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

Research Center Borstel
Leibniz Lung Center

!

d

Q '
Fluorescently labeled nucleotides

©o © © ©
Clonal cluster 7 N
Sequencing

cycles

o -

'

Short reads
(150-300 bp)

isolate1_R1.fastq.gz
isolate1_R2.fastq.gz

ACGTCGC...

% 07.05.2026 | Research Center Borstel, Leibniz Lung Center

nnnnnnnn

Pacbio

!

. '
o © © o
Single molecule

g
¥ )’
S
DNA
polymerase
%‘? C C
.
tume
'
Long Hifi reads
(~10-25kb)

isolate1.fastq

Nanopore

Fast5/pod5

lonic
Current

i

Base

'

Long reads
(up to 1 Mbp)

Characteristic
drop

isolate1.fastq



SEQUENCING TECHNOLOGIES
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Leibniz Lung Center

Feature

lllumina (NGS)

PacBio (HiFi / SMRT)

Oxford Nanopore (ONT)

Sequencing principle

Detection type
Amplification required
Detection point

Typical read length
Accuracy (raw / consensus)

Run time

Library prep time
Throughput

Epigenetics detection
Assembly quality (bacteria)

Estimated cost per NTM genome (5—
8 Mbp)

Best use cases

Sequencing-by-synthesis (reversible
terminator fluorescence)

Optical (fluorescent base
incorporation)

Yes (PCR / bridge amplification)

During synthesis on clustered DNA
fragments

~150-300 bp (paired-end)
Very high (~99.5%)

~12-48 h
Moderate
Very high
X No (needs bisulfite, etc.)

Fragmented

~€50-150

SNPs, large cohorts, cheap
resequencing

Single-molecule real-time (SMRT)
fluorescence

Optical (fluorescent pulses during
incorporation)

X No

During synthesis in zero-mode
waveguides real time

~10-25 kb (HiFi)

Very high (~99% HiFi)
~10-30 h

Moderate

Medium—high

Yes (polymerase kinetics)

Excellent (often closed genomes)

~€100-300

High-quality assemblies

lonic current changes through
nanopore

Electrical signal (current disruption)

X No
As DNA/RNA passes through pore in
real time

10-100 kb typical; ultra-long >100 kb

Moderate raw (85—98%), improves
after polishing

Real-time (minutes to ~48 h)

Fast
Flexible

Yes (direct signal)

Excellent (often closed genomes)

~€50-200

Long reads, rapid sequencing
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SEQUENCE DATA FILE FORMATS
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FastQ

[llumina: ~150 bp

~1 million EEILELN! o
reads SEQUENCE Pacbio (~15 kbp) 4Ly
+ Nanopore (~5-50 kbp)
QUALITY Short reads:
SPAdes, skesa,...

«— —_—

e _ —>
— —_—  —

Long reads:
flye, canu,...

Plasmids (e.g. contig 2-3)

C <)

TEIDHEHI
IN:@: TTAGGC
GT

e.g. Isolatel R1.fastqg.gz
200 MB
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FastA

Pacbio/Nanpore: >contigl lllumina:
1 contig SEQUENCE ~1.5 Mbp
[llumina: >contig2 Pacbio/Nanopore:
30-500 contigs SEQUENCE 5 Mbp
TACGACGTCGTCGTCG GTCTA CEC
Contig 1 Contig2 Contig3

Draft genome

>contig@eeel len=1551651 cov=62.3 corr=0 origname=Contig_11_€
CGCCACCGCCGCCCCCTCCGCCGGTGACGACGCATGAGGCGCCGCCGCCGGTGACTACCA
CGACGACACCGCCGCCGCCTCCGCCCCCGACGACCACGACACCGGCCGGGCCACGGCAGA
TCACGTACTCGGTGACCGGTTCCAAGGCTCCGCTCGATCGCATCTCGATCACCTGGACCG
ACGGTTCGGGACGCACCCGGGTGAACCCGAATGTGTACATCCCGTGGTCGATCACGGTTA
CCCCCATTTCGAATTCGGAGATCGGATCGGTGTCGGCGAGTAGCTTCCTGCGGCTGAGTC
AGCTCAACTGCACGATCACCACCAGCGACGGTCAGGTTTTGTCCTCCAACAACAACAATT
CGGCGCAGGCAACCTGCTGATGCCAGCAGGTCGATTGGCCAAGCCACTGGAGGCAATCGC
GGGCCCGCTGCGGCGGTCATCGCCGGAGTCCGTTGACCGGATGCTCATCGGCTTGTGCGC

e.g. Isolatel.fasta

5 MB

Chromosome (e.g. contig 1)




SUMMARY OF BIOINFORMATIC TOOLS FOR NTM WGS

Research Center Borstel
Leibniz Lung Center

Tool Name Interface License Type Key Functionalities for NTM Input Formats Specificity
: . (sub)species identification, drug FASTQ, BAM/CRAM, .
NTM-Profiler Command-line Open-source e FASTA, VCF NTM-specific
MyCodentifier Command-line Open-source Species identification FASTQ TB and NTM
Quality control, contamination
detection, (sub)species identification,
NTMseq Command-line Open-source resistance prediction, plasmid FASTQ, FASTA NTM-specific
prediction, assembly, MLST,
phylogenetics
Mycobacteria Explorer Web-based Free Subspecies and_dr_ug resistance FASTA NTM-specific
prediction 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 |dent|f|cat|9n, MLST, FASTA, FASTQ Microbes
phylogenetics
TYGS Web-based Free Species identification, phylogenetics FASTA Microbes
SeqSphere+ Desktop-based Commercial (LA P ETE R, phylogenetlcs, FASTQ, FASTA Microbes
cluster analysis
pubMLST Web-based Free MLST, phylogenetics, cluster analysis FASTA Microbes
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Mycobacteria/NTM-specific tools
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* Access

« Web-based: https://bioinformatics.Ishtm.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
« OQOutput: (Sub)species, drug resistance

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

Welcome to GTDB
« Comments GENOME TAXONOMY DATABASE
«  Still under development — new versions released often K% v re B
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 Web-based:

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. Jody Phela n

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 Trimmomatic 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.

