook at the drug resistance tabs of all samples. Do you see any known resistance
related mutations? What would you have expected for M. abscessus subsp. abscessus; can
you explain the macrolide susceptibility of the outbreak isolates?

NTM-Profiler

Summary QC Species Drug resistance Genome browser Log Download

Run ID: 574af4d8-4630-46ba-9062-0abb113291d4
Species: Mycobacterium abscessus subsp. massiliense

Summary ~ QC  Species  Drugresistance  Genome browser  log  Download

Overview

The drug resistance analysis is performed using the genome variants found in the sample. The resistance is determined by the presence of known resistance mutations and genes in the genome. This table shows
the resistance to the drugs tested and the supporting genetic determinants.

Drug Resistance Supporting variants
macrolides
amikacin

fluoroquinolones

Drug resistance genes
The following table lists resistance-associated genes found in your sample.

Gene Type Drugs

Drug resistance variants
The following table lists resistance-associated variants found in your sample.

Gene Genome position Mutation Type Estimated fraction Drugs




Optional: Only for current users of Ridom Typer (SeqSphere+) with an active
license

3.14

CgMLST-based cluster analysis using Bruker MBioSEQ Ridom Typer

This is commercial software: https://www.ridom.de/ridom-typer/

Note: Bruker MBioSEQ Ridom Typer was formerly known as SeqSphere+. The name of this software
application changed after the company Ridom was acquired by Bruker in 2025.

3.1.4.1

3.1.4.2

3.1.4.3

3. Click the button “Download & Add” to select Task Templates. Select Mycobacteroides
abscessus as organism and uncheck “M. abscessus Accessory”. Click “OK”.

Preliminaries

Installation: This tutorial requires Ridom Typer (client and server) to be downloaded and
installed (https://www.ridom.de/ridom-typer/update/)

License: To be able to use Ridom Typer you need to have a valid license = e.g a paid license
from your institute or a free demo license (only for in-person trainings in Borstel, not
available for this online training)

Start Ridom Typer

Double click on the icon Ridom Typer on your desktop
Step 3: Login with your credentials

Define Project, Database Scheme, and Tasks

Use the “New Project” Shortcut from the Ridom Typer Welcome screen.

B’l

New Project
Create a new 'species-spedific
data

Project to hold Sample

The New Project window opens. Enter a “Project Name”, e.g., Mabscessus.

"} -
Ej New Project
Project Name:  Mabscessus Epi Database Scheme: Default Bacteria v B €
Category: Default Metadata Fields: Avg. Coverage (Assembled), Approximal|  Choose...
Acronym: Organism:
PubMed ID: (]
Task Templates: ‘:};A Download & Add
= Add
= Rem
% Move
® Add cgmL I tior
@ rdda ning Alert Definiti
Description:
Cancel




23¢ Download from Task Template Sphere X

Download from Task Template Sphere

Choose the organism you want to analyze to add predefined Task Templates for WGS data
from the Task Template Sphere to your Project.

Bacteria v
Organism:  Mycobacteroides abscessus v (") Show also organisms with MLST only
Application: -any - v

Y M. abscessus cgMLST @

Application: Chromosomal Typing (2904 targets)
Curators: M. Diricks, Research Center Borstel, Germany; S.
Niemann, Research Center Borstel, Germany

D &3 M. abscessus Accessory
Application: Chromosomal Typing (1986 targets)

(J g NCBI AMRFinderPlus
Application: Resistance

D & Chromosome & Plasmid Overview @
Application: Chromosomal Typing/Plasmid Typing

@] @ CGE MobileElementFinder
Application: Plasmid Typing

Select All Select None 1 of 5 Task Templates are selected

@ Cancel

4. Click again on Download & Add to select Task Templates. Select Mycobacteroides
abscessus complex (MLST/Resistance only) as organism and click on OK.

