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Supplementary text
Culture conditions

Strains were isolated from clinical material following established decontamination
procedures. Bacteria were cultured in BD MGIT 960 tubes and Middlebrook 7H10 agar
media. Strains collected as a part of the IeDEA study were cultured on Lowenstein-Jensen
slants and sent to the National Center for Mycobacteria (University of Ziirich, Ziirich,

Switzerland) for phenotypic drug susceptibility testing.
Phenotypic drug susceptibility testing — BD MGIT 960

DST for first- and second-line anti-TB drugs was performed using the Becton Dickinson
(BD) MGIT 960 and EpiCenter devices equipped with the TB eXiST module (BD, Franklin
Lakes, NJ, USA) (1). The MGIT 960 system was used for primary bacterial isolation and
DST for first-line drugs (rifampin, isoniazid, ethambutol, pyrazinamide) as recommended

by the manufacturer, using currently established epidemiological cut-offs (ECOFF —
epidemiological cut-off, i.e the highest observed wild-type MIC (2)) summarized in Table 1
in the main text. MGIT tubes enriched with 0.8 ml of supplement (MGIT 960 OADC
supplement; BD) were inoculated with 0.1 ml of the drug solution (supplementary Table 2)
and 0.5 ml of the test strain suspension. For the drug-free growth control tube, the M.
tuberculosis suspension was diluted 1:100 in sterile saline and 0.5 ml was inoculated into the

tube (proportion testing).
Phenotypic drug susceptibility testing - Proportion method by 7H10 agar dilution

M. tuberculosis strains were grown in Middlebrook 7H9 liquid broth with 10% OADC
supplement (BD) until McFarland 0.5 was reached. Using a replicator micropipettor robot
VIAFLOW96 (Integra Biosciences, Zizers, Switzerland), 1 ul of the culture suspension was
inoculated onto Middlebrook 7H10 agar plates with twofold serially diluted drug
concentrations to determine the MIC (supplementary Table 2), whereby the MIC is defined as
the lowest drug concentration that inhibits growth of more than 99% the bacteria during
21 days of incubation at 37°C (3). Agar plates were read automatically using an AID
Microplate reader and automated software developed by AID (AID Diagnostika, Strassberg,
Germany). 7H10 agar dilution MICs of the reference strains differed between the different
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experimental runs by more than one dilution step for capreomycin, kanamycin A, amikacin
and 1soniazid. For these antibiotics, the MICs for all strains from the last run were rescaled by
the differences observed for the reference strains. Phenotypic DST for all strains was
performed at the Swiss National Center for Mycobacteria (University of Ziirich, Ziirich,

Switzerland).
Whole genome sequencing

Libraries were prepared using the Illumina Nextera XT kit and sequenced on an Illumina
HiSeq 2500, generating 125 bp paired-end reads. Sequencing was performed at the genomics
facility of the ETHZ/University of Basel in Basel, Switzerland and at the Broad Institute,
Cambridge, Massachusetts, United States.

The raw data was processed with an in-house python pipeline as follows: reads were adaptor
clipped and quality trimmed with Trimmomatic (v.0.33), whereby resulting reads < 20 bp
were discarded. Overlapping paired-end reads were merged using SeqPrep
(https://github.com/jstjohn/SeqPrep). The processed reads were subsequentltly mapped to a
reconstructed hypothetical MTBC ancestor (4) with BWA (v.0.7.12) (5). Duplicated reads

were marked with Picard (v.2.1.1) (https:/github.com/broadinstitute/picard) using the

MarkDuplicates module. Local realignments of reads around indels were performed with the
GATK (v.3.4.0) modules RealignerTargetCreator and IndelRealigner (6). Pileups were
generated with Samtools (v.1.2) (7) and SNPs were subsequently called with VarScan
(v.2.4.1) (8) using the following thresholds: minimum mapping & minimum base quality of
20, minimum read depth of 7X at a given position. For a SNP to be called, the alternative
base call needed to be supported by at lest 5 reads without strand bias. Furthermore, SNPs
were considered as fixed when they reached a frequency of > 90%. The position was called
as ancestral when the frequency was found to be < 10%. SNPs were annotated with SnpEff
(v.4.11) (9) corresponding to the M. tuberculosis H37Rv reference annotation
(NC _000962.3). SNPs in regions that share a minimum of 50 bp of sequence identity with

other regions in the genome were excluded (10).
Variable SNP alignment and phylogenetic analysis

