
Aberystwyth University

Population Genomics of Mycobacterium tuberculosis in Ethiopia Contradicts the
Virgin Soil Hypothesis for Human Tuberculosis in Sub-Saharan Africa
Comas, Iñaki; Hailu, Elena; Kiros, Teklu; Bekele, Shiferaw; Mekonnen, Wondale; Gumi, Balako; Tschopp, Rea;
Ameni, Gobena; Hewinson, R. Glyn; Robertson, Brian D.; Goig, Galo A.; Stucki, David; Gagneux, Sebastien;
Aseffa, Abraham; Young, Douglas; Berg, Stefan

Published in:
Current Biology

DOI:
10.1016/j.cub.2015.10.061

Publication date:
2015

Citation for published version (APA):
Comas, I., Hailu, E., Kiros, T., Bekele, S., Mekonnen, W., Gumi, B., Tschopp, R., Ameni, G., Hewinson, R. G.,
Robertson, B. D., Goig, G. A., Stucki, D., Gagneux, S., Aseffa, A., Young, D., & Berg, S. (2015). Population
Genomics of Mycobacterium tuberculosis in Ethiopia Contradicts the Virgin Soil Hypothesis for Human
Tuberculosis in Sub-Saharan Africa. Current Biology, 25(24), 3260-3266.
https://doi.org/10.1016/j.cub.2015.10.061

Document License
CC BY

General rights
Copyright and moral rights for the publications made accessible in the Aberystwyth Research Portal (the Institutional Repository) are
retained by the authors and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the Aberystwyth Research Portal for the purpose of private study or
research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the Aberystwyth Research Portal

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

tel: +44 1970 62 2400
email: is@aber.ac.uk

Download date: 30. Aug. 2021

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Aberystwyth Research Portal

https://core.ac.uk/display/389616825?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://doi.org/10.1016/j.cub.2015.10.061
https://pure.aber.ac.uk/portal/en/persons/glyn-hewinson(a5a64318-eba5-4ca3-bda5-9324c3fafb0f).html
https://pure.aber.ac.uk/portal/en/publications/population-genomics-of-mycobacterium-tuberculosis-in-ethiopia-contradicts-the-virgin-soil-hypothesis-for-human-tuberculosis-in-subsaharan-africa(3e2ba9d8-c402-4291-a179-ba098ff763c5).html
https://pure.aber.ac.uk/portal/en/publications/population-genomics-of-mycobacterium-tuberculosis-in-ethiopia-contradicts-the-virgin-soil-hypothesis-for-human-tuberculosis-in-subsaharan-africa(3e2ba9d8-c402-4291-a179-ba098ff763c5).html
https://pure.aber.ac.uk/portal/en/publications/population-genomics-of-mycobacterium-tuberculosis-in-ethiopia-contradicts-the-virgin-soil-hypothesis-for-human-tuberculosis-in-subsaharan-africa(3e2ba9d8-c402-4291-a179-ba098ff763c5).html
https://doi.org/10.1016/j.cub.2015.10.061


Report
Population Genomics of M
ycobacterium
tuberculosis in Ethiopia Contradicts the Virgin Soil
Hypothesis for Human Tuberculosis in Sub-Saharan
Africa
Highlights
d Ethiopia hosts a complex population structure of

Mycobacterium tuberculosis

d Our analyses provide further support for an African origin for

tuberculosis

d Our analyses discard the ‘‘virgin soil’’ hypothesis of

tuberculosis in Sub-Saharan Africa
Comas et al., 2015, Current Biology 25, 3260–3266
December 21, 2015 ª2015 The Authors
http://dx.doi.org/10.1016/j.cub.2015.10.061
Authors

Iñaki Comas, Elena Hailu,

Teklu Kiros, ..., Abraham Aseffa,

Douglas Young, Stefan Berg

Correspondence
inaki.comas@uv.es (I.C.),
stefan.berg@apha.gsi.gov.uk (S.B.)

In Brief

Comas et al. highlight a complex

population structure of Mycobacterium

tuberculosis in Ethiopia through genome

sequencing. Analyses reveal a mixture of

sub-lineages with global distribution as

well as those specific to Africa, providing

further support for an African origin for

tuberculosis and contradicting the earlier

‘‘virgin soil’’ hypothesis.
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SUMMARY

Colonial medical reports claimed that tuberculosis
(TB) was largely unknown in Africa prior to European
contact, providing a ‘‘virgin soil’’ for spread of TB in
highly susceptible populations previously unex-
posed to the disease [1, 2]. This is in direct contrast
to recent phylogenetic models which support an Af-
rican origin for TB [3–6]. To address this apparent
contradiction, we performed a broad genomic sam-
pling of Mycobacterium tuberculosis in Ethiopia. All
members of the M. tuberculosis complex (MTBC)
arose from clonal expansion of a single common
ancestor [7] with a proposed origin in East Africa
[3, 4, 8]. Consistent with this proposal, MTBC lineage
7 is almost exclusively found in that region [9–11].
Although a detailed medical history of Ethiopia sup-
ports the view that TB was rare until the 20th century
[12], over the last century Ethiopia has become a
high-burden TB country [13]. Our results provide
further support for an African origin for TB, with
some genotypes already present on the continent
well before European contact. Phylogenetic analyses
reveal a pattern of serial introductions of multiple ge-
notypes into Ethiopia in association with human
migration and trade. In place of a ‘‘virgin soil’’
fostering the spread of TB in a previously naive pop-
ulation, we propose that increased TB mortality in
Africa was driven by the introduction of European
strains of M. tuberculosis alongside expansion of
selected indigenous strains having biological char-
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acteristics that carry a fitness benefit in the urbanized
settings of post-colonial Africa.

