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INSTALLATION AND RUNNING NTMSEQ

• https://github.com/ngs-fzb/NTMseq

• Optimized for short-read sequencing data (Illumina)

• Requirements

• Linux-based system (e.g. VM, wsl,…)

• Basic command-line experience

• Conda (e.g. miniconda) or mamba for faster installation

• Steps

• Connect to a linux-based system (e.g. to a VM via putty)

• Download repository (wget)

• Install required tools: $ bash Installation_NTMseq.sh

• Install databases: instructions at github

• Configure your analyses: in NTMseq.config

• Run analyses: $ bash starter_NTMseq.sh ../config/NTMseq.config

NTMseq is for Research Use Only!
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CONNECTION TO A LINUX BASED SYSTEM

My-machine1

16 threads, 47 Gb RAM
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INSTALLATION

If mamba is installed, it will 
be used; otherwise, conda

will be used.

After installation, check
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INSTALLATION OF NTMSEQ
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TROUBLESHOUTING

• Problems to install some of the tools  have a look at the tools original website

• Ask ChatGPT or Claude

• Often specifying specific compatible versions of tools and depencies and/or specifiying order of 
channels can fix the problem

• Example: conda create -n NTMseq_NTMprofiler  bioconda::ntm-profiler=0.8.1 –y was not working 
on my WSL

• conda config --add channels defaults \
conda config --add channels bioconda \
conda config --add channels conda-forge\
conda config --set channel_priority strict\
conda create -n NTMseq_NTMprofiler -c conda-forge -c bioconda -c defaults ntm-profiler=0.8.1 
python=3.12 htslib=1.21 -y



|         Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)8

INSTALL DATABASES

• https://github.com/ngs-fzb/NTMseq
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SCRIPTS

Run analyses: $ bash starter_NTMseq.sh ../config/NTMseq.config

orchestrates the execution of multiple subscripts
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CONFIG

Run analyses: $ bash starter_NTMseq.sh ../config/NTMseq.config
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CONFIG

Run analyses: $ bash starter_NTMseq.sh ../config/NTMseq.config
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CONFIG

Run analyses: $ bash starter_NTMseq.sh ../config/NTMseq.config
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CONFIG

Run analyses: $ bash starter_NTMseq.sh ../config/NTMseq.config
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CONFIG

Run analyses: $ bash starter_NTMseq.sh ../config/NTMseq.config
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CONFIG

Run analyses: $ bash starter_NTMseq.sh ../config/NTMseq.config
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RUN ANALYSIS
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NTMSEQ

Path/to/output_folder (specified in config file)• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction



|         Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)19

NTMSEQ: FASTQC/MULTIQC

All result folders contain an info file with e.g. the version of the tool used
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NTMSEQ: FASTQC/MULTIQC

64–70% ~1M

Per base sequence content
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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NTMSEQ: FASTP

• By default
• Adapters are trimmed
• Low quality bases are trimmed from end

• --cut_tail
• --cut_tail_window_size 1

• Can be changed in scripts/starter_fastp.sh
• Change path to fastQ in NTMseq.config if you 

want to use the trimmed fastQ files as input 
for other tools
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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NTMSEQ: DOWNSAMPLING (SEQKIT)

• Coverage depth = how many times, on average, each base 
of a genome has been sequenced

Consensus genome sequence

= Forward Sequence read

Coverage 
(depth)

= Reverse Sequence read

4x 3x 5x

Average coverage ~ 4x

C = expected average coverage 
N = Total number of reads (2x when 
paired-end reads)
L = read length 
G = genome size 

Recommended target coverage per isolate:
~50x-100x (Illumina/nanopore)

~15-30x (PacBio HiFi) 

If >300x  downsample
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NTMSEQ: DOWNSAMPLING
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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NTMSEQ: CONTAMINATION (KRAKEN2)

<5%: OK!