A variable SNP alignment was generated by concatenating all filtered SNPs in the dataset,
whereby the IUPAC nucleotide ambiguity codes were used for unfixed positions (10% <

variant frequency < 90%). Positions were considered variable if at least one genome had
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SNP-call at the position in question. If the SNP fell into an excluded region (see above) or
was covered by less than 7 reads it was encoded as X in the alignment. If there was no
sequence information at all available for a position, it was encoded as a gap. Furthermore,
positions known to be involved in drug resistance were not considered in the alignment. The
variable SNP alignment was used to infer a maximum likelihood phylogeny with RAXxML
(v.8.2.8) (11), using the general time-reversible model of sequence evolution and branch
support values were inferred by bootstrapping the highest scoring maximum likelyhood tree
(1000 pseudoreplicates). Mycobacterium canettii (SRRO11186) was used to root the
phylogeny. The genomes were classified into main and sub lineages based on the presence of
previously established markers (12). Average genetic distances between strains based on
fixed single nucleotide polymorphisms (SNP) were calculated with the ape package (v.4.1)
(13) for R (v.3.3.3) (14). Two strains were defined as clustered if their average genetic
distance was < 12 SNPs (15) and one strain was subsequently omitted from the analysis at
random. Phylogenetic trees with associated metadata were visualized with the R package

ggtree (v.1.6.11) (16).
WGS-based resistance profile inferrence

The WGS data was screened for non-synonymous mutations and indels in genes known to be
involved in drug resistance for the drugs assayed in M. tuberculosis (17, 18). Phylogenetic
markers in drug resistance-associated genes (Table 2 — main text) shared by all strains
belonging to a main- or sublineage (12, 19) (supplementary Table 1), as well as previously
described phylogenetic markers (20), including main lineage markers derived from an
unpublished collection of 400 phylogenetically diverse strains, were removed. After filtering
for phylogenetic markers, all fixed non-synonymous polymorphisms in resistance-related
genes were treated as linked to drug resistance. Where necessary, WGS results were

complemented by molecular DST approaches as described previously (21).
Data availability

The datasets generated and analysed in the study were deposited at the National Center
National Center for Biotechnology Information (NCBI) under the BioProject IDs
PRINA454477 - http://www.ncbi.nlm.nih.gov/bioproject/454477 and PRINA300846 -
https://www.ncbi.nlm.nih.gov/bioproject/PRINA300846. Supplementary Table S3 provides a

summary of sample identifyers and accession numbers and drug resistance information. The
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quantitative readout of the 7H10 agar dilution-based DST and the results of the MGIT 960-

based testing at the WHO-defined critical concentration are available upon request.

Supplementary Tables

Supplementary Table S1 List of major phylogenetic markers in drug-resistance related genes

Rv Ref | Alt | Codon Coll (12)
Gene | number | Position | NT | NT | change Lineage | sublineage | Comments
Sublineage of
embC | Rv3793 | 4242182 | G T Ala774Ser | L4 L4.33 L4.33
Sublineage
gid Rv3919c | 4407967 | T C Leu79Ser | L4 L4.1 of L4.1