232 Download from Task Template Sphere X

Download from Task Template Sphere

Choose the organism you want to analyze to add predefined Task Templates for WGS data
from the Task Template Sphere to your Project.

|Bacteria v
Organism: vMyoobacta'oides abscessus complex (MLST Resistance only) v
Application: v -any - v

M & M. abscessus abscessus MLST (&)

Application: Chromosomal Typing (7 targets)
Curator: PubMLST Databases developed by Keith Jolley and sited
at the University of Oxford

O & ncet AMRFinderPlus
Application: Resistance

O & chromosome & Plasmid Overview
Application: Chromosomal Typing/Plasmid Typing

O 4 coe MobieSlementrinder
Application: Plasmid Typing

SelectAll || SelectNone | 10f 4 Task Templates are selected

@ (o] o




The project window should now look like this:

3% New Project

Ei] New Project

< Create New Project

Project Name: |Mabscessus
Category:
Acronym:

PubMed ID:

Task Templates: [ M, abscessus MLST

¥ M. abscessus cgMLST

Epi Database Scheme: | EE Default Bacteria
Default Metadata Fields:
Organism: Mycobacteroides abscessus

1
(- Download & Add
< Add

= Remove Task Templ...

£ Move Up

& Move Down

| 8 Add cgMLST Local SLC ID Definition |

6 Add cgMLST Clonal Early Warning Alert Defini...

Description:

Access Control
Project Owner: mdiricks

View Project Definition: | fC Anyone v

Edit Project Definition: | Anyone v

Create Sample: F¢ Anyone v

Project Access Control Defaults for Samples Defaults for Task Entries

Quick Select j v

Cancel

5. Close the New project window by clicking on ,0k” at the bottom.

3.1.4.4

Process already assembled genome data

1. Click on Process Assembled Genome Data button from the Ridom Typer Welcome screen.

Process Assembled Genome Data
Process and import assembled data from local files or from NCBI Genomes
into Samples of a Project

2. Make sure your previously defined project (Mabscessus) is selected and click at “Add from
File” at the right. Browse to your training folder FastA and select sample H to N (7 in total)
and click on “OK”. Click again on “OK” to start processing the samples. Ridom Typer will now
scan the genomes for the 2,904 genes included in the M. abscessus cgMLST scheme and
determine the allele numbers. This will only take about 7 min.



882 Process Assembled Genome Data X

_.-;i Process Assembled Genome Data

% & Scan for ref.-seqs/alleles from a Task Template in the given sequences (assembled genomes)
and extract the matching regions into Sample targets.

Project: E Mabscessus v

Tasks: [M. abscessus cgMLST o Add Task

¥ Remove all Tasks

All 1 Task selected () Define Targets

Input Sequence Data (7)

Sample ID Input Source Format Procedure Details Tag(s) 2| (& Add from File
¢ H H.fasta FASTA Add from NCBI
¢ 1 1.fasta FASTA

¢ ] ).fasta FASTA

2 K K fasta FASTA B Edit Properties
¢ L L.fasta FASTA

s M M fasta FASTA SR

¢ N N.fasta FASTA

@ Target Scan Procedure Details...

@ Cancel

Once the samples are processed you should see following screen:

238 Target Scan Procedure Results X
Target Scan Procedure Results
Sequence data was processed and results were saved
to 7 Samples.
|| Show Scan Procedure Details
7 selected of 7 items
¥= Select All 52 Select None Invert Selection
Load Samples Submit Allelic Profile to cgMLST.org Close

3. After the samples are processed. Click on “Close”.

3.1.4.5 Import epidata of M. abscessus strains under investigation

1. Click on the “Import Epi Metadata” button in the main window of Ridom Typer.

? Import Epi Metadata
=]

Import epi metadata from MS Excel and CSV files into Samples of a Project

2. Inthe upcoming “Import Epi Metadata” dialog click on the folder icon and select the Excel
file Task_Exercise2026_NTM.xIsx. Click on “OK”.



233 Import Epi Metadata X

Import Epi Metadata

Import epi data from MS Excel and CSV files into the epi metadata fields of a Sample.

Import from file: =

File format: Excel file (*.xisx, *.xis) v Sheetno.: L35

Import with setting: v
I Bl New Epi Meta l [% Manage Epi Metadata Import Settings

> d

A\ Please select a data file!