Sample ID

j 9 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)
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NTM-PROFILER | & Tt

«  Web-based: https://bioinformatics.Ishtm.ac.uk/ntm-profiler/

Summary  QC  Species  Drugresistance  Genomebrowser  log
Species found
Species assignment is performed using a kmer-based approach using the taxanomy as defined by GTDB. The closest match in the database is shown along with the average nucleatide identity (ANI). The relative
abundance is calculated by ising the of spi pecific kmers found.
Species Closest DB match ANI Relative abundance
Mycobacterium abscessus 99.98 0.0796340397556688
Mycobacterium abscessus GCF_900136315.1 97.66 0.020365960244331297
Subspecies taxonomy
Subspecies taxonomic placement is performed using a SNP barcode
Cluster ID Frequency
subsp. bolletii 0.21359223300970873
Summary  QC Species Drug resistance ~ Genome browser  Log Qua“ty control
o 5 The quality control metrics are calculated using the reads mapped to the reference genome,
verview :
Overview
The drug resistance analysis is performed using the genome variants found in the sample. The resistance is determined by the presence of known resistanci
resistance to the drugs tested and the supporting genetic determinants. Metric Value Description
Dru Resistance Supporting variants
9 i 8 Number of reads mapped 1511887 Number of reads mapped to the reference genome
macrolides
- Percent of reads mapped 92.26 Percentage of reads mapped to the reference geneme
Validated only for M. ab
a I a e o n o r e a scessus Median depth 61.0 Median depth of the target regions
Other variants Target-specific coverage
il 1484318 —— rion_coding transcHpsen vaian 0.085015402057T46S The target-specific coverage is calculated using the reads mapped to the reference genome. The percent depth pass is the percentage of the target covered at a depth greater than 10.
i 1464484 n277C>T non_coding transcript_exon_variant 10 Target Percent depth pass Median depth
wl 1464540 n333C>T non_coding transcript_exon_variant 10
i s i MAB_0006 95.71 61.0
m 1464557 N350G>A non_coding transcript_exon_variant 10
wl 1464241 n64C>T non_coding_transcript_exon_variant 10 MAB_0019 1000 62.0
l 1465142 n935T>C non_coding transcript_exon variant 0.9807692307692307 MAB_0785¢ 1000 540
emi41) 2345735 -220T>C upstream_gene variant 0.9705082352941176
ermi41) 2345982 pTrp10Arg loss_of_function_variant 0.9824561403508771 s 1000 61.0
emi41) 2346113 G159T>C synanymaus_variant 10 rrl 1000 64.0
ermi41) 2346192 plle80Val missense_variant 1.0
erm(41) 1000 430
emi41) 2346284 330A-C synanymous_variant 10
10 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de) i J




Research Center Borstel

DECISION ALGORITHM RESISTANCE PREDICTION (M. ABSCESSUS) Leibniz Lung Center

M. abscessus

Macrolides Aminoglycosides

Mutation in rrs (16S rRNA)

Mutation in rrl (23S rRNA) . . i
> ly CLA i

at pos 2269-2271, 2293 or 2281 Ves Consitutively CLA resistant ; at pos 1375
I — :
23S rRNA (rrl) i
No |

Truncated erm(41) No | erm(41) T28C mutation E Yes
276 bp deletion . p.Trp10Arg i
C28 T28 E
N = .
128 '
B | Yes Yes No i

Susceptible Inducible CLA resistant i AMK resistant

% 11 | Rescaich Ceniei Beiste - Leibriz Lung Center: f2argo Diricks (mdiricks@fz-borstel.de) ‘h ] j. ) ﬂ%& ]
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NTM PROFILER
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e CLI: https://github.com/jodyphelan/NTM-Profiler

[0 README &3 GPL-3.0 license

NTM-Profiler

This repository hosts the code for NTM-Profiler. A tool to predict species and drug resistance from NTM WGS data.

Please beware that this tools is in alpha testing and should not yet be considered for production use. If you would like
to get involved and help out with testing or development please drop me a line through the issues tab.

Installation is available through conda:

conda install bioconda::ntm-profiler

After installing, the relevant species and resistance databases can be downloaded by running:

ntm-profiler update_db

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

& pathogen-profiler / ntm-db
<> Code ( lIssues {9 Pull reques

[1 Files

¥ main - @

Q Gotofile

>

v

>

>

>

v [@ sketches

B _github

W db

I8 Mycobacterium_abscessus
M8 Mycobacterium_avium

B Mycobacterium_fortuitum
M Mycobacterium_intracellulare
B8 Mycobacterium_leprae

B Mycobacterium_malmoense
B Mycobacterium_marinum
@ species

[ ] ntm-sylph-db

Set of hashes =
fingerprint for each
genome)

v @ sketches
D GCA_000026685.1.sig
() GCA_000165695.1.sig
D GCA_000230935.2.sig
D GCA_000240345.2.:s5ig
0O GCA_000240365.2.sig
[ GCA_000240505.2.sig

[ GCA_000240525.2sig

[ GCA_000330785.1.sig
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* CLI: https://github.com/jodyphelan/NTM-Profiler = pathoggn-nrofiler /ntm-db

s n.1375A>C drug_resistance  amikacin 10.1038/541467-021-25484-9  no A1408C
s n.1375A>G drug_resistance ~ amikacin 10.1038/541467-021-25484-9  yes = A1408G
<> Code (
s nA375A>T drug_resistance ~ amikacin 10.1038/s41467-021-25484-9  no A1408T
m README Kil GPL-_D,O |icense rs n1376C>A drug_resistance ~ amikacin 10.1038/541467-021-25484-9  no C1409A
Eﬂ Flles rrs n.1376C>G drug_resistance ~ amikacin 10.1038/541467-021-25484-9  no C1409G
ms n.1376C>T drug_resistance = amikacin 10.1038/541467-021-25484-9  yes  C14097
" ¥ main
N T M i P rofl I e r erm(41) functionally_nermal = drug_resistance = macrolides 10.1038/541467-021-25484-9
Q Go to fl!e erm(41) p.Trp10Arg loss_of_function 10.1016/j.jmoldx.2021.07.023  yes
‘ . . " : . erm{41) p.Arg7* loss_of_function 10.1016/j,jmoldx.2021.07.023 no
This repository hosts the code for NTM-Profiler. A tool to predict species and drug resistance from NTM WGS data. ,
> - ,gtthub gyrA p.Asp96Asn drug_resistance  fluoroquinclones  10.1128/aac.01051-24
Please beware that this tools is in alpha testing and should not yet be considered for production use. If you would like | |v & db
to get involved and help out with testing or development please drop me a line through the issues tab. )
9 P 9 E P P 9 > B Mycobacterium_abscessus