<2%: OK!<2-15%: OK!
>80%: OK! <5%: OK!
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NTMSEQ: CONTAMINATION (KRAKEN2)

• Nice to detect contamination but needs to be interpreted with caution for mycobacteria

Herbaspirillum huttiense
Contamination

H. huttiense

M. chimaera

~70% mycobacterium
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NTMSEQ: CONTAMINATION (KRAKEN2)

• Nice to detect contamination but needs to be interpreted with caution for mycobacteria

• Cannot be used for Mab subspecies classification

• Novel species  False detection of mixed samples; rare species  wrong species identification

M. abscessus subsp abscessus

M. abscessus

Novel species

M. chimaera

M. avium

M. intracellulare

M. paraintracellulare
M. mantenii

M. colombiense

M. senriense

M. simiae complex

subsp. bolletii

M. kyorinense (rare)

M. branderi



|         Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)30

NTMSEQ: CONTAMINATION (KRAKEN2)

• Kraken2 databases (containing the reference genomes) are extremely large but smaller laptop-compatible 
databases can also be downloaded

Full database 2023 ~80 Gb Database capped at 16 Gb 2026[https://benlangmead.github.io/aws-indexes/k2]
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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DECISION ALGORITHM RESISTANCE PREDICTION (M. ABSCESSUS)

Modified from Lipworth 2018 

Yes
Mutation in rrl (23S rRNA)

at pos 2269-2271, 2293 or 2281 

Truncated erm(41)
276 bp deletion

No

Yes

Susceptible

erm(41) T28C mutation
p.Trp10Arg

Yes No

No

Inducible CLA resistant

Macrolides Aminoglycosides

Mutation in rrs (16S rRNA)
at pos 1375

AMK resistant

Yes

Consitutively CLA resistant
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NTMSEQ: NTM-PROFILER

• https://github.com/pathogen-profiler/ntm-db/tree/main/db

Needs additional validation
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NTMSEQ: NTMPROFILER

• https://pathogen-profiler.github.io/ntm-db/
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NTMSEQ: NTM-PROFILER

If multiple NTM are present in 
sample, all species names will be 
displayed here 

Nothing reported in these columns  likely 
susceptible against amikacin and macrolides

Example if strain would have resistance-associated mutations:

Needs more validation
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NTMPROFILER

Truncated erm(41) gene

Full length erm(41) gene

Look for low frequency 
mutations/novel mutations in 
known resistance-associated 
genes
BUT
Not all mutations in 
resistance-associated genes 
result in resistance!
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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MLST

Might be a novel sequence type, minority variant or a technical artifact  check assembly in pathogenwatch or pubMLST

New sequence type? Submit to pubMLST!

Note: recent change of data access policy  only ST‘s submitted until 31/12/2024 included
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NTMSEQ
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• Genome similarity estimation (ANI)
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SEQUENCE DATA FILE FORMATS

5 MB200 MB

Draft genome

e.g. Isolate1_R1.fastq.gz

TACGACGTCGTCGTCGDe novo assembly GTCTA

Contig 1 Contig 2

GTC

Contig 3

Short reads: 
SPAdes, skesa,…

@read1
SEQUENCE 
+
QUALITY
@read2

~1 million 
reads

Long reads: 
flye, canu,…

FastQ FastA
>contig1
SEQUENCE 
>contig2
SEQUENCE

Illumina: ~150 bp
Pacbio (~15 kbp)
Nanopore (~5-50 kbp)

Pacbio/Nanpore: 
1 contig
Illumina:

30-500 contigs

Illumina:
~1.5 Mbp

Pacbio/Nanopore: 
5 Mbp

e.g. Isolate1.fasta

Plasmids (e.g. contig 2-3)

Chromosome (e.g. contig 1)
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NTMSEQ

<300-600

Too much contigs, assembly 
length too big  indication of 
contamination

>30

Expected genome length 
+- 20%
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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NTMSEQ: MASHTREE

https://itol.embl.de/login.cgi

*

*
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DIFFERENCES IN TREE RECONSTRUCTION ALGORITHMS

• Differences in tree?