® Iz] Cancel

Click on the “New Epi Metadata Import Setting button” (will be come available once you
have selected a file, see previous step). In the upcoming “New Epi Metadata Import
Setting” select your previously defined project (Mabscessus) in the first row. Check the box
next to “Overwrite existing data”. Check the box next to “First row is header”. Click on the
“Auto-Detect Mapping” function on the right. Click on “OK”. Click once again on “OK”. The
data will now be imported. After the data has been imported, click on ,,Close”.

£33 New Epi Metadata Import Settir
New Epi Metadata Import Setting
© Import into project [ Mabscessus v

(O Import into multiple projects

Name: (") Save definition

Description:

(") Import only new Samples

(") Import only into existing Samples
Overwrite existing data

Skip empty cells

() Allow import into Task Entry fields

First row is header Q Auto-Detect Mapping
PEE=WEd ot mapped 84 Isolation .x|48q Country of Is.|asq Spe.»|asq Subs:v. (NSNS GRPISENET =
Sample ... Reference Isolation Source|Country of Isolation Species \Subspecies DCC |ST  Complex typ
H Wuzinski 2020 Patient 1 Canada abscessus abscessus 1
1 Wuzinski 2020 Patient 2 Canada abscessus abscessus

8 rows

® Cancel




3.1.4.6  Import results and epidata of M. abscessus reference strains

To put our strains in a global context, to determine the subspecies and to be able to determine
whether our strains belong to one of the known seven dominant circulating clones (DCCs), we will
compare the cgMLST profiles of our 6 M. abscessus strains with a set of 110 M. abscessus reference
strains. Accession numbers of these 110 references strains can be found here:
https://github.com/ngs-fzb/NTMtools/tree/main/References. To safe time, we have already
processed these genomes. The resulting cgMLST profiles as well as epidata can be found in file
110_Ref_Mabscessus_Ridom.xlsx. We can import this excel file directly into Ridom Typer.

4. Click on the “Import Epi Metadata” button in the main window of Ridom Typer.

F Import Epi Metadata
=

Import epi metadata from MS Excel and CSV files into Samples of a Project

5. Inthe upcoming “Import Epi Metadata” dialog click on the folder icon and select the file
110_Ref_Mabscessus_Ridom.xlsx. Click on “OK”.

6. Click on the button “New Epi Metadata Import Setting”. In the upcoming “New Epi
Metadata Import Setting” select your previously defined project (Mabscessus) in the first
row. Check the box next to “Allow import into Task Entry fields”. Check the box next to
“First row is header”. Click on the “Auto-Detect Mapping” button on the right. Click on
“OK". Click once again on “OK”. The data will now be imported (will take a couple of
minutes).

New Epi Metadata Import Setting

© Import into project E,; Mabscessus

() Import into multiple projects

Name ("] Save definition

Description:

() Import only new Samples

(") Import only into existing Samples
(") Overwrite existing data

Skip empty cells

Allow import into Task Entry fields

First row is header \:) Auto-Detect Mapping
28q Subs..¥|aed Sample ID (Epi Basic)  |aeq Strain (Epi C.x|aeq Host, ae{ Host Disx/aed Country of Is.x|aeq Cluster =
Subspecies |Sample ID Strain Host Host Disease |Country of Isolation |Cluster/Out
massiliense |GCF-003076795.1 G220 China DCC3a
abscessus |GCF-017189395.1 GD54 DCC2
= e s —
100 rows
(7] Cancel

3.1.4.7  Cluster analysis

1. Click on the Comparison Table button in the main window of Ridom Typer.



ﬁ Comparison Table

Compare and visualze Sample data (e.g., phylogenetic trees, epi curve, maps)

Make sure “Select all Samples” of Project Mabscessus is selected, which contains data from
117 samples (our seven outbreak samples and 110 reference M. abscessus strains)

In addition, make sure “M. abscessus MLST” is also checked

4. Click on “Create Comparison table” at the bottom right.

= Comparison Table

@ Comparison Table

@ Create New % Stored Snapshots E Stored Retrievals

Choose Samples

(® Select all Samples of Project: BMabsczssus

v A 4
(O Select Samples from database: &

Choose Epi and Procedure Metadata Fields

‘@ Avg. Coverage (Assembled) ~ < Add

@ Approximated Genome Size (Mbases)

@ Top Species Match Identity X Remove al
'« Top Species Match

sed Sample ID 4 Move Up
484 Epi Info

8 Cluster/Outbreak $ Move Down
%] Collection Date

28q Country of Isolation TEHELREE
284 City of Isolation
284 ZIP of Isolation v Remove Empty

Choose Task Template Fields

w—
™ 1 M. abscessus MLST (Typing, 9 fields, 7 used for distance) w= Select Al
¥ 1®M. abscessus cgMLST (Typing, 2906 fields, 2904 used for distance)

£Z Select None

(V)

I CreateConpa'isoan;leI Close

Left click on the header of column “Sample ID” and scroll to the bottom.