> [ Mycobacterium_avium

Installation is available through conda: s [ Mysobaceriuin Rt
> [ Mycobacterium_intracellulare
conda install bioconda::ntm-profiler 3» 1080 Wipcoberdborion fupwee
> [ Mycobacterium_malmoense
After installing, the relevant species and resistance databases can be downloaded by running: > B Mycobacterium_marinum

P+ B species

[ ] ntm-sylph-db

ntm-profiler update_db

v [@ sketches

TN o .
. = VA o \ \
j 13 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de) ‘h ) ‘ ] ‘% |
Association



NTM PROFILER

Letboiz
Association

¢

Research Center Borstel
Leibniz Lung Center

CLI . https ://gith u b, CO m/JOdyph e I a n/NTM - PrOfi | e r Gene Mutation type drug literature hain  E.coli-nomenclature
rrl n.2269A>C drug_resistance = macrolides 10.1016/jjmoldx.2021.07.023  no A2057C
g pathogen-prOﬂ[er/ ntm-db rrl n.2269A>G drug_resistance  macrolides 10.1016/j,jmoldx.2021.07.023  no A2057G
<> Code '@ [Ssties I'l pull reques v i Mycobacter]um_abscessus rrl n.2269A>T drug_resistance  macrolides 10.1016/jjmoldx.2021.07.023 no A2057T
. D barcode.bed rrl n.2270A>C drug_resistance = macrolides 10.1038/541467-021-25484-9 yes  A2058C
E[l Files D genefwatchlist.csv r n.2270A>G drug_resistance = macrolides 10.1038/541467-021-25484-9 yes  A2058G
2_7 e Q D genome.fasta rrl n.2270A>T drug_resistance  macrolides 10.1038/541467-021-25484-9 yes  A2058T
. D genome.gff rrl n2271A>C drug_resistance = macrolides 10.1038/541467-021-25484-9  yes  A2059C
Q Gotofile .
3 mask.bed :
% [ttt O snpEffectPredictor.bin rs n.1375A>C drug_resistance  amikacin 10.1038/541467-021-25484-9  no  A1408C
7 E il D Variables'json s n.1375A>G drug_resistance  amikacin 10.1038/541467-021-25484-9  yes A1408G
> . MyCObade"um-abscessus ] D variants.csv > s n.1375A>T drug_resistance  amikacin 10.1038/s41467-021-25484-9 no A1408T
’ . Myco,aadenumfawum ms n.1376C>A drug_resistance  amikacin 10.1038/s41467-021-25484-9 no C1409A
> . Mycobacteriurn_fortuitum s n.1376C>G drug_resistance  amikacin 10.1038/541467-021-25484-9 no C1409G
’ - MyCObaderium_imrace"mare s n.1376C>T drug_resistance  amikacin 10.1038/541467-021-25484-9  yes C1408T
’ . MYCObaderium_leprae erm(41) functionally_normal = drug_resistance =~ macrolides 10.1038/541467-021-25484-9
’ - MYCObade”umimalmoense erm(41) p.Trp10Arg loss_of_function 10.1016/j,jmoldx.2021.07.023  yes
d - Mycobaderium_marinum erm(41) p.Arg7* loss_of_function 10.1016/j.jmoldx.2021.07.023 no
” E s gyTA p.Asp96Asn drug_resistance  fluoroquinolones = 10.1128/aac.01051-24
ntm-sylph-db
v @@ sketches
14 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)
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* https://pathogen-profiler.github.io/ntm-db

NTM-DB Knowledge Ba . Custom Search Builder
Genes of interest Search:
Add Condition
NTMOB Knnulodge Bess Mycobacterium abscessus Caie orug Litessting
NTM-DB
! isibility v |
Mycobacterium abscessus rl macrolides 10.1038/541467-021-25484-0 Column visibility Excel
Myoobasterlum avium General information
Mycobacterium fortuitum s amikacin 10.1038/541467-021-254849 Gene ¥ Mutation type drug literature hain E.coli-
Mycobacterium intracellulare Key volisi nomenclature
Mycobactétium lepme MAB_2297 macrolides 10.1038/541467-021-25484-9 ) ) -
Mycobacterium_malmoense Species Mycabacterium abscessus erm(41) functionally_normal drug_resistance macrolides 10.1038/541467-021-25484-9
Mycobacterium marinum A 3
Sposias Reference sequence accession  CU458896 MAB_0019 flueroquinolones 10.1038/s41467-021-25484-9 erm(41) p.Trp10Arg loss_of_function 10.1016/j.jmoldx.2021.07.023 yes
Subssciss derection Vi MAB_0006 fluoroquinolones iR erm(41) p.Arg7* loss_of_function 10.1016/j.jmoldx.2021.07.023 no
Aesistance detection Ves gyra p.Asp96Asn drug_resistance fluoroquinolones 10.1128/aac.01051-24
MAB_0185¢c ethambutol 10.1093/jac/dkr578
i n.2269A>C drug_resistance macrolides 10.1016/j.jmoldx.2021.07.023 no A2057C
) . MAR.3542c  ‘fuorquinoloness  (1¥126/aac 0105124 l n.2269A>G drug_resistance  macrolides 10.1016/jjmoldx.2021.07.023 no  A20576G
Subspecies detection
rrl n.2269A>T drug_resistance macrolides 10.1016/j.jmoldx.2021.07.023 no A2057T
The following subspecies are detected:
i n.2270A>C drug_resistance macrolides 10.1038/s41467-021-25484-9  yes A2058C
« subsp. abscessus = .
rrl n.2270A>G drug_resistance macrolides 10.1038/541467-021-25484-9  yes A2058G
« subsp. bolletii
- rr n.2270A>T drug_resistance macrolides 10.1038/541467-021-25484-9 yes A2058T
« subsp. massiliense
Showing 1to 10 of 28 entries
Drug resistance
Drug resistance is detected for:
« macrolides
= amikacin
« fluoroquinolones

W e W b
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Association



‘ ’ Research Center Borstel
MYCODENT'F'ER Leibniz Lung Center

 Access:

s 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 [‘Wﬁ WC@Q e n t iﬁ e r

TB/NTM species identification pipeline Version 1.0 (beta)

; 16 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de) ‘§ ﬁ. ) a |
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MYCOBACTERIA EXPLORER -y Leibniz Lung Center