RESULTS AND DISCUSSION

Population Structure of M. tuberculosis in Ethiopia
The high incidence of tuberculosis (TB) among Africans during

European colonization in the late 19th and early 20th centuries

gave rise to the hypothesis that Africa was a ‘‘virgin soil,’’ partic-

ularly permissive to the spread of the disease in previously unex-

posed populations [1, 2]. This stands in sharp contrast to more

recent evolutionary models that propose an African origin for

Mycobacterium tuberculosis [3–5]. To address the apparent

contradiction between an African origin of human TB and the

‘‘virgin soil’’ hypothesis, we performed a broad genomic sam-

pling of M. tuberculosis in Ethiopia. We sequenced 66 strains

from a previously genotyped M. tuberculosis collection [9],

selected to represent the most common spoligotypes found in

Ethiopia along with examples of rare genotypic outliers and

high-density sampling of the unique Ethiopian lineage 7 (L7) (Ta-

ble S1). Figure 1 illustrates the phylogenetic structure of these

Ethiopian isolates in the context of a previously described panel

of 219M. tuberculosis complex (MTBC) strains representative of

the global diversity [3]. In addition to L7, the Ethiopian isolates

belonged to three M. tuberculosis lineages: lineage 1 (L1),

commonly associated with populations living around the Indian

Ocean; lineage 3 (L3), common in Central Asia but also prevalent

in East Africa; and lineage 4 (L4), the widespread Euro-American

lineage [14]. Mapping to a recent SNP-based classification

system [15] identified representatives of five of the eight L4

sub-lineages in the Ethiopian genome dataset. Within L3,

we were able to assign Ethiopian strains to three of the five

defined sub-lineages along with novel sub-lineages that we
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Figure 1. Topology Obtained by Bayesian Analyses as Described in Experimental Procedures

Note that no branch length information is used. The topology is highly congruent with the topology from neighbor-joining analysis (see Figure S1). For both

analyses, bootstrap values and Bayesian posterior probability values were higher than 95% in almost all nodes. The tree is rooted withMycobacterium africanum

strains that are the most basal clades within theMycobacterium tuberculosis complex [3]. External branches are color coded according to the geographic region

of the patient from which the isolate was collected. Black dots indicate that the strain was isolated in Ethiopia. The groups identified within each lineage

correspond to the groups delineated using a set of diagnostic SNPs as explained in Experimental Procedures. Groups with no diagnostic SNP or that do not form

a monophyletic group within the sub-lineage were labeled LX.ETHX. Geographic region: CAM, Central America; CAS, Central Asia; EAF, East Africa; EAS, East

Asia; EEUR, Eastern Europe; EUR, Europe; NAM, North America; SAF, South Africa; SAM, South America; SAS, South Asia; SEA, Southeast Asia; WAF, West

Africa; WAS, West Asia.
provisionally name as L3.ETH1, L3.ETH2, and L3.ETH3. Within

L1, we assigned Ethiopian strains to four of the eight defined

sub-lineages.

We then explored whether the sub-lineages observed in

Ethiopia had a likely African origin by comparing them with our

global reference dataset [3]. By combining principal-component

analysis (PCA) and the sub-lineage classification described

above, we classified the groups assigned to the Ethiopian strains

as being of likely ‘‘African’’ or ‘‘non-African’’ origin. Figure 2A

shows a PCA of the L4 sub-lineages color coded according to

their most likely geographic origin. The classic description of

L4 as the ‘‘Euro-American’’ lineage is reflected in the high per-

centage of non-African strains in Figure 2A, though L4 strains
Current Bio
are in fact geographically widespread, including genotypes

such as sub-lineage L4.6 that are found only in Africa. Within

the more cosmopolitan L4 sub-lineages, Ethiopian L4.2 strains

cluster with Eurasian strains belonging to the Ural family at two

branchpoints in Figure 1, suggesting their introduction into

Ethiopia from Central Asia or from some common ancestral

homeland [16]. The coalescent point for sub-lineage 4.2 indi-

cates more recent dissemination as compared to the deep-

rooted African sub-lineage L4.6 (Figure 1). Similarly, deep-rooted

African strains can be found within L3 and L1 (Figures S2 and

S3). L3.ETH1 is comprised exclusively of Ethiopian isolates, for

example, and deep-rooted L1.2.1 suggests an early introduction

into Ethiopia.
logy 25, 3260–3266, December 21, 2015 ª2015 The Authors 3261



A B

Figure 2. Principal-Component Analysis Using the SNP Matrices Derived from Whole-Genome Analysis

(A) The PCA shown is for lineage 4; the corresponding PCA for lineages 3 and 1 are shown in Figures S2 and S3, respectively. The colors represent strains with

known African origin (blue) or Eurasian and American origin (red) from a global reference collection and strains with Ethiopian origin (green).

(B) The correlation between genetic diversity within a geographic area and the geographic distance from Addis Ababa. Error bars indicate the variance in diversity

indices within a region. Geographic region: AF, Africa; SAS, South Asia; EUR, Europe; SEA, Southeast Asia; EEUR, Eastern Europe; EAS, East Asia; CAS, Central

Asia; AM, America.
In summary, we find strains belonging to sub-lineages with a

global distribution as well as strains from sub-lineages specific

to Africa or even to Ethiopia. This diversity of M. tuberculosis

mirrors the complex admixture of African and non-African haplo-

types revealed by analysis of human genetic diversity in Ethio-

pian populations [17, 18].