6. You can see that sample L only has 0.1% good cgMLST targets (2nd column Perc. Good
Targets). This is indeed not a M. abscessus strain but a M. intracellulare strain, for which the

scheme is not suitable. All other isolates have a percentage of good cgMLST targets way

above 95% indicating that the data are of sufficient quality and can be used for further
analysis.

5.



23¢ Comparison Table: Mabscessus_tutorial [unstored] - O X
File Edit Data Columns Analysis Tools
B ERUVEBEI ¥ X=EF P8 &K €| 0 =5k o
#Missing v Perc. Ge| Approx| Sample ID V Comple| Cluster)| Collecti| Country of Isok| CC
M. absce:| Assemb| Sample BRI [ M. abso| Source | Sampie | Source M. absclfl
- et WVl SUVATATVm |1 YY) | wow A FRASG L Y, L] L] L] A
45 98.7 GCF-90014151... |? (n/a) |3 DCC3a United Kingdom |? (n/a) |2 (n/a) ? (nfa) ? (nfa)
26 99.3 GCF-90014154... |? (n/a) |353 DCCS Australia ? (nfa) |2 (nfa) ? (nfa) ? (nfa)
15 99.7 GCF-90014164... |? (n/a) |5 DCC2 Sweden ? (nfa) |2 (nfa) ? (nfa) ? (nfa)
25 99.4 GCF-90014169... |? (n/a) 495  |DCCS Sweden 2 (n/a) |2 (nfa) ? (nfa) ? (nfa)
38 98.9 GCF-90016920... |? (n/a) |6 |pcc3a |2004 |Brazi 2 (n/a) |2 (nfa) 2 (nfa) ? (nfa)
7 100.0 GCF_00006918... |? (n/a) |1 DCC1 France ? (nfa) |2 (n/a) ? (nfa) ? (nfa)
32 98.9 5.0 H 222 11 ? ? Canada ? i 2 3
31 98.9 5.0 I 222 11 ? ? Canada ? 1 2 3
31 98.9 5.0 J 222 11 ? ? Canada ? il 2 3
36 98.8 |50 K 22 |11 ? ? Canada ? 1 2 3
2909 0 64 |L Canada ? (not found) |? (not found) |? (not found)
32 98.9 5.0 M 222 11 ? ? Canada ? 1 2 3
77 [o73 [s.2 n 33 |3 Canada 3 30 31 17 v
< >
@ 2911 of 2920 columns used for distance calculation | 117 Samples

Remove sample L by right clicking on the row and selecting “Remove selected Samples
From Table”. Click OK.

Note that H, I, J, and K all belong to Complex Type (CT) 11, while sample N belongs to CT 3.
Note that complex types group together isolates with very similar cgMLST profiles based on
a species-specific threshold (more info:
https://www.ridom.de/u/Core_Genome_MLST_Complex_Type.html). In case of M.
abscessus, isolates are classified into a CT if the distance is less than 25 alleles compared to
the CT founder profile. If strains belong to the same CT, they might be epidemiologically
related. You could copy the CT’s of the 6 M. abscessus strains in
Task_Exercise2026_NTM.xIsx. In addition, you can compare the ST types (222 and 3) with
the ones from pubMLST. These should be the same as Ridom Typer is using the same
nomenclature as pubMLST.

Click at the top bar on “Columns” > Add additional database fields as columns. Click on +
sign next to “Epi Source” and check the box next to “Isolation Source”. Also click on the +

)

sign next to “Epi characteristic” and select “Subspecies”. Click two times on “OK”.