Upload and route genomes

0 analysis apps

No file selected

* Access:

*  Web-based: Mycobacteriaexplorer.fr
* Author: France (paper in revision)
* Principle for NTM ID: K-mer ML
* Input: FastA
* OQOutput: Species ID, subspecies, lineage, resistance MAC Explorer e
* Comments | —

* Still under development

Bhow 15 entries Search:
genome gene coverage mutation status antibiotic

4434-15.fasta . A1408G ABSENCE Amikacine

4434-15.fasta A C1409T ABSENCE Amikacine

4434-15fasta A 1 G1491C PRESENCE = Amikacine Résistance possible

4434-15.fasta .9 G1491T ABSENCE Amikacine

% 17 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)
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NTMSEQ ‘ e{\ Leibniz Lung Center

 Access:

* CLI 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

0 . &\ Mg G
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 Is it Mycobacterium tuberculosis
Mycobacterium marinum

SAM-TB

Mycobacterium abscessus (Mycobacterium abscessus subsp
Mycobacterium avium complex (Mycobacterium chimaera)

Mycobacterium abscessus (Mycobacterium abscessus subsp
Mycobacterium abscessus (Mycobacterium abscessus subsp
Mycobacterium abscessus (Mycobacterium abscessus subsp
Mycobacterium abscessus (Mycobacterium abscessus subsp

. massiliense)

. abscessus)
. abscessus)

. abscessus)
. abscessus)

Mycobacterium tuberculosis

WGS data analysis platform 29

Guest Login Create Account
Use mistverse website without login.

Create yous
required.

i account. Several affliation information is

Japan (Matsumoto, 2019) - 184 genes - nanopore data

China (Yang, 2022) - uses mlstverse, kraken2 — only lllumina
Only TB: Drug-resistance prediction for 17 drugs, phylogeny

A B
v | ]

Data  Anabsis Help | meiidefit-borstelde shriciuse B ,_,_m-g_,wlg_!,—-,_,_,_lg_,_!L,_,_,,g_,La-_,_,
AR SRNG5S kalG S315T o S4S0L embd_MMSY yd CiaY pal KSR l:" Y
M @ P u 4! poB_sasn 1540 pad_Kesk

LYSIS LIST + sanatains SREI4DE KRG _S1ST 10 _Sesol.
s
COaD OO OED

O Ratmtngs [ — b

- w R
z P SRR WG ST B SOL - P VING DRL_KAR G ARV

X s — SRR WO ST B S - oA VIO DAL KA -

M“_E_ﬂ_mn f I ; i E E E i miman i :

F - om \\\muiii/}i"
e Froe P - o) ‘_: - N % @ﬁ*ﬁ{‘,ﬁ &d
= st f— - - e = e pocioert | (81 1 hol
= e t e s w S = %%, l _-mmw ; mifg i
i i y/’/flllfmnm\\\\\\\\\
South Korea (Kim, 2024) — kraken2) — only Illumina

__— /’_\ /\
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Access:

*  Web-based: https://tygs.dsmz.de/
¢ .f’ > Type\(Strain) Genome Serveri

[ ] Author: DSMZ (Germa ny) . 3 " o S| scarecnhean!;gg%;;ased«axannmyal-,wﬁng:,és

\Published in Nat. Comfimuti 1‘5; and Nucleic Acids Rese (2021).

Submityour query  Read TYGS paper  Read TYGS/LPSN database paper

* Input: FastA

* OQOutput: Species ID, phylogeny

Table 2: Identification

& Your strain '24010731" belongs to species Mycobacterium marinum

* Principle for NTM ID

*  Genome-to-Genome Distance Calculator, dDDH

O Potential new species detected: your strain ‘24001778" does not belong to any species found in TYGS database. @

« Comments
[ v ElEN +
. . . . . . L e 11 K]
* No subspecies information and no resistance prediction PRSPPI s
¥ Myeobarsrim parsimracaldae KCTC 5084 EEER EmE
. . . Myeobacrariam purmiaaclilure JCM 10622 EE R EN
* Good to identify novel species Y.
‘yomganense 03-13%0 [ EEE N
. - [ Mycobacterium iomaceiiulare subsp. chimaers DSM 4421 [l [ = |
« Data gets removed after period of time! OO .
Mycobacuiam marselezse DSV 43431 " mm
« Processing currently takes quite long — U e
2008108 A D EEEN +

L LB el ] ] |
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ecéc

[ P
NG conTiGL

Pairwise comparisons of user genomes vs. type

Ganoma Server (TYGS), a fres biokniomatics platiorn avakabls under hiips #ygs dsm

r a whols genome based
d
e rosults were providad

cony | | csv || por || excer | | pont | Seaen[ ]

i by
by the TYGS on 2025.03

Determination of closely related type strains

was sona s First, il user g ain g avalabia in tha TYGS

Vot sa ' i st da o 155 ENAJans soainces Thass wah SABIad o e o Gunenes g AT 6 snsoch Query dDDH C.l. (do, dDDH (ds, 'F  Cl.(ds dDDH C.L. (ds, G+C content
odho bast 50 e o s oo th b 3 b it dtioen taiog ot Gagorms PL ooy strain Subject strain (dg, in %) in %) in %) % in %) (dg, in %) in %) difference (in %)
Vieanc (GO0 kot cvrngl s s oA B et ot 101 Aot Sl G A oI
i
) '22001650° '24001778° 952 [93.0-96.8] 954 [93.9-96.6] 96.9 [955-97.9] 0.06 2
Pairwise comparison of genome sequences
For Infesonce paitsons among the set of genames wera BOP and accurats inferg dstances infamred under the akgorkhvm e num in ilulan
wimmrming ce formula dy [6] 100 distance replicates i h Dightal DDH values and B the re x ofthe 24001778 W -"CDM’.C!e um intracellulare 782 [74 3-81 8] 51.0 [48 4-53 7] 745 [71 0-77 7] 0.25

