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Tuberculosis (TB)---more than 10,000 years history  

TB is a potentially serious infectious disease that mainly affects the lungs, 

which is caused by Mycobacterium tuberculosis (Mtb)

Robert Koch firstly discovered the Mtb using acid-fast stain in 1882



TB is the world’s top infectious killer

Daiyu Lin Xun Lu Huiyin Lin



Mtb genome

Mtb has circular chromosomes of about 4,200,000 nucleotides long, the 

G+C content is about 65%, the genome contains about 4000 genes 

Genes that code for lipid metabolism are a very important part of the 

bacterial genome, and 8% of the genome is involved in this activity



The primary applications for whole genome
Sequencing (WGS) of Mtb

Meehan CJ, et al. Nat Rev Microbiol. 2019



Standard workflow for WGS of Mtb complex isolates



Case report

2020-08-06：BALF mNGS



Diagnosis efficacy of Mtb via metagenomic NGS of 
direct clinical samples

Zhou X, et al. Front Cell Infect Microbiol. 2019



Outbreak investigation and genetic diversity



Sites of Surveillance

A national survey of clinical Mtb complex isolates 

Liu D, et al. Clin Microbiol Infect. 2021



Mtb lineage distribution in China

Lineage 2 is the main strain in China

The higher percentage of lineage 4 

was observed in Southern China

The rate of MDR isabout 5-10%



MDR Mtb clustering from 2007 to 2013

Clusters within 
provinces (rate)

Clusters across 
provinces (rate)

Total

265 (53.5%) 230 (46.5%) 495 (100%)

2007 2013



Predicting susceptibility and drug resistance in Mtb



Predicting susceptibility and drug resistance in Mtb



Prediction of phenotypes of resistance to ten drugs 
and multidrug resistance

Liu D, et al. Clin Microbiol Infect. 2021



Distribution and log2
MIC of different mutations of first-line drugs

Liu D, et al. Clin Microbiol Infect. 2021



 Key point: Characterizing the Lung microbiota profile and investigating its 
association with development of pulmonary TB

Classification Abbreviation No. Definition Samples

Healthy controls HCG 8 negative chest radiological signs and 
IFN-γ release assay (IGRA)

Throat swab & 
BALF

Untreated pulmonary TB UTG 12 not taking any antibiotics BALF

Treated pulmonary TB TTG 15 receiving more than two weeks of 
standard anti-TB treatment

BALF

Cured pulmonary TB CTG 11 bacterial negative conversion and 
finished long-term anti-TB treatment

BALF

Lung cancer LCG 7 confirmed by cellular or tissue 
pathology diagnoses

BALF

metagenomic next-generation sequencing

Xiao G, et al. Microbiol Spectr，2022

Profiling lung microbiota using Metagenomic NGS



Overview of the microbiota sequencing data in all groups

 Totally 1765 species were contained in BALF samples from all the groups



Microbiota profiles differ significantly between throat swabs and 
BALF samples in HC

 A divergent composition of the microbiota between the upper and lower 
respiratory tract

α-diversity

β-diversity



Microbiota profiles differ significantly between throat swabs and 
BALF samples in HC

 The top 30 species in throat 
swabs and BALF accounted for 
61.58% and 84.03% of the total 
bacteria

Top 3 in BALF: 
Klebsiella pneumoniae, 
Staphylococcus_aureus,
Pasteurella_multocