










































































































































































































































































Chapter 6: Discussion and Conclusion

6.1 Discussion

Our study aimed at modelling the evolutionary trajectories of Mtb towards drug resistance
(DR). We first did an extensive search in literature to unbiasedly represent the distribution of
Mtb genomes among the human adapted lineages of the M. tuberculosis complex. We then
established linked common polymorphisms by determining universal markers of DR in Mtb
irrespective of lineage designation and, we determined lineage specific associations among
lineages to model evolutionary trajectories toward DR. The extensive search for unbiased Mtb
lineages found in several databases yielded 9388 genomes used for our analysis. Additionally,
37000 polymorphisms for analysis were found in our sequence data. To ensure that indeed a
mutation was a DR mutation the WHO catalogue of DR mutations for both first and second

line drugs was used.

Our second objective was aimed at determining linked common polymorphisms found in Mtb
isolates irrespective of lineage designation. We identified 64 universal markers of DR to more
than 3 antibiotics. Most markers in functional genes had confirmed associations with DR in
literature. We also identified that redox potential maintenance is key in maintaining multiple
DR in Mtb. Furthermore, we hypothesised that Mtb evolution towards multidrug resistance
starts with a rise of sub-populations within the pathogen characterized by an increased rate of
mutations known also as the “mutator phenotype”. In our analysis, we confirmed that mutations
in PE_PGRS genes are indeed the initial mutations that occur in the evolution towards

multidrug resistance.

Lastly, we determined evolutionary trajectories towards a DR phenotype in Mth. Little is
known about epistatic interactions between DR mutations in Mtb (7). Whole genome
sequencing (WGS) studies have shown that there seems to be a preference for a combination
of certain DR resulting in higher in vivo fitness (17). These combinations suggest the
occurrence of epistasis and could play a role in the successful emergence of MDR and XDR
(7,51). Our results from the various lineages analysed, lineages 1.2, lineages 3, lineages 4, 4.1,
4.1 (Haarlem), 4.2 (Ural), and 4.6 (Uganda) showed several combinations of associated DR
mutations forming positive epistatic interactions suggested reducing the fitness cost resulting

from DR mutation acquisition (7). We found several stable combinations of mutations,

75

© University of Pretoria



NIVERSITEIT VAN PRETORIA
N Y OF PRETORIA
u

ITHI YA PRETORIA

including those confirmed in literature rpsL43/katG315, rpsL43/rpoB531, and
rpoB531/katG315 (173). Therefore, the acquisition of one or additional DR mutations may

compensate for fitness costs caused by the initial DR mutation (26).

We expected to see statistically significant associations among DR mutations in lineage 2
known as the Beijing lineage, but, interestingly, we did not find any statistically significant
associations among DR mutations found in the collected strains of these lineages. Lineage 2 is
often associated with a higher propensity to acquire DR mutations. This may be due to the
inter-lineage diversity within this lineage that is suggested to have differences in the likelihood
of DR resistance and an increased dataset may find higher frequencies of DR polymorphisms
that may lead to better statistical associations with DR. Lineage 2 is the most widely studied
on the effects of its diversity on DR phenotypes epidemiologically, clinically, and

experimentally (252).

Lineage 2 is often linked with treatment failure, disease relapses, and outbreaks of MDR-TB
(128,253). While hyper virulence has been associated with Lineage 2, this is not the case with
all strains belonging to this lineage (252). This lineage is associated with hypo and
hypervirulence (252,254,255). The differences in these strains can be attributed to genetically
encoded discrepancies, epigenetic modification, and natural variation in protein expression
(252). Therefore the genetic heterogeneity of large samples needs to be checked and if

necessary reduced to sub-lineage level.

Depending on the genetic background of strains, a certain combination of mutations may be
beneficial in one background but deleterious in another (20). This is a primary example of how
epistasis could modulate the evolution towards DR (17). This type of epistasis not only affects
the size but also the sign (beneficial or deleterious) of the fitness costs of mutations (169). In
the concept of signed epistasis, one mutational pathway may be either beneficial in a particular
genetic background or the same mutational pathway may be detrimental or less beneficial in a
different background (169). In our results, we determined several mutational pathways unique
to the lineages analyzed in our study. These mutational pathways are suggested to be specific
to the lineage in question and play a vital role in the evolutionary trajectory toward a resistant

phenotype.

Epistasis is necessary for pathogenic bacteria to improve their fitness cost (27). DR has long
been believed to be associated with a reduction in fitness because antibiotics target essential

and highly conserved genes (8,16,43,51). When mutations occur in these targeted genes, it
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results in the inactivation or the prevention of drug activity and in turn, affects the normal
function of the gene (51). The clonal nature of Mtb means that negative fitness effects can
only be alleviated through reversion or compensation because deleteriously mutated loci cannot
be replaced through the transfer of intact loci from other strains (42). The reversion of
resistance in Mtb is rarely observed hence a higher likelihood of the occurrence of
compensatory evolution (26,27). Compensatory mutations of known and unknown functions
in our study were found to play a role in the evolution of DR. The commonly known rpoA gene
IS suggested to compensate for fitness costs associated with rifampicin (RIF) resistance. In our
study, we detected mutations in the rpoA gene at codon position 483 preceding the DR mutation
in the rpoB gene at codon position 450 in the Ural lineage. The prerequisite mutation can be
necessary to reduce the fitness cost to an acceptable level before the occurrence of the DR

mutation.

The best-known examples of compensatory mutations are found in rpoA and rpoC, encoding
the a and B’subunits of the RNA polymerase, which compensate for fitness costs associated
with the resistance mutations in rpoB (16,26,27,51). Additionally, the combination of rpoB
mutations with compensatory mutations in rpoA and rpoC is associated with the improved
transmissibility of strains as evidenced by clonal exaptation of strains carrying these particular
mutations that appear to restore resistance strains to wild-type function (171,176).
Unfortunately, data on compensatory mutations is still limited and mainly focuses on INH and
RIF (7).

The initial/pre-requisite mutations are important when determining an optimal path toward
resistance (17). Pre-requisite mutations also known as stepping stone mutations may or may
not be associated with DR. If associated with DR, they are suggested to confer
lower/intermediate levels of resistance ultimately resulting in higher levels of resistance when
other mutations take place (228,229). The level of resistance is key and determines the success
of a strain and the process of epistasis is suggested to affect the level of resistance (168). Low-
level resistance may enable the Mtb clonal lines to survive treatment providing an opportunity
to acquire high-level resistance (229). The range of mutations that result in intermediate levels

of resistance are not yet known and their clinical implication is not entirely clear (239).

Several studies have found stepping-stone mutations that were suggested to imply the success
of DR in Mtb strains (229). In our results, lineage 4.6 (Uganda), has a pre-requisite mutation
in Rv2752c towards resistance to the drug ethambutol (EMB). Efflux pumps are often
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suggested to be stepping stones to high-level resistance (77). In our study, we found
prerequisite mutations in several efflux pumps and genes associated with increased levels of
resistance, such as the Rv1258c/Tap gene in lineage 1.2 and the ubiA gene (171). Studies have
found that ubiA genes emerge before the high level of ethambutol (EMB) resistance (176,228).
In our results, ubiA mutations led to an evolutionary path towards embB substitution in codon
305 known to confer the high-level resistance in the lineage 4.1 (Haarlem). Determining pre-
requisite mutations could enable predicting the development of high-level resistance,
improving treatment protocols, and discovery of new drugs (108,229).

Not all polymorphisms found were directly linked to DR; some of them were found in genes
playing important roles in the virulence and the pathogenesis of Mtb in the various lineages of
Mtb (243). We identified mutations in genes involved in secretion systems, cell wall synthesis,
and sigma factors all suggested to be important for the virulence of Mth. Nevertheless, our
analysis showed that these mutations were also associated with the evolutionary pathways
towards antibiotic resistance. The full set of virulence factors found in each lineage is provided
in Appendix 35.

Ultimately our study confirms that the evolutionary process of acquiring DR in Mtb involves
a sequence of steps instead of occurring at once (256).

6.2 Conclusive remark

We must be able to predict the evolutionary trajectories of DR in Mtb. This in turn would
improve the dosing regimens of antibiotics and ensure the effective use of antibiotics (168).
Little or no experimental data is there that describes epistatic interactions that exist in Mtb,
hence, it was appropriate to empirically determine associations among mutations in our study.
It would be ideal to show the full sequence of mutational events and therefore determine the
evolutionary consequences of each epistatic interaction in Mtb (169). Sequence divergent data
may be used to study the role of epistasis or the use of experimental evolution, however,
determining the exact order of mutations and their individual and combined effects on fitness

is challenging even in simple organisms (41,169).

Experimental infection models provide clear evidence that members of the M. tuberculosis
complex differ in virulence and immunogenicity in experimental infection models, but how

this affects the progression toward disease in humans is not clear (128). Studies have yielded
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contradicting results on the effect of Mtb on strain diversity in clinical settings, hence we can
only cautiously suggest whether Mtb diversity indeed does affect its human host (128). The
disparity between in vitro isolate studies and clinical isolates may be due to the long evolution
within the human body, the clonal interference, the variability in drug pressure, and the parallel

evolution (7).

Further investigations on compensatory mutations in other antibiotics and not just INH and
RIF are needed to determine the real influence of compensatory mutations in the DR evolution
and the amelioration of the fitness cost in Mtb (26). This is crucial because identifying and
inhibiting compensatory mechanisms may result in the disruption of DR acquisition and
improve treatment outcomes (27). Even though recent improvements made in TB treatment are
generous and must be acknowledged, however, significant gaps in our understanding of Mtb
pathogenesis remain (8,223). Ultimately, understanding the epistatic interactions among DR
mutations, the role of compensatory mutations, and the genetic background of Mtb will provide
insight into the evolution of DR in Mtb (7).
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Appendix

module load bowtie2-2.3.4.1
module load bcftools-1.7
module load samtools-1.10

module load sambamba

##bowtie build index

bowtie2-build GCF_000195955.2_ ASM19595v2_genomic.fna Mtb_k12

## mapping

bowtie2 —x Mtb_k12 -1 SRR6397327_1.fastq.gz -2 SRR6397327_2.fastq.gz | samtools view —
b —0 SRR6397327.bam

## sort bam file

samtools sort -0 SRR6397327.sort.bam SRR6397327.bam

## index bam files

samtools index SRR6397327.sort.bam

## remove duplicates

sambamba markdup —r SRR6397327.sort.bam SRR6397327.rdm.bam
# variant calling added additional annotation for filtering

bcftools  mpileup -Ou —f  GCF_000195955.2_ ASM19595v2_genomic.fna  -a
INFO/ADF,INFO/ADR,FORMAT/AD,DP,AF,SP SRR6397327.rdm.bam| bcftools call —
ploidy 1 -mv -Ob -0 SRR6397327.bcf

## normalise
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bcftools norm -Ou —f GCF_000195955.2 ASM19595v2_genomic.fna -O z -0
SRR6397327.norm.bcf

## sort

bcftools convert -O v -0 SRR6397327.vcf SRR6397327.bef
tabix —f —p vcf SRR6397327.vcf

bcftools sort SRR6397327.vef —-O z —0 SRR6397327.sort.vcf
tabix —f —p vcf SRR6397327.sort.vcf

bcftools filter -g3 -G10 -e (TYPE="snp" && QUAL <= 150 && FORMAT/DP <= 20 &&
QUAL/(DP4[2]+DP4[3]) <= 1 && DP4[2]+DP4[3] <=5 && AF <= 0.95 && SP > 30)
SRR6397327.sort.vcf -O z -0 SRR6397327.sort.vcf filtered 2.vcf.g

Appendix 1: The bash scripts used to do variant filtering of polymorphism in sequence files
collected for analysis.
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Samplesn.Source

0163D
0166G
0175R
01777
0180X
01827
0217M
0218N
0219P
0233E
0345B
0402N
0403P
0404Q
0459A
0514K
0611Q
0635R
0640X
0032L
0101L
0113z
0309M
0584L
0336R
0096F
0314S
0317w
0344A
0628)
0028G
0029H
00301
0043Y
00447
0050F
0053J
0061S

Appendix 2: Metadata of Mycobacterium tuberculosis strains for each sequence file.
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ERRO6759:R
ERRO6759:S
ERRO6759¢R
ERRO6759¢R
ERRO6760(R
ERR0O6760: S
ERR0O6760:R
ERRO6760: R
ERRO6760:S
ERRO6760¢ S
ERRO6760¢ R
ERRO6760¢R
ERRO6761(R
ERRO6761:R
ERRO6761:R
ERRO6761:S
ERRO6761R
ERRO6761¢S
ERRO6761°S
ERRO6761¢(R
ERRO6761¢R
ERRO6762(R
ERRO6762: R
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'id

O 00 NO UL B WN B

WWWWwWwwWwwwwwRNNNNNNNNNNRRRRRRRREPRR
OO NOOUBWNPROWVONNOODUBNWNRPRO OOOKNOODUVDMWNTIERO

40

Position Power
10.78
2 0.26
3031
4 0.33
50.31
6 0.0
71 0.0
237 0.01
371 0.03
645 0.0
698 0.0
1126 0.0
1131 0.02
1186 0.0
1199 0.0
1302 0.03
1326 0.01
1519 0.01
2222 0.02
2357 0.0
2380 0.01
2422 0.0
2532 0.3
2539 0.0
2586 0.0
2745 0.0
3143 0.01
3170 0.0
3186 0.02
3192 0.0
3390 0.0
3439 0.0
3446 0.55
3452 0.0
3472 0.01
3522 0.0
3681 0.0
3812 0.02
4013 0.16
4080 0.01

UN
UN
Yu

Alleles
L|M,G,R
M| *,R,G
M| *,S,L
M| *,W,C
T|H,R,*,S,
T|P,R
P|L
R|E
P|*
T|IP

R|

A|R
1R
A|P
RIT
P|Q,L
Qll,T
K|S
S|L
V(L
T|S
E|IR
TIR
M|R
L|*,C
G|
L|Y,S
R|D
L|W
G|A
T|LP
R|A
AlS
L|IR
G|V
C|A
R|V
G|L
Pl
E|I,N

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Allelic_fre Locus

0.11]0.88
0.99]0.0
1.0|0.0
1.0/0.0
1.0|0.0
1.0|0.0
0.99]0.0
0.99]0.0
0.98]0.01
1.0|0.0
1.0/0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.92]0.07
0.99]0.0
0.99]0.0
1.0|0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.74]0.25
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.99]0.0
0.01]0.98
0.99]0.0

Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0001
Rv0002
Rv0002
Rv0002
Rv0002
Rv0002
Rv0002
Rv0002
Rv0002
Rv0002
Rv0002
Rv0002
Rv0002
Rv0003
Rv0003
Rv0003
Rv0003
Rv0003
Rv0003
Rv0003
Rv0003
Rv0003
Rv0003

Gene
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaA
dnaN
dnaN
dnaN
dnaN
dnaN
dnaN
dnaN
dnaN
dnaN
dnaN
dnaN
dnaN
recF

recF

recF

recF

recF

recF

recF

recF

recF

recF

Codon Annotatio Moltype

1 Chromosc T->A,T->G,

1 Chromosc T->A,T->C,

1 Chromosc G->C,G->G

1 Chromosc A->AAGAT

2 Chromosc C->AGATA

2 Chromosc C->CAAGA
24 Chromosa C->T
79 Chromosc G->A
124 Chromosc C->T

215 Chromosc A->C,Not f

233 Chromosc Not found
375 Chromosa C->T
377 Chromosc C->A
395 Chromosc G->A
400 Chromosc G->A

434 Chromosc C->A,C->T

442 Chromosc G->C,G->T
506 Chromosa C->T
57 DNA polyr C->T
102 DNA polyr C->T
110 DNA polyr C->T
124 DNA polyrA->C
160 DNA polyr T->C
163 DNA polyr T->C

178 DNA polyr G->A,G->T

231 DNA polyrNot found

364 DNA polyi G->A,G->C
373 DNA polyrC->A
378 DNA polyr A->G
380 DNA polyrA->G

37 DNA replii G->C,G->T
53 DNA replitG->A
56 DNA replitC->T
58 DNA replii T->C
64 DNA replitA->G
81 DNA repli T->C
134 DNA replii C->T
178 DNA repliiG->C
245 DNA replitT->C

267 DNA repliiG->A,G->T

Appendix 3: Annotated polymorphisms identified by the split program in 9388 sequence files

of Mycobacterium tuberculosis strains.
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UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