6GOC 4

subsp. chimaera JCM 14737

Phylogenetic inference

dDDH d4 = x(identity in HSPs) / Z(HSP lengths) + transformation

Type-based species and subspecies clustering s
- Fl
e e e e e = Can also be used for draft genomes Plorfi.
‘Subspecios ckistering was dono Using & 79% dODH threshold as proviously inroduces! {10] : 5 é o3 g =
g B Eu z =
i £ = B
“ @ £3 2 =
[ Mo o] | +
. : - Tl e EDEE +
Table 2: Identification
ATCC 13950 EEEEEEN
w Mdycobacterium perainiraceliulare KCTC 29084 EEE BN
Mycobacterium persintraceliulare JCM 30622 EEE BN
& Your strain ‘24010731 belongs to species Mycobacterium marinum. A s AR 6 EEE EmE
yougooenss 05-13%0 [l 11 B |
Mycobacteriom ntraceliuare scbsp. chissaers DSM 44623 [l H ..
Table 2: Identification Mycobacteriom itracellulare subsp. chimaens JCM 14737 (] H .
| Mycobacterium manseillense DSM 43437 | I B |
O Potential new species detected: your strain '22001650" does not belong to any species found in TYGS database. @ m - O mE
O Potential new species detected: your strain "24001778" does not belong to any species found in TYGS dalabase. @ Mycobactsciem tensus KO3 20726 HEE N
008196 EREEEE +
O Potential new species detected: your strain '22005196' does not belong to any species found in TYGS database. @
DSM 45247 EE EEN

. o A £y /
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General tools for typing and comparative genomics



COMPARATIVE ANALYSIS €y

* 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)?

' Can be answered with

e 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,...
e core genome single nucleotide polymorphism analysis (cgSNP) — e.g. using snippy, MTBseq,...
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MULTI-LOCUS SEQUENCE TYPING b5 IRRAEREEE

1 2 3
@Isolate‘l m m m m m m STS \

@ Isolate2 () [T ) @ ) 7)) sts — OC3
@ isolates () (7P = o ) st

s1 1
4|33 G159
s2 Minimum spanning tree
Neigbor joining (NJ) tree

-

...GGC...

-

GTC

Ll

GGC

[i

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

cgMLST scheme
loci L1 L2 L5 L6 [~ | Ln L11 L13 L15 || Lz

strain A 1 2 3 1 4 3 1 1 2
strain B il 3 1l 1 1 1 3 1
strain C 2 | 4 3 1 il 4 q
strainD | 1 1 i B 3 2 1 4
strain E 1 2 1 4 1 1 3 it 155

core genome (cgMLST) accessory genome

pan genome (wWgMLST)

nnnnnnn

: ; e 7’; ‘1- 7-\\ k\".
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CORE GENOME MULTI-LOCUS SEQUENCE TYPING

Research Center Borstel
Leibniz Lung Center

Contents lists available at ScienceDirect

EBioMedicine

EBioMedicine

Published by THE LANCET

journal homepage: www.ebiomedicine.com

Research Paper
Harmonized Genome Wide Typing of Tubercle Bacilli Using a Web-Based 03.),
Gene-By-Gene Nomenclature System -

Thomas A. Kohl 3 Dag Harmsen €, Jorg Rothganger ¢, Timothy Walker ¢, Roland Diel /, Stefan Niemann *>*

Delineating Mycobacterium abscessus population
structure and transmission employing high-resolution
core genome multilocus sequence typing

Margo Diricks ™, Matthias Merker, Nils Wetzstein, Thomas A. Kohl, Stefan Niemann & Florian P. Maurer

Nature Communications 13, Article number; 4936 (2022) | Cite this article

2855 Accesses | 5 Citations | 22 Altmetric | Metrics
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cgMLST schemes:

M. tuberculosis
2,891 genes (72%)

M. abscessus
2,904 genes (59%)



CORE GENOME MULTI-LOCUS SEQUENCE TYPING | @ Traiiitirte

* Steps of new scheme creation

Scheme Scheme Threshold

creation validation calibration

* Select core genes using a * Test scheme in a larger * Analyse
diverse isolate collection dataset epidemiologically
* Test robustness related samples (e.g.
* Compare with other type strains, sequential
Delineating Mycobacterium abscessus population genotyping methods samples,outbreaks)
structure and transmission employing high-resolution e Determine allele
core genome multilocus sequence typing distance threshold

Margo Diricks &, Matthias Merker, Nils Wetzstein, Thomas A. Kohl, Stefan Niemann & Florian P. Maurer

Nature Communications 13, Article number: 4936 (2022) ‘ Cite this article

2855 Accesses | 5 Citations | 22 Altmetric | Metrics

nnnnnnn
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(CORE GENOME) MULTI-LOCUS SEQUENCE TYPING (& firoaitiilerd

« 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

: ; e ’!‘ ‘1- Y ‘\'.
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PUBMLST | @ Tl

* 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,...

Public databases for molecular typing

o Com me nts Pu b M LST and microbial genome diversity

* Free but requires login to access latest data

e Currently only (cg)MLST schemes for M. abscessus A collection of open-access, curated databases that

integrate population sequence data with provenance

and phenotype information for over 140 different
microbial species and genera.

47,470,754 2,044,340 1,460,955
ALLELES ISOLATES ~ GENOMES
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PUBMLST | @ Tl

Mycobacteroides abscessus complex https://pubmist.org/

Source of isolates submitted to the Mycobacteroides abscessus complex database Ay SUBMIT
s L -, This MLST scheme was developed by Song Yee Kim and
f’p i 0 e colleagues at the Yonsei University College of Medicine,
L T

Py

Seoul, Korea. It is described in Kim et al. 2013 Diagn
Microbiol Infect Dis 77:143-9 .

PN L
e TSR

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.
massiliense scheme are available for download here.

The preferred citation for this website is:

lolley et al. Wellcome Open Res 2018, 3:124 [version 1; referees: 2
approved] .

Typing Isolate collection . Genome collection

The typing database contains nomenclature - allele The isolate database consists of isolate records containing A subset of records within the isolate database may
definitions that provide an identifier for every unique provenance and phenotype information linked to contain genomes assemblies. You can access these from
allele sequence, and MLST profiles that index each unique molecular typing information. These records may also the isolate database by filtering on sequence bin size in a
combination of alleles with a sequence type (ST). include genome assemblies query.