Supplementary Table S2 List of drug concentrations tested for MGIT 960 and 7H10 agar dilution for the

training and test set. ND = not determined

7H10 agar dilution
MGIT 960 7H10 agar dilution
MGIT 960 concentration,
concentrations concentration ranges
Antibiotic concentrations (mg/L) ranges (mg/L), log,
(mg/L) Test set (mg/L), log, steps,
Training set (n = 56) steps, Test set (n =
(n=120) Training set (n = 56)
120)
Ethionamide 1.25,2.5,5,10,25 ND 0.25-128 0.25-256
Ethambutol 1.25,2.5,5,12.5, 50 5 0.5-64 0.5-64
Capreomycin 2.5,5,25 ND 0.5-64 0.5-64
Streptomycin 1,4,20 ND 0.06-128 0.06-128
Kanamycin A | 1,2,4,20 ND 0.06-128 0.06-128
Amikacin 1,4,20 1 0.06 - 128 0.06-128
Moxifloxacin | 0.25,0.5,2.5,7.5 0.25 0.016-32 0.016-32
Isoniazid 0.1,1,3,10 0.1, 1 0.004-32 0.004-32
Rifampin 1,4,20 1 0.016-256 0.016-256
Rifabutin 0.1,0.4,2 ND 0.004-32 0.004-32
Pyrazinamide | 100 100 ND ND
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indicates a frame shift variant, ™" indicates a stop-gain variant. In all panels dashed lines indicate

resistance. B method agreement between phenotypic DST by MGIT 960 and 7H10 agar dilution.
C MICs of M. tuberculosis strains harboring resistance mutations in target genes or for wt. Top
panel MGIT 960, bottom panel 7H10 agar dilution. "M17?" indicates an initiator codon variant, "fs"
the ECOFF (see Table 1 in the main text).

Supplementary Figure S1 - A Histogram of 7H10 agar dilution MICs for ethionamide
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Supplementary Figure S2 - A Histogram of 7H10 agar dilution MICs for ethambutol
resistance. B method agreement between phenotypic DST by MGIT 960 and 7H10 agar dilution.
C MICs of M. tuberculosis strains harboring resistance mutations in target genes or for wt. Top
panel MGIT 960, bottom panel 7H10 agar dilution. In all panels, dashed lines indicate the
ECOFF (see Table 1 in the main text).
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Supplementary Fgure S3 - A Histogram of 7H10 agar dilution MICs for streptomycin

resistance. B method agreement between phenotypic DST by MGIT 960 and 7H10 agar

dilution. C MICs of M. tuberculosis strains harboring resistance mutations in target genes or for

wt. Numbers in parentheses indicate the corresponding Escherichia coli nucleotide numbering.

Top panel MGIT 960, bottom panel 7H10 agar dilution. "fs" indicates a frame shift variant. In all

panels, dashed lines indicate the ECOFF (see Table 1 in the main text).
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Supplementary Figure S4 - A Histogram of 7H10 agar dilution MICs for capreomycin resistance.
B method agreement between phenotypic DST by MGIT 960 and 7H10 agar dilution. C MICs of
M. tuberculosis strains harboring resistance mutations in target genes or for wt. Numbers in
parentheses indicate the corresponding Escherichia coli nucleotide numbering. Top panel MGIT
960, bottom panel 7H10 agar dilution. In all panels, dashed lines indicate the ECOFF (see Table 1

in the main text).
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Supplementary Figure S5 - A Histogram of 7H10 agar dilution MICs for kanamycin A

resistance. B method agreement between phenotypic DST by MGI

T 960 and 7H10 agar dilution.

C MICs of M. tuberculosis strains harboring resistance mutations in target genes or for wt.
Numbers in parentheses indicate the corresponding Escherichia coli nucleotide numbering. Top
panel MGIT 960, bottom panel 7H10 agar dilution. Numbers in parentheses indicate the
corresponding Escherichia coli nucleotide number. In all panels, dashed lines indicate the