>H37Rv
MMMMTTPRPTRAIARPQKSVTETMLGLRLGTRALGCRGIEGADGVHGPIMASGTDGNNEH
KDSSPIEHAAYDSTNLTRVLMDAKAAILFRYIILGLPTYADLPRSRSTSAPGGAAITSRA
LPLVAGKTDVLYRIGDLAATRPSAANGYYGFLATTIHADLVVVAVSIPPQRGQRVVDTSS
TQQNGAAPTTVSVPGPAAPISLRTGVDPSGARKRGAENDARTDSLGRTLYPSYQPDPPGR
RQEGRRQEGGGQGIIDQDGERPVDGSGAEVLDIIELQWGGAPGAQAGLAIYVRGG*NEED
HSWAVLRSEAAFFQRAYEAAGSGHGDDPFTTGASSAALTRRADRAAAARAMMMYVGLAFAK
TRLVFEWLLGVHHQQARRCLRRASVAPEFIYGTACAGSVTADTAVVVVSAPFVLDAGAGG
VASTLIRLLPLLYARMQLGPMVAAAELVPALIERRGAARAPTMWAAHSYVMLYLGVAAVS
TCYPAPFHAVTPAVVRNFEGTISPGDEFADGEEFAPTGLYRRRAEVRLDIGAWRGDEREG
SDPDHPLLLVVRVGHHGGGGIERSYGIHTALGYLVESLERSESSIALAYDDQAEALTSNA
TGVVVPPPPPPPPPPPPPPPPLOQAASVLALTLGPRTYLDHVTRGRLSVMPTGATDVRYEM
VPDPNDRNRVAPTYPEIPNGVARPRLGYPPGWGDGQLPLRRLAWEGGGETEVLLGDRFCP
GSPSVGRVVMGWHPFLRKIMLDELHAGAPARDAKFERQPGVVYNFGNPSRPPAPPPRPPV
PPAAPLEELDSGAKAEVNGLKKFAAELEKVWDTHDMVELDEGDDPVGISEIEGTVQIEPV
MGNATVVVDDDPPVVVDDDPPVVVDDDPPPVVVDDDPPPVVVDDDPPPVVDDDAVVVAAA
GVLLIVWWIIELVPNAYLPNAEGEGGVGCHVVLLPVTPYSATIGPN*FYGVSFRRAVTAA
AACDRAANAVEARIDEEFAGRRDTAHPRSAVHVAVGRTKVHDRTRVDPEVASRIPGVHFA
AAAAAPLAGTAIAPDTTAVHMALLVILIDILRELFLDWGYFLALAALAHVDSTWPVAAAP
LDAYVRLFGVRRIDTDTINVGAMGAGLMVMLDLIIIRNALGGVATGRGCGQKDLLLFREE
PRRPDDHHHHNHTGLEGAPDCGRNALLLTIARLRSKR*ESRRGEILLTLTQQQAAAPSLS
DDADFSFGHGCHVTKYALPNPGDAVIILRAVLPATFVGTSGTKFPPDRLNGRDRHLRVTS
PRMPAELGPPAVGFPARVAVTYRKLLLAMGGSTAHPSFDPAVALDVVALVIIAPAAVNGL
TAISSRTGEPPLPGVGALLHRGGHTYHEYLLSSDLGALSAVGAARALTAAPSLASAALDA
SNAEQALSVAMRANPVSSGDSNIGGGGGGAGGGGGGGYVGGGGGGGAGLADRALPTAGDGP
MSDINGSRARDLKDIQWAAAADNVYAFTIGQRPSVGAAGVFGSEVGHGVAATGVVVTIAR
RSYLGASQSGAIVRANGASAPGGDLRAWPIFPLSDLTATEALLFNARGGKTVQLDDTELG
WAVAAETRDARPSRAPAGGGNGAGGQAGGGGAGAAGGGGGGGGGGDGAAAIGLGGGGLDG
VVGAASSGGGVGGGGGHGAGAGAGGGGANGGDGGAAGGTDRRYGSIATTADDSATVTNGL
GPSNRGPAWRTAVGTGGTEEKAEFAERSFMAMTVAADLATGGQGMTNGGDRS*WTGGKWG
DGVTRSAYPADPPAMGKLDPGRCMTVRPDKGDISLRRARGAVTTIRGIASITDIADLLQP
VEQPTVMLSQLWITGAFGGSYGFDDAARLFRRARLSRDLLGGALAGGDQQMAYPADKLAK
APTGIMGSAALTADAAAIQGPLGRYGIGEPNAAAVWLLQLGIGRDRTQETPSARAILPEA
GSPLGGPGGANRSLALEKIRIMPAAAMSVASYYGTTGLQAFDKSRHSGDGRLALVLVPYL
ASRGEDAMMGGLRAMFVVINDCNTFIHNLTVTGIIADSGLNSENDEEFKRAPGAYVGVAI
AQVGIAYEDVDAGYPTAPPIPPVAEVIADATLPVPIPPEVKVGRLGQNPKDVSPLPGPGA
GTGPRMVTRNVNPSPIIQQQAQPRRGTDTDVARLYLLARRVGEPLALSGLAALIKGRNNN
TTPPNNLIGGARAQSRSGENSDAGRLQVRSATAGVIVHPQETDAARRAARQDQDDDNQV

Appendix 4: Pseudo sequences of amino acids for each of the 9388 Mycobacterium

tuberculosis strains and reference genomes.
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ID

16025
12802
14921
9209
13067
8248
11024
9204
31031
10911
31712
33168
13069
18419
14920
22518
19478
3184
3266
6567
557
37405
18926
8585
8249
38403
3263
3259
10920
17653
12801
30728
30794
31203
4046
30788

Location Power

1779274
1385255
1636170
968434
1418868
859239
1191351
968429
3739978
1189139
3766912
3899451
1418870
2061447
1636166
2564374
2180650
334657
335704
673341
49692
4326464
2133472
916684
859240
4408009
335701
335693
1189147
1986637
1385254
3737112
3738028
3743401
373368
3738024

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Allele stat Allele frecLocus tag
0,95 G,L,P|H 0.99,0.0,0.Rv1572c
0,96 G,P|G,R 0.99,0.0|/0Rv1243c
0,93 N,M,S|N,[0.99,0.0,0. Rv1452c
0,92 Q,-,P|-,P 0.99,0.0,0. Rv0872c
0,89 S,P,Q,R|L,0.98,0.0,0. Rv1269c
0,73 A,I,P|1,S 0.94,0.04,(RvO766¢
0,95 N,C|C,H 0.99,0.0|0Rv1068c

0,8 G,-,A,N|-, 0.97,0.0,0. RvO872c
0,99 N,Y|H,L 0.99,0.0|0 Rv3345c
0,97 GA|A  0.99,0.0|1Rv1067c
0,96 A,G,R,W|[(0.99,0.0,0. Rv3350c
0,95 H,P,R|P  0.99,0.0,0. Rv3480c
0,95 A,L|P,T 0.99,0.0|0 Rv1269c

0,9 R,A,L|A,C,0.99,0.0,0. Rv1818c

0,8 G|G,N  1.0/0.01,0 Rv1452c
0,97 V,D|G  0.99,0.0|1 Rv2293c
0,99 S,G,R|H,R 0.99,0.0,0. Rv1928c
0,97 LA,G|A,G 0.99,0.0,0. Rv0278c
0,96 R,P|P  0.99,0.0|1 Rv0278c
0,95 A|D,G  1.0|0.98,0 RvO578c
0,96 G,A|G,E 0.99,0.0|0 Rv0045c
0,95 N|I,T 1.0]0.98,0 Rv3854c

0,93 L,*F,Y|Y 0.99,0.0,0. Rv1883c

0,85 R|R,L 1.0]0.01,0 Rv0823c
0,69 E,R,V|E,K, 0.99,0.0,0. RvO766¢
0,98 V,A|G  0.99,0.0|1Rv3919c
0,98 R,A,H|A,C 0.99,0.0,0. Rv0278c
0,98 A,G|G,P,S 0.99,0.0|0 Rv0278c
0,97 T,A|[A  0.99,0.0|1Rv1067c
0,78 R,G|R,Q 0.99,0.0|0 Rv1754c
0,79 G,A|A  0.95,0.04| Rv1243c
0,99 D,N|D,N 0.99,0.0|0 Rv3344c
0,99 H,G|A,G 0.99,0.0|0 Rv3344c
0,99 A,LLP|L  0.99,0.0,0. Rv3346¢c
0,97 T,P|[N  0.99,0.0|1 Rv0305c

0,99 G,H,I,Q,R| 0.99,0.0,0. Rv3344c

Gene nam Codon

hypotheti
PE_PGRS2
PE_PGRS2
PE_PGRS1
Conservet
cypl123
PE_PGRS2
PE_PGRS1
PE_PGRS5
PE_PGRS1
PPE56
Possible t
Conservet
PE_PGRS3
PE_PGRS2
hypotheti
Probable :
PE_PGRS3
PE_PGRS3
PE_PGRS7
Possible h
ethA
hypotheti
Possible t
cypl123
gid
PE_PGRS3
PE_PGRS3
PE_PGRS1
hypotheti
PE_PGRS2
PE_PGRS4
PE_PGRS4
Conservet
PPE6
PE_PGRS4

Annotatio
9 Rv1572c, (
475 PE-PGRS f.
687 PE-PGRS f.
604 PE-PGRS f:

29 Rv1269c, (
279 Probable «
267 PE-PGRS f
606 PE-PGRS f:
933 PE-PGRS f.
429 PE-PGRS f

64 PPE family
318 Rv3480c, (

29 Rv1269c, (
410 PE-PGRS f.
689 PE-PGRS f.
220 Rv2293c, (
190 Rv1928c, (
552 PE-PGRS f.
203 PE-PGRS f.
859 PE-PGRS f:

83 Rv0045c, (
337 Monooxysg

74 Rv1883c, (
322 Rv0823c, (
278 Probable «

65 Probable §
204 PE-PGRS f.
207 PE-PGRS f:
427 PE-PGRS f.

12 Rv1754c, (
475 PE-PGRS f.
443 PE-PGRS fi
138 PE-PGRS f

19 Rv3346c, (
782 PPE family
139 PE-PGRS f.

Appendix 5: Universal makers of antibiotic resistance found in functional and non-functional

genes in M. tuberculosis isolates.
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Position Power
1280683 0.98
1721425 0.97
4363482 0.97
4160535 0.96
4407851 0.96
4385714 0.95
2550013 0.86
4385712 0.84
2604156 0.63
2536625 0.99
1002282 0.98
1280683 0.98
1990551 0.98
4363482 0.97

466846 0.96
1468914 0.96
3100154 0.96
4407851 0.96
4160535 0.95
1721425 0.88
4385712 0.81
1002282 0.97
1774033 0.97
2455970 0.97
4407851 0.97
2789297 0.95
4385714 0.93
4385712 0.88
1280683 0.98
1990551 0.98
2536625 0.98
3100154 0.98
1468914 0.97
2302099 0.97
4363482 0.97

Alleles
A,D|A,D
G,R|G,R
W,A|A,L
A-|AM

Allelic_fre Locus

0.99,0.0|0 Rv1153c
0.99,0.0|0 Rv1526¢
0.99,0.0| 0 Rv3883c
0.99,0.0|0 Rv3716¢
R,A|R,A 0.99,0.0/]0Rv3919c
A,P|A,P 0.99,0.0|0Rv3900c
T,-,K,R,5|70.99,0.0,0. Rv2277c
LH|LP 0.99,0.0|0Rv3900c
ILL|I,L 0.99,0.0|0 Rv2330c
R,G|R,G 0.99,0.0|0Rv2264c
A,G|A,G 0.99,0.0|0Rv0897c
A,D|A,D 0.99,0.0/0Rv1153c
A,G|A,G 0.99,0.0|]0Rv1759c¢
LA|A,W 0.99,0.0|/0Rv3883c
S|S,R 1.0/0.01,0 Rv0387c
A,P,S|G,S 0.99,0.0,0. Rv1313c
G,S|G,S 0.99,0.0/0Rv2790c
R,A|R,A 0.99,0.0|/0Rv3919c
A,-|A,M 0.99,0.0|0Rv3716c
G,R|G,R 0.99,0.0|0Rv1526¢
LH|LP 0.99,0.0|0Rv3900c
A,G|A,G 0.99,0.0|0Rv0897c
AlA,Q 1.0/0.01,0 Rv1566¢
R,S|R,S 0.99,0.0|/0Rv2192c
R,A|R,A 0.99,0.0/]0Rv3919c
A,T|A,K 0.99,0.0]0Rv2483c
A,P|A,P 0.99,0.0|0Rv3900c
LH|LP 0.99,0.0|0Rv3900c
A,D|A,D 0.99,0.0/0Rv1153c
A,G|A,G 0.99,0.0|/0Rv1759c¢
R,G|R,G 0.99,0.0|0Rv2264c
V,S|G,S 0.98,0.01| Rv2790c
A,P,S|G,S 0.98,0.0,0. Rv1313c
P,A|-, T 0.99,0.0|/0Rv2048c
LA|A,W 0.99,0.0|/0Rv3883c

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Gene
omt
Probable §
mycP1
hypotheti
gid
Conservec
Possible g
Conservec
lppP
Conservec
Probable «
omt
wag22
mycP1
hypotheti
Possible t
Itpl

gid
hypotheti
Probable §
Conservec
Probable «
Possible li
trpD

gid

plsC
Conservec
Conservec
omt
wag22
Conservec
Itpl
Possible t
pks12
mycP1

Codon

55 Probable (G->C,G->CEMB
213 Rv1526c, ( Not found EMB
426 Membran C->-,C->C, EMB
127 Rv3716c, ( C->-,C->C, EMB
118 Probable  G->-,G->G EMB
199 Rv3900c, ( C->-,C->C, EMB

6 Rv2277c, ( G->-,G->C,EMB
200 Rv3900c, ( Not found EMB

23 Probable | T->-,T->T,” EMB
576 Rv2264c, ( C->A,C->C INH

45 Rv0897c, ( G->G,G->C INH

55 Probable (G->C,G->C INH
676 PE-PGRS f. G->-,G->C, INH
426 Membran C->-,C->C, INH
188 Rv0387c, ( Not found INH
198 Rv1313c, ( C->-,C->CTINH

6 Probable | A->-,A->A INH
118 Probable §G->-,G->G INH
127 Rv3716c, ( C->-,C->C, INH
213 Rv1526c, ( Not found INH
200 Rv3900c, ( Not foundINH

45 Rv0897c¢, ( G->G,G->C PZA
197 Rvi1566c, ( T->-,T->C,” PZA
259 Probable i Not found PZA
118 Probable §G->-,G->G PZA
576 Possible t C->-,C->C, PZA
199 Rv3900c, ( C->-,C->C, PZA
200 Rv3900c, ( Not found PZA

55 Probable (G->C,G->CGRIF
676 PE-PGRS f G->-,G->C,RIF
576 Rv2264c, ( C->A,C->CRIF

6 Probable | A->-,A->A RIF
198 Rv1313c, ( C->-,C->CI1RIF
1630 Polyketid(C->-,C->A/RIF
426 Membran C->-,C->C, RIF

Appendix 6: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 1.
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'id

171

183

503

756

927
1208
1486
1504
1546
1752
1753
2022
2067
2183
2209
2256
2325
2566
2596
2603
2804
2858
2910
4103
4128
4921
5369
5778
6034
6042
6704
7181
7246
7351
7370
7490
7503
7673

Position

16119 1.0

17657 1.0
44768 1.0

70300 1.0

82884 1.0
105139 1.0
139297 1.0
141623 1.0
146236 1.0
163705 1.0
163706 1.0
198720 1.0
203038 1.0
213147 1.0
215977 1.0
222925 1.0
230170 1.0
264129 1.0
267751 1.0
270430 1.0
296312 1.0
305188 1.0
311521 1.0
379528 1.0
383716 1.0
456413 1.0
511754 1.0
575907 1.0
620625 1.0
621598 1.0
686264 1.0
754285 1.0
761998 1.0
773497 1.0
776182 1.0
798355 1.0
799666 1.0
829698 1.0

Power

Alleles
R|L
Q|R
R|G
I|F
V|A
G|V
G|V
D|N
K|N
P|S
P|L
K|E
T
D|Y
AlV
AlT
P|L
M1
AlG
PIA
S|F
V|L
D|G
E|D
P|S
T
R|S
AV
1| M
P|L
A|T
G|D
L|P
F|L
D|N
A|P
D|G
D|E

UN
UN
Yu

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Allelic_fre Locus

1.0|1.0
1.0/ 1.0
1.0|1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0

Rv0014c
Rv0015c
Rv0041
Rv0064
Rv0074
Rv0095c¢
Rv0115
Rv0117
Rv0120c
Rv0136
Rv0136
Rv0169
Rv0172
Rv0182c
Rv0185
Rv0191
Rv0194
Rv0221
Rv0223c
Rv0226¢
Rv0245
Rv0252
Rv0260c
Rv0311
Rv0315
Rv0380c
Rv0425c
Rv0486
Rv0529
Rv0530
Rv0588
Rv0658c
Rv0667
Rv0673
Rv0676¢
Rv0697
Rv0699
Rv0737

Gene
pknB
pknA
leuS
Probable «
hypotheti
hypotheti
hddA
oxyS
fusA2
cypl38
cypl38
mcelA
mcelD
sigG
hypotheti
Probable «
Probable 1
Possible t
Probable i
Probable
Possible ¢
nirB
Possible t
hypotheti
Possible b
Possible R
ctpH
mshA
CccsA
hypotheti
yrbE2B
Probable «
rpoB
echA4
mmpL5
Probable
Hypotheti
Possible t

Codon

451 Transmen C->A
369 Transmen T->C
403 Probable |A->G

561 Rv0064, (NA->-,A->T
46 Rv0074, (NT->-,T->C
26 Rv0095c, ( C->A,C->T

262 Possible CG->T
142 Oxidative G->A

513 Probable ¢ Not found
114 Probable «C->CT,C->

114 Probable (C->T
63 Mce-famil A->G
188 Mce-famil T->C
332 Probable :C->A
88 Rv0185, (NC->T
213 Rv0191, (NG->A

1098 Rv0194, (N C->CCC,C-

21 Rv0221, (NG->A
5 Rv0223c, ( G->C
379 Rv0226c, ( G->C

103 Rv0245, (NNot found
775 Probable 1G->-,G->A
380 Rv0260c, ( T->-,T->C

119 Rv0311, (NG->T
39 Rv0315, (NC->T
136 Rv0380c, ( A->G
1190 Possible nG->T
187 Glycosyltr C->T
245 Possible c A->G
231 Rv0530, (NC->T
113 Conserve(G->A
42 Rv0658c, ( C->T
731 DNA-direcT->C
125 Possible e C->A
767 Probable (C->T
475 Rv0697, (NG->C
13 Rv0699, (NA->G
164 Rv0737, (NC->A

Appendix 7: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 1.2.
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'id Position Power
16026 1779278 0.99
18921 2133467 0.97
13069 1418870 0.96
16025 1779274 0.96

557 49692 0.95
28054 3311580 0.94
33168 3899451 0.94
37405 4326464 0.94
28053 3311579 0.93
13067 1418868 0.88

8585 916684 0.86
18925 2133468 0.84
18923 2133469 0.83
22313 2534564 0.8
17653 1986637 0.73
14664 1625327 0.72

8248 859239 0.67

8249 859240 0.64
16025 1779274 0.96
28054 3311580 0.96
13069 1418870 0.95
33168 3899451 0.95
36441 4206013 0.95

557 49692 0.94
28053 3311579 0.94
37405 4326464 0.94

7511 802427 0.93
18924 2133470 0.93
10775 1168717 0.92
18926 2133472 0.9
13067 1418868 0.88

