
Bioinformatic tools for analysis of whole genome sequencing data 
from non-tuberculous mycobacteria
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WHOLE GENOME SEQUENCING

23.03.2023

culture

 Assembly
 Taxonomy
 Virulence
 Resistance 
 Outbreaks
 Transmission
 Surveillance

Figure adapted from biorender
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WHOLE GENOME SEQUENCING TECHNOLOGIES
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SEQUENCING TECHNOLOGIES

Feature Illumina (NGS) PacBio (HiFi / SMRT) Oxford Nanopore (ONT)

Sequencing principle Sequencing-by-synthesis (reversible 
terminator fluorescence)

Single-molecule real-time (SMRT) 
fluorescence

Ionic current changes through 
nanopore

Detection type Optical (fluorescent base 
incorporation)

Optical (fluorescent pulses during 
incorporation) Electrical signal (current disruption)

Amplification required ✅ Yes (PCR / bridge amplification) ❌ No ❌ No

Detection point During synthesis on clustered DNA 
fragments

During synthesis in zero-mode 
waveguides real time

As DNA/RNA passes through pore in 
real time

Typical read length ~150–300 bp (paired-end) ~10–25 kb (HiFi) 10–100 kb typical; ultra-long >100 kb

Accuracy (raw / consensus) Very high (~99.5%) Very high (~99% HiFi) Moderate raw (85–98%), improves 
after polishing

Run time ~12–48 h ~10–30 h Real-time (minutes to ~48 h)
Library prep time Moderate Moderate Fast
Throughput Very high Medium–high Flexible
Epigenetics detection ❌ No (needs bisulfite, etc.) ✅ Yes (polymerase kinetics) ✅ Yes (direct signal)

Assembly quality (bacteria) Fragmented Excellent (often closed genomes) Excellent (often closed genomes)
Estimated cost per NTM genome (5–
8 Mbp) ~€50–150 ~€100–300 ~€50–200

Best use cases SNPs, large cohorts, cheap 
resequencing High-quality assemblies Long reads, rapid sequencing

07.05.2026
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SEQUENCE DATA FILE FORMATS

07.05.2026

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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SUMMARY OF BIOINFORMATIC TOOLS FOR NTM WGS

Tool Name Interface License Type Key Functionalities for NTM Input Formats Specificity

NTM-Profiler Command-line Open-source (sub)species identification, drug 
resistance prediction

FASTQ, BAM/CRAM, 
FASTA, VCF NTM-specific

MyCodentifier Command-line Open-source Species identification FASTQ TB and NTM

NTMseq Command-line Open-source

Quality control, contamination 
detection, (sub)species identification, 

resistance prediction, plasmid 
prediction, assembly, MLST, 

phylogenetics

FASTQ, FASTA NTM-specific

Mycobacteria Explorer Web-based Free Subspecies and drug resistance 
prediction FASTA NTM-specific      

MAC

SAM-TB Web-based Free (sub)species identification FASTQ TB and NTM
GenoMycAnalyzer Web-based Free Quality control, species identification FASTQ TB and NTM

Pathogenwatch Web-based Free Species identification, MLST, 
phylogenetics FASTA, FASTQ Microbes

TYGS Web-based Free Species identification, phylogenetics FASTA Microbes

SeqSphere+ Desktop-based Commercial (cg)MLST, SNP analysis, phylogenetics, 
cluster analysis FASTQ, FASTA Microbes

pubMLST Web-based Free MLST, phylogenetics, cluster analysis FASTA Microbes

For research use only!!



NP-FR-00023

Mycobacteria/NTM-specific tools
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NTM-PROFILER

• Access

• Web-based: https://bioinformatics.lshtm.ac.uk/ntm-profiler/

• CLI: https://github.com/jodyphelan/NTM-Profiler 

• Resistance mutation catalogues: 

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

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

• Author: Jody Phelan (London School of Hygiene and Tropical Medicine)

• Input: FastQ, BAM/CRAM, FastA, VCF

• Output: (Sub)species, drug resistance

• Principle for NTM ID: Sequences matched against mycobacterial ref. genomes 
from GTDB (sourmash)

• Comments

• Still under development – new versions released often

Jody Phelan

https://gtdb.ecogenomic.org/
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NTM-PROFILER