ECOFF (see Table 1 in the main text).
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Supplementary Figure S6 - A Histogram of 7H10 agar dilution MICs for amikacin resistance. B
method agreement between phenotypic DST by MGIT 960 and 7H10 agar dilution. C MICs of M.
tuberculosis strains harboring resistance mutations in target genes or for wt. Numbers in
parentheses indicate the corresponding Escherichia coli nucleotide numbering. Top panel MGIT
960, bottom panel 7H10 agar dilution. In all panels, dashed lines indicate the ECOFF (see Table
1 in the main text).
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Supplementary Figure S7 - A Histogram of 7H10 agar dilution MICs for moxifloxacin
resistance. B method agreement between phenotypic DST by MGIT 960 and 7H10 agar dilution.
C MICs of M. tuberculosis strains harboring resistance mutations in target genes or for wt. Top
panel MGIT 960, bottom panel 7H10 agar dilution. In all panels, dashed lines indicate the ECOFF
(see Table 1 in the main text).
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Supplementary Figure S8 - A Histogram of 7H10 agar dilution MICs for isoniazid resistance. B
method agreement between phenotypic DST by MGIT 960 and 7H10 agar dilution. C MICs of

M. tuberculosis strains harboring resistance mutations in target genes or for wt. Top panel MGIT
960, bottom panel 7H10 agar dilution. In all panels, dashed lines indicate the ECOFF (see Table

1 in the main text).



interpretation does not agree

interpretation agrees

ne1@13@z2@a

. wt, MDR
D non-wt, non-MDR D wt, non-MDR

. non-wt, MDR

rpoB gene

Rifampin (RMP)

A

@ o
: ¢ r I o
L/ —~ S !
’0.00 | N @ i 5 [
! i vt | 1 e
" S z bl t
1 m (=] ° ! = =} ° _
i = M_ 1 M_ 1
_ il 1 S ol
G o 1 o 1
1 = < . 1 F c . 1
1 O L 1
! = 1 1
" tr 1 ®
........ ocoq@pe - i~ : :
T T T T T 1 T T T —R/u 'Y — - ° —
© <t © < ~ 1O N © 1 1
[Te) o AN ©
N c 2 9 . * I r . !
o @ & . (s | 1
) 1 1
(1/Bw) PrELEG ® . ' F . |
1 1
L] - L]
N 1 1
o 1T o 1
® o ' -
- . 1 . 1
. ! 1L J 1
) 1 < 1
c om [ ] 1 ﬂ [ 1] 1
Ele I - Sl o0 |
o©c 1 2 1
§| - LI
. I r ee@@oe |
. VL . !
1 1
. 1 r [ [}
L] ! ™~ [} !
1 1
L] 1 - L] 1
L ] — - L ] —
1 1
* [ * 1
. 1L - 1
1 1
* (I * 1
T “ T T T T -—- T T
— — © TOF—ONO
A Il n O N©OT—
\ O\ o2
o
I
. v
Junoo O (I/Bw) H19Wg| (I/Bw) MPEOe

Supplementary Figure S9 - A Histogram of 7H10 agar dilution MICs for rifampin resistance.

B method agreement between phenotypic DST by MGIT 960 and 7H10 agar dilution. C MICs of
M. tuberculosis strains harboring resistance mutations in target genes or for wt. Top panel MGIT
960, bottom panel 7H10 agar dilution. Numbers in parentheses indicate the corresponding
Escherichia coli codon numbers. In all panels, dashed lines indicate the ECOFF (see Table 1 in
the main text).
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Supplementary Figure S10 - A Histogram of 7H10 agar dilution MICs for rifabutin resistance.

B method agreement between phenotypic DST by MGIT 960 and 7H10 agar dilution. C MICs of

M. tuberculosis strains harboring resistance mutations in target genes or for wt. Numbers in

bottom panel 7H10 agar dilution. In all panels, dashed lines indicate the ECOFF (see Table 1 in

parentheses indicate the corresponding Escherichia coli codon numbers. Top panel MGIT 960,
the main text).



Pyrazinamide (PZA)

n «1@3@ss@esr

A

non-MDR|
(n=88)

MDR (n=88)

>100

(1/Bw) LGN

pncA promoter and gene

960 are available. "*" indicates a stop-gain variant. Dashed line indicates the ECOFF (see

mutations in the target gene for pyrazinamide resistance or for wt. Only results for MGIT
Table 1 in the main text).

Supplementary Figure S11 - A MICs of M. tuberculosis strains harboring resistance