Allele sequences: 191,889 Isolates: 2,123 Genomes: 2,079

Last updated: 2026-02-10 Last updated: 2026-02-28 Last updated: 2025-05-27
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PUBMLST

Research Center Borstel
Leibniz Lung Center

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: 191,889

Last updated: 2026-02-10

QI]E[Y a sequence

Find alleles

By specific criteria

Find alleles by matching criteria (all
loci together)

By locus

Search for allelic profiles

By specific criteria

Search, browse or enter list of profiles

By allelic profile

higcan ida partial matchge to &

o 54 i
gna

e 520 conti

puH

poB 4 503

1 1551651 cove62 3 corr=0_origname=Conti

2 769008 (ove65 6._corr=0 etk

5506 congu000LlenrL55165Eor2 ot oot

MUC 2 445 contigOOOOY len1551651 COve52 3 Come0) ig_11.62 3438 pilon 157
2 | len=189718 _cow=68.3 corr=0, nrlyume(mhq 19 68. Hljllm swmshovill-skesay]. N ME-'O‘\IED] 128141 128680
35 497 contighODO4 fen=318344 Cove63 S corr=0 4
ConigO000,ene13565 covmg 3 consd orignamescont 2 65 l71?}|\an sl skesaf1 10

12438 pln esroliesy110 e 01 00 10660

23 855755 piton 3

ig_11_62.3438 piion

m

20211201 138878 140380

i

MLST

@ vactisgprosie

Letboiz
Association
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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: 2,123

Last updated: 2026-02-28

PubMLST Smsieen=

Scheme informartion - MLST

Curatar

This scheme ic

et oy
= Marga Uick, Pz barset

Fields

The srimary hey field inceres uriqe carainazons of shiele: s the memker el
= clonsl somplex
Loa

Thiz zehame sone s o slisier e 7 e

Thiz zehams has 320 proSies defined

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: 2,079

Last updated: 2025-05-27

Nomenclature:

sargH_1

OTGAGCAC CAACOAAGOLTLOC TR TG0EaCO0CC00 T TLG COOMC R CCAGILCLOLLIG
CTGGCGGCACTEAGCARATCCAC TCATTTCGAT FGOGTGE TGGCGLCT TACGACAT TCAG
GUGETCGGT TRCCCATGIOCGAGTELT COGAAGGLRGIL TGLTCACCOAAGARCAAC TC
GOTGCCCTGETCEAGEEET TAGAGCAGCTGOGTCOGGATATCRLGTCARGLGLGTTCRTL
CCAGLCGATAL CEALGAGGALG T ACACGE TGO CTCGAMC GLGEGLTEATCGAMOGLET &
GOCCCTGACATCGGCOALEGTC TCLaTOCCGOCCGATOCC GAMAC GATCAGE TAGCAMT A
CTGTTTCOGATGTGOC TELOCGAL G GEACGCATCT CORAGHECGTGE TCGACGTL
GTGCAGGLATTEOOGGA TCAGGL L GGGGLACATCCGEA TGLGATCATGOOGOGLAMGAL T
CATTTGCAGGCCGCCCAACTOGTOLTRLTT

rargH_2

OTGAGCAC CAACGAAGGLTCGC TGTORGGCOLCCGGET TLO LTI GaC CCAGLLCCOGLG
CTGGCOOCACTEAGCAMATCCAC TCATTTCOAT TOOATGL TARCGLC T TALGATAT TCAG
GUGTCGRT TRCTCATGLCCOAG TG T COGCAABGLGGHIL TALTCAC COAAGAMCAAL T
GETOCCCTGETCEAGHACT TARAGCAGC TAGGTLOGGATGTCALGTCOEGIGLGT TCGTL
COAGCCGATACCGACGARGACG TACALGE TGLCC TOGANM GLGRGLT GATC GAMGHGT &
QRO T GACAT LG n LG TC T CLG TG COnECOA TOLC RAAAL DA T CAGD TG CALA
CTaT TTCGaATATGEC TRCGCRAC GLBGCCGEACGEAT TCLGAGRBCATOC TEGACG TL
GQTECAGGCATTGECG0A TCAGGECGABGEACATCCOGATACGATCATGECOGGLAMALT
CATTTGCAGRCCGCCCAACTGETRLTTCET

SPECIESID  ABOUTUS  LIPDATES

Srecomeargedline W

& Profls upeme mizmry

Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de)

5T ar%-l cya gnd murg pta purH rpod clonal_complex
1 2 1 1 2 2 3 1
2 & i 4 1 & i 4 4 4
" £l 5 1 1 4 5 [ ¥
4 2 1 7 2 o9 r q
. 5 3 1 4 3 1 2 1 1
B 3 1 a - 1 2 1 1
7 3 1 ) 3 1 2 3 1
B 3 1 a 3 1 2 i i
9 1 2 1 2 d 4 1 .
X 4 2 1 7 1a 2 L%
11 1 Z 3 pi: 3 1 2
12 1 2 1 Z 2 2 1
13 3 2 4 i il 2 1 1
14 1 2 5 1 2 1 2




PUBMLST

Research Center Borstel
Leibniz Lung Center

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: 191,889

Last updated: 2026-02-10

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: 2,123

Last updated: 2026-02-28

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: 2,079

Last updated: 2025-05-27

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

id .= - | Enter value [+]® total length (Mbp)
Action
e
Isolate count ) Genome count 7 Continent
> 500 y -
2,079 2,079 |: €
' 300 - Y
’ I 200 SV
0 [month] 20 [month] 00 P D,
ke

Display/sort options

Analysis tools

Hikaelstion j 2|

= [+1] Order by:
> L +® ¥e| @5 Breakdown: Flelds TwoFleld Combinations Publications Sequence bin
Display: " ; .
Y| 26 - [recordsperpy |2 Analysis:  codons ~ Gene Comp BLAST rMLSTspeclesld PCR
(® Export: Dataset Contigs  Sequences
(7 Tnird party: GrapeTree ITOL PhyloViz ~ReporTree
Subspecies 7 Year
2015

300
200
10 utll
id counts ! -
2 ATCC 19977 CU458896; GCA 000069185.1; NC_010397 Unknown abscessus unknown 3 1 4 3 1 2 1 5 1
2 ERR114969 Unknown massiliense unknown 30 31 17 27 21 31 18 33 3
3 ERR114985 Unknown massiliense unknown 30 31 17 27 21 31 18 33 &
4 ERR233333 UK 1998 unknown 16 6 18 14 14 16 7 41
5 ERR369183 Unknown abscessus unknown 1 2 1 2 4 4 1. 9 2
6 bolletii 50594  GCA_000445035.1; NC_021278.1; NC 021279.1; NC 0212821 Unknown  bolletii unknown 31 31 17 28 16 32 19 120
7 bolletii CCUG 48898 AHARO1; GCA 000239055.2 Unknown  bolletii unknown 30 31 19 28 16 15 20 63 7
8 1518 GCA_000523895.1; JAOIO1 USA  abscessus unknown 3 1 4 3 1 2 1 5 1
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BRUKER MBIOSEQ RIDOM TYPER (SEQSPHERE+) @

e Access

* Desktop GUI: o o O ”._’
) O e o Ridom Typer Client

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

i

r i d O m ! — | Ridom Typer Server

Y

* Author: Ridom (now Bruker) Ridom Typer Client

* Input: FastQ, FastA, BAM 000

000
* Output: Database, species ID, (resistance), Quality control, o

(cg)MLST ST, assemblies (also ONT), trees,...