IQtree (ML) cgMLST (NJ)Mashtree (NJ)
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DIFFERENCES IN TREE RECONSTRUCTION ALGORITHMS

IQtree (ML) cgMLST (NJ)removal of recombination
IQtree (ML)
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TRANSMISSION/OUTBREAK ANALYSIS

IQtree (ML)

Short branches in overall 
phylogenies do not always 

imply direct transmission or an 
outbreak
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DIFFERENCES IN TREE RECONSTRUCTION ALGORITHMS

• M. chelonae

cgMLST cgSNP (MTBseq w12) cgSNP (MTBseq + ClonalFrameML) 
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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NTMSEQ: AVERAGE NUCLEOTIDE IDENTITY (ANI)

M. abscessus vs M. chimaera

Note: Genome pairs with insufficient homology (<~70% ANI) are not reported by FastANI (e.g. H: M. abscessus vs O: M. 
marinum)

M. abscessus vs M. abscessus

Shared fragments/total fragments*100

subsp. abscessus vs massiliense

subsp. abscessus vs abscessus

ANI > 95%  same species
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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NTMSEQ: AMRFINDER

• aac and aph do not cause phenotypic resistance against amikacin!!

• blaMAB = hydrolyzes penicillins and cephalosporins, although penems (e.g. imipenem) 
and cefoxitin appear to be more resistant

 Synergistic effect of beta-lactam inhibitors like avibactam or durlobactam (shin 2024)

• erm(37) = erm (41)  with default values only reported when full-length (not truncated)

• Arr: causes resistance against rifampicin

• Virulence and stress genes reported but not well validated and not complete
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)
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• Virulence prediction
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NTMSEQ: VIRULENCE (ABRICATE)

https://www.mgc.ac.cn/VFs/main.htm

Exploratory, clinical significance remains unclear
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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PLASMIDS IN MYCOBACTERIA

 No plasmids in M. tuberculosis or M. leprae

 Plasmids common in NTM 

 Virulence plasmid in M. ulcerans (pMUM001)

 Virulence plasmid in M. avium

 Resistance plasmids in M. abscessus, M. marinum and M. scrofulaceum

 Post-surgical outbreak strains carrying plasmids

 M. abscessus (Brazilian skin/soft tissue infection epidemic)

 M. chimaera (global „heater-cooler unit“ – cardiac surgery outbreak)

 Knowledge about NTM plasmids remains limited
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WHICH CLINICALLY RELEVANT NTMS HARBOR PLASMIDS?

328 NTM
196 plasmids 1486 

abscessus

Plasmids in 1/3 of genomes Diricks 2025
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WHAT IS THE GENETIC DIVERSITY OF NTM PLASMIDS?

NTM plasmids can move across species barriers!

Length: 10 kbp-400 kbp
Linear and circular
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WHICH GENES CAN BE FOUND ON NTM PLASMIDS?

 17,547 protein-coding genes 

 No single gene present in all NTM plasmids

 Most genes: hypothetical proteins (8168; 46.5%)

 Core genes

 Replication genes (e.g. helicases repA)

 Segregation genes (e.g. parA/B) and putative 
toxin/antitoxin genes

 Mobility (e.g. relaxase recD2) and conjugation genes (e.g. 
T4SS and T7SS)

 Accessory genes

 Antimicrobial resistance genes

 Stress resistance genes 

 Virulence genes
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>pl1

CAN WE PREDICT PLASMIDS FROM SHORT READ NGS DATA?

