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Supplementary material 

Convergence removal 

For the classical genotyping methods (Spoligotyping and MIRU-VNTR), convergence of patterns can occur 1,2 

resulting in incorrect clustering.  Such patterns were removed based on inter-sub-lineage convergence across the 

phylogenetic tree. Firstly, the SNP alignment of all isolates was used as the basis for creating a maximum 

likelihood (ML) phylogeny. RAxML-NG version 0.5.1b3 was used to reconstruct the phylogeny from this 

alignment using a GTR+GAMMA model of evolution, accounting for ascertainment bias4 with the Stamatakis 

reconstituted DNA approach5 and site repeat optimisation6 with 20 different starting trees and 100 bootstraps. 

All subsequent topology visualisation was undertaken using GraPhlAn7. Mtbc lineage and sub-lineage 

numbering was then applied to all isolates based on the Coll SNP set8. If the same clustering pattern was 

observed in two different sub-lineages, with other patterns seen in-between on the tree, this was flagged as 

pattern convergence. For example, if isolates with the same Spoligotyping pattern appeared in lineage 4,1 and 

4,6 with different patterns in-between, this was confirmed as a convergent pattern. 

Convergent evolution was found to affect 39% (12) of Spoligotyping-based clusters and 16% (6) of the MIRU-

VNTR clusters. Convergence-free versions of these methods (Spoligotyping, MIRU-VNTR and the 

combination of both) were then used as input to BEAST2 for divergence dating, as outlined in the main 

methods. Supplemental table 1 outlines their median transmission ages alongside the 95% HPD.
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Supplemental table 1: Clustering method overview with convergent patterns removed from classical methods. 

For each clustering method, the general features are outlined in the table. Median ages and 95% HPD ranges are based upon the BEAST-2 estimates of clade heights (see 

methods). 

	

	
Method	 Strains	in	

clusters	
Number	of	
clusters	

Percent	of	
strains	in	
clusters	

Cluster	
sizes	

Maximum	
SNP	

distances	

Clustering	
rate	

Mean	
Timespan	

Timespan	
95%	HPD	

Spoligotyping	 118	 21	 36.42	 2-28	 0-189	 0.2994	 76.51	 0.81	-	823.21	
MIRU-VNTR	 121	 32	 37.35	 2-11	 0-48	 0.2747	 26.08	 0	-	162.27	

Spoligotyping-MIRU-
VNTR	 50	 12	 15.43	 2-10	 2-48	 0.1173	 32.92	 0.8	-	216.31	

1	SNP	cluster	 74	 29	 22.84	 2-6	 0-2	 0.1389	 3.91	 0	-	23.54	
5	SNP	cluster	 147	 40	 45.37	 2-27	 0-10	 0.3302	 10.86	 0	-	47.07	
12	SNP	cluster	 242	 47	 74.69	 2-34	 0-23	 0.6019	 23.63	 0	-	102.58	
1	allele	cgMLST	 80	 31	 24.69	 2-6	 0-4	 0.1512	 4.73	 0	-	24.65	
5	allele	cgMLST	 173	 42	 53.4	 2-28	 0-22	 0.4043	 13.4	 0	-	68.53	
12	allele	cgMLST	 254	 45	 78.4	 2-39	 0-51	 0.6451	 24.06	 0	-	112.25	



	 3	

 

  

Cluster Age 1
1 13
2 20

1)

4) 5) 6)

2) 3)

Clustering approach
Median: 12

95% HPD: 10-20

Cluster Age 1 Age2 ...
1 13 11 ...
2 20 19 ...

Supplemental figure 1. Algorithm for es�ma�ng transmission
�mes encompassed by different clustering approaches.
Step 1: Extract the tree from the MCMC sampled step.
Step 2:Map the clusters on the tree.
Step 3: Get the �me difference between the ancestral node
(most recent common ancestor) and the youngest (furthest from
the ancestor) sampled �p in each cluster. These are defined as
the age of each cluster.
Step 4: Aggregate all these ages across clusters.
Step 5: Repeat for every tree calculated in each MCMC sampled
step.
Step 6: Calculate the median and 95% HDP based on all the ages
of all clusters in all MCMC steps for the given clustering
approach.
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