Welcome to MBioSEQ Ridom Typer Server on my-segsphere
Long Read functionality is licensed and available.

e

Create a new 'species-spedific’ Project to hold Sample
data

Y c m m t . New Project
o e n s E Eswatini Sample 'ESW-324"
e 2 Samples of project 'Eswatini, Mar 6, 2026
Local SLC ID: 43

. Import Epi Metadata
«  Commercial B et st st o

; Eswatini Samples 'ESW-325/, ...
Samples of a Project ° 128 Samples of project Eswatini, Mar 6, 2026

Local SLC ID: 2

% Mabscessus_GlobalTree

. A Process Assembled Genome Data
« Early warning alerts o st M @) IS
Local SLC ID: 21 ' '
. Download FASTQ from SRA
. M M . M ISRA Download FASTQ and metadata from NCBI SRA to be
» Continous processing with pipeline el
Logout & Start Pipeline Mode
N o N P Configure and start non-interactive data assembling
* Publicly available scheme only available for M. abscessus, but

% 6 Mchimaera Leuven
Comparison Table

creation of your own (ad hoc) cgMLST schemes possible

Compare and visualize Sample data (e.g., phylogenetic

trees, epi curve, maps) % 12 samples of Mfrankfurtense_4050/1584
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BRUKER MBIOSEQ RIDOM TYPER (SEQSPHERE+) ¢y

Nomenclature:
125 Comparison Table: Mith_Cluster_80 [unstored] - O " F'I:.(i/eogra:hifa\ Map: CalibrationSet_Outbreaks_mbol-mabs [snapshot 26.01.2022 13:26] htt ps ://cgm |St.o rg/n CS
File Edit Data Columns Ana!ysis Tools Qeajaded
YV | == P/ iad®tEr=sb00 i W Mycobacteroides abscessus cgMLST]|
svssing vl P A| Sample 10| Epitnfo Collef| Country | City of Isq 211 La La| a on Lepg
= M.l S!| Sample Source Samg| Sourcs Sourcs So| So| Sof M. e "
) 9.0 7 657707 |noepidemiclogical ink |2007 |Germany |Hamburg |7 |2 7 (274 701 fus g2 [ fafs ]2 el € e, et )
7 |95.1 |7 |354305 |mother/chid 2005 |G Hamburg 7 ? 7 |274 P jifa |t 1 j2 11 f i1 12kl sutgar version 11
2 |99.2 |7 (102401 |no epidemiological ink |2003 |Germany |Hamburg |7 |7 |7 |277 i e o2 ol fx[r G Minchen
2 B 'j - 2003 NERENE] PR EWESR TR R T ER Seed Genome (NC_010397.1, 02-AUG-2016)
3 ? inked to index patient |2004 Germany [Hamburg 7 7 7 274 N o T e P E R P | Genus Mycobacteroides
n ? 10 epidemiological Ik | 2003 Germany Hamburg 7 2 |7 [280 P ifiih Pliifs il Species abscessus
19 ? linked to index patient |2003 Germany Hamburg 2 7 |? 274 P a1 1 201 f 1z a2 i
2 |G mather chid 2005 Germany |Hamburg 7 7 |7 274 N P N P PR e e . Loats Count 2308
16 same famiy 2004 Germany (Hamburg ? |2 7 1274 20 O O 2 O S E W M R ComplexType 24
18 linked to index patient |2005 (Germany |Hamburg 7 2 |7 274 N ES T F E N e | N Distanee
15 linked to index patient | 2003 |Germany Hamburg 7 2 |7 (274 plilifs il [t e ComplexType 1,058
14 firked to index patient | 2003 y [Hamburg 2 7 12 |274 P i 2 e o e e R Gount
= i e 2 Link 9005 |Cacmany [ambuwa 2 [3 13 (974 ELERL L] 1 1903 s ls Js s ‘“ﬂ Curators M. Diricks, Research Center Borstel, Germany
—— Pipe“ne; Mavium (daemon mode) — O X .;'S:_ASJ: CalisratiicnSet,Outbreaks,mbol—mabs Isnapshot 26.01.2022 13:26] *3% Epi Curve: CalibrationSet_Outbreaks_mbol-mabs [snapshot 26.01.2022 13:26]
ew Panels
BlaBE|®r |0 | Ka|EE€Q File View
(il Pipeline is waiting for new files...
1
57 Samples imported.
a ‘ 45 Minimize to Tray Icon _
4/18/26, 9:04:57 PM  Using project: Mavium cgMLST 3075 =) b : [ I
e : . . o E =
4/18/26, 9:04:58 PM Found existing Sample 23-941 in project Mavium cgMLST 3075 " % g % % g 5 g g g g
4f18/26, 9:04:59 PM Skipped: Sample in database contains already data in Ta: wlnsc R
targets (23-941)'
Wuzinski2020
4/18/26, 9:04:59 PM Initialize Sample 23-95 MST Cluster 3 Time scale: Cell height: v

Letboiz
Association
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PATHOGENWATCH €y

Ji'wn.w-wauh
A Global Platform for Genomic Surveillance.
Access

*  Web-based: https://pathogen.watch/ L “
* Author: Wellcome Sanger institute (UK) 7
* Input: FastQ and FastA

Upload Analyse Explore

* Qutput: Species ID, (cg)MLST ST e = |

* Principle for NTM ID: Search against NCBI RefSeq/curated library with 2 [ Y vor | e | viewna 160116 eromes
mash 0 Name= i

O MABA-NC 010397.1-Ripoll2009 Mycobacteroides abscessus

O Madipatum_GCF0016445751_YC-RL4_TypeStrain Mycobacterium sp. YC-RL4

* Comments

arupensis ypes: Mycolicibacter arupensis
M. is_GCF0020865151 DSM44942 TypeS: Mycolicib i