8585 916684 0.86
18925 2133468 0.85
22313 2534564 0.81

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Alleles  Allelic_fre Locus

H,-,Q]-,Q 0.99,0.0,0. Rv1572c
P,V|M,S,T0.99,0.0| 0 Rv1883c
A,LT|P, T 0.99,0.0,0.Rv1269c
G,L,P|H,P 0.98,0.0,0. Rv1572c
G,A|G,E 0.99,0.0|0Rv0045c
L1,S[I,T 0.98,0.0,0. Rv2958c
H,P,R|P 0.97,0.01,(Rv3480c
N|N,I, T 1.0/0.01,0 Rv3854c
LP|P 0.99,0.0|1 Rv2958c
S,P,Q,R|L, 0.96,0.02,( Rv1269c
RIR,L 1.0]0.03,0 Rv0823c
P,*,C,R,W 0.91,0.0,0. Rv1883c
E,A,D,G,V 0.98,0.0,0. Rv1883c
P,LILLR 0.9,0.09|0Rv2262c
R,G|R,Q 0.99,0.0|0Rv1754c
N,G,L,R|R 0.98,0.0,0. Rv1446c
A,lLP[1,S 0.86,0.12,(Rv0766¢
E,R,V|E,K, 0.99,0.0,0. RvO766C
G,L,P|H,P 0.98,0.0,0. Rv1572c
LI1,S[I,T 0.98,0.0,0. Rv2958c
A,LT|A,P,0.99,0.0,0. Rv1269c

H,P,R|P  0.97,0.01,(Rv3480c
F,C|F,C 0.99,0.0|0Rv3761c
G,A|G,E 0.99,0.0|0Rv0045c
LP|P 0.99,0.0| 1 Rv2958¢c
ILN,TIN 0.97,0.01,( Rv3854c
P,R|- 0.99,0.0| 1 Rv0703

E,M,Q|M 0.99,0.0,0. Rv1883c
E,AV|G 0.99,0.0,0. Rv1046¢
LFY|Y 0.99,0.0,0. Rv1883c
S,P,Q,R|L, 0.96,0.02,( Rv1269c
RIR,L  1.0|0.03,0 RvO823c
P,*,C,R,W 0.91,0.0,0. Rv1883c
P,LILR  0.9,0.09]|0 Rv2262c

Gene
hypotheti
hypotheti
Conservec
hypotheti
Possible h
Possible g
Possible t
ethA
Possible g
Conservec
Possible t
hypotheti
hypotheti
hypotheti
hypotheti
OpcA
cypl23
cypl23
hypotheti
Possible g
Conserver
Possible t
fadE36
Possible h
Possible g
ethA
rplw
hypotheti
Hypotheti
hypotheti
Conserver
Possible t
hypotheti
hypotheti

Codon

Annotatio MolType

8 Rv1572c, ( Not found
76 Rv1883c, ( G->GATCC
29 Rv1269c, ( Not found
9 Rv1572c, ( C->CGGGC
83 Rv0045c, ( C->-,C->A,
141 Rv2958c, ( G->-,G->Ci
318 Rv3480c, ( Not found
337 MonooxygA->-,A->A
141 Rv2958c, ( A->-,A->A
29 Rv1269c, ( A->AAGG/
322 Rv0823c, ( Not found
76 Rv1883c, ( G->GCAG(
75 Rv1883c, ( Not found
330 Rv2262c, ( A->-,A->A
12 Rv1754c, ( T->-,T->TC
14 Putative C Not found
279 Probable (C->CTCAG
278 Probable (T->TAAGC
9 Rv1572c, ( C->CGGGC
141 Rv2958c, ( G->-,G->Ci
29 Rv1269c, ( Not found
318 Rv3480c, ( Not found
302 Possible a A->-,A->A
83 Rv0045c, ( C->-,C->A,
141 Rv2958c, ( A->-,A->A
337 Monooxys A->-,A->Al
99 50S ribosc C->ATCC,(
75 Rv1883c, ( C->CCCAT
171 Rv1046c, ( Not found
74 Rv1883c, ( C->CAGGC
29 Rv1269c, ( A->AAGG!/
322 Rv0823c, ( Not found
76 Rv1883c, ( G->GCAG(C
330 Rv2262c, ( A->-,A->A

Appendix 8: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 2.
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'id
9946
12689
17347
17355
22338
26530
26920
10486
20855
21931
26358
26534
38408
38409
19116
297
5114
9946
10486
12689
13935
26358
26530
26920
37728
8317
20855
37881
38408
38409
19116
20176
22321
22437
2
5
73
95

Position Power
1082349 0.99
1368322 0.99
1955760 0.99
1955913 0.99
2536688 0.99
3100148 0.99
3156201 0.99
1121690 0.98
2325759 0.98
2470342 0.98
3072705 0.98
3100154 0.98
4408087 0.97
4408100 0.94
2155168 0.63

28366 0.99
477898 0.99
1082349 0.99
1121690 0.99
1368322 0.99
1535147 0.99
3072705 0.99
3100148 0.99
3156201 0.99
4359135 0.99
868157 0.98
2325759 0.98
4370537 0.98
4408087 0.98
4408100 0.93
2155168 0.71
2263623 2.0
2535431 2.0
2550012 2.0
51.0
8 1.0
7585 1.0
9304 1.0

UN
UN
Yu

Alleles
G,D|G,D
G,P,R|P
F,R,V|LR
N,A|A,K
s,Qls,Q
N,S|N,S
G,P,R|P
11,G
F,V|F,V
QP|Q,P
1,D|1,D
S,G,R,V|G
R,P|R,P
LA|LA
S,T|S,I,N,T
l,-]-
LP|LP
G,D|G,D
11,G
P|P,G,R
D,A|D,A
1,D|1,D
N,S|N,S
P|P,G,R
M, M,I
QE|Q,E
F,V|F,V
V,G|V,G
P,R|P,R
A,L|AL
S|S,I,N, T
I|G,R
G|D,V
V|C,G
RI|T

D|R

SIT

G|D

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Allelic_fre Locus
0.99,0.0|0 Rv0971c
0.99,0.0,0. Rv1225c
0.99,0.0,0. Rv1730c
0.99,0.0|0 Rv1730c
0.99,0.0| 0 Rv2264c
0.99,0.0|0 Rv2790c
0.99,0.0,0. Rv2848c
1.0]0.01,0 Rv1004c
0.99,0.0| 0 Rv2067c
0.99,0.0| 0 Rv2205c
0.99,0.0|0 Rv2762c
0.99,0.0,0. Rv2790c
0.99,0.0|0 Rv3919c
0.99,0.0|0 Rv3919c
0.99,0.0|0 Rv1908c
0.99,0.0|1 Rv0023
0.99,0.0| 0 Rv0399c
0.99,0.0|0 Rv0971c
1.0]0.0,0.¢Rv1004c
1.0|0.0,0.¢Rv1225c
0.99,0.0|0 Rv1363c
0.99,0.0|0 Rv2762c
0.99,0.0|0 Rv2790c
1.0]0.0,0.¢Rv2848c
0.99,0.0|0 Rv3879c
0.99,0.0|0 Rv0774c
0.99,0.0|0 Rv2067c
0.99,0.0|0 Rv3887c
0.99,0.0|0 Rv3919c
0.99,0.0|0 Rv3919c
1.0/0.23,0 Rv1908c
1.0]0.5,0.tRv2016
1.0]0.5,0.t Rv2262c
1.0]0.5,0.tRv2277c

1.0/1.0  Rv0001
1.0/1.0  Rv0001
1.0/1.0  Rv0O006
1.0]/1.0  Rv0006

Gene
echA7
hypotheti
Possible p
Possible p
Conservec
Itpl

cobB
Probable |
hypotheti
hypotheti
hypotheti
ltpl

gid

gid

katG
Possible t
IpgK
echA7
Probable |
hypotheti
Possible n
hypotheti
ltpl

cobB
espK
Probable
hypotheti
eccD2

gid

gid

katG
Hypotheti
hypotheti
Possible g
dnaA
dnaA

gyrA
gyrA

Codon

Annotatio MolType
79 Probable (T->-,T->C,”
134 Rv1225c, ( C->C,C->C
496 Rv1730c, ( C->-,C->C,
445 Rv1730c, ( C->-,C->C,
555 Rv2264c, ( A->A,A->A
8 Probable I T->T, T->T(
441 Probable (C->CG,C->
154 Rv1004c, ( Not found
38 Rv2067c, ( A->A,A->C
41 Rv2205c, ( T->C,T->T,
118 Rv2762c, ( T->T,T->TC
6 Probable | A->-,A->A
39 Probable §C->-,C->C,
35 Probable § G->-,G->G
315 Catalase-f C->A,C->G
0 Rv0023, (NA->-,A->A
220 Possible c A->A,A->A
79 Probable (T->-,T->C,
154 Rv1004c, ( Not found
134 Rv1225c, ( C->C,C->C
83 Rv1363c, ( C->-,C->C,
118 Rv2762c, ( T->T,T->T(
8 Probable | T->T,T->T(
441 Probable (C->CG,C->
217 ESX-1secr Not found
66 Rv0774c, ( Not found
38 Rv2067c, ( A->A,A->C
383 ESX conse A->-,A->A
39 Probable §C->-,C->C,
35 Probable § G->-,G->G
315 Catalase-f C->A,C->G
66 Rv2016, (N C->-,C->C(
41 Rv2262c, ( C->C,C->C,
7 Rv2277c, ( G->-,G->G
2 Chromosc T->A,T->C,
3 Chromosc C->AGATA
95 DNA gyras G->C
668 DNA gyras G->A

Appendix 9: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 3.
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'id

2929

9905
13750
13935
17662
18995
30391
32287
33213
37204
37733
15634
22401
26358
37322

6844
38387

9962

2929

9905
13750
13935
14665
17662
18995
26530
28211
30391
32287
33213
37733

6844

9155

9464
15634
28018
37204
37322

Position Power
313889 0.99
1077624 0.99
1519822 0.99
1535147 0.99
1987018 0.99
2141551 0.99
3709338 0.99
3832353 0.99
3904957 0.99
4303055 0.99
4359174 0.99
1721425 0.98
2545196 0.98
3072705 0.98
4314991 0.98
706086 0.97
4407851 0.96
1083551 0.9
313889 0.99
1077624 0.99
1519822 0.99
1535147 0.99
1625332 0.99
1987018 0.99
2141551 0.99
3100148 0.99
3343384 0.99
3709338 0.99
3832353 0.99
3904957 0.99
4359174 0.99
706086 0.98
964771 0.98
1002282 0.98
1721425 0.98
3308313 0.98
4303055 0.98
4314991 0.98

UN
UN
Yu

Alleles
R,A|R,A
AV |A,G
S,-,W|-,W
A,D|A,D
H,-|-,L
D,N|D,S
E,-,A|l-
A,P|A,P
H,-,D|-,G
AW|AW
P, T|P,T
G,R|G,R
-,Q,R|-,Q
1,D|1,D
R,P|R,P
AT|IAR
R,A|R,A
AV|A,G
A,R|A,R
AVI|AG
S,-,W|-,W
A,D|A,D
RA|A,T
H,-|-,L
D,N|D,S
N,S|N,S
K,R|K,R
E,-,A|E,-,C
A,P|A,P
H,-,D|-,G
P, T|P,T
ATIAR
V|V,P
A,G|A,G
G,R|G,R
H,P|H,P
AW|AW
R,P|R,P

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Allelic_fre Locus
0.99,0.0|0 Rv0261c
0.99,0.0| 0 Rv0966¢
0.99,0.0,0. Rv1353c
0.99,0.0|0 Rv1363c
0.99,0.0|0 Rv1755c
0.99,0.0|0 Rv1894c
0.99,0.0,0. Rv3323c
0.99,0.0|0 Rv3413c
0.99,0.0,0. Rv3485c
0.99,0.0| 0 Rv3828c
0.99,0.0|0 Rv3879c
0.99,0.0|0 Rv1526¢
0.99,0.0,0. Rv2270
0.99,0.0|0 Rv2762c
0.99,0.0|0 Rv3842c
0.99,0.0|0 Rv0611c
0.99,0.0|0 Rv3919c
0.99,0.0|0 Rv0972c
0.99,0.0|0 Rv0261c
0.99,0.0| 0 Rv0966¢
0.99,0.0,0. Rv1353c
0.99,0.0|0 Rv1363c
0.99,0.0|0 Rv1446c
0.99,0.0|0 Rv1755c
0.99,0.0|0 Rv1894c
0.99,0.0|0 Rv2790c
0.99,0.0| 0 Rv2986¢
0.99,0.0,0. Rv3323c
0.99,0.0|0 Rv3413c
0.99,0.0,0. Rv3485c
0.99,0.0|0 Rv3879c
0.99,0.0|0 Rv0611c
1.0]0.0,0.¢Rv0867c
0.99,0.0|0 Rv0897c
0.99,0.0| 0 Rv1526¢
0.99,0.0| 0 Rv2955c¢
0.99,0.0|0 Rv3828c
0.99,0.0|0 Rv3842c

Gene Codon
nark3
hypotheti
Probable 1
Possible n
plcD
hypotheti
moaX
Unknown
Probable :
Possible
espK
Probable j
IppN
hypotheti
glpQl
Hypotheti
gid
fadE12
nark3
hypotheti
Probable 1
Possible n
OpcA
plcD
hypotheti
ltpl
hupB
moaX
Unknown
Probable :
espK
Hypotheti
rpfA
Probable «
Probable i
hypotheti
Possible
glpQl

Annotatio MolType

94 Probable i G->G,G->C
71 Rv0966cC, ( G->-,G->A
55 Rv1353c, ( C->C,C->C
83 Rv1363c, ( C->-,C->C,
227 Probable | G->-,G->A
107 Rv1894c, ( C->-,C->C,
126 Probable I T->G,T->T,
232 Rv3413c, ( Not found
204 Rv3485c, ( C->C,C->C
115 Rv3828c, ( C->C,C->C.
204 ESX-1secr Not found
213 Rv1526c, ( Not found
167 Probable | C->C,C->C
118 Rv2762c, ( T->T,T->T(
191 Probable {C->C,C->C
87 Rv0611c, ( C->C,C->T,
118 Probable § G->-,G->G
67 Acyl-CoA (G->-,G->A
94 Probable i G->G,G->C
71 Rv0966c, ( G->-,G->A
55 Rv1353c, ( C->C,C->C
83 Rv1363c, ( C->-,C->C,
12 Putative CC->C,C->C
227 Probable | G->-,G->A
107 Rv1894c, ( C->-,C->C,
8 Probable | T->T,T->T(
146 DNA-bind T->C,T->T
126 Probable IT->G,T->T,
232 Rv3413c, ( Not found
204 Rv3485c, ( C->C,C->C
204 ESX-1secr Not found
87 Rv0611c, ( C->C,C->T,
256 Possible riNot found
45 Rv0897c, ( G->G,G->C
213 Rv1526c, ( Not found
78 Rv2955c, ( T->-,T->T,”
115 Rv3828c, ( C->C,C->C,
191 Probable §C->C,C->C

Appendix 10: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 4.
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'id

69
150
156
171
182
183
327
401
423
426
482
503
550
556
743
754
798
893
899
1141
1190
1191
1192
1193
1194
1195
1196
1198
1208
1332
1336
1486
1504
1519
1546
1555
1752
1753
1786

Position

7570 1.0
14861 1.0
15117 1.0
16119 1.0
17654 1.0
17657 1.0
30943 1.0
36008 1.0
37305 1.0
37334 1.0
42281 1.0
44768 1.0
49360 1.0
49690 1.0
69871 1.0
70267 1.0
73200 1.0
79558 1.0
79571 1.0

103756 1.0
104936 1.0
104940 1.0
104941 1.0
104942 1.0
104943 1.0
104944 1.0
104962 1.0
105007 1.0
105139 1.0
123454 1.0
123520 1.0
139297 1.0
141623 1.0
143207 1.0
146236 1.0
147262 1.0
163705 1.0
163706 1.0
166565 1.0

Power

UN
UN
Yu

Alleles
AlV
G|V
Y
R|L
QlP
Q|R
S|P
D|H
S|W
T|S
C|F
R|IG
V(I
G|H
FIL
V|F
N|D
AlP
AlV
PIH
TIA
Q|H
Q|R
Ql|E
HIQ
AlV
AlV
S|T
G|V
Ql*
Y|H
G|V
D|N
S|G
K|N
N |K
P|S
PIL
1Y

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Allelic_fre Locus

1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0|1.0
1.0/1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0/ 1.0
1.0|1.0
1.0/ 1.0

Rv0006
Rv0012
Rv0013
Rv0014c
Rv0015c
Rv0015c
Rv0026
Rv0032
Rv0035
Rv0035
Rv0039c
Rv0041
Rv0045c
Rv0045c
Rv0064
Rv0064
Rv0066¢
Rv0071
Rv0071
Rv0094c
Rv0095c¢
Rv0095c
Rv0095c
Rv0095c¢
Rv0095c
Rv0095c
Rv0095c
Rv0095c
Rv0095c
Rv0104
Rv0104
Rv0115
Rv0117
Rv0118c
Rv0120c
Rv0120c
Rv0136
Rv0136
Rv0139

Gene
gyrA
Probable «
trpG
pknB
pknA
pknA
hypotheti
bioF2
fadD34
fadD34
Possible c
leuS
Possible h
Possible h
Probable «
Probable
icd2
Possible n
Possible n
hypotheti
hypotheti
hypotheti
hypotheti
hypotheti
hypotheti
hypotheti
hypotheti
hypotheti
hypotheti
hypotheti
hypotheti
hddA
oxyS
OXCA
fusA2
fusA2
cypl138
cyp138
Possible ¢

Codon

Annotatio MolType

90 DNA gyrasC->A,C->G

258 Rv0012, (N G->A,G->C
68 Possible a C->G

451 Transmen C->A

370 Transmen T->G

369 Transmen T->C

408 Rv0026, (NC->T

572 Possible 8 G->C
16 Probable 1C->G
26 Probable {A->T
24 Rv0039c, ( C->A

403 Probable | A->G

194 Rv0045c, ( C->C,C->T
84 Rv0045c, ( G->-,G->G

418 Rv0064, (NC->-,C->T

550 Rv0064, (N G->-,G->T,

438 Probable iT->C
25 Rv0071, (N G->-,G->C,
29 Rv0071, (NC->-,C->G,

303 Rv0094c, ( G->A,G->C
94 Rv0095c, ( G->-,G->A.
93 Rv0095c, ( C->-,C->A,
92 Rv0095c, ( C->-,C->TC
92 Rv0095c, ( G->-,G->C,
92 Rv0095c, ( Not found
91 Rv0095c, ( G->-,G->A
85 Rv0095c, ( C->-,C->G(
70 Rv0095c, ( C->-,C->C/
26 Rv0095c, ( C->A,C->T

380 Rv0104, (NC->T

402 Rv0104, (NT->C

262 Possible CG->T

142 Oxidative G->A

224 Probable (T->C

513 Probable (Not found

171 Probable «G->T

114 Probable (C->CT,C->

114 Probable (C->T

247 Rv0139, (NA->G

Appendix 11: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 4.1.
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UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

(02@

'id Position Power Alleles  Allelic_fre Locus Gene Codon Annotatio MolType
7235 761155 0.89 S,LW]|L 0.92,0.06,(Rv0667 rpoB 450 DNA-dire(C->A,C->G
1180 104824 0.63 S,I1]S,1 0.98,0.01| Rv0095c hypotheti 131 Rv0095c, ( C->-,C->A,
7235 761155 0.6 S,LW]|L 0.93,0.05,(Rv0667 rpoB 450 DNA-direcC->A,C->G

Appendix 12: The most discriminative polymorphisms to distinguish between resistant and
susceptible strains in lineage 4 (Cameroon).
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'id

7230

7239
20387
36777
36943
38071
35656

9145
12535
16028

Position Power
761109 1.0
761277 1.0

2288727 1.0
4247469 1.0
4269124 1.0
4383142 0.92
4095000 0.71
964674 0.64
1341624 0.64
1779280 0.64

Alleles
D|Y
L
L|IR
Y|S
AlV
C,P|P
D,T|T
S,P|P
Q,K|K
V,P|P

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Allelic_fre Locus

1.0/ 1.0
1.0|1.0
1.0/ 1.0
1.0/ 1.0
1.0/1.0

Rv0667
Rv0667
Rv2043c
Rv3795
Rv3806c¢

0.92,0.07| Rv3897c
0.83,0.16| Rv3655c
0.81,0.18| Rv0867c
0.81,0.18| Rv1199c
0.81,0.18| Rv1572c

Gene
rpoB
rpoB
pncA
embB
ubiA
hypotheti
hypotheti
rpfA
Possible t
hypotheti

Codon Annotatio MolType
435 DNA-dire(G->-,G->C,
491 DNA-direcA->C,A->C
172 Pyrazinamr A->-,A->C,
319 Integral mA->C,A->C
237 Decapren'G->A
167 Rv3897c, ( A->-,A->A,
101 Rv3655c, ( Not found
288 Possible ri A->-,A->G
328 Rv1199c, ( G->T

7 Rv1572c, ( C->-,C->C,

Appendix 13: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 4 (Ghana).
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'id

15572
19999
13750
18927
21044
21531
22309
22380
26733
36915
37865
5
5634
9838
18925
18931
19489
23545
23840
23841
25801
27165
27693
27708
36943
37867
1033
1244
1300
5633
5821
6652
9248
13788
15574
17787
18502
19996
19997

Position Power
1715967 1.6
2239363 1.6
1519822 1.06
2133473 1.0
2339617 1.0
2413615 1.0
2534559 1.0
2542964 1.0
3131468 1.0
4263501 1.0
4369612 1.0

8 0.93
552507 0.93
1069151 0.93
2133468 0.93
2133479 0.93
2180817 0.93
2705439 0.93
2751960 0.93
2751963 0.93
2993862 0.93
3190151 0.93
3262948 0.93
3266044 0.93
4269124 0.93
4369618 0.93
91805 0.86
109635 0.86
118429 0.86
552501 0.86
584045 0.86
679865 0.86
970823 0.86
1524566 0.86
1715969 0.86
1990716 0.86
2064958 0.86
2239350 0.86
2239352 0.86

UN
UN
Yu

Alleles
L*P|*P
R,K,N|I,N
LW|F,W
I|R

AlT

D|E

R|L

N|T

LY

T|P

A|P
D,R,Y|R,Y
C|S
V,G|G
C*|wW
E,G|G
M,R|K
A,G|G
LP|P

N, T|T
V,G|G
LW|W
V,G|G
V,G|G
AV|V
AP|P
A,G|G
R’*I*
P,QlQ
Y,C,S|S
AP|P
F,VI|V
LV|V
T,S|S
Q:*l*
A,G|G
T,P|P
AV|V
N,D|D

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Allelic_fre Locus
0.8,0.06,0. Rv1522c

0.85,0.07,(Rv1996
0.8,0.2]|0.fRv1353c
1.0/1.0 Rv1883c
1.0|1.0 Rv2082
1.0|1.0 Rv2154c
1.0/1.0 Rv2262c
1.0]1.0 Rv2268c
1.0|1.0 Rv2823c
1.0/1.0 Rv3802c
1.0/1.0 Rv3886c
0.63,0.18,(Rv0001
1.0/1.0 Rv0461

0.93,0.06| Rv0957
0.93,0.06| Rv1883c
0.93,0.06| Rv1883c
0.93,0.06| Rv1928c
0.93,0.06| Rv2407
0.93,0.06| Rv2450c
0.93,0.06| Rv2450c
0.93,0.06| Rv2677c
0.93,0.06| Rv2879c
0.93,0.06| Rv2934
0.93,0.06| Rv2934
0.93,0.06| Rv3806c
0.93,0.06| Rv3886c
0.86,0.13| Rv0083
0.86,0.13| Rv0099
0.86,0.13| Rv0102
0.86,0.06,(Rv0461
0.86,0.13| Rv0493c
0.86,0.13| Rv0584
0.86,0.13| Rv0873
0.86,0.13| Rv1356c
0.86,0.13| Rv1522c
0.86,0.13| Rv1759c
0.86,0.13| Rv1820
0.86,0.13| Rv1996
0.86,0.13| Rv1996

Gene
mmplL12
Universal
Probable 1
hypotheti
hypotheti
ftsw
hypotheti
cypl128
hypotheti
Probable «
mycP2
dnaA
Probable 1
purH
hypotheti
hypotheti
Probable :
hypotheti
rpfE

rpfE
hemY
hypotheti

ppsD
ppsD
ubiA
mycP2
Probable
fadD10
Probable «
Probable 1
hypotheti
Possible c
fadE10
Hypotheti
mmplL12
wag22
ilvG
Universal
Universal

Codon

Annotatio MolType
549 Probable (A->-,A->A
120 Rv1996, (N C->-,C->C/
55 Rv1353c, ( C->C,C->C
74 Rv1883c, ( A->ACGCC
303 Rv2082, (N G->-,G->CI
437 FtsW-like Not found
332 Rv2262c, ( A->-,A->A
438 Probable (Not found
103 Rv2823c, ( G->GACGC
289 Rv3802c, ( Not found
187 Probable :G->-,G->C,
3 Chromosc C->AGATA
161 Rv0461, (NA->AATA,,
316 Probable INot found
76 Rv1883c, ( G->GCAGC(
72 Rv1883c, ( T->TCAC,T
134 Rv1928c, ( A->-,A->A
248 Rv2407, (N C->G,Not 1
74 Probable 1 A->AG,A-:
73 Probable 1T->G
44 Probable |A->C,Not 1
1 Rv2879c, ( Not found
234 Phenolptk Not found
1266 Phenolptt Not found
237 Decapren'G->A
185 Probable iG->A,Not"
469 Rv0083, (NNot found
494 Possible fiNot found
239 Rv0102, (NC->A,Not 1
159 Rv0461, (NA->-,A->A
216 Rv0493c, ( C->G,C->T
213 Rv0584, (N Not found
107 Probable ¢ Not found
86 Rv1356¢, ( Not found
549 Probable (Not found
621 PE-PGRS f A->-,C->-,(
54 Probable :A->C,Not 1
116 Rv1996, (NC->-,C->T
117 Rv1996, (NA->-,A->G

Appendix 14: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 4 (Haarlem).
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'id

7625
10866
18931
15995
10866
18675
18931
37728

7625
22338
15995
19116
10866
18931
22515
15995
10866

7625
22338
15995
19116

Position Power

820620 0.99
1187298 0.99
2133479 0.99
1774033 0.93
1187298 0.99
2094916 0.99
2133479 0.99
4359135 0.99

820620 0.98
2536688 0.98
1774033 0.92
2155168 0.67
1187298 0.99
2133479 0.99
2564368 0.97
1774033 0.94
1187298 0.99

820620 0.98
2536688 0.98
1774033 0.92
2155168 0.62

Alleles
P,H|P,H
LP|LP
E,G|P,T
AlA,Q
LP|LP
S,H|A,T

VERSITEIT VAN PRETORIA

IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Allelic_fre Locus

0.99,0.0|0 Rv0728c
0.99,0.0| 0 Rv1064c
0.99,0.0|0 Rv1883c
1.0|0.0,0.¢Rv1566¢C
0.99,0.0| 0 Rv1064c
0.99,0.0|0 Rv1844c

E,G|A,P,T 0.99,0.0|0 Rv1883c

LMI1,M
P,H|P,H
Q,51Q,s
AlAQ
S|IS,I,N, T
LP|LP
E,G|P,T
G|G,A
AlA,Q
LP|LP
P,H|P,H
Q,5]Q,5
AlA,Q

0.99,0.0| 0 Rv3879c¢
0.99,0.0| 0 Rv0728c¢
0.99,0.0|0 Rv2264c
1.0]0.0,0.¢Rv1566¢
1.0]0.23,0 Rv1908c
0.99,0.0| 0 Rv1064c
0.99,0.0|0 Rv1883c
1.0]0.01,0 Rv2293c
1.0]0.0,0.¢Rv1566¢
0.99,0.0| 0 Rv1064c
0.99,0.0| 0 Rv0728c¢
0.99,0.0| 0 Rv2264c
1.0]0.0,0.¢Rv1566¢

S,T|S,1,N,10.99,0.0| 0 Rv1908c

Gene
serA2
lpqV
hypotheti
Possible li
lpqV
gndl
hypotheti
espK
serA2
Conserver
Possible i
katG
lpqV
hypotheti
hypotheti
Possible Ii
lpqV
serA2
Conserver
Possible li
katG

Codon

Annotatio Mol Type

286 Possible CT->-,T->T,”
9 Possible li A->A,A->A
72 Rv1883c, ( T->TCAC,T
197 Rv1566¢, ( T->-,T->C,
9 Possible liA->A,A->A
92 Probable (Not found
72 Rv1883c, ( T->TCAC,T
217 ESX-1secr Not found
286 Possible CT->-,T->T,”
555 Rv2264c, ( A->A,A->A
197 Rvi1566c, ( T->-,T->C,”
315 Catalase-f C->A,C->G
9 Possible li A->A,A->A
72 Rv1883c, ( T->TCAC,T
222 Rv2293c, ( G->-,G->C,
197 Rv1566¢, ( T->-,T->C,
9 Possible li A->A,A->2
286 Possible CT->-,T->T,”
555 Rv2264c, ( A->A,A->A
197 Rv1566¢, ( T->-,T->C,
315 Catalase-f C->A,C->G

Appendix 15: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 4 (LAM).
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'id
8317
13935
13935
8317
8317
13935
8317

Position

868157 0.97
1535147 0.96
1535147 0.98

868157 0.96

868157 0.95
1535147 0.97

868157 0.96

Power Alleles

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Allelic_fre Locus

Q,E|Q,E 0.99,0.0|0Rv0774c
D,A|D,A 0.99,0.0|]0Rv1363c
D,A|D,A 0.99,0.0|]0Rv1363c
Q,E|Q,E 0.99,0.0|0Rv0774c
Q,E|Q,E 0.99,0.0|0Rv0774c
D,A|D,A 0.99,0.0|]0Rv1363c
Q,E|Q,E 0.99,0.0|0Rv0774c

Gene

Probable «
Possible n
Possible n
Probable «
Probable
Possible n
Probable «

Annotatio MolType
66 Rv0774c, ( Not found
83 Rv1363c, ( C->-,C->C,
83 Rv1363c, ( C->-,C->C,
66 Rv0774c, ( Not found
66 Rv0774c, ( Not found
83 Rv1363c, ( C->-,C->C,
66 Rv0774c, ( Not found

Appendix 16: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 4 (S-type).
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'id Position Power Alleles  Allelic_fre Locus Gene Codon Annotatio MolType
22754 2604156 0.95 ILL|IL 0.98,0.01| Rv2330c IppP 23 Probable | T->-,T->T,”
22754 2604156 0.95 ILL|I,L 0.98,0.01| Rv2330c IppP 23 Probable | T->-, T->T,”
22754 2604156 0.95 ILL|I,L 0.98,0.01| Rv2330c IppP 23 Probable | T->-,T->T,”

Appendix 17: The most discriminative polymorphisms to distinguish between resistant and
susceptible strains in lineage 4 (Tur).
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'id

7235
12520
12523
12524
20435
36800
37808
19116
21030

1001

2214
26305
16149

1294

2335

5440

7609
10864
13043
13117
13650
15494
15498
15880
15931
20478
21787
22506
24071
25095
26337
29053
30315
33155
34621
36229
36518
36758
37844

Position Power
761155 1.0
1341099 1.0
1341114 1.0
1341120 1.0
2289213 1.0
4249518 1.0
4363805 1.0
2155168 0.95
2339448 0.91
89388 0.87
216586 0.87
3065920 0.87
1789446 0.83
117403 0.75
232110 0.75
524095 0.75
818798 0.75
1186775 0.75
1416410 0.75
1430158 0.75
1502795 0.75
1706034 0.75
1706262 0.75
1757105 0.75
1763855 0.75
2294896 0.75
2447282 0.75
2562752 0.75
2794793 0.75
2899538 0.75
3069778 0.75
3480435 0.75
3696179 0.75
3898637 0.75
3958797 0.75
4179179 0.75
4214751 0.75
4245055 0.75
4367911 0.75

UN
UN
Yu

Alleles
S|L
1Y
TIA
S|G
Q|R
H|R
AlV
S,T|T
S,TIT
P,S|S
QH|H
P,L|L
V,I1
AVI|V
T,M|M
S,P|P
N,K]| K
V,I1
LR|R
AT|T
M,T|T
C,R|R
K,E|E
Q,P|P
D,G|G
LF|F
E,D|D
V,I1
M,
D,A|A
F,L|L
H,R|R
V,A|A
V,I1
AV|V
LVI|V
T,N|N
T,N|N
ILT|IT

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Allelic_fre Locus

1.0/1.0  RvO0667
1.0/1.0 Rv1198
1.0/1.0 Rv1198
1.0/1.0 Rv1198
1.0/1.0  Rv2043c
1.0/1.0 Rv3795
1.0/1.0  Rv3883c

0.95,0.04| Rv1908c
0.91,0.08| Rv2082
0.91,0.08| Rv00S0
0.91,0.08| Rv0186
0.91,0.08| Rv2752c
0.9,0.09| 1 Rv1588c¢
0.9,0.1|1.(Rv0101
0.9,0.1| 1.(Rv0196
0.9,0.1] 1.(Rv0435c¢
0.9,0.1| 1.(Rv0726¢
0.9,0.1| 1.(Rv1063c
0.9,0.1]1.(Rv1267c
0.9,0.1|1.(Rv1279
0.9,0.1| 1.(Rv1334
0.9,0.1]1.(Rv1514c
0.9,0.1]1.(Rv1514c
0.9,0.1| 1.(Rv1551
0.9,0.1]1.(Rv1559
0.9,0.1]1.(Rv2048c
0.9,0.1| 1.(Rv2185c
0.9,0.1]1.(Rv2290
0.9,0.1|1.(Rv2486
0.9,0.1| 1.(Rv2575
0.9,0.1]1.(Rv2756¢
0.9,0.1]1.(Rv3113
0.9,0.1|1.(Rv3308
0.9,0.1|1.(Rv3479
0.9,0.1]1.(Rv3522
0.9,0.1|1.(Rv3729
0.9,0.1| 1.(Rv3769
0.9,0.1]1.(Rv3794
0.9,0.1]1.(Rv3885c¢

Gene
rpoB
esxL
esxL
esxL
pncA
embB
mycP1
katG
hypotheti
hypotheti
bglS
hypotheti
Partial REI
nrp
Possible t
Putative c
Possible S
hypotheti
embR
Probable
mec
hypotheti
hypotheti
plsB1
ilvA
pks12
TB16.3
lppO
echA14
Possible c
hsdM
Possible p
pmmB
Possible t
Itp4d
Possible t
Hypotheti
embA
eccE2

Codon

Annotatio MolType
450 DNA-direcC->A,C->G
32 Putative EA->G
37 Putative EA->A,A->C
39 Putative EA->G
10 Pyrazinamr T->C, T->G
1002 Integral mA->G
318 Membran G->A,G->T
315 Catalase-f C->A,C->G
247 Rv2082, (N G->-,G->A
123 Rv0080, (N C->-,C->G,
106 Probable | A->C,A->C
91 Rv2752c, ( G->-,G->A
131 Rv1588c, ( A->-,C->T,
2468 Probable |C->T
155 Rv0196, (NC->T
147 Rv0435c, ( A->G
282 Rv0726c, ( Not found
17 Rv1063c, ( C->T
313 Probable 1A->C
33 Rv1279, (NG->A,G->C
52 Possible hT->-,T->C
188 Rv1514c, ( A->G
112 Rv1514c, ( T->C
554 Possible a A->C
143 Probable 1A->G
4031 Polyketid(G->A
74 Conserve(T->G
52 Probable (G->A
148 Probable (G->A
67 Rv2575, (NA->C
103 Possible t:G->A,G->T
121 Rv3113, (NA->-,A->G
439 Probable | T->C
940 Rv3479, (NG->A
117 Possible liC->T
299 Rv3729, (NA->G
46 Rv3769, (NNot found
608 Integral mNot found
204 ESX conse A->AC,A->

Appendix 18: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 4 (Uganda).
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'id

20966
16498
16502
19478
16922
20966
16498

1146
15571
20966
22754
38403
17822
18926

7511
16498
22313
19487
18928

1146
22754

7511
17822
15152
37709
22313
19487

8122

8123
22986

3574

5475

7272

8120

8125
16024
18149
20213
21008
21017

Position Power
2338200 0.78
1843567 0.66
1843636 0.87
2180650 0.85
1894296 0.8
2338200 0.78
1843567 0.66