The Horn of Africa as the Likely Place of Origin of TB
By integrating genome data with our previously reported spoli-

gotype frequencies and collection sites [9], we built contour

maps representing the geographic distribution of the principal

M. tuberculosis genotypes across Ethiopia (Figure 3). L4 domi-

nates across the entire country, L3 is widespread but more

frequent in the north, and L1 occurs only in southern Ethiopia.

L7 is largely restricted to the highlands aroundWoldiya and Gon-

dar in northern Ethiopia. The prevalence of L3 in northern

Ethiopia is mirrored by the predominant SIT25 spoligotype

(L3.ETH1) in neighboring Sudan [19]. Similarly in the south, L1

strains are common in neighboring Somalia [10] (Figure S4).

The geographic restriction of L7 could have arisen if the infection

was maintained within a stable and isolated human population.

Alternatively, it is possible that strains from this lineage have

acquired mutations that enhance their infection and transmis-

sion in the context of some particular host genetic background

but incur a fitness cost in other populations. Similar patterns

have been observed in other M. tuberculosis populations [20]

and in Helicobacter pylori [21].

Placing the Ethiopian strains in the context of the global di-

versity dataset, we plotted within-area genetic diversity against

the geographic distances from a midpoint in the African conti-

nent and found a strong negative correlation (r = �0.81, p <

0.05) (Figure 2B). When we repeated the calculation specifying

West Africa as the starting point of diversification, we found a

similar correlation (r = �0.79, p < 0.05). However, when we

specified the coordinates of Addis Ababa—the capital of
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Ethiopia—as the point of origin, the correlation became stron-

ger and with higher statistical significance (r = �0.84, p <

0.01), pointing to East Africa as the likely place of origin of

the MTBC. Taken together, our results indicate that the

geographic distance to Africa can explain up to 71% of the

global genetic diversity of the human-adapted MTBC, which

is consistent with serial bottlenecks following initial emergence

from a genetically diverse pool in Africa [5]. The strong parallels

with patterns identified in human populations [22] and for path-

ogens such as Plasmodium falciparum and Helicobacter pylori

[23, 24] are striking but consistent with epidemiological obser-

vations of robust associations between MTBC genotypes with

human populations despite frequent redistribution following

increased globalization [20].

Molecular Dating Contradicts the ‘‘Virgin Soil’’
Hypothesis
To review the ‘‘virgin soil’’ hypothesis in the context of an African

origin for TB, we tested whether the MTBC lineages and sub-lin-

eages currently circulating in Ethiopia appeared before or after

Ethiopia experienced major contacts with Europeans. Although

Ethiopia escaped colonization sensu stricto, human genetic di-

versity data as well as historical records indicate that the region

was a bridge between Africa and Eurasia [17, 18]. We analyzed

the Ethiopian MTBC genomes in the context of our global diver-

sity dataset and the two competing models for the timing of early

events in the evolution of the MTBC. We identified two coales-

cent points for each of the clusters containing Ethiopian isolates,

corresponding to (1) the point of origin of the common ancestor

of the cluster and (2) the point at which Ethiopian genotypes

diverged from genetically related strains outside of East Africa.

We performed BEAST analysis using the 70-thousand-year

time frame (MTBC-70 [3]) and the 6-thousand-year time frame

(MTBC-6 [25]). The predicted coalescent times obtained using

the two models are shown for the major Ethiopian genotypes
Authors



Figure 3. Contour Maps Derived from Point

Estimation of the Frequency of Each Line-

age in the Different Sampling Locations

The results are based on a previously published

M. tuberculosis collection [9]. Note that there are

different scales for each lineage, reflecting their

maximum and minimum frequency across the

country.
in Table S2, while Figure 4 shows the estimated coalescent times

for the MTBC-6 model.

We were unable to determine which of the two competing

models was more likely in the face of historical or pre-historical

records (although see Supplemental Experimental Procedures

for an extended discussion of this topic). However, both

models are clearly incompatible with the view that TB did

not exist in Ethiopia or in Sub-Saharan Africa prior to European

contact as envisaged in the ‘‘virgin soil’’ hypothesis. Specif-

ically, MTBC-70 dating suggests that the main lineages and

sub-lineages were already established 4,000 years ago or

earlier (Table S2). The coalescent point for entry of the domi-

nant Ethiopian L4.2.ETH1 cluster is consistent with its arrival

in association with the major 3,000-years-ago north-south hu-

man migration and origin of the Ethiosemitic languages (95%

highest posterior density [HPD] interval: 2,055–3,835 years

ago for the divergence within Ethiopia) [26]. Other sub-lineages

were already established 5,000 years ago and may be linked to

the recent discovery of significant Eurasian admixture in

Ethiopia, explained by back migrations of earlier Neolithic

farmers probably from Anatolia around that time [18]. In

contrast, the MTBC-6 model suggests that some sub-lineages

like L4.2.ETH1 (95% HPD interval: 167–313 years ago) or

L4.1.2 (95% HPD interval: 404–539 years ago) could have

been introduced at the time of early Portuguese contact with

Ethiopia in the 16th century or later, while other sub-lineages

are several centuries older (Figure 4). In agreement with the

PCA plots (Figures 2A, S3, and S4), MTBC-6 predicts that

some sub-lineages of lineage 1, lineage 3, and lineage 4

were present in East Africa prior to the 10th century (Table

S2; Figure 4), long before the onset of European colonization.

The most extreme case of this pattern is L7, with the MTBC-70

time frame suggesting that L7 was branching off around the

time of initial human migrations out of Africa (Table S2).