° G | O ba | P | atfo rm fo r G e n O m i C S u rvei I Ia n Ce O Mattenuatum GCF9005660851 MK41 TypeStrair Mycobacterium attenuatum

* No subspecies information and no resistance prediction . Lo
Pathogel|
Mycobacteroides abscessus

« Very fast for fastA (few sec), but slower for fastQ (>20 min per sample)

MLST - Multilocus sequence typing

Source: Mycobacterium abscessus - PubMLST

ce type )
222 argH cya gnd murC pta purH rpoB
View all ST 222 [4 1 2 3 2 2 25 4

: ; e 7;-"\ ‘1- 7-\\ k\".
% 35 | Research Center Borstel - Leibniz Lung Center; Margo Diricks (mdiricks@fz-borstel.de) ‘h j. ) ﬂ%& |



COMPARATIVE GENOMICS (& et

4. Compare profiles between isolates to calculate distance, validate scheme
and determine thresholds

4, Compare variants between isolates to
calculate distance and determine thresholds

)
A. cgSNP analysis : B. cgMLST analysis
I
)
1. Selection of reference genome ' 1.cgMLST scheme creation: define core genes and nomenclature
Ref. ACGTA... m ol --CGTAC E Core genes Accessory genes
)
| cene 1 ISR GeneV [ SRRERE c-<2 [
2. Map reads to reference genome | Isolate X 1 1 1 1 1 o E
A []
— ! Isolate Y 2 1 1 2 = E
>
ncf_,a GTG Y __ o PRef : Isolate Z 3 2 1 2 c
— T e — e— |
?F\:ead N . Nomenclature:
A gene 1 - allele 1 = ATGA...TGA, allele 2 = TGTA...TAA
av gene 3 - allele 1 = ATGC...TAA, allele 2 = ATGT...TAA
3. Find variants compared to :
FastQ reference for each isolate \ 2. Assemble reads into draft genomes 3. Determine cgMLST profile for
) .
I each isolate
. >Read 1 >Contig 1
] ACG...GTG ACG..GTG
: av | >contig2 2
lsolate1 | € A G : — : lsolate 1 | 1 : 1
)
lsolate2 | C G T ; ¢ FastA lsolate2 | 1 4 2
l -
Distance = 2 SNPs : FastQ Distance = 1 allele
:
I
)
)

ﬁ.? ; T N N
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SURVEILLANCE AND OUTBREAK ANALYSIS (@ Hormi

Single nucleotide polymorphisms ~ CGSNP VS  CGMLST  Multi-locus sequence typing
Distance Strain A - S 3 Strain A Distance

= — A iT:C: 1 —_— =
3 SNPs Strain B -|- CG _-5 Strain B 2 alleles

I Y T ceMLST

Level Single nucleotide substitutions Genes
Computation power high low
Standardized No Yes
Resolution Highest High
Well suited for In-depth comparison Comparison of diverse strains
Retrospective analysis Prospective surveillance
Cluster resolving Cluster detection
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Research Center Borstel
Leibniz Lung Center

CGSNP ANALYSIS

e Tools
- MTBseq

* Snippy

* Special things to consider

« Removal of recombination?

e Gubbins/ClonalFrameML

Letboiz
Association

<« c 25 github.com/ngs-fzb/MTBseq_source/tree/master/var/ref

2% Apps B8 M Gmail £ YouTube @ Maps [ VRT NWS:nieuws [ Google Agenda-m.. B

Platform s Resources Op urce Enterprise Pricing

& ngs-fzb/ MTBseq_source Pubiic

<> Code @ Issues 9 Il Pullrequests @ Actions [0 Projects @ Security | insighl

[D Files

P master - Q
Q Gotofile

> M lib -
> | opt
> M test
v [ var
> I cat
| ~ &t

[ M._abscessus_CIP-1045367_20...

[ M._abscessus_CIP-104536T_20...

M._chimaera_DSM44623_2016...

[ M._chimaera DSM44623_2016...

O M._fortuitum_CT6_2016-01-08...

O M. fortuitum_CT6_2016-01-08...

3 M _tuberculosis_H37Rv_2015-...

[ M-_tuberculosis H37Rv_2015-...

[ M _tuberculosis_H37Rv_2015-...

[ M_tuberculesis H37Rv_2015-...

@ m._tuberculosis_H37Rv_2015-...

D M._tuberculosis H37Rv_2015-..

O M. _tuberculosis H37Rv_2015-...

D M._tuberculosis H37Rv_2015-..

[ M._tuberculosis H37Rv_2015~...
> [ res

O .gitattributes

MTBseq_source / var / ref / (&

@ cutpatel EOLjupdated fastafai

Name

.-

[ M_abscessus_CIP-104536T_2014-02-03fasta
[ M. _abscessus_CIP-104536T_2014-02-03_genesitxt
(@ M._chimaera_DSMd4623_2016-01-28 fasta

[ M_chimaera_DSM44623_2016-01-28_genes.tet
[ m._fortuitum_CT6_2016-01-08.fasta

[ M_fortuitum_CT6_2016-01-08 genes.txt

3 M._tuberculosis_H37Rv_2015-11-13.dict

[ M. tuberculosis H37Rv_2015-11-13 fasta

0O M. tuberculosis H37Rv_2015-11-13 fasta.amb
[ M. tuberculosis H37Rv_2015-11-13.fasta.ann
[ M._tuberculosis H37Rv_2015-11-13 fastabwt
(3 M._tuberculosis H37Rv_2015-11-13fastafai
[ M. tuberculosis H37Rv_2015-11-13 fasta.pac
O M_tuberculosis H37Rv_2015-11-13fasta.sa

() M._tuberculosis H37Rv_2015-11-13_genes.txt

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

A. cgSNP analysis

1. Selection of reference genome

Ref ACGTA... m w ..CGTAC

2. Map reads to reference genome

>Read 1 v

ACG..GTG — ey ——— e Ref.
Qv _—— T = =

>Read N ‘
Qv

3. Find variants compared to
FastQ reference for each isolate

Isolate 1 C A G

Isolate 2 C G T
Distance = 2 SNPs

4. Compare variants between isolates to
calculate distance and determine thresholds
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CONCLUS'ONS Leibniz Lung Center

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
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