103793 0.99
1715939 0.99
2338200 0.97
2604156 0.96
4408009 0.96
1992320 0.95
2133472 0.95

802427 0.93
1843567 0.92
2534564 0.91
2180815 0.79
2133474 0.68

103793 0.98
2604156 0.97

802427 0.95
1992320 0.94
1655176 0.93
4358495 0.93
2534564 0.91
2180815 0.73

842057 0.9

842058 0.9
2626513 0.9

341719 0.81

529908 0.81

764817 0.81

842051 0.81

842065 0.81
1779243 0.81
2030758 0.81
2266660 0.81
2339276 0.81
2339424 0.81

Alleles
V|V,G
LP|A
H,*|D,I

UN
UN
Yu

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Allelic_fre Locus

1.0]0.2,0.¢Rv2081c
0.94,0.05| Rv1637c
0.94,0.05| Rv1637c

S,G,R|H,R 0.85,0.02,( Rv1928c
G,P|P,R 0.86,0.13| Rv1668c

V|V,G
LP|A

1.0]0.2,0.¢Rv2081c
0.94,0.05| Rv1637c

D,Q,S|Q,R0.99,0.0,0. Rv0094c
A,Q|F,Q 0.99,0.0|/0Rv1522c

V|V,G
L,LW]I,L
V,G|G
Y,G,H|G
Y| *
P,-L|-
LP|A
LP|LR

1.0/0.02,0 Rv2081c
0.98,0.0,0. Rv2330c
0.99,0.0|1 Rv3919c
0.98,0.0,0. Rv1759c
1.0/1.0 Rv1883c
0.99,0.0,0. Rv0703

0.99,0.0| 1 Rv1637c
0.99,0.0|0 Rv2262c

V,C,L| C,W0.93,0.05,(Rv1928c

C|C*

1.0]0.2,0.¢Rv1883c

D,Q,S|Q,R0.98,0.0,0. Rv0094c

LL|1,LW
-P|-,LP
Y,G,H|G
P|P,A, L
G|G,E,T
LP|LR

0.98,0.01| Rv2330c
0.99,0.0| 0 Rv0703

0.97,0.0,0. Rv1759c
1.0/0.03,0 Rv1467c
1.0/0.03,0 Rv3879c
0.99,0.0| 0 Rv2262c

V,C,L|C,W0.88,0.1,0. Rv1928c

V,F|F
V,D|D
T,S|S
FVIV
AV |V

0.9,0.09| 1 Rv0750
0.9,0.09| 1 Rv0750
0.9,0.09|1 Rv2347c
0.81,0.18| Rv0281
0.81,0.18| Rv0440

V,A,G|A,C0.81,0.09,( RvO668

D,N|N
HQlQ
H,P|P
A,G|G
R,C|C
V,L|L
M,T|T

0.81,0.18| Rv0750
0.81,0.18| Rv0750
0.81,0.18| Rv1572c
0.81,0.18| Rv1793
0.81,0.18| Rv2020c
0.81,0.18| Rv2082
0.81,0.18| Rv2082

Gene
Conservec
hypotheti
hypotheti
Probable ¢
Probable 1
Conservec
hypotheti
hypotheti
mmplL12
Conservec
lppP

gid
wag22
hypotheti
rplw
hypotheti
hypotheti
Probable ¢
hypotheti
hypotheti
lppP
rplw
wag22
fadE15
espK
hypotheti
Probable ¢
hypotheti
hypotheti
esxP
Possible S
groEL2
rpoC
hypotheti
hypotheti
hypotheti
esxN
hypotheti
hypotheti
hypotheti

Codon

Annotatio MolType
103 Rv2081c, ( Not found
43 Rv1637c, ( Not found
20 Rv1637c, ( Not found
190 Rv1928c, ( Not found
350 Rv1668c, ( Not found
103 Rv2081c, ( Not found
43 Rv1637c, ( Not found
291 Rv0094c, ( C->CTGCT,
559 Probable (Not found
103 Rv2081c, ( Not found
23 Probable | T->-,T->T,”
65 Probable § A->AC,A->
87 PE-PGRS f.Not found
74 Rv1883c, ( C->CAGGC
99 50S ribosc C->ATCC,(
43 Rv1637c, ( Not found
330 Rv2262c, ( A->-,A->A,
135 Rv1928c, ( C->-,C->C,
74 Rv1883c, ( Not found
291 Rv0094c, ( C->CTGCT,
23 Probable | T->-,T->T,
99 50S ribosc C->ATCC,(
87 PE-PGRS f.Not found
110 Probable iNot found
430 ESX-1secr T->TC,T->1
330 Rv2262c, ( A->-,A->A
135 Rv1928c, ( C->-,C->C,
9 Rv0750, (NG->A,G->T
9 Rv0750, (NT->A
3 Putative ET->A,T->G
241 Rv0281, (N C->CGG,C-
434 60 kDa che C->T
483 DNA-dire(T->C,T->G
7 Rv0750, (NG->A
11 RvO0750, (NC->G
19 Rv1572c, ( T->C,T->G,
22 Putative EC->G
21 Rv2020c, ( G->A
190 Rv2082, (NG->-,G->C,
239 Rv2082, (N G->-,T->-,7

Appendix 19: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 4 (Ural).
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'id

17280
17698
35941

4408

6241
18676
26358
26739
37720
37727
38035

5162
19489
24154
22756
16502
16921
21297
16922
25778
16502
16921
22313
25778
16922
38071

6241
35941
38035
16921
25465
37727

9889
26732
22756
16028
18922
16028
18922

5159
20686
22435

Position Power
1947061 0.99
1987453 0.99
4139180 0.99

424011 0.98
636921 0.98
2094921 0.98
3072705 0.98
3131484 0.98
4358976 0.98
4359126 0.98
4380295 0.98
483294 0.97
2180817 0.97
2798756 0.96
2604165 0.9
1843636 0.94
1894298 0.87
2372436 0.72
1894296 0.7
2990584 0.7
1843636 0.98
1894298 0.96
2534564 0.94
2990584 0.93
1894296 0.91
4383142 0.86
636921 0.99
4139180 0.99
4380295 0.99
1894298 0.98
2950630 0.98
4359126 0.98
1075947 0.97
3131470 0.97
2604165 0.92
1779280 0.93
2133465 0.85
1779280 0.88
2133465 0.83
483287 0.92
2306510 0.81
2550013 0.78

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

Alleles  Allelic_fre Locus
G,E|GV 0.99,0.0/0Rv1720c
S,N|A,N,T0.99,0.0|]0Rv1755c
G|H,Y 1.0/0.0,0.¢Rv3696¢C
-,R[-,Q,R 0.99,0.0|]0 Rv0353
S,P|A,P  0.99,0.0|0 Rv0545c
H,R|A, T 0.99,0.0|/0Rv1844c
1,D,G|G 0.99,0.0,0.Rv2762c
A,D,G,V|€0.99,0.0,0. Rv2823c
A,P|P 0.99,0.0|1 Rv3879c
LP|I,P 0.99,0.0|0 Rv3879c
N,T|S, T 0.99,0.0|0 Rv3894c
V,F|V,R 0.99,0.0|0 Rv0403c
M,K,R|M,10.98,0.0,0. Rv1928c
G,W|P,R 0.99,0.0|]0Rv2488c

L*1]*C 0.99,0.0,0. Rv2330c
H,*|D,l  0.96,0.03] Rv1637c
S,A|P  0.98,0.01| Rv1668c
LILP,R  1.0]0.12,0 Rv2112c
G,P|P,R 0.9,0.09|0Rv1668c
Q,-|- 0.96,0.03| Rv2673

H,*|D,I  0.99,0.0|/0Rv1637c
S,A|P  0.99,0.0|1Rv1668c
LP|LR  0.99,0.0/0Rv2262c
Q,-|- 0.99,0.0| 1 Rv2673

G,P|P,R 0.97,0.02| Rv1668c
C,G,P|G 0.97,0.01,(Rv3897c
S,P|A,P 0.99,0.0|0 Rv0545¢c
G|HY  1.0]0.0,0.¢Rv3696¢C
N,T|S,T 0.99,0.0|0Rv3894c
S,A,G|P  0.99,0.0,0. Rv1668c
FIP,R  1.0]0.99,0 Rv2624c
LP|I,LP  0.99,0.0|/0Rv3879c

A,*,T|LR, 0.99,0.0,0. Rv0963c
H,R,T|T 0.99,0.0,0.Rv2823c
L*1]*C 0.99,0.0,0. Rv2330c
S,T,V|P,T, 0.98,0.0,0. Rv1572c
C|C,G,V 1.0/0.02,0 Rv1883c
V,P,T|V,S 0.94,0.0,0. Rv1572c
C|C,G,V 1.0]/0.04,0 Rv1883c
EP|P,R 0.97,0.02] Rv0403c
G,D,T|D,R 0.88,0.05,( Rv2048¢c
T,S|K,N  0.93,0.06]| Rv2277c

Gene
vapC12
plcD

glpK
hspR

pitA
gndl
hypotheti
hypotheti
espK
espK
eccC2
mmpS1
Probable ¢
Probable 1
lppP
hypotheti
Probable 1
dop
Probable 1
aftC
hypotheti
Probable 1
hypotheti
aftC
Probable 1
hypotheti
pitA

glpK
eccC2
Probable 1
Universal
espK
hypotheti
hypotheti
lppP
hypotheti
hypotheti
hypotheti
hypotheti
mmpS1
pks12
Possible g

Codon

Annotatio MolType

120 Possible t(C->C,C->C
82 Probable | C->-,C->C(
193 Probable {Not found
125 Probable | C->C,C->C,
182 Probable INot found
90 Probable (C->-,C->C(
118 Rv2762c, ( T->T,T->TC
97 Rv2823c, ( G->GAGAT
270 ESX-1secr Not found
220 ESX-1secr Not found
53 ESX conse G->C,G->C
122 Probable (Not found
134 Rv1928c, ( A->-,A->A,
709 Rv2488c, ( C->A,C->C
20 Probable | A->-,A->A,
20 Rv1637c, ( Not found
349 Rv1668c, ( A->-,A->A,
45 Deamidas G->C,G->C
350 Rv1668c, ( Not found
432 Possible aC->CACCG
20 Rv1637c, ( Not found
349 Rv1668c, ( A->-,A->A,
330 Rv2262c, ( A->-,A->A,
432 Possible aC->CACCG
350 Rv1668c, ( Not found
167 Rv3897c, ( A->-,A->A,
182 Probable INot found
193 Probable {Not found
53 ESX conse G->C,G->C
349 Rv1668c, ( A->-,A->A,
227 Rv2624c, ( Not found
220 ESX-1secr Not found
51 Rv0963c, ( C->-,C->C/
102 Rv2823c, ( T->-,T->TC
20 Probable | A->-,A->A,
7 Rv1572c, ( C->-,C->C,
77 Rv1883c, ( Not found
7 Rv1572c, ( C->-,C->C,
77 Rv1883c, ( Not found
124 Probable (C->AGGAC
160 Polyketid«G->C,G->C
6 Rv2277c, ( G->-,G->C,

Appendix 20: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 4 (X-type).
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'id

2510
7230
12520
12523
12524
12525
22761
35393
36776
545
7402
10783
16028
20889
21125
27908
16922
36841
17822
22338
1180
23644
37728
22754
37534
21125
15577
24502
7402
20962
22436
23535
1180
37534

Position Power
257787 1.0
761109 1.0

1341099 1.0
1341114 1.0
1341120 1.0
1341148 1.0
2604173 1.0
4060588 1.0
4247431 1.0
48957 0.94
781822 0.94
1169447 0.94
1779280 0.94
2329747 0.94
2347464 0.94
3296369 0.94
1894293 0.89
4253290 0.89
1992320 0.84
2536688 0.84
104824 0.78
2724179 0.78
4359135 0.73
2604156 0.63
4340994 0.63
2347464 0.66
1716472 0.72
2829779 0.61
781822 1.0
2338191 0.83
2550014 0.83
2704887 0.83
104824 0.66
4340994 0.66

UN
UN
Yu

Alleles
R|-
D|Y
v
T|A
S|G
AlV
L|S
T|A
M|
P,HIH
K,R|R
AT|T
V,P|P
G,R|R
LP|P
R,P|P
W,K|N
P,A|A
Y,H|H
s,QlQ
S,I1
LT|T
I,M|M
LLIL
F,C|C
L|L,P
S,P|P
TA|A
K|R
C,G|G
TA|A
G,S|S
S,I1
F,C|C

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Allelic_fre Locus

1.0/1.0 Rv0215c
1.0/1.0 Rv0667
1.0/1.0 Rv1198
1.0|1.0 Rv1198
1.0/1.0 Rv1198
1.0|1.0 Rv1198
1.0|1.0 Rv2330c
1.0]1.0 Rv3620c
1.0|1.0 Rv3795

0.94,0.05| Rv0044c
0.94,0.05| Rv0682
0.94,0.05| Rv1047
0.94,0.05| Rv1572c
0.94,0.05| Rv2072c
0.94,0.05| Rv2090
0.94,0.05| Rv2947c
0.89,0.1|1 Rv1668c
0.89,0.1|1 Rv3798
0.88,0.11| Rv1759c
0.88,0.11| Rv2264c
0.88,0.11| Rv0095c
0.88,0.11| Rv2426c
0.87,0.12| Rv3879c
0.85,0.14| Rv2330c
0.85,0.14| Rv3864
1.0/0.33,0 Rv2090
0.86,0.13| Rv1522c
0.84,0.15| Rv2512c
1.0/1.0 Rv0682
0.83,0.16| Rv2081c
0.83,0.16| Rv2277c
0.83,0.16| Rv2407
0.66,0.33| Rv0095c
0.66,0.33| Rv3864

Gene
fadE3
rpoB
esxL

esxL

esxL

esxL

lppP
esxW
embB
Possible @
rpsL
Probable 1
hypotheti
cobL
Probable !
pks15
Probable 1
Probable 1
wag22
Conservec
hypotheti
hypotheti
espK
lppP
espE
Probable !
mmplL12
Transposa
rpsL
Conservec
Possible g
hypotheti
hypotheti
espE

Codon

Annotatio MolType
357 Probable i C->CAAGC
435 DNA-dire(G->-,G->C,
32 Putative EA->G
37 Putative E A->A,A->C
39 Putative EA->G
48 Putative EC->T
17 Probable |A->-,A->A.
2 Putative ET->-, T->AT
306 Integral mG->A,G->C
24 Rv0044c, ( T->G,T->T,
88 30S ribosc A->C,A->C
9 Rv1047, (NC->ACGCC
7 Rv1572c, ( C->-,C->C,
134 Precorrin- C->-,C->G
31 Rv2090, (NT->-,T->C
491 Probable |C->CAGCC
351 Rv1668c, ( Not found
100 Rv3798, (NC->G
87 PE-PGRS f.Not found
555 Rv2264c, ( A->A,A->A
131 Rv0095c, ( C->-,C->A,
2 Rv2426c, ( G->-,G->C,
217 ESX-1secr Not found
23 Probable | T->-,T->T,
242 ESX-1secr T->-,T->G,
31 Rv2090, (NT->-,T->C
381 Probable (A->G,G->-
9 Rv2512c, ( T->C
88 30S ribosc A->C,A->C
106 Rv2081c, ( Not found
6 Rv2277c, ( C->-,T->-,1
64 Rv2407, (NA->-,A->A,
131 Rv0095c, ( C->-,C->A,
242 ESX-1secr T->-,T->G;

Appendix 21: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 5.
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UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
YUNIBESITHI YA PRETORIA

"id Position Power Alleles  Allelic_freLocus Gene Codon Annotatio MolType
19116 2155168 0.88 SILT|T 0.93,0.04,(Rv1908c katG 315 Catalase-f C->A,C->G
2570 264754 0.68 H,R|-,R 0.94,0.05| Rv0221 Possiblet 230 Rv0221, (NC->CGGAT
11885 1265912 0.6 S,P|P 0.93,0.06| Rv1138c Possible c 193 Rv1138c, ( Not found
17758 1989911 0.6 G,K|K 0.93,0.06| Rv1759c wag22 890 PE-PGRS f A->-,A->A,
22435 2550013 0.96 - TIR,T  0.96,0.03|] Rv2277c Possible g 6 Rv2277c, ( G->-,G->C,
37735 4359182 0.72 R,G|P 0.96,0.03| Rv3879c espK 201 ESX-1secr G->-,G->G!
2570 264754 0.61 H,R|-,R 0.9,0.09|0Rv0221 Possiblet 230 Rv0221, (NC->CGGAT
2570 264754 0.7 H,R|-,R 0.91,0.08| Rv0221 Possible t 230 Rv0221, (NC->CGGAT

Appendix 22: The most discriminative polymorphisms to distinguish between resistant and

susceptible strains in lineage 6.
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Query Sbjct [AB,aB,Ab LD

Rv1313c|1Pks12|16=[9206,85,20.71
Rv1313c|1Rv3716c|1[8685,25,50.82
Pks12| 162 Rv3716c|1[8676,34,60.63
Rv3716c|1Rv3900c|1[8707,669, 0.78

Chi2
3041.18
1401.14
518.68
118.21

A->alb
0.45
0.82
0.63
0.01

Errl

0.072
0.182
0.138
0.004

Appendix 23: Epistatic links between polymorphisms in lineage 1.
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B->b|a
0.71
0.18
0.08
0.78

Err2

0.159
0.017
0.011
0.516
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Query Sbjct [AB,aB,Ab LD

DnaA | 1M(RecF|245I [7433,15570.72
DnaA|1M(GyrA|20I(. [7503,158¢0.92
DnaA | 1M(Rv0008c|1[7495,160: 0.88
DnaA|1M(Rv0012|2:[7504,133:0.95
DnaA | 1M(Rv0064 |4t [7392,139:0.73
DnaA|1M(Rv0064|7:[7502,162:0.9

DnaA|1M(Rv0068|21[7440,157.0.72
DnaA|1M(Mak|17L(:[7506,16370.91
DnaA|1M(McelF|37[7433,162°0.66
DnaA|1M(Rv0193c|4[7434,157¢0.71
DnaA|1M(Rv0194|74[7436,155%0.73
DnaA|1M(NrdB|32W[7479,1580.83
DnaA|1M(Rv0259c|1[7491,158:0.87
DnaA|1M(EccE3| 216 [7502,163(0.9

DnaA|1M(Rv0318c|z[7438,162:0.68
DnaA | 1M(Rv0338c| € [7503,158¢0.92
DnaA|1M(Rv0395|8([7425,160!0.66
DnaA|1M(ThiG|75S( [7491,162¢0.85
DnaA|1M(CtpH|6891[7437,157(0.72
DnaA|1M{MmplL2|4.[7433,158¢0.7

DnaA|1M(Rv0556|1t[7434,154<0.73
DnaA|1M(Mce2A|51[7424,154¢0.7

DnaA|1M(Rv0658c|7[7507,164(0.92
DnaA|1M{Mmpl5|9:[7478,167.0.77
DnaA|1M(PhoR|172 [7510,164:0.93
DnaA|1M(Rv0812|14[7510,166(0.93
DnaA|1M(Rv0829|8([7462,154¢0.8

DnaA|1M(FadA|149([7503,159:0.91
DnaA|1M(Rv0881|11[7443,165(0.66
DnaA|1M(Rv0891c|32[7431,154¢0.72
DnaA|1M(PstA1]|304[7513,136¢0.97
DnaA|1M(Rv0964c|1[7435,157¢0.71
DnaA|1M(PepD| 390 [7502,158(0.91
DnaA|1M(GalU|235([7434,15670.71
DnaA|1M(MetS|39R [7435,16170.67
DnaA|1M(GlyA1|36\[7503,159¢0.91
DnaA|1M(Pks3|489*[7511,138.0.97
DnaA|1M(Rv1320c| £ [7500,170:0.85
DnaA|1M(Rv1321|14[7502,160(0.91
DnaA|1M(Rv1364c|4[7426,161(0.66
DnaA|1M(Rv1374c|1[7498,157:0.9

UN
UN
Yu

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Chi2
881.02
1057.78
944.82
2190.12
1389.34
913.03
826.88
866.67
609.36
809.38
899.93
956.73
1009.21
875.21
636.8
1057.78
667.26
825.2
843.79
766.71
936.64
892.65
859.38
593.38
854.51
791.56
1027.4
1040.8
554.41
905.66
2084.81
801.1
1086.49
844.91
653.72
1011.13
2001.37
571.12
1001.63
651.49
1086.8

A->a|b
0.12
0.12
0.11
0.24
0.2
0.1
0.12
0.1
0.09
0.12
0.13
0.12
0.12
0.1
0.09
0.12
0.1
0.1
0.12
0.11
0.13
0.13
0.09
0.08
0.09
0.09
0.13
0.12
0.08
0.13
0.22
0.11
0.12
0.12
0.1
0.11
0.21
0.07
0.11
0.1
0.12

Errl

0.008
0.008
0.007
0.012
0.011
0.007
0.008
0.007
0.007
0.008
0.008
0.008
0.008
0.007
0.007
0.008
0.007
0.007
0.008
0.008
0.008
0.008
0.007
0.006
0.007
0.006
0.008
0.007
0.006
0.008
0.011
0.008
0.008
0.008
0.007
0.007
0.011
0.005
0.007
0.007
0.008

Appendix 24: Epistatic links between polymorphisms in lineage 1.2.
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B->b|a
0.72
0.92
0.88
0.95
0.73
0.9
0.72
0.91
0.66
0.71
0.73
0.83
0.87
0.9
0.68
0.92
0.66
0.85
0.72
0.7
0.73
0.7
0.92
0.77
0.93
0.93
0.8
0.91
0.66
0.72
0.97
0.71
0.91
0.71
0.67
0.91
0.97
0.85
0.91
0.66
0.9

Err2

0.092
0.221
0.182
0.231
0.076
0.214
0.096
0.241
0.089
0.092
0.094
0.141
0.169
0.214
0.093
0.221
0.085
0.168
0.094
0.091
0.093
0.087
0.249
0.135
0.28

0.28

0.117
0.221
0.095
0.091
0.33

0.093
0.215
0.092
0.091
0.221
0.297
0.199
0.215
0.086
0.195
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Query Sbjct [AB,aB,Ab LD

Rv0010c|1Rv0823c|2[8840,1,540.64
Rv0010c|1Rv1269c|2[8876,1,510.64
Rv0010c|1Rv1435c|1[8879,1,5C00.64
Rv0010c|10pcA|9T(-[8866,1,52 0.64
Rv0010c|1Rv1668c|2[8496,1,89 0.63
Rv0010c|1Rv1883c|7[8634,1,750.63
Rv0010c|1Rv1883c|7[8629,1,750.63
Rv0010c|1Rv1883c|7[8635,1,750.63
Rv0010c|1Rv1883c|7[8629,1,750.63
Rv0010c|1Rv2823c|1[8609,1,77 0.63
Rv0010c|1Rv3483c|1[8838,1,550.64
Rv0010c|1Rv3897c|1[8515,1,87 0.63
Rv0036¢| 2 Rv0095c| <€ [5860,11,30.59
Rv0036¢ |2 Rv0095c| <€ [4898,11,40.51
Rv0036¢| 2 Rv0823c|2[8832,9,510.77
Rv0036¢|2 Rv0823c|2[7113,6,220.81
Rv0036¢ |2 Rv1148c|Z[7411,16,10.52
Rv0036¢|2 Rv1269c|Z[8868,9,480.77
Rv0036c|2 OpcA|9T(-[8857,10,40.75
Rv0036¢| 2 Rv1668c| 2 [8490,7,850.82
Rv0036¢|2 Rv1883c|7[8627,8,720.79
Rv0036¢|2 Rv1883c|7[8622,8,720.79
Rv0036¢|2 Rv1883c|7[8628,8,720.79
Rv0036¢|2 Rv1883c|7[8623,7,720.82
Rv0036¢|2 Rv1945|24[7291,13,20.61
Rv0036c|2 LppA|92F([7201,16,20.51
Rv0036¢ |2 LppA|93D [7221,14,20.57
Rv0036¢|2 LppA|94D [7216,16,20.51
Rv0036¢ |2 LppB|36G [5048,11,40.52
Rv0036c|2 LppB|38N [5089,11,4 0.52
Rv0036¢|2 LppB|43P([5079,11,40.52
Rv0036¢|2 LppB|44H [5081,11,40.52
Rv0036¢| 2 Rv2823c|1[8604,6,740.84
Rv0036¢|2 Rv3483c|1[8832,7,510.82
Rv0036c|2 Rv3897c|1[8508,8,84 0.79
Rv0044c|2 Rv0095c|1[5814,2,350.75
Rv0044c|2 LppB|36G [5057,2,430.71
Rv0044c|2 LppB| 38N [5098,2,420.71
Rv0044c|2 LppB|43P([5088,2,420.71

UN
UN
Yu

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Chi2
20.12
21.72
21.86
21.25
11.37
13.92
13.82
13.95
13.82
13.4
20.04
11.68
25.14
12.33
419.95
90.11
45.8
452.24
415.24
276.12
313.93
311.6
314.4
331.69
56.49
38.15
48.32
38.65
13.91
14.36
14.25
14.27
342.3
473.13
265.61
11.96
7.75
7.94
7.9

A->al|b
0.64
0.64
0.64
0.64
0.63
0.63
0.63
0.63
0.63
0.63
0.64
0.63
0.59
0.51
0.77
0.81
0.52
0.77
0.75
0.82
0.79
0.79
0.79
0.82
0.61
0.51
0.57
0.51
0.52
0.52
0.52
0.52
0.84
0.82
0.79
0.75
0.71
0.71
0.71

Errl

0.816
0.816
0.816
0.816
0.816
0.816
0.816
0.816
0.816
0.816
0.816
0.816
0.259
0.259
0.296
0.378
0.197
0.296
0.276
0.345
0.318
0.318
0.318
0.345
0.231
0.197
0.219
0.197
0.259
0.259
0.259
0.259
0.378
0.345
0.318
0.65

0.65

0.65

0.65

Appendix 25: Epistatic links between polymorphisms in lineage 2.
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B->b|a
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.05
0.01
0.0
0.06
0.05
0.03
0.04
0.04
0.04
0.04
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.04
0.06
0.03
0.0
0.0
0.0
0.0

Err2
0.002
0.002
0.002
0.002
0.001
0.001
0.001
0.001
0.001
0.001
0.002
0.001
0.001
0.0
0.01
0.002
0.002
0.011
0.01
0.006
0.007
0.007
0.007
0.007
0.002
0.001
0.001
0.001
0.0
0.0
0.0
0.0
0.007
0.01
0.006
0.0
0.0
0.0
0.0
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Query Sbjct [AB,aB,Ab LD

DnaA|2T(:FhaA|2461[5206,211,0.54
DnaA|2T(:FhaA|2421[8004,183,0.74
DnaA | 2T(:FhaA| 2401 [8024,185, 0.73
DnaA | 2T(: Rv0095c| € [4689,197, 0.53
DnaA | 2T(: Rv0095c| € [4689,198, 0.52
DnaA | 2T(: Rv0095c| < [4719,190, 0.55
DnaA|2T(:Cyp123|1¢[8402,570, 0.52
DnaA| 2T(:CtpD|17R([8565,632, 0.89
DnaA|2T(:CtpD| 18V [8515,488, 0.8

DnaA|2T(:Rv1572c|7[5628,173,0.65
DnaA|2T(:Rv1730c|4[8182,342,0.53
DnaA|2T(:Rv1730c|4[8181,339,0.53
DnaA|2T(:Rv1754c|1[8524,660, 0.68
DnaA|2T(:Rv1907c|4[8550,504, 0.89
DnaA | 2T(:Rv2016| 6t [8527,456,0.84
DnaA|2T(:Rv2262c|3[7566,111,0.83
DnaA|2T(:Rv2264c|t[8572,752,0.82
DnaA|2T(:Rv2407|6:[7937,157,0.77
DnaA|2T(:Rv2823c|1[8576,708, 0.92
DnaA|2T(:Pks15]|187[8573,784,0.67
DnaA|2T(: FadE36|3([8523,626,0.72
GyrA|95S(TrpG| 68I(; [4908,4,330.99
GyrA|95S(FhaA|2461[4354,389.0.83
GyrA | 95S(Rv0039c| 2 [4905,22,30.96
GyrA|95S(Inol1| 190R [6542,8,17 0.98
GyrA|95S(Rv0068|21[8234,783, 0.96
GyrA|95S(Rv0095c| € [4221,261, 0.52
GyrA|95S( OxcA | 224:[4897,6,33 0.98
GyrA | 95S(FusA2|56.[8228,869, 0.93
GyrA|955(Rv0194|74[8226,765, 0.94
GyrA|95S(Rv0210| 4¢[4909,21,30.96
GyrA|95S(EccE3|216[8237,895, 0.96
GyrA|95S(Rv0368c|2[4911,20,30.96
GyrA|955(LpgM| 296 [4910,40,30.93
GyrA | 95S(CtpH| 6891 [8219,788, 0.91
GyrA|95S(Rv0465c|1[4921,75,30.87
GyrA|95S(Rv0576|2:[4920,111, 0.81
GyrA|955(GalTb|172[6639,54,10.93
GyrA|955(MmpL5]9:[8237,913, 0.95
GyrA|955(MmplL5]|7¢[4905,27,30.95
GyrA|95S( PurF | 476F [4138,52,40.89
GyrA | 95S(Rv0836c| 2 [4908,39,30.93

UN
UN
Yu

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Chi2
360.94
3293.73
3344.67
270.74
268.54
293.07
1295.58
1698.68
2808.46
609.86
2475.55
2498.9
1064.72
2960.01
3272.17
2740.7
482.42
3309.89
991.0
166.72
1401.23
1411.01
660.23
1335.75
2946.45
2603.9
324.89
1396.11
1891.56
2675.94
1342.14
1769.33
1347.37
1267.16
2440.08
1139.75
1009.38
2820.88
1633.03
1315.7
847.53
1269.93

A->a|b
0.54
0.74
0.73
0.53
0.52
0.55
0.26
0.2
0.37
0.65
0.53
0.53
0.16
0.35
0.41
0.83
0.06
0.77
0.11
0.02
0.2
0.99
0.11
0.96
0.98
0.28
0.52
0.98
0.21
0.3
0.96
0.19
0.96
0.93
0.28
0.87
0.81
0.93
0.18
0.95
0.89
0.93

Errl

0.057
0.063
0.063
0.06

0.06

0.061
0.021
0.017
0.026
0.065
0.039
0.039
0.015
0.025
0.029
0.087
0.008
0.07

0.012
0.005
0.017
0.498
0.003
0.21

0.351
0.018
0.052
0.406
0.015
0.019
0.215
0.014
0.22

0.154
0.018
0.11

0.088
0.131
0.013
0.189
0.134
0.156

Appendix 26: Epistatic links between polymorphisms in lineage 3.
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B->b|a
0.07
0.47
0.48
0.05
0.05
0.05
0.52
0.89
0.8
0.09
0.49
0.49
0.68
0.89
0.84
0.35
0.82
0.45
0.92
0.67
0.72
0.15
0.6
0.14
0.31
0.96
0.06
0.15
0.93
0.94
0.14
0.96
0.14
0.14
0.91
0.13
0.13
0.32
0.95
0.14
0.1
0.14

Err2

0.004
0.028
0.028
0.003
0.003
0.003
0.054
0.224
0.109
0.005
0.035
0.034
0.109
0.164
0.123
0.017
0.275
0.025
0.365
0.265
0.111
0.005
0.01

0.005
0.012
0.283
0.003
0.005
0.227
0.217
0.005
0.327
0.005
0.005
0.184
0.005
0.005
0.012
0.326
0.005
0.003
0.005
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UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA

@ YUNIBESITHI YA PRETORIA

Query Sbjct [AB,aB,Ab LD Chi2 A->alb  Errl B->b|a Err2
OpcA|12APncA|1361[7182,21870.76 41.77 0.0 0.001 0.76 0.452

Appendix 27: Epistatic links between polymorphisms in lineage 4.
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Query Sbjct [AB,aB,Ab LD

GyrA|90A KatG|328\[9152,229,0.79
GyrA|90A SerA1|122[9150,229, 0.65
GyrA|90A Rv3693|3:[9152,229,0.79
Rv0012 |2t TrpG| 68I(:[4469,10,2 0.99
Rv0012 |2t Rv0039c| 2 [4457,7,230.99
Rv0012]| 2t Rv0045c|1[5225,15,10.98
Rv0012| 2t Rv0045c| & [6793,183:0.89
Rv0012]| 2t Rv0064|54[4461,10,20.99
Rv0012 |2t Rv0071|24[6817,15040.95
Rv0012]| 2t Rv0071|2¢[6851,198.0.99
Rv0012| 2t Rv0095c| € [4797,89,2 0.93
Rv0012]| 2t Rv0095c| € [4797,90,20.93
Rv0012| 2t Rv0095c| € [4813,96,2 0.92
Rv0012]| 2t Rv0095c| £ [5181,61,10.95
Rv0012 |2t Rv0104 | 4( [4465,10,2 0.99
Rv0012 |2t OxcA|224:[4471,17,20.98
Rv0012 |2t McelR|17[4563,177,0.86
Rv0012]| 2t Mce1A |31[4449,10,20.99
Rv0012| 2t Rv0209| 1€ [4485,7,23 0.99
Rv0012]| 2t Rv0210| 4¢[4454,7,240.99
Rv0012| 2t EccA3| 6E( [4422,10,2 0.99
Rv0012]| 2t Rv0325|74[4463,12,20.99
Rv0012 |2t Rv0368c| 2z [4452,8,240.99
Rv0012]| 2t Rv0376¢|1[5166,11,10.99
Rv0012 |2t Pta| 122G( [4465,9,23 0.99
Rv0012 |2t LpgM| 296 [4428,13,20.98
Rv0012 |2t Rv0428c|1[4403,11,20.99
Rv0012]| 2t Rv0465c|2[6850,151:0.99
Rv0012 |2t Rv0465c|1[4389,6,240.99
Rv0012 |2t Rv0493c|1[4448,8,240.99
Rv0012 |2t Rv0576|2:[4354,6,250.99
Rv0012 |2t GalK| 198} [4393,5,24 0.99
Rv0012 |2t AtsD| 349l [4452,10,2 0.99
Rv0012]| 2t RpoC|109 [6851,151(0.99
Rv0012 |2t MmplL5|7¢[4443,16,20.98
Rv0012 |2t SppA| 622 [6852,247(0.96
Rv0012 |2t SerA2|24:[4440,9,240.99
Rv0012 |2t Rv0797|54[6482,167:0.58
Rv0012 |2t PurF|476F [5187,14,10.99
Rv0012| 2t Rv0823c| 2 [6849,199. 0.98
Rv0012]| 2t Rv0836c| 2z [4435,9,240.99
Rv0012 |2t Rv0845|21[4431,16,20.98
Rv0012 |2t Rv0862c|7[4438,7,240.99

UN
UN
Yu

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Chi2
244.26
200.95
244.26
3117.47
3112.95
4295.5
1782.12
3106.75
2960.62
1579.2
3278.78
3274.95
3275.98
4021.58
3112.1
3093.24
2630.92
3090.73
3150.61
3108.94
3054.98
3101.73
3102.42
4203.52
3115.96
3051.41
3026.23
3092.29
3027.08
3097.09
2981.84
3036.11
3094.73
3100.56
3059.76
173.17
3082.61
1327.79
4229.24
1539.25
3075.98
3043.9
3087.64

A->a|b
0.03
0.03
0.03
0.99
0.99
0.98
0.21
0.99
0.33
0.16
0.93
0.93
0.92
0.95
0.99
0.98
0.86
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.99
0.98
0.99
0.33
0.99
0.99
0.99
0.99
0.99
0.33
0.98
0.01
0.99
0.24
0.99
0.16
0.99
0.98
0.99

Errl
0.011
0.011
0.011
0.315
0.377
0.256
0.009
0.315
0.013
0.008
0.102
0.102
0.098
0.125
0.315
0.241
0.07
0.315
0.377
0.377
0.315
0.287
0.352
0.3
0.332
0.276
0.3
0.013
0.407
0.352
0.407
0.446
0.315
0.013
0.248
0.002
0.332
0.011
0.265
0.008
0.332
0.248
0.377

Appendix 28: Epistatic links between polymorphisms in lineage 4.1.
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B->b|a
0.79
0.65
0.79
0.33
0.33
0.46
0.89
0.33
0.95
0.99
0.37
0.37
0.37
0.44
0.33
0.33
0.32
0.33
0.33
0.33
0.32
0.33
0.33
0.45
0.33
0.32
0.32
0.99
0.32
0.33
0.31
0.32
0.33
0.99
0.33
0.96
0.33
0.58
0.45
0.98
0.33
0.32
0.33

Err2
0.632
0.408
0.632
0.01
0.01
0.015
0.121
0.01
0.16
0.575
0.012
0.012
0.012
0.014
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.014
0.01
0.01
0.009
0.498
0.009
0.01
0.009
0.009
0.01
0.576
0.01
0.696
0.01
0.041
0.014
0.444
0.01
0.01
0.01
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&
UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA
P YU

NIBESITHI YA PRETORIA

Query Sbjct [AB,aB,Ab LD Chi2 A->alb  Errl B->b|a Err2
Rv1572c|7 Rv3655c|1[5794,356 0.64 21.64 0.0 0.0 0.64 0.333

Appendix 29: Epistatic links between polymorphisms in lineage 4 (Ghana).
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Query Sbjct [AB,aB,Ab LD

RodA |461 HddA | 192 [8861,11,40.87
RodA |461 Rv0210|1£[9022,33,20.63
RodA |461 Pnp|190R [9061,37,20.59
RodA |461 Rv0612|11[8936,22,30.75
RodA | 461 Rv0686|22[9076,36,2 0.6

RodA |461 RpsH |80V [8994,30,30.67
RodA|461 Rv0744c|4[8830,13,40.85
RodA |461 GgtA|211)\[8944,40,30.55
RodA |461 Purl| 231V [8845,22,40.75
RodA |461 Rv1268c|Z[8947,26,30.71
RodA | 461 Zwf2|300 [9032,30,2 0.67
RodA |461 UvrB|310Y[9061,41,20.55
RodA | 461 Pks8|234£[8909,28,30.69
RodA |461 PyrG|576([8963,38,30.58
RodA |461 Rv1823|22[8901,19,30.78
RodA |461 Gnd1|90A [8569,13,7 0.85
RodA|461 Rv1883c|7[8615,15,6 0.82
RodA |461 Dgt| 108H([9004,32,2 0.64
RodA |461 Subl|258T [8959,31,3 0.65
RodA |461 ValS|697A[8988,26,30.71
RodA | 461 Rv2474c|4[9023,39,20.57
RodA |461 Gdh|118G [9037,25,20.72
RodA |461 AspS|4261[9002,33,20.63
RodA |461 FadD9| 22![9062,28,2 0.69
RodA |461 Rv2823c|1[8597,13,60.85
RodA | 461 Rv2954c| 2 [9070,33,20.64
RodA | 461 LigA| 528V [9020,35,20.61
RodA |461 Rv3060c|2[8786,24,50.73
RodA |461 Rv3201c|2[9069,41,20.55
RodA |461 Rv3272|9:[8945,31,30.65
RodA |461 Rv3401|97[9057,45,20.51
RodA |461 IspD|81S(:[8968,23,30.74
RodA |461 Rv3729|7([8927,29,30.67
Rv0044c|1HddA | 192 [8832,40,30.75
Rv0044c|1Rv0210| 1£[8995,60,2 0.64
Rv0044c|1Pnp|190R [9025,73,10.57
Rv0044c|1Rv0612|11[8904,54,30.67
Rv0044c|1Rv0686|2z[9044,68,10.6

Rv0044c|1RpsH|80V [8955,69,2 0.59
Rv0044c|1Rv0744c|4[8811,32,40.8

Rv0044c|1GgtA|211\[8927,57,20.66
Rv0044c|1Purl| 231V [8821,46,30.72
Rv0044c|1Rv1268c|2[8928,45,20.73

UN
UN
Yu

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Chi2
1263.06
1058.51
1065.6
1138.45
1164.19
1063.63
1131.26
664.03
925.07
1048.98
1196.38
930.08
900.2
751.98
1132.71
736.0
746.47
1031.84
934.74
1172.65
872.67
1398.23
994.36
1401.95
765.75
1248.86
987.49
777.01
958.75
900.35
790.11
1204.12
913.41
1768.32
2019.92
1821.38
1707.5
2121.54
1545.68
1884.53
1732.27
1587.37
2065.36

A->a|b
0.87
0.63
0.59
0.75
0.6
0.67
0.85
0.55
0.75
0.71
0.67
0.55
0.69
0.58
0.78
0.85
0.82
0.64
0.65
0.71
0.57
0.72
0.63
0.69
0.85
0.64
0.61
0.73
0.55
0.65
0.51
0.74
0.67
0.75
0.64
0.57
0.67
0.6
0.59
0.8
0.66
0.72
0.73

Errl

0.283
0.14

0.127
0.186
0.13

0.15

0.257
0.119
0.186
0.166
0.15

0.117
0.158
0.125
0.204
0.257
0.236
0.143
0.146
0.166
0.122
0.171
0.14

0.158
0.257
0.14

0.133
0.176
0.117
0.146
0.107
0.181
0.154
0.138
0.104
0.088
0.112
0.094
0.093
0.159
0.108
0.126
0.127

B->b|a
0.15
0.17
0.18
0.16
0.2
0.16
0.14
0.12
0.13
0.15
0.18
0.17
0.13
0.13
0.15
0.09
0.09
0.16
0.15
0.17
0.16
0.2
0.16
0.21
0.09
0.2
0.17
0.11
0.18
0.14
0.16
0.17
0.14
0.24
0.33
0.33
0.26
0.37
0.27
0.24
0.27
0.23
0.3

Appendix 30: Epistatic links between polymorphisms in lineage 4 (Haarlem).
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Err2

0.018
0.025
0.028
0.02

0.03

0.023
0.017
0.018
0.016
0.02

0.026
0.027
0.018
0.02

0.019
0.01

0.011
0.023
0.02

0.023
0.024
0.027
0.023
0.03

0.011
0.03

0.024
0.014
0.028
0.02

0.026
0.022
0.019
0.025
0.038
0.042
0.029
0.046
0.032
0.024
0.03

0.024
0.032
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Query Sbjct [AB,aB,Ab LD

Rv0080| 1z Nrp | 2468/ [9369,9,4,0.69
Rv0080] 1z BglS|106C [9371,9,2,¢0.81
Rv0080]| 1z Rv0196| 1t [9369,9,4,'0.69
Rv0080] 1z Rv0435c|1[9369,9,4,0.69
Rv0080| 1z Rv1063c|1[9368,9,5,'0.64
Rv0080]| 1z EmbR|312[9369,9,4,¢0.69
Rv0080| 1z Rv1279]3:[9367,9,6,'0.59
Rv0080]| 1z Mec|52M([9367,9,6,¢0.59
Rv0080]| 1z Rv1514c|1[9367,9,6,'0.59
Rv0080]| 1z Rv1514c|1[9369,9,4,¢0.69
Rv0080| 1z PIsB1|554 [9369,9,4,0.69
Rv0080] 1z 1lvA | 143D [9369,9,4,¢0.69
Rv0080] 1z Pks12]4032[9367,9,6,'0.59
Rv0080|1:TB16.3|73 [9369,9,4,¢0.69
Rv0080| 1z LppO| 51N [9369,9,4,0.69
Rv0080]| 1z EchA14|14[9369,9,4,¢0.69
Rv0080] 1z Rv2575| 67 [9369,9,4,¢0.69
Rv0080]| 12 Rv2752c|<€[9371,9,2,10.81
Rv0080]| 1z HsdM| 102 [9369,9,4,¢0.69
Rv0080]|12Rv3113|1:[9368,9,5,/0.64
Rv0080]|1:PmmB| 43 [9367,9,6,'0.59
Rv0080] 12 Rv3479|9:[9369,9,4,¢0.69
Rv0080] 1: Ltp4|117A[9369,9,4,¢0.69
Rv0080] 12 Rv3729|2¢[9369,9,4,¢0.69
Rv0080] 1z EccE2| 204 [9368,9,5,0.64
Nrp|2468/Rv1063c|1[9377,0,1,:1.0

Nrp|2468/Rv1148c|2[9329,6,490.53
Nrp|2468/Rv1279|32[9376,0,2,:1.0

Nrp| 2468/ Mec|52M([9376,0,2,:1.0

Nrp | 2468/ Rv1514c|1[9376,0,2,:1.0

Nrp| 2468/ Pks12]|402[9376,0,2,:1.0

Nrp | 2468/ Rv2082|24[9268,6,110.53
Nrp| 2468/ Rv2277c|€[6194,4,310.53
Nrp|2468/Rv3113|1:2[9377,0,1,:1.0

Nrp|2468;PmmB|43[9376,0,2,:1.0

Nrp | 2468/ EccE2|204 [9377,0,1,:1.0

BglS|106C EsxL|311(2[8794,5,580.51
BglS|106C EsxL|36L(:[8822,5,550.51
BglS|106C EsxL|38A( [8780,5,600.51
BglS|106C Rv2082|24[9270,4,110.63
BglS|106C Rv2277c|€[6195,3,310.58
Rv0196]| 1t Rv1063c|1[9377,0,1,:1.0

UN
UN
Yu

IVERSITEIT VAN PRETORIA
IVERSITY OF PRETORIA
NIBESITHI YA PRETORIA

Chi2
3243.45
3835.62
3243.45
3243.45
3010.81
3243.45
2809.19
2809.19
2809.19
3243.45
3243.45
3243.45
2809.19
3243.45
3243.45
3243.45
3243.45
3835.62
3243.45
3010.81
2809.19
3243.45
3243.45
3243.45
3010.81
8719.28
622.73
8137.13
8137.13
8137.13
8137.13
292.74
7.2
8719.28
8137.13
8719.28
43.39
45.96
42.19
348.42
7.36
8719.28

A->a|b
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.49
0.0
0.53
0.0
0.0
0.0
0.0
0.53
0.53
0.0
0.0
0.0
0.51
0.51
0.51
0.63
0.58
0.0

Errl
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.235
0.0
0.299
0.0
0.0
0.0
0.0
0.299
0.415
0.0
0.0
0.0
0.33
0.33
0.33
0.398
0.492
0.0

B->b|a
0.69
0.81
0.69
0.69
0.64
0.69
0.59
0.59
0.59
0.69
0.69
0.69
0.59
0.69
0.69
0.69
0.69
0.81
0.69
0.64
0.59
0.69
0.69
0.69
0.64
0.92
0.12
0.86
0.86
0.86
0.86
0.05
0.0
0.92
0.86
0.92
0.0
0.0
0.0
0.05
0.0
0.92

Appendix 31: Epistatic links between polymorphisms in lineage 4 (Uganda).
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Err2
0.415
0.639
0.415
0.415
0.358
0.415
0.316
0.316
0.316
0.415
0.415
0.415
0.316
0.415
0.415
0.415
0.415
0.639
0.415
0.358
0.316
0.415
0.415
0.415
0.358
0.963
0.05
0.658
0.658
0.658
0.658
0.023
0.0
0.963
0.658
0.963
0.003
0.004
0.003
0.023
0.0
0.963
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Query Sbjct [AB,aB,Ab,ab] LD Chi2 A->a|b Errl
FadD34|23L(1) Rv0163|108E(3) [9306,3,0,82] 0.99 9056.63 0.96 0.566
FadD34|23L(1) Rv0188|129G(3) [9306,27,0,58] 1.0 6389.43 0.68 0.158
FadD34|23L(1) GroEL2|434A(1) [9306,29,0,56] 1.0 6167.79 0.65 0.15
FadD34|23L(1) CcsA|26V(3) [9306,27,0,58] 1.0 6389.43 0.68 0.158
FadD34|23L(1) MmaA4|232P(-1) [9306,27,0,58] 1.0 6389.43 0.68 0.158
FadD34|23L(1) RpoB|450S(1) [7119,28,2187,57]0.56 87.87 0.56 0.154
FadD34|23L(1) RpsL|88K(1) [9074,26,232,59] 0.68 1256.18 0.68 0.162
FadD34|23L(1) Rv0750]|26D(3) [8912,27,394,58] 0.66 753.08 0.66 0.158
FadD34|23L(1) Rv0794c|326A(-1) [9306,27,0,58] 1.0 6389.43 0.68 0.158
FadD34|23L(1) RpfA|196V(-1) [9087,39,219,46] 0.52 823.05 0.52 0.117
FadD34|23L(1) Rv1047|8D(3) [8797,31,509,54] 0.61 503.81 0.61 0.142
FadD34|23L(1) FadD11|470P(3) [9306,27,0,58] 1.0 6389.43 0.68 0.158
FadD34|23L(1) EsxN|22A(1) [9238,32,68,53] 0.61 2514.8 0.61 0.139
FadD34|23L(1) EsxN|235(1) [9241,31,65,54] 0.63 2657.78 0.63 0.142
FadD34|23L(1) Rv1835c|420Y(-2) [9306,28,0,57] 0.99 6278.6 0.66 0.154
FadD34|23L(1) Rv2038c|54L(-2) [9306,26,0,59] 0.99 6500.29 0.69 0.162
FadD34]|23L(1) CobL|298P(-1) [9306,20,0,65] 0.99 7165.95 0.76 0.195
FadD34|23L(1) LppB|175F(3) [9134,7,172,78] 0.91 2628.07 0.91 0.361
FadD34|23L(1) LppB|176N(1) [9137,11,169,74] 0.86 2428.15 0.86 0.28
FadD34|23L(1) LppB|177L(3) [9130,10,176,75] 0.87 2414.0 0.87 0.296
FadD34|23L(1) LppB|178G(1) [9132,11,174,74] 0.86 2377.5 0.86 0.28
FadD34|23L(1) Rv2694c|39I(-1) [9306,27,0,58] 1.0 6389.43 0.68 0.158
FadD34|23L(1) GInA4|440A(-2) [9306,26,0,59] 0.99 6500.29 0.69 0.162
FadD34|23L(1) Rv2886¢|184P(-2) [9306,26,0,59] 0.99 6500.29 0.69 0.162
FadD34|23L(1) Rv2913c|493P(-2) [9306,21,0,64] 0.99 7054.95 0.75 0.188
FadD34|23L(1) Rv3115|327K(3) [7054,19,2252,66]0.7 129.42 0.7 0.201
FadD34]|23L(1) NagA|3V(1) [9306,26,0,59] 0.99 6500.29 0.69 0.162
FadD34|23L(1) Rv3395A|1M(1) [9306,27,0,58] 1.0 6389.43 0.68 0.158
FadD34|23L(1) Cyp137|92A(-1) [9306,20,0,65] 0.99 7165.95 0.76 0.195
Rv0163| 108E(3) Rv0188|129G(3) [9309,24,0,58] 1.0 6625.33 0.7 0.171
Rv0163| 108E(3) Rv0378|225(3) [9306,0,3,82] 0.99 9056.63 0.0 0.0
Rv0163| 108E(3) GroEL2|434A(1) [9309,26,0,56] 0.99 6395.5 0.68 0.161
Rv0163| 108E(3) CcsA|26V(3) [9309,24,0,58] 1.0 6625.33 0.7 0.171
Rv0163| 108E(3) MmaA4|232P(-1) [9309,24,0,58] 1.0 6625.33 0.7 0.171
Rv0163| 108E(3) RpoB|450S(1) [7119,28,2190,54]0.55 80.08 0.55 0.152
Rv0163| 108E(3) RpsL|88K(1) [9076,24,233,58] 0.69 1260.17 0.69 0.171
Rv0163| 108E(3) Rv0750]|26D(3) [8915,24,394,58] 0.69 784.57 0.69 0.171
Rv0163| 108E(3) Rv0794c|326A(-1) [9309,24,0,58] 1.0 6625.33 0.7 0.171
Rv0163| 108E(3) RpfA|196V(-1) [9090,36,219,46] 0.54 856.2 0.54 0.124
Rv0163| 108E(3) Rv1047|8D(3) [8800,28,509,54] 0.63 525.93 0.63 0.152
Rv0163| 108E(3) FadD11|470P(3) [9309,24,0,58] 1.0 6625.33 0.7 0.171
Rv0163| 108E(3) EsxN|22A(1) [9241,29,68,53] 0.64 2609.84 0.64 0.148
Rv0163| 108E(3) EsxN|235(1) [9244,28,65,54] 0.65 2758.09 0.65 0.152
Rv0163| 108E(3) Rv1835c|420Y(-2) [9309,25,0,57] 0.99 6510.4 0.69 0.166

Appendix 32: Epistatic links between polymorphisms in lineage 4 (Ural).
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Query Sbjct [AB,aB,Ab,ab] LD

HspR|124P(3) Gnd1|90A(-1) [8579,3,800,9] 0.72
HspR|124P(3) Rv1883c|75E(-2) [8630,5,749,7] 0.54
HspR|124P(3) Rv2823c|102N(-1) [8606,4,773,8] 0.63
MmpS1|124E(-1) MmpS1|120E(-2) [9156,18,174,43] 0.69
MmpS1|124E(-1) Rv0963c|51A(-1) [9259,18,71,43] 0.7

MmpS1|124E(-1) Gnd1|90A(-1) [8566,16,764,45] 0.71
MmpS1|124E(-1) Rv1883c|75E(-2) [8617,18,713,43] 0.67
MmpS1|124E(-1) Rv1928c|134M(-2)[8164,12,1166,49]0.77
MmpS1|124E(-1) Rv2823c|102N(-1) [8590,20,740,41] 0.64
MmpS1|124E(-1) Rv3093c|203A(-2) [9253,19,77,42] 0.68
MmpS1|120E(-2) Rv0963c|51A(-1) [9120,157,54,60] 0.51
MmpS1|120E(-2) Rv1928c|134M(-2][8137,39,1037,17¢0.79
Rv0963c|51A(-1) Rv1928c|134M(-2][8152,24,1125,90]0.75
Rv1046¢|171E(-2) Rv1572c|7V(-1) [5790,11,3561,29]0.55
Rv1046¢c|171E(-2) Gnd1|90A(-1) [8575,7,776,33] 0.8

Rv1046¢c|171E(-2) Rv1883c|75E(-2) [8628,7,723,33] 0.8

Rv1046¢|171E(-2) Rv2823c|102N(-1) [8602,8,749,32] 0.78
Rv1572c|7V(-1) PlcD|82A(-1) [5785,3551,16,39]0.52
Rv1572c|7V(-1) Gnd1|90A(-1) [5632,2950,169,6¢0.66
Rv1572c|7V(-1) Rv1883c|75E(-2) [5661,2974,140,6.0.7

Rv1572c|7V(-1) Pks12|179S(-1) [5774,3492,27,98]0.65
Rv1572c|7V(-1) Rv2823c|102N(-1) [5645,2965,156,6.0.67
Rv1572c|7V(-1) FadE22|94S(-1) [5765,3479,36,11:0.6

VapC12|120G(-2) Rv1928c|134M(-2][8171,5,1167,48] 0.89

~— ~— ~— ~—

Gnd1|90A(-1)  Dop|45P(-2) [8581,781,1,28] 0.96
Gnd1|90A(-1)  AftC|431G(3) [8573,732,9,77] 0.88
Gnd1|90A(-1)  Rv2823c|97A(-2) [8569,783,13,26] 0.63
Rv1883c|75E(-2) Dop|45P(-2) [8633,729,2,27] 0.92
Rv1883c|75E(-2) AftC|431G(3) [8622,683,13,73] 0.83

Rv1883c|75E(-2) Rv2823c|97A(-2) [8620,732,15,24] 0.58
Rv1928c|134M(-2, Rv2488c| 709G(-1) [8162,1191,14,24] 0.57
Rv1928c| 134M(-2) Rv3093c| 203A(-2) [8141,1131,35,84]0.66
Dop | 45P(-2) Rv2823c|102N(-1) [8606,4,756,25] 0.84
LppP | 20L(-1) LppP | 15A(-1) [8105,1179,11,96] 0.88
AftC|431G(3) Rv2823c|102N(-1) [8599,11,706,75] 0.86
Rv2823c| 102N(-1) Rv2823c|97A(-2) [8596,756,14,25] 0.6

Appendix 33: Epistatic links between polymorphisms in lineage 4 (X-type).
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Chi2
67.26
41.04
53.65
1264.42
2457.31
331.09
3234
247.54
279.32
2241.64
1294.52
941.33
446.4
19.98
278.55
300.8
270.72
25.02
626.55
651.38
86.57
630.21
87.9
285.15
285.74
721.92
167.64
284.29
692.2
151.36
85.42
355.62
231.46
534.79
708.49
159.84

A->a|b
0.72
0.54
0.63
0.69
0.7
0.71
0.67
0.77
0.64
0.68
0.26
0.79
0.75
0.55
0.8
0.8
0.78
0.0
0.1
0.09
0.01
0.09
0.01
0.89
0.03
0.08
0.02
0.03
0.08
0.02
0.01
0.05
0.84
0.06
0.86
0.02

Errl

0.499
0.341
0.408
0.197
0.197
0.214
0.197
0.258
0.182
0.189
0.041
0.144
0.18

0.256
0.343
0.343
0.315
0.001
0.005
0.005
0.001
0.005
0.001
0.425
0.006
0.01

0.005
0.006
0.011
0.006
0.003
0.006
0.464
0.006
0.281
0.005
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Query Sbjct [AB,aB,Ab,ab]
Rv0044c|24H(-2) Rv0095c|131S(-2) [5814,2,3564,11]
Rv0044c|24H(-2) MmplL12]|381S(-1) [4924,12,4454,1]
Rv0095c|131S5(-2) FadE3|357R(-2) [5815,3565,1,10]
Rv0095c|131S5(-2) MmplL12]|381S(-1) [3939,516,1877,3059]
Rv0095c|131S(-2) Rv3798|99V(3) [5814,3191,2,384]

EsxL|31I(3) EsxL|48A(1) [8783,480,16,112]
EsxL|36L(3) EsxL|48A(1) [8805,458,22,106]
EsxL|38A(3) EsxL|48A(1) [8771,492,14,114]

MmpL12|3815(-1) CobL|134G(-1)  [4922,14,4453,2]
MmpL12|381S(-1) Pks15|491R(-2)  [4453,4289,2,647]
MmpL12|3815(-1) EsxW|2T(-1) [4356,2422,99,2514]
MmpL12|381S(-1) Rv3798|99V(3)  [4553,383,4452,3]
Rv1572c|7V(-1)  EsxW|2T(-1) [5161,1617,640,1973]
LppP|231(-1) LppP | 17L(-2) [8889,490,2,10]

LD
0.75
0.83
0.85
0.69
0.99
0.86
0.81
0.88
0.73
0.99
0.92
0.98
0.6
0.82

Appendix 34: Epistatic links between polymorphisms in lineage 5.
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Chi2
11.96
8.24
13.04
2521.94
643.97
1448.46
1356.12
1467.03
7.84
621.09
2766.46
351.51
2130.61
145.05

A->alb

0.75
0.75
0.0

0.69
0.06
0.17
0.17
0.17
0.66
0.06
0.32
0.88
0.37
0.01
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Errl
0.65
0.08
0.0
0.037
0.003
0.018
0.019
0.018
0.094
0.002
0.01
0.01
0.014
0.006
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Appendix 35: The complete set of virulence factor genes found in each lineage of the

Mycobacterium tuberculosis complex.

Lineage Gene Annotation Virulence typ
1 None
1.2 caeA Probable  carboxylesterase | Cell wall prot
dppA CaeA
mcelA Probable periplasmic
mcelC dipeptide-binding
mcelD lipoprotein DppA
mcelF Mce-family protein McelA
mcelR Mce-family protein McelC
mce2A Mce-family protein McelD
mce2B Mce-family protein McelF
mce2F Probable transcriptional
mce3A regulatory protein McelR
pstAl (probably GntR-family)
yrbE1B Mce-family protein Mce2A
yrbE2B Mce-family protein Mce2B
Mce-family protein Mce2F
Mce-family protein Mce3A
Probable phosphate-
transport integral membrane
ABC transporter PstAl
Conserved integral
membrane protein YrbE1B
Conserved hypothetical
integral membrane protein
YrbE2B
cypl25 Probable cytochrome P450 | Cholesterol cz
125 Cyp125
aceAa Probable isocitrate lyase | Lipid and
fadD28 AceAa [first part] (isocitrase) | metabolism
mmpL7 (isocitratase) (Icl)
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Fatty-acid-AMP ligase
FadD28  (fatty-acid-AMP
synthetase) (fatty-acid-AMP
synthase)

Conserved transmembrane
transport protein MmpL7
Probable polyketide synthase
Pks15

Probable polyketide synthase
Pks5

Probable polyketide synthase
Pks7

Membrane-associated
phospholipase C 1 PIcA
(MTPA40 antigen)

Probable phospholipase C 3
PicC

irtA
mbtB

Iron-regulated  transporter
IrtA

Phenyloxazoline  synthase
MbtB (phenyloxazoline

synthetase)

Metal transpo

acg

sapM

Conserved protein Acg

Acid  phosphatase  (acid
phosphomonoesterase)
(phosphomonoesterase)
(glycerophosphatase)

Other

pepD

Probable serine protease
PepD (serine proteinase)
(Mth32B)

Proteases

katG
nuoG
ponA2

Catalase-peroxidase-

peroxynitritase T KatG

Proteins
antimicrobial

the macropha

© University of Pretoria
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Probable NADH
dehydrogenase | (chain G)
NuoG (NADH-ubiquinone
oxidoreductase chain G)

Probable

membrane-associated

bifunctional

penicillin-binding  protein
1A/1B  PonA2  (murein
polymerase) [includes:

penicillin-insensitive
transglycosylase
(peptidoglycan TGASE) +
penicillin-sensitive
transpeptidase (DD-
transpeptidase)]

4(Ghana) pknG Serine/threonine-protein Serine-threon
kinase PknG (protein kinase | proteinkinase:
G) (STPK G)
4(Haarlem) sigG Probable alternative RNA | Sigma factors
polymerase sigma factor
SigG (RNA polymerase ECF
type sigma factor)
4(LAM) mazF3 Toxin MazF3 TA systems
vapB22 Possible antitoxin VapB22
vapB47 Possible antitoxin VapB47
vapC13 Possible toxin VapC13
vapC37 Possible  toxin  VapC37
vapC38 Contains PIN domain
vapC40 Possible  toxin  VapC38
vapC46 Contains PIN domain
vapC47 Possible  toxin  VapC40
vapC6 Contains PIN domain

© University of Pretoria
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(02@

Possible  toxin  VapC46
Contains PIN domain
Possible  toxin  VapC47
Contains PIN domain

Possible toxin VapC6

4(S-type)

dosT
mprB
phoR

Two component  sensor
histidine kinase DosT

Two component  sensor
kinase MprB

Possible two component
system  response  sensor
kinase membrane associated
PhoR

Two-compone

4(Tur)

eccB1
eccD1
espA

secA2

ESX conserved component
EccB1 ESX-1 type VII
secretion system protein
Possible membrane protein
ESX conserved component
EccD1 ESX-1 type VII
secretion  system  protein
Probable

protein

transmembrane

ESX-1 secretion-associated
protein A, EspA
Possible preprotein

translocase ATPase SecA?2

Type VII secr

mce3B

Mce-family protein Mce3B

Cell wall prot

pksl5

Probable polyketide synthase
Pks15

Lipid and

metabolism

irtB

Iron-regulated
IrntB

transporter

Metal transpo
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sodC Periplasmic superoxide | Proteins
dismutase [Cu-Zn] SodC antimicrobial
the macropha
mazF2 Toxin MazF2 TA systems
vapC12 Possible toxin VapC12
vapC46 Possible  toxin  VapC46
Contains PIN domain
eccChl ESX conserved component | Type VII secr
EccCbl ESX-1 type VII
secretion system protein
IprL Possible Mce-family | Cell wall prot
mcelR lipoprotein  LprL  (Mce-
mce3A family lipoprotein Mce2E)
pstAl Probable transcriptional
regulatory protein McelR
(probably GntR-family)
Mce-family protein Mce3A
Probable phosphate-
transport integral membrane
ABC transporter PstAl
Itp2 Probable  lipid  transfer | Cholesterol ce
protein or keto acyl-CoA
thiolase Ltp2
pks15 Probable polyketide synthase | Lipid  and
pks7 Pks15 metabolism
Probable polyketide synthase
Pks7
ctpVv Probable  metal  cation | Metal transpo
mbtB transporter P-type ATPase
CtpV
Phenyloxazoline  synthase
MbtB (phenyloxazoline
synthetase)

© University of Pretoria
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pepD Probable serine protease | Proteases
rp PepD (serine proteinase)
(Mth32B)
Membrane bound
metalloprotease
katG Catalase-peroxidase- Proteins
peroxynitritase T KatG antimicrobial
the macropha
mazF3 Toxin MazF3 TA systems
vapB47 Possible antitoxin VapB47
vapC37 Possible  toxin  VapC37
vapC38 Contains PIN domain
Possible  toxin  VapC38
Contains PIN domain
dosT Two component sensor | Two-compon
mprB histidine kinase DosT
Two component  sensor
kinase MprB
secA2 Possible preprotein | Type VII secr
translocase ATPase SecA2
4 None
4.1 dppA Probable periplasmic | Cell wall prot
mcelA dipeptide-binding
mcelD lipoprotein DppA
mcelR Mce-family protein McelA
mce2F Mce-family protein McelD
mce3A Probable transcriptional
mce4C regulatory protein McelR
yrbE2B (probably GntR-family)

Mce-family protein Mce2F
Mce-family protein Mce3A
Mce-family protein Mce4C
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Conserved hypothetical
integral membrane protein

YrbE2B

Itp2 Probable  lipid transfer | Cholesterol cz
protein or keto acyl-CoA
thiolase Ltp2
fadD28 Fatty-acid-AMP ligase | Lipid and
pksl15 FadD28  (fatty-acid-AMP | metabolism
pks5 synthetase) (fatty-acid-AMP
pks7 synthase)
plcA Probable polyketide synthase
plcC Pks15

Probable polyketide synthase
Pks5

Probable polyketide synthase
Pks7

Membrane-associated
phospholipase C 1 PIcA
(MTP40 antigen)
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Probable phospholipase C 3
PicC

ctpVv Probable  metal cation | Metal transpo
mbtB transporter P-type ATPase
CtpV
Phenyloxazoline  synthase
MbtB (phenyloxazoline
synthetase)
rip Membrane bound | Proteases
metalloprotease
katG Catalase-peroxidase- Proteins
ponA2 peroxynitritase T KatG antimicrobial
Probable bifunctional | the macropha
membrane-associated
penicillin-binding  protein
1A/1B  PonA2  (murein
polymerase) [includes:
penicillin-insensitive
transglycosylase
(peptidoglycan TGASE) +
penicillin-sensitive
transpeptidase (DD-
transpeptidase)]
sigG Probable alternative RNA | Sigma factors
polymerase sigma factor
SigG (RNA polymerase ECF
type sigma factor)
mazF3 Toxin MazF3 TA systems
vapB47 Possible antitoxin VapB47
vapC37 Possible  toxin  VapC37
vapC38 Contains PIN domain
vapC40 Possible  toxin  VapC38

Contains PIN domain
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Possible  toxin  VapC40

Contains PIN domain

dosT Two component  sensor | Two-compon
mprB histidine kinase DosT
Two component  sensor
kinase MprB
eccChl ESX conserved component | Type VII secr
secA2 EccCbl ESX-1 type VII
secretion system protein
Possible preprotein
translocase ATPase SecA2
Lineage_4 Cameroon | None
Lineage_4 Ghana None
Lineage_4 Haarlem pks7 Probable polyketide synthase | Lipid  and
Pks7 metabolism
sigG Probable alternative RNA | Sigma factors
polymerase sigma factor
SigG (RNA polymerase ECF
type sigma factor)
vapB16 Possible antitoxin VapB16 | TA systems
vapB43 Possible antitoxin VapB43
vapC31 Possible  toxin  VapC3l
Contains PIN domain
Lineage 4 LAM katG Catalase-peroxidase- Proteins
peroxynitritase T KatG antimicrobial
the macropha
Lineage 4 S-type katG Catalase-peroxidase- Proteins
peroxynitritase T KatG antimicrobial
the macropha
mycP1 Membrane-anchored Type VII secr
mycosin ~ MycP1  (serine
protease) (subtilisin-like
138
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protease) (subtilase-like)

(mycosin-1)
Lineage_4 Ural mmaA4 Methoxy  mycolic  acid | Mycolic acid
synthase 4 MmaA4 (methyl
mycolic acid synthase 4)
(MMAA4) (hydroxy mycolic
acid synthase)
Lineage 4 X-type hspR Probable heat shock protein | Other
transcriptional repressor
HspR (MerR family)
vapC12 Possible toxin VapC12 TA systems
Lineage 5 pksl15 Probable polyketide synthase | Lipid  and
Pks15 metabolism
Lineage 6 katG Catalase-peroxidase- Proteins
peroxynitritase T KatG antimicrobial

the macropha
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Appendix 36: Epistatic interactions showing various evolutionary paths in lineage 1.2. The
green nodes represent a pre-requisite mutation, the blue nodes an intermediate mutation, the
orange nodes represent DR mutations, and the pink nodes and final/compensatory mutation.
Epistatic links to and from known DR mutations are highlighted by orange edges. Nodes are

labelled by the respective gene name and codon position number following the horizontal line.
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Appendix 37: Epistatic interactions showing various evolutionary paths lineage 2. The green
nodes represent a pre-requisite mutation, the blue nodes an intermediate mutation, the orange
nodes represent DR mutations, and the pink nodes and final/compensatory mutation. Epistatic
links to and from known DR mutations are highlighted by orange edges. Nodes are labelled by

the respective gene name and codon position number following the horizontal line.
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Appendix 38: Epistatic interactions showing various evolutionary paths towards drug
resistance (DR) in lineage 3. The green nodes represent a pre-requisite mutation, the blue nodes
an intermediate mutation, the orange nodes represent DR mutations, and the pink nodes and
final/compensatory mutation. Epistatic links to and from known DR mutations are highlighted
by orange edges. Nodes are labelled by the respective gene name and codon position number

following the horizontal line.
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OpcA|12A(-1)

A

PncA|136D(-2)

Appendix 39: Epistatic interactions showing the mutational path in lineage 4. The orange node
represents a drug resistance (DR) mutation and the pink node a final/compensatory mutation.
Epistatic links to and from known DR mutations are highlighted by orange edges. Nodes are

labelled by the respective gene name and codon position number following the horizontal line.
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Appendix 40: Epistatic interactions showing various evolutionary paths in lineage 4.1. The
green nodes represent a pre-requisite mutation, the blue nodes an intermediate mutation, the
orange nodes represent DR mutations, and the pink nodes and final/compensatory mutation.
Epistatic links to and from known DR mutations are highlighted by orange edges. Nodes are

labelled by the respective gene name and codon position number following the horizontal line.
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Appendix 41: Epistatic interactions showing various evolutionary paths in lineage 4(Haarlem).
The green nodes represent a pre-requisite mutation, the blue nodes an intermediate mutation,
the orange nodes represent DR mutations, and the pink nodes and final/compensatory mutation.
Epistatic links to and from known DR mutations are highlighted by orange edges. Nodes are

labelled by the respective gene name and codon position number following the horizontal line.
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Appendix 42: Epistatic interactions showing various evolutionary paths towards drug
resistance (DR) in lineage 4(Ural). The green nodes represent a pre-requisite mutation, the blue

nodes an intermediate mutation, the orange nodes represent DR mutations, and the pink nodes

and final/compensatory mutation. Epistatic links to and from known DR mutations are

highlighted by orange edges. Nodes are labelled by the respective gene name and codon

position number following the horizontal line.
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Appendix 43: Epistatic interactions showing various evolutionary paths in lineage 4(Ural). The
green nodes represent a pre-requisite mutation, the blue nodes an intermediate mutation, the
orange nodes represent DR mutations, and the pink nodes and final/compensatory mutation.
Epistatic links to and from known DR mutations are highlighted by orange edges. Nodes are

labelled by the respective gene name and codon position number following the horizontal line.
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