• Web-based: https://bioinformatics.lshtm.ac.uk/ntm-profiler/

Jody Phelan
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NTM-PROFILER

Validated only for M. abscessus

• Web-based: https://bioinformatics.lshtm.ac.uk/ntm-profiler/



|         Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)11

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

M. abscessus

T28C28

T28

23S rRNA (rrl)
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NTM PROFILER

• CLI: https://github.com/jodyphelan/NTM-Profiler 

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

Set of hashes = 
fingerprint for each 
genome)
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NTM PROFILER

• CLI: https://github.com/jodyphelan/NTM-Profiler 

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



|         Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)14

NTM PROFILER

• CLI: https://github.com/jodyphelan/NTM-Profiler 

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

…
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NTM PROFILER

• https://pathogen-profiler.github.io/ntm-db
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MYCODENTIFIER

• Access: 

• CLI: https://github.com/JordyCoolen/MyCodentifier

• Author: Jordy Coolen and Heleen Severin (Radboud University, Netherlands)

• Input: FastQ 

• Output: Species, (drug resistance: currently being implemented)

• Principle for NTM ID: Sequences matched against a custom hsp65 database and whole-genome 
database (KMA/centrifuge)

• Comments

• Developed for WGS from early positive MGIT cultures

• Still under development 
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MYCOBACTERIA EXPLORER

• Access: 

• Web-based: Mycobacteriaexplorer.fr 

• Author: France (paper in revision)

• Principle for NTM ID: K-mer ML 

• Input: FastA

• Output: Species ID, subspecies, lineage, resistance

• Comments

• Still under development
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NTMSEQ

• Access: 

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

• Author: Margo Diricks (Research Center Borstel)

• Input: FastQ 

• Output: quality control, (sub)species ID, MLST sequence types, assemblies, drug resistance, plasmid 
prediction, (approximate) phylogenies

• Principle for NTM ID: NTM-profiler

• Comments

• Still under development 
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OTHER

nanopore data!

Japan  (Matsumoto, 2019) - 184 genes - nanopore data China  (Yang, 2022) - uses mlstverse, kraken2 – only Illumina
Only TB: Drug-resistance prediction for 17 drugs, phylogeny

South Korea  (Kim, 2024) – kraken2) – only Illumina
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TYGS

• Access: 

• Web-based: https://tygs.dsmz.de/

• Author: DSMZ (Germany)

• Input: FastA

• Output: Species ID, phylogeny

• Principle for NTM ID

• Genome-to-Genome Distance Calculator, dDDH 

• Comments

• No subspecies information and no resistance prediction

• Good to identify novel species

• Data gets removed after period of time!

• Processing currently takes quite long
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TYGS

dDDH d4 ≈ Σ(identity in HSPs) / Σ(HSP lengths) + transformation
 Can also be used for draft genomes



NP-FR-00023

General tools for typing and comparative genomics
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COMPARATIVE ANALYSIS

• Are my isolates closely related?

• Is there any (indirect) person-to-person transmission or an outbreak in my hospital?

• What is the source of the outbreak/transmission (e.g. compare environmental with clinical isolates)?

• Did my patient got a relapse (same strain) or reinfection (different strain)

• Do my isolates belong to one of the dominant circulating clones?

• How genetically diverse is a specific NTM species in my country/city or globally (population structure)?

• Multi-locus sequence typing (MLST) – e.g. using pubMLST, Ridom Typer, SRST2, mlst,…
• core genome multi-locus sequence typing (cgMLST) – e.g. using pubMLST, Ridom Typer, chewbbaca,…
• core genome single nucleotide polymorphism analysis (cgSNP) – e.g. using snippy, MTBseq,…

Can be answered with
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MULTI-LOCUS SEQUENCE TYPING

Isolate 1

Isolate 2

Isolate 3

s1

s2

s3

1 2 3 3 4 1 1

1 2 5 3 1 1 1

1 2 3 3 3 1 1

…GGC…

ST5

ST5

ST8

…GGC…

…GTC…

s1

s3

s2

Neigbor joining (NJ) tree

1
s1s3 s2

Minimum spanning tree

cya purH murC argH gnd rpoB pta

1 2 3 4 5 6 7

Loci

CC3

Only available for M. abscessus
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CORE GENOME MULTI-LOCUS SEQUENCE TYPING

cgMLST scheme



|         Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)26

CORE GENOME MULTI-LOCUS SEQUENCE TYPING

M. tuberculosis
2,891 genes (72%)

M. abscessus
2,904 genes (59%)

cgMLST schemes:
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CORE GENOME MULTI-LOCUS SEQUENCE TYPING

