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Introduction

Mycobacterium 
tuberculosis complex

̂MTBC̃

Primarily transmitted via 
the respiratory route

Tuberculosis (TB)
Obligate human 
parasitic bacteria

10.8 million new cases

Over 1.25 million deaths

~25% of the global 
population carries it

No intermediate host

No horizontal gene 
transfer

Hypotheses: 
(1) recent L2/L4 

replacement 
(2) host adaptation

China shows low MTBC 
lineage diversity

Cannot survive long-term 
in the environment

~740,000 new cases in 
China



Highlights

ü MTBC entered China 
1000ς400 years ago 
via dispersal networks 
linking Europe and 
China, underwent 
three rapid population 
expansions

ü MTBC local clades in 
China exhibited 
convergent host 
adaptations, 
reflected by the 
potential 
macrophage-induced 
selection pressures

ü Two novel bioinformatics methods were established to estimate the selection pressures and to detect the 
adaptive evolution signals.



Prevalence of MTBC in China

Figure 1. Prevalence of the MTBC sub-lineages currently predominant in China.

ü Dominant lineages: L2 78.2%, L4 20.6%

ü Geography: L4 higher in South; 

       declines northward

ü Local clades  in China with higher intra-
clade diversity

ü Diversified 1000ς400 BP



Prevalence of MTBC in China

Figure 1. Prevalence of the MTBC sub-lineages 

currently predominant in China.

ü Narrow sub-lineages: L2τL2.2 
dominates; L4τL4.2/L4.4/L4.5 only

ü L4.5 localized in China



Historical spread of C hinaôs local MTBC sub -lineages

Figure 2. Historical spread of the four sub-

lineages currently predominant in China.

ü 600ς300 BP South Chinaς
West Europe corridor;

      dual hubs in last 200 years

ü L2.2: South China 
(Fujian/Anhui) Ҧ West 
Europe Ҧ global



Historical spread of C hinaôs local MTBC sub -lineages

ü L4.2/4.4: European 
origin; maritime 
entry to South China; 
worldwide spread

Figure 2. Historical spread of the four sub-

lineages currently predominant in China.

ü L4.5: South China 
(Zhejiang); mostly 
domestic

ü Isolation  
and coastal 
gateways Ҧ 
low diversity



Historical population expansions of MTBC in China

Figure 3. Historical population expansions 

of MTBCôs local clades in China.

ü Three population 
expansions of local 
MTBC clades in 
China

ü Coinciding with regional temperature 
minima in China and post-war 
recovery after the Ming collapse and 
the Taiping conflict.



Selection pressures of MTBC local clades in C hina

Figure 4. Selection pressures on the macrophage infection key genes and T cell epitopes of the MTBC clades found in China.

ü Mutation rate 
rose 300ς200 
BP; genome 
under purifying 
selection

ü Stronger positive 
selection on the 
macrophage 
infection key 
genes and T cell 
epitopes (local 
clades in China > 
sister clades in 
non-China 
regions)



Selection pressures of MTBC local clades in C hina

ü L4.5 adapted 
~600 BP; others 
~250ς200 BP, 
synchronous

Figure 4. Selection pressures on the macrophage infection key genes and T cell epitopes of the MTBC clades found in China.

ü Synonymous 
bias toward 
optimal codons

ü Adaptation drove 
dominance and 
low diversity



Genes undergoing adaptive evolution 

Figure 5. Candidate genes undergoing adaptive evolution of the 

MTBC clades predominantly found in China.

ü The DNA information entropy 
flagged 12 genes with 
adaptive evolution signals 

ü Rv0801 with the 
strongest signal



Genes undergoing adaptive evolution 

ü Experimentally 
validated Rv0801 
enhanced intra-
macrophage 
persistence

Figure 5. Candidate genes undergoing adaptive evolution of the 

MTBC clades predominantly found in China.

ü Points to macrophage pressure and 
immune evasion

ü Rv0801: predicted 
glyoxalase ʆ 

(VOC domain, metal 
sites)



Shared INDELs of MTBC clades in China

Figure 6. The small segment insertions and deletions (INDELs) of the MTBC clades predominantly found in China.

ü Structural 
variation drives 
adaptation; 
PE_PGRS gene 
family central

ü local MTBC 
clades in 
China show 
enriched 
INDELs at 
specific loci

ü Hotspots: 
PGII helices



Shared INDELs of MTBC clades in China

ü Frameshift mutations 
caused by INDELs in 
the PE_PGRS3 gene 
disrupt the long C-
terminal structure of 
the protein, impairing 
its adhesion to 
macrophages

ü Points to macrophage 
/  humoral immune 
selection pressures

Figure 6. The small segment insertions and deletions (INDELs) of the MTBC clades predominantly found in China.



Clade-specific RDs of MTBC clades in China

Figure 7. Clade-specific regions of difference (RDs) of the 

MTBC clades predominantly found in China.

ü Five clade-specific RDs 
in the local clades 
L2.2d, L4.4cnand L4.5

ü RDa deletes Rv0576; 
RDb-e impact PE_PGRS 
family genes



Clade-specific RDs of MTBC clades in China

ü PGII helix/long C-
terminus losses 
alter adhesion

ü Reduced TNF-ʰ
induction, immune 
recognition

Figure 7. Clade-specific regions of difference (RDs) of the 

MTBC clades predominantly found in China.
ü Macrophage-driven adaptation indicated



Summary

Ç This study reconstructed a¢./Ωǎ history in China, showing repeated transcontinental 

introductions followed by local adaptation via an integrated framework (lineage dynamics, 

historical mutations, DNA information entropy and  structural variation analyses).

Ç New methods was developed to quantify selection pressures and identify the genes 

undergoing adaptive evolution; infections validate Rv0801 as boosting survival in human 

macrophages.

Ç  Geographic isolation, war and temperature cycles likely drove macrophage-targeted 

adaptations and dominance of local clades, revealing regional pathogen-host ŎƻŜǾƻƭǳǘƛƻƴΩǎ 

global impact and offering a model to reconstruct spread and predict local adaptation.
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