MTBC-6 predicts a common ancestor reaching back to the
Current Biology 25, 3260–3266, De
11th century (95% HPD interval: 806–

1,191 years ago) and divergence of L7

from related MTBC strains as early as

the third millennium BCE (95% HPD in-

terval: 4,099–4,850 years ago; Table

S2; Figure 4). The dating analyses reveal

that the same observation of pre-colo-

nial presence of lineages also applies

to other parts of Africa. For example,

the West Africa-restricted lineages 5

and 6 (L5 and L6), also known as Myco-

bacterium africanum, are predicted to

have a common ancestor 5,000 years

ago under the MTBC-6 model. In sum-
mary, both dating models are incompatible with the ‘‘virgin

soil’’ hypothesis for Sub-Saharan Africa.

Conclusions
Understanding the factors underlying the historical persistence

or replacement of particular sub-populations of M. tuberculosis

has potential relevance for predicting future trends in disease

epidemiology. There is current evidence that strains belonging

to ancient African lineages L5 and L6 are slowly being replaced

by L4 in West Africa, and that L2 strains (prevalent in East

Asia) are expanding in South Africa (reviewed in [14]), for

example, and there is an urgent need to identify the mechanisms

that determine expansion or restriction of emerging drug-resis-

tant genotypes. Successful introduction of new genotypes could

be driven bymajor population migrations or by fitness properties

linked to host genotype or social environment [27]. A simple con-

ceptual model to account for the population structure in Ethiopia

would envisage that prolonged stable co-evolution of human

and microbial populations favors a relatively benign infection

that optimizes mutual survival of both partners, whereas an un-

stable environment favors expansion of more aggressive micro-

bial genotypes irrespective of their long-term impact on host

populations. TB epidemiology in colonial Africa would then

reflect replacement of a stable M. tuberculosis population with

introduction of aggressive genotypes selected in industrialized

Europe alongside expansion of opportunist indigenous geno-

types with the ability to exploit opportunities of African urbaniza-

tion [28]. This can explain the high heterogeneity in infection rates

across Sub-Saharan Africa observed after colonial contact [29].

Consistent with this model, the most recently introduced sub-

lineage L4.1.2 is associated with large transmission clusters in

Ethiopia [9]; an independent genotyping study in the Amhara re-

gion similarly demonstrated higher transmission and drug resis-

tance associated with spoligotypes corresponding to L4.1.2

(Haarlem) and L4.2.ETH1 (named NW-ETH3 in [30, 31]). In
cember 21, 2015 ª2015 The Authors 3263



Figure 4. Representation of Dating Events for MTBC Sub-lineages Included in This Study

Dots (d) represents the age of the most recent common ancestor of the different Ethiopian sub-lineages circulating today. Diamonds (A) represent the split of

those Ethiopian groups from the closest non-Ethiopian strains in the global dataset described in [3]. Note that for lineage 7, the split from otherMTBCwas the third

millennium BCE and is not represented. Light gray highlights the time of first sporadic European contacts in Ethiopia (16th–19th centuries CE). Dark gray highlights

the time frame for amore continuous contact between Ethiopia and foreign nations (19th century CE and onward). The data presented show only the results for the

MTBC-6 model in which the whole complex is predicted to be around 6,000 years old [25]; the results for the MTBC-70 model where all lineages were already

established by 4,000 years ago are not shown. (See Table S2.)
contrast, patients infected with L7 strains appear to report later

to the health clinics and tend not to be associated with recent

transmission and multidrug resistance [30].

EXPERIMENTAL PROCEDURES

Preparation of Genomic DNA and Genome Sequencing

All Ethiopian samples were obtained from a previous study [9]. SelectedMTBC

strains were cultured from frozen stocks on Middlebrook 7H11 agar. One sin-

gle colony per strain was then sub-cultured, cells were harvested by heat inac-

tivation, and genomic DNA was purified using a standard protocol [32] and

utilized for sequencing on an Illumina HiSeq platform at GATC Biotech (Kon-

stanz, Germany) with coverage ranging between 150 and 244 reads per

base pair. Reads were mapped to a reconstructed most recent common

ancestor of the MTBC as described previously [33]. For each strain, a combi-

nation of BWA mapping and SAMtools SNP calling [34] was used with the pa-

rameters set as described earlier [9]. We controlled for false positives by

removing calls falling in repetitive regions [33]. SNP calls should have been

present in at least 10 reads, with SNP mapping qualities of the bases higher

than 20. The 66 sequenced genomeswere combined with a recently published

whole-genome dataset of 219 global MTBC isolates [3].

Statistical Analyses

To define the population structure of M. tuberculosis in Ethiopia, we scanned

the strains for diagnostic SNPs defining phylogenetic groups as recently pub-

lished [15]. To associate the different Ethiopian phylogenetic groups with

global African or non-African clades, we carried out PCA using Stata [35]. To

explore the possible relationship between genetic diversity and geographic

distance, we classified MTBC strains into 13 broad geographic areas. These

areas are approximately the same as those defined by the United Nations

[3]. The within-area genetic diversity (pi) was calculated using DnaSP [20].
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We used the Pearson correlation coefficient to test for correlation between

pi for MTBC and the mean geographic distance between the country of origin

of the patient and an arbitrary point representing (1) a midpoint in Africa

(latitude 6.793981� N, longitude 21.299250� E), (2) Addis Ababa

(8.984711� N, 38.754112� E), or (3) West Africa (12.433722� N, 1.102581� W).

Contour maps to infer the frequency of each lineage across the country were

built using available genotyping data of almost 1,000 M. tuberculosis isolates

previously generated [9]. We inferred the incidence of the lineage across the

country using the inverse distance weighting interpolation with a power value

of 2.7. All analyseswere performed usingQGIS v2.8, which is freely available at

http://www.qgis.org/en/site/.

Phylogenetic and Dating Analyses

For phylogenetic inference, we used a core genome alignment of SNPs after

removing columns with gaps (deletions or heterozygous calls). Phylogenetic

analyses were performed using MEGA for the neighbor-joining (NJ) tree

(Tamura-3 parameters) with 1,000 bootstrap pseudo-replicates [36]. RAxML

version 8.0.0 [37] was used for the maximum-likelihood approach specifying

a general time-reversible model of nucleotide evolution and estimating five

gamma categories and 1,000 bootstrap pseudo-replicates. BEAST v1.7.5

was used for the Bayesian topology inference as specified below [38]. The

application of different inference methods or models of nucleotide evolution

did not have an impact on the phylogeny, with all relevant clades discussed

in this manuscript having a support value of 100 for the three inference

methods (see Figure 1 for the maximum-likelihood topology and Figure S1

for details of support values of the main clades discussed).

The dating analyses were performed using similar parameters as in earlier

publications [3, 25]. Briefly, the phylogenetic tree was calibrated with the

two existing competing models for predicting the origin of the MTBC: a

70,000-year-old ancestor [3] or a 6,000-year-old ancestor [25] was pre-spec-

ified in BEAST. We used an uncorrelated log-normal distribution to model the

variation of the substitution rate among branches, a Hasegawa-Kishino-Yano
Authors
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nucleotide substitution model, and a skyline demographic model with ten

different intervals. We ran between six and ten chains during 5 3 107 genera-

tions and sampled every 1 3 104 generations to assure independent conver-

gence. The burn-in was set to 20%. Convergence was evaluated in Tracer

[39] with all relevant parameters reaching an effective sample size > 100.
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Figure S1. Maximum Likelihood phylogeny under the General-Time-Reversible model of 

nucleotide evolution (five gamma categories; 1,000 bootstrap pseudo-replicates). The scale is 

proportional to the number of substitutions per polymorphic site. Similar topologies were 

obtained using Neighbour-Joining and Bayesian phylogenetic inference approaches. Insert 

table shows the support values for the three approaches of the main clades discussed in the 

text (NJ, Neigbour-Joining bootstrap; BS, Bayesian Support; ML, Maximum-Likelihood 

bootstrap). Related to Figure 1 and Figure 4. 
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Figure S2. Principal component analysis for the Lineage 3 sub-lineages present in Ethiopia in 

relation with a global reference strain. The colors represent strains with known African origin 

(blue), Ethiopian origin (green), or Eurasian and American origin (red). Related to Figure 2. 

  



 
 

 

Figure S3. Principal component analysis for the Lineage 1 sub-lineages present in Ethiopia in 

relation with a global reference strain. The colors represent strains with known African origin 

(blue), Ethiopian origin (green), or Eurasian and American origin (red). Related to Figure 2. 

  



 
 

  

 

Figure S4. Geographic distribution of main MTBC lineages in the North and the South of 

Ethiopia based on genotyping of nearly 1000 MTBC isolates [S1]. Corresponding frequencies of 

MTBC lineages in the neighboring countries have been estimated based on spoligotype data of 

MTBC isolates registered at the SITVIT database [S2]. The records extracted from this database 

may not reflect the true prevalence of different lineages in these countries. “MANU” refers to 

the MANU family [S2] while “Others” refers to isolates of Mycobacterium canettii or unknown 

MTBC lineage. Related to Figure 3.  



 
 

Table S1. Summary of information of Mycobacterium tuberculosis strains from Ethiopia 

analysed by genome sequencing in this study. Related to Figure 1. 

 

  

L
in

e
a

g
e

C
la

ss
if

ic
a

ti
o

n
S

tr
a

in
 I

D
C

o
v
e

ra
g

e
D

is
e

a
se

 t
y
p

e
C

o
ll

e
c
ti

o
n

 s
it

e
P

a
ti

e
n

t 
e

th
n

ic
it

y
S

p
o

li
g

o
ty

p
e

S
N

P
 b

a
s
e
d

C
o
ll 

e
t 

a
l.
 2

0
1
5

m
e
a
n

S
IT

V
IT

2
 D

B
1

2
3

4
5

6
7

8
9

1
0

1
1

1
2

1
3

1
4

1
5

1
6

1
7

1
8

1
9

2
0

2
1

2
2

2
3

2
4

2
5

2
6

2
7

2
8

2
9

3
0

3
1

3
2

3
3

3
4

3
5

3
6

3
7

3
8

3
9

4
0

4
1

4
2

4
3

L
1

L
1
.2

.1
B

T
B

S
0
1
4
5

2
4
3
.8

5
P

u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 4
3

n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
1

L
1
.2

.2
B

T
B

S
0
1
6
5

1
9
6
.1

4
6

P
u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 4
8

n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
1

L
1
.1

.2
B

T
B

S
0
2
8
0

2
3
5
.5

8
5

P
u
lm

o
n
a
ry

 T
B

F
ilt

u
S

o
m

a
li

S
IT

 1
0

n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
1

L
1
.2

.1
B

T
B

S
0
2
8
1

2
3
3
.0

4
6

P
u
lm

o
n
a
ry

 T
B

F
ilt

u
S

o
m

a
li

S
IT

 2
0
4

n
n
n

n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
1

L
1
.2

.1
B

T
B

S
0
2
8
7

2
3
3
.5

9
8

P
u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 5
9
1

n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
1

L
1
.2

.1
B

T
B

S
0
2
9
0

2
1
5
.4

8
P

u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 3
3
3
2

n
n
n
n
n
n
n
n
n
n
n
n

n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
1

L
1
.2

.2
B

T
B

S
0
4
9
3

2
3
7
.6

8
2

P
u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 4
8

n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
1

L
1
.1

.3
B

T
B

S
0
5
2
5

2
3
5
.6

0
8

P
u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 9
2
4

n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
1

L
1
.2

.1
B

T
B

H
1
1
5
5

2
3
9
.4

8
8

T
B

 l
y
m

p
h
a
d
e
n
it
is

F
ilt

u
S

o
m

a
li

S
IT

 3
3
3
5

n
n
n

n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
3

L
3
.E

T
H

2
B

T
B

S
0
1
1
8

1
9
6
.1

0
9

P
u
lm

o
n
a
ry

 T
B

F
ic

h
e

O
ro

m
o

S
IT

 2
6

n
n
n

n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
3

L
3
.E

T
H

3
B

T
B

S
0
1
2
5

2
3
2
.2

6
2

P
u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 2
4
7

n
n
n

n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n

L
3

L
3
.E

T
H

3
B

T
B

H
0
1
3
2
 

2
1
2
.9

8
5

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

O
rp

h
a
n

n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

L
3

L
3
.4

B
T
B

H
0
2
7
3

2
3
6
.8

8
7

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 1
2
0
0

n
n
n

n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
3

L
3
.E

T
H

1
B

T
B

H
0
3
5
1
 

2
3
6
.9

0
4

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 2
5

n
n
n

n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n

L
3

L
3
.1

.1
B

T
B

S
0
3
6
0

2
2
3
.7

4
8

P
u
lm

o
n
a
ry

 T
B

G
o
n
d
a
r

O
ro

m
o

S
IT

 2
1

n
n
n

n
n

n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n

L
3

L
3
.E

T
H

1
B

T
B

H
0
4
3
5

2
2
8
.3

1
4

T
B

 l
y
m

p
h
a
d
e
n
it
is

B
u
ta

jir
a

G
u
ra

g
e

S
IT

 2
5

n
n
n

n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n

L
3

L
3
.E

T
H

2
B

T
B

S
0
4
7
7

2
2
9
.6

8
P

u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 2
6

n
n
n

n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
3

L
3
.1

.1
B

T
B

S
0
5
0
1

2
3
1
.5

6
7

P
u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 2
1

n
n
n

n
n

n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n

L
3

L
3
.4

B
T
B

S
0
5
9
9

2
3
0
.0

0
5

P
u
lm

o
n
a
ry

 T
B

B
u
ta

jir
a

A
m

h
a
ra

S
IT

 1
n

n
n

n
n

n
n

n
n

L
3

L
3
.4

B
T
B

S
0
6
9
6

2
1
6
.5

8
9

P
u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

A
m

h
a
ra

S
IT

 1
n

n
n

n
n

n
n

n
n

L
3

L
3
.E

T
H

1
B

T
B

S
0
7
0
9
 

2
4
4
.3

0
2

P
u
lm

o
n
a
ry

 T
B

F
ic

h
e

A
m

h
a
ra

S
IT

 2
5

n
n
n

n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n

L
3

L
3
.E

T
H

1
B

T
B

S
0
9
4
4

2
2
3
.8

5
8

P
u
lm

o
n
a
ry

 T
B

G
o
n
d
a
r

A
m

h
a
ra

S
IT

 2
5

n
n
n

n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n

L
3

L
3
.E

T
H

1
B

T
B

H
1
0
7
7

2
4
0
.8

8
2

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 2
5

n
n
n

n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n

L
4

L
4
.2

.E
T
H

1
B

T
B

S
0
1
0
1
 

2
3
8
.6

7
8

P
u
lm

o
n
a
ry

 T
B

G
o
n
d
a
r

O
ro

m
o

S
IT

 1
4
9

n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
4

L
4
.2

.E
T
H

2
B

T
B

H
0
1
1
4

2
3
7
.3

7
6

T
B

 l
y
m

p
h
a
d
e
n
it
is

B
u
ta

jir
a

S
ilt

i
S

IT
 3

1
3
5

n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

L
4

L
4
.6

B
T
B

S
0
1
3
6

2
3
5
.9

0
4

P
u
lm

o
n
a
ry

 T
B

F
ilt

u
S

o
m

a
li

S
IT

 5
8
4

n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
4

L
4
.6

B
T
B

S
0
2
9
7

2
1
8
.8

5
6

P
u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 2
7
9
3

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
4

L
4
.3

B
T
B

S
0
3
3
3

2
2
9
.5

5
1

P
u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 4
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
4

L
4
.1

.2
B

T
B

S
0
4
5
8

2
3
1
.6

7
P

u
lm

o
n
a
ry

 T
B

G
o
n
d
a
r

A
m

h
a
ra

S
IT

 3
3
1
3

n
n

n
n

n
n

n

L
4

L
4
.6

B
T
B

H
0
4
7
7

2
2
5
.3

1
9

T
B

 l
y
m

p
h
a
d
e
n
it
is

G
h
im

b
i

O
ro

m
o

S
IT

 3
3
3
7

n
n
n
n
n
n
n
n
n
n
n
n

n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
4

L
4
.6

B
T
B

H
0
4
8
5

2
3
5
.2

1
6

T
B

 l
y
m

p
h
a
d
e
n
it
is

G
h
im

b
i

A
m

h
a
ra

S
IT

 3
1
3
7

n
n
n
n
n
n
n
n

n
n
n

n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
4

L
4
.1

.2
B

T
B

S
0
5
0
0

2
0
0
.7

3
P

u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 1
3
4

n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
4

L
4
.1

.2
B

T
B

S
0
5
7
4

2
2
3
.5

9
4

P
u
lm

o
n
a
ry

 T
B

F
ic

h
e

O
ro

m
o

S
IT

 5
0

n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
4

L
4
.6

B
T
B

H
0
5
8
7

2
0
9
.5

7
9

T
B

 l
y
m

p
h
a
d
e
n
it
is

G
o
n
d
a
r

O
ro

m
o

S
IT

 3
7

n
n
n
n
n
n
n
n
n
n
n
n

n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
4

L
4
.1

0
B

T
B

H
0
5
9
0

2
0
9
.2

5
8

T
B

 l
y
m

p
h
a
d
e
n
it
is

G
h
im

b
i

O
ro

m
o

S
IT

 5
3

n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
4

L
4
.2

.E
T
H

1
B

T
B

S
0
6
9
3

2
3
2
.1

5
9

P
u
lm

o
n
a
ry

 T
B

N
e
g
e
lle

O
ro

m
o

S
IT

 1
4
9

n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
4

L
4
.1

.2
B

T
B

H
0
7
2
1

2
2
5
.8

5
9

T
B

 l
y
m

p
h
a
d
e
n
it
is

B
u
ta

jir
a

G
u
ra

g
e

S
IT

 3
1
3
4

n
n
n
n
n
n
n
n
n
n
n
n

n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
4

L
4
.6

B
T
B

S
0
7
2
9

2
1
8
.7

9
8

P
u
lm

o
n
a
ry

 T
B

H
o
le

ta
d
a
ta

 m
is

s
in

g
S

IT
3
3
1
4

n
n

n
n
n

n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
4

L
4
.6

B
T
B

S
0
7
7
6

1
9
3
.2

6
9

P
u
lm

o
n
a
ry

 T
B

G
h
im

b
i

O
ro

m
o

O
rp

h
a
n

n
n
n
n
n
n
n
n
n
n
n
n

n
n
n
n

n
n

n
n

n
n

L
4

L
4
.1

.2
B

T
B

S
0
8
0
1

2
4
4
.1

9
P

u
lm

o
n
a
ry

 T
B

B
u
ta

jir
a

d
a
ta

 m
is

s
in

g
S

IT
 3

1
3
4

n
n
n
n
n
n
n
n
n
n
n
n

n
n
n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
4

L
4
.2

.E
T
H

2
B

T
B

H
1
0
3
1

2
1
8
.0

3
3

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 4
6

n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n
n

n
n

n
n

n
n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
0
7
9

2
4
0
.6

7
1

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 1
7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
1
2
2

2
3
7
.4

6
2

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 1
7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
1
2
7

1
9
0
.3

6
1

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 1
7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
2
1
1

1
9
8
.1

7
5

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

G
u
ra

g
e

S
IT

 3
3
3
6

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
2
1
7

2
4
1
.7

9
8

T
B

 l
y
m

p
h
a
d
e
n
it
is

B
u
ta

jir
a

S
ilt

i
S

IT
 1

7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

S
0
2
3
6

2
3
5
.8

5
8

P
u
lm

o
n
a
ry

 T
B

F
ic

h
e

O
ro

m
o

S
IT

 1
7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

S
0
2
3
9

2
3
8
.3

1
3

P
u
lm

o
n
a
ry

 T
B

F
ic

h
e

O
ro

m
o

S
IT

 9
1
0

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

S
0
2
6
4

2
3
8
.3

1
9

P
u
lm

o
n
a
ry

 T
B

F
ic

h
e

O
ro

m
o

S
IT

 1
7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
4
4
4

1
8
5
.4

6
5

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

O
rp

h
a
n

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
4
5
2

1
9
0
.3

5
2

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

T
ig

re
S

IT
 1

7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
5
0
0

1
5
0
.1

9
6

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 9
1
0

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

S
0
5
1
7

2
3
2
.2

3
7

P
u
lm

o
n
a
ry

 T
B

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 9
1
0

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

S
0
5
6
4

2
3
7
.6

4
8

P
u
lm

o
n
a
ry

 T
B

F
ic

h
e

d
a
ta

 m
is

s
in

g
S

IT
 9

1
0

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
5
6
8

2
3
6
.9

3
T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 1
7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
5
6
9

2
4
1
.1

5
T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 1
7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

S
0
5
8
0

2
3
3
.8

7
1

P
u
lm

o
n
a
ry

 T
B

F
ic

h
e

O
ro

m
o

S
IT

 1
7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

S
0
6
1
0

2
3
8
.8

7
1

P
u
lm

o
n
a
ry

 T
B

B
u
ta

jir
a

d
a
ta

 m
is

s
in

g
S

IT
 9

1
0

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

S
0
6
7
6

2
3
5
.1

7
2

P
u
lm

o
n
a
ry

 T
B

A
d
d
is

 A
b
a
b
a

d
a
ta

 m
is

s
in

g
S

IT
 9

1
0

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
7
1
5

2
2
8
.8

1
1

T
B

 l
y
m

p
h
a
d
e
n
it
is

F
ic

h
e

A
m

h
a
ra

O
rp

h
a
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

S
0
7
4
6

2
1
6
.6

8
P

u
lm

o
n
a
ry

 T
B

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 1
7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
9
3
5

2
2
1
.3

1
5

T
B

 l
y
m

p
h
a
d
e
n
it
is

B
u
ta

jir
a

G
u
ra

g
e

S
IT

 3
3
3
6

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
9
5
6

2
1
0
.4

3
1

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 1
7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
0
9
6
2

2
2
8
.6

2
5

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

d
a
ta

 m
is

s
in

g
S

IT
 1

7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
1
0
1
2

2
1
9
.6

3
2

T
B

 l
y
m

p
h
a
d
e
n
it
is

B
u
ta

jir
a

d
a
ta

 m
is

s
in

g
S

IT
 9

1
0

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

L
7

N
o
t 

c
la

s
s
ifi

e
d

B
T
B

H
1
0
5
8

2
3
8
.1

8
7

T
B

 l
y
m

p
h
a
d
e
n
it
is

W
o
ld

iy
a

A
m

h
a
ra

S
IT

 1
7
2
9

n
n
n

n
n

n
n

n
n

n
n

n
n

n
n

n
n

n

S
p

o
li

g
o

ty
p

e
 p

a
tt

e
rn

 (
fil

le
d
 c

e
ll 

=
 s

p
a
c
e
r 

p
re

s
e
n
t;

 e
m

p
ty

 c
e
ll 

=
 s

p
a
c
e
r 

a
b
s
e
n
t)



 
 

Table S2. Coalescent times in MTBC evolution for the most frequent Ethiopian clades identified 

in this study. Median height values for two coalescent events are shown for respective sub-

lineage (see text for details). The dates are given in years before present. Related to Figure 4. 

 

MTBC-70  

(years ago) 

MTBC-6  

(years ago) 

MTBC-70  

(years ago) 

MTBC-6  

(years ago) 

Coalescent event Split from closest non-East African Divergence within East Africa 

L4.1.2 6,565 538 5,759 473 

L4.2.ETH2 13,849 1,124 6,628 545 

L4.2.ETH1 5,548 441 2,863 234 

L4.10 9,904 784 2,847 228 

L4.6 19,669 1,575 6,009 501 

L3.1.1 14,300 1,172 9,831 809 

L3.4 23,763 1,922 19,383 1,574 

L3.ETH3 15,956 1,137 5,201 374 

L3.ETH2 14,107 1,058 4,392 436 

L3.ETH1 10,249 1,172 7,215 809 

L1.2.1 26,792 2,058 18,086 1,419 

L1.2.2 26,567 2,035 5,484 448 

L7 58,276 4,461 11,280 927 

 

  



 
 

Supplemental Experimental Procedures 

 

Correlation between dating analyses and known Ethiopia historical events 

Based on the MTBC-70 model, the dominant Ethiopian sub-lineage L4.2 (15% of all 950 isolates 

based on spoligotype analysis [S1]) has a coalescent date consistent with its arrival in 

association with the major north-south human migration and origin of the Ethiosemitic 

languages around 3 thousand years ago [S3] (Table S2). L4.2 includes the “Ural” spoligotype 

family commonly found in the Pontic region north of the Black Sea and in Iran [S4], and a 

plausible scenario could involve infection of a Neolithic human population in the Levant by the 

L4.2 progenitor, followed by divergent north/south migrations. Sub-lineage L4.6 has an older 

coalescent point, corresponding to 20 thousand years ago in the MTBC-70 model. A potential 

link with patterns of human migration is provided by Eurasian mitochondrial DNA haplogroups 

U6 and M1 which were present in Africa during the Upper Paleolithic period prior to Neolithic 

expansion [S5]. L4.6 is currently restricted to Africa, and its common occurrence in Uganda, 

Cameroon and neighbouring countries suggests that it could have been disseminated across 

southern Africa in association with the Bantu expansion between 1000 BC and 500 AD. The 

remaining two sub-lineages of L4 observed in Ethiopia may represent recent colonial spread 

from Europe as evidenced, for example, by the global distribution of the spoligotype family 

known as “Latin American Mediterranean” (LAM) [S6]. Coalescent analysis of L3 suggests a 

similar pattern of multiple introductions into Ethiopia. Dating by the MTBC-70 model suggests 

that the major sub-lineage L3.ETH1 was established in Ethiopia prior to the Neolithic period. 

The geographic distribution of L3.ETH1, together with its early divergence from sub-lineages 

present in the Indian sub-continent, suggests an introduction into Ethiopia by ancient land-

based human migrations. Coalescent analysis of other Ethiopian L3 isolates mapping to sub-

lineages with a broader geographic distribution would be consistent with a more recent 

introduction through trade routes across the Indian Ocean. 

 

Coalescent times estimated according to the MTBC-6 model suggest a much more recent 

origin and spread of M. tuberculosis in Ethiopia between the 15th and 19th centuries (Table S2). 

These dates are difficult to reconcile with major population migrations into Ethiopia, though 

historical records show continuous internal migrations with southward movement of Tigrean 

populations during ancient and medieval periods, northward migration of Oromos between 

the 16th and early 18th centuries, and southern movement of Amharas in the 19th century. 

Documentation of a recent expansion of L2 genotype in South Africa demonstrates that large-

scale population movements are not a prerequisite for effective dissemination of a novel strain 

within a susceptible population, however, while the absence of an association of the West 

African slave trade with Lineages 5 and 6 shows that M. tuberculosis genotypes do not 

inevitably follow population movements. The predicted 16th century introduction of L4.2 into 

Ethiopia could reflect a period of increasing openness to European adventurers, with 

L4.2.ETH1 aligning with the timing of a Portuguese military expedition to support the 

resistance of Ethiopian Christians against Muslim incursions. The 12th century dating of L3.4 



 
 

and L3.ETH1 would be consistent with the dissemination of these clades by Indian Ocean 

trade.  
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