382 Select Columns X 838 Select Columns X
Select Columns Select Columns
£ @ FindField: Q|| © &  FindField: @
- () Project - Epi Basic
+ 3 Epi Basic [ % Epi Source
= Epi Source = Epi Characteristic
- () aed Source Type - () aed Genus
- () aed Source Subtype - () aed Species
- () a8 Host
- () aed Host Age (years) - () aeq Strain
- (] a8 Host Sex - ] 26 Genotype
- () aed Host Disease - () aed Serotype
- [)aq pothotype
- [ #6q Country of Isolation - () 26 Identification Method
- () 26 State of Isolation - () 2ed Identification Kit Vendor
- [ 2] City of Isolation - () ae{ Culture Collection
28 ZIP of Isolation - () 264 PubMed ID(s)
#&{ Lat/Long of Isolation - () aed Study
#8{ Lat/Long Resolution - ) 26 Nucleotide Accession(s)
#&q Cluster/Outbreak - () aed Experiment Accession
- [ aeqd Epi Info - () e Sample Accession
- () aed Case ID - () aeq Study Accession
----- (") #ed ECDC Case ID - (] #eq Local SLC ID

OK Cancel OK Cancel




Comparison Table: Mabscessus [unstored]

File Edit Data Colum Analysis Tools

UE- Y9 x=EF ve/e arn o
#Missing | PeTc: G Ava. C Approxi Top Spe Top Spe| Sample 10 V | Isolation Sou| Subspecies | Compl| Epi Inf Cluster/Outb| Collect| Country of Isoki City of 1 ZIP of I: Lat/Lon Lat/Lon
M. absces| Procedur Procedure Procedure Procedure| Sample Source Cheracteristic | M. absce| Source  Source sample | Source Source  Source Source Source
6 99.8 GCF-90014026... abscessus | 190 DCCt 2011 |usA 1 1 1 1
38 98.7 GCF-90014030... massiliense |3 DCC3 United Kingdom 2 2 2 2
19 99.3 GCF-90014045... abscessus 493 DCCS 2005 |USA 1 6 8 1
41 98.6 GCF-90014049... ilig 563 DCC7 2005 |USA 5 4 6 3
18 99.4 GCF-90014052... abscessus | 286 DCCS 2005 [usA 1 6 8 1
41 98.6 GCF-90014058... massiliense | 242 DCC7 2006 |UsA 5 4 6 3
8 99.7 GCF-90014066... abscessus 33 DCC2 2006 |USA 4 3 4 1
0 100.0 GCF-90014067... abscessus 1 DCCL Denmark 1 1 1 1
o 100.0 GCF-90014068... abscessus |1 DCct 2006 |UsA 1 1 1 1
26 99.1 GCF-90014086... il 248 DCC3 2007 |usa 2 2 2 2
12 99.6 GCF-90014105... abscessus 33 DCC2 2013 [usa 4 3 4 1
g 99.7 GCF-90014110... abscessus 33 DCC2 2010 [usa 4 3 4 1
42 98.6 GCF-90014135... massiliense | 305 DCC7 United Kingdom 5 4 6 3
27 99.1 GCF-90014136... abscessus 183 bpcc2 Ireland 4 3 4 1
38 98.7 GCF-90014142... massiliense | 155 DCC3 Ireland 2 2 2 2
20 99.3 GCF-90014144... abscessus 34 DCC4 Ireland 8 7 13 1
22 99.2 GCF-90014148... abscessus 353 DCCS Australia 1 6 8 1
38 98.7 GCF-90014151... il 3 DCa3 United Kingdom 2 2 2 2
19 99.3 GCF-90014154... abscessus 353 DCCS Australia 1 6 8 1
s 99.7 GCF-90014164... abscessus |5 DCQ2 Sweden 4 3 4 1
18 99.4 GCF-90014169... abscessus 495 DCCS Sweden 2 6 8 1
31 98.9 GCF-90016920... massiliense |6 bpca 2004 |Brazil 2 2 5 2
0 100.0 GCF_0000691... abscessus 1 NotIncluded France 2 1 1 1
32 98.9 5.0 H Patient 1 abscessus 11 ? 2 ? Canada 2 2 ? ? 1 6 8 5
31 98.9 5.0 I Patient 2 abscessus 11 ? @ ? Canada ? 2 ? 4 1 6 8 5
31 98.9 5.0 ] Patient 3 |abscessus |11 ? ? ? Canada ? 2 ? 2 1 6 8 5
36 98.8 5.0 K Patient 4 abscessus 11 ? 5 ? Canada ? 2 i ? 1 6 8 5
32 98.9 5.0 M Tab water 11 2 ? ? Canada ? ? ? ? 1 6 8 s
77 97.3 5.2 N Shower 3 Canada 2 2 2 2
-
@} 2904 of 2921 columns used for distance calculation | 1 Sample selected | 116 Samples|