Short Reads (FastQ)

NCBI complete assembly: e.g. 1 chromosome, 2 plasmids PL1 and PL2 (FastA)

Compare predictions   
with expected plasmids

Plasmid predictionpMUM
Strain 1 
Strain 2 

Plasmidspades/Platon

>pMUM
ACTG…

SRST2

PL1

PL2

Assembly (FastA)

FP

FN

PlatonPlasmidspades

SRST2
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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NTMSEQ: PLASMID PREDICTION (SRST2)

https://github.com/ngs-fzb/NTMseq/tree/main/db

Same mash_distance group  closely related plasmids
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NTMSEQ: PLASMID PREDICTION FROM READS (SRST2)

Only predicts known plasmids included in the custom database! Not able to 
detect new plasmids! Not able to determine location (sequence might be 
integrated in the chromosome)

*mismatchesFile only reports samples for which at least one known plasmid was found. 
Tutorial: only M. chimaera

Retain only one per mash group to 
find unique plasmids
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NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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NTMSEQ: DE NOVO PLASMID PREDICTION FROM READS 
(PLASMIDSPADES)

Use with caution, many false positives!!



|         Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)65

NTMSEQ

• Quality control of reads

• Trimming

• Downsampling

• Contamination detection

• (Sub)species determination

• Strain typing (MLST)

• Assembly

• Tree (Dendrogram)

• Genome similarity estimation (ANI)

• Resistance prediction

• Virulence prediction

• Plasmid prediction
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NTMSEQ: PLASMID PREDICTION (PLATON)

Use with caution, many false positives!!
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NTMSEQ: PLASMID PREDICTION (PLATON)

Use with caution, many false positives!!
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PLASMID PREDICTION

• From short reads

• Works well if you know what you are looking for (e.g. virulence plasmid)

• De novo prediction (e.g. with plasmidspades/platon) many false positives, sometimes false negatives

• Long read sequencing (e.g. Pacbio/Nanopore) much better suited to resolve plasmid sequences!

• Wet-lab validation (e.g. plasmid extraction, junction PCR to check circularity,…)
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NTMSEQ: TROUBLESHOOTING



|         Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)70

TOOLS FOR NANOPORE DATA

• Nanoplot for quality control

• Autocycler (slow, highly accurate) or Dragonfly (fast) for assembly  use output as input for NTMseq

• NTMprofiler (works on nanopore fastQ files or assemblies)

• Nanogalaxy
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INSTALLATION AND RUNNING NTMSEQ

• https://github.com/ngs-fzb/NTMseq

• Optimized for short-read sequencing data (Illumina)

• Requirements

• Linux-based system (e.g. VM, wsl,…)

• Basic command-line experience

• Conda (e.g. miniconda) or mamba for faster installation

• Steps

• Connect to a linux-based system (e.g. to a VM via putty)

• Download repository (wget)

• Install required tools: $ bash Installation_NTMseq.sh

• Install databases: instructions at github

• Configure your analyses: in NTMseq.config

• Run analyses: $ bash starter_NTMseq.sh ../config/NTMseq.config

NTMseq is for Research Use Only!
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CONCLUSIONS

• NTM are an emerging public health threat 

• Accurate (sub)species identification is essential for treatment 

• Environmental reservoirs play a key role in transmission  environmental sampling!

• WGS enables high-resolution species identification, outbreak detection and source tracing 

• Interpretation requires integration with epidemiological data 

• WGS-based tools and mutations catalogues are rapidly developing

• No one best solution, all tools have advantages/disadvantages  use multiple!

• Require continuous validation

• Ask help from NTM experts

• Collaboration and standardisation are critical for future surveillance 
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RESISTANCE CATALOGUES FOR MYCOBACTERIA

• Goal 1: to improve and extend current resistance catalogues for NTM

• Goal 2: to provide a benchmark dataset for resistance prediction tools (e.g. NTMprofiler)

• Goal 3: to improve surveillance and monitor trends

• > 17 institutions across 13 countries expressed interest

• Data sharing (preparations) have already begun for a few of them

https://www.ntmnet.org/mystic-ntmAssociated with resistance
Not associated with resistance

pDST gDST
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PUBMLST

• Submit your sequences to this 
database!

• Important for surveillance
• Some tools only available with 

submitted samples
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PUBMLST

• Exception: iTol tool