• Steps of new scheme creation

Scheme 
creation

Scheme 
validation

Threshold 
calibration

• Select core genes using a 
diverse isolate collection

• Test scheme in a larger 
dataset

• Test robustness
• Compare with other 

genotyping methods

• Analyse 
epidemiologically 

related samples (e.g. 
type strains, sequential 

samples,outbreaks)
• Determine allele 

distance threshold
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(CORE GENOME) MULTI-LOCUS SEQUENCE TYPING

• Examples of bioinformatic tools for (cg)MLST analysis
• pubMLST: web-based GUI (https://pubmlst.org/)  only for M. abscessus

• Ridom Typer: desktop GUI (https://www.ridom.de/ridom-typer/) 

• Pathogenwatch: web-based GUI (https://pathogen.watch/)  only for M. abscessus (based on pubMLST)

• ChewBBaca: CLI (https://chewbbaca.readthedocs.io/en/latest/)  no scheme available for NTM
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PUBMLST

• Access

• Web-based GUI: https://pubmlst.org/

• Author: Keith Jolley et al. (University of Oxford)

• Input: FastA

• Output: (cg)MLST ST, isolate/genome collection, trees,…

• Comments

• Free but requires login to access latest data

• Currently only (cg)MLST schemes for M. abscessus
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PUBMLST

https://pubmlst.org/
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PUBMLST

Nomenclature:
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PUBMLST
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BRUKER MBIOSEQ RIDOM TYPER (SEQSPHERE+)

• Access

• Desktop GUI: https://www.ridom.de/ridom-typer/index.shtml

• Nomenclature: https://cgmlst.org/ncs

• Author: Ridom (now Bruker)

• Input: FastQ, FastA, BAM

• Output: Database, species ID, (resistance), Quality control, 
(cg)MLST ST, assemblies (also ONT), trees,…

• Comments

• Commercial

• Early warning alerts

• Continous processing with pipeline

• Publicly available scheme only available for M. abscessus, but 
creation of your own (ad hoc) cgMLST schemes possible
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BRUKER MBIOSEQ RIDOM TYPER (SEQSPHERE+)

Dr. ir. Margo Diricks mdiricks@fz-borstel.de

Nomenclature:
https://cgmlst.org/ncs
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PATHOGENWATCH

• Access

• Web-based: https://pathogen.watch/

• Author: Wellcome Sanger institute (UK)

• Input: FastQ and FastA

• Output: Species ID, (cg)MLST ST

• Principle for NTM ID: Search against NCBI RefSeq/curated library with 
mash

• Comments

• Global Platform for Genomic Surveillance

• No subspecies information and no resistance prediction

• Very fast for fastA (few sec), but slower for fastQ (>20 min per sample)
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COMPARATIVE GENOMICS
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SURVEILLANCE AND OUTBREAK ANALYSIS

07.05.2026 mdiricks@fz-borstel.de

cgMLSTcgSNP

A T C

T C G

Distance 
= 

3 SNPs

Strain A

Strain B

Strain A

Strain B

vs

1

5

3

7

cgSNP cgMLST

Level Single nucleotide substitutions Genes

Computation power high low

Standardized No Yes

Resolution Highest High

Well suited for In-depth comparison
Retrospective analysis

Cluster resolving

Comparison of diverse strains
Prospective surveillance

Cluster detection

Distance 
= 

2 alleles

Single nucleotide polymorphisms Multi-locus sequence typing



|         Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)38

CGSNP ANALYSIS

• Tools
• MTBseq

• Snippy

• …

• Special things to consider
• Removal of recombination?

• Gubbins/ClonalFrameML
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CONCLUSIONS

• Many different tools and techniques
• Both web-based and CLI-based

• All with their own (dis)advantages

• Data gets removed after period of time

• No subspecies prediction

• No nice summaries

• Slow

• All of them still under development/being validated and RUO!

• Try different tools