10. Right click on the “Subspecies” header and choose “set color groups by column values”.

Click on “OK”.

11. Click on “Analysis” in top bar of the comparison window and click “Minimum spanning tree”

(MST). Click “OK”.

12. Play around with the parameters at the right of the window (Zoom, line length, rotation,...)
13. Based on the phylogenetic positioning, to which subspecies does sample M and N belong?
l.e. to which of the known subspecies is your sample most closely related. Complete this info

in Task_Exercise2026_NTM.xIsx if you have not already done so.
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14. Go back to the Comparison Table window. Right click on the “Cluster/Outbreak” header and
choose “set color groups by column values”. Click on “OK”. Have another look at the tree.
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15. To which DCC do the 7 M. abscessus strains belong? Note that DCCs are defined with a
threshold of 250 alleles (Diricks et al. 2022)°. Are there any isolates with a distance less than
250 alleles to a known DCC strain? Complete this info in Task_Exercise2026_NTM.xIsx if you
have not already done so.

16. In the MST window, click on “View” > MST options. Check box next to “Calculate MST
clusters” and choose 25 as “Maximum distance in MST cluster”. Choose “Use multiple
generated colors”. Click on “Apply” and then on “OK”. You will see now that the different
clusters are indicated. Each of the isolates in a cluster can be connected to another cluster
member with less than 25 alleles. As mentioned before, also a more strict threshold can be
used here to define potential transmission clusters, such as 10 alleles®.

3¢ MST Options. X

MST Options

MST Clusters Distances Nodes

P ——
Calculate MST Clusters

Maximum distance in MST Cluster: 25
Minimum number of Samples/Nodes: 2
Use for minmum: count
Order MST Clusters by number of v
Highlight MST dlusters with background color
(@ Use muitiple generated colors
O Use single color: -

MST Cluster Labels
Show MST Cluster names
MST Cluster name prefix: MST Cluster
MST Cluster label font: SansSerif-PLAIN-38 |  Edit

Distance from label to founder node: 2[5
[J Oraw box around label

Connection Lines
Line style:

none v
Line color: [ |

Line width:




17. Have a closer look at sample N (zoom in). It is closely related (9 alleles distance) to one of
the reference samples (DCC3a strain). Note that within a DCC, you can have multiple
subclusters of more closely related isolates.
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18. Click on “View” > Show columns for Label. Check box next to “isolation source”. Click 2
times on ,,0K".
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Filter: ®
. Sample ID (Sample) ~
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. Isolation Source (Source)
Complex Type (M. abscessus cgMLST)
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Cluster/Outbreak (Source)
Collection Date (Sample)
Country of Isolation (Source)

oK | Cancel
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19. Based on this analysis, are the patient samples and water samples part of the outbreak?
complete this info in Task_Exercise2026_NTM.xIsx. Compare the genetic distances with

those from pubMLST (grapetree analysis).
20. What is the source of the outbreak? Describe in detail how transmission could have occured.




Optional: Only for participants with command-line experience

3.2 Command-line Tools

3.2.1 NTM-Profiler

1. Install NTM-profiler using the instructions at the github website:
https://github.com/jodyphelan/NTM-Profiler
2. Run NTM-Profiler using the instructions at the github website

3.2.2 NTMseq

Note: a demonstration of this pipeline will be given next session (11th of May 2026)

1. Install NTMseq using the instructions at the github website:
https://github.com/ngs-fzb/NTMseq
2. Run NTMseq using the instructions at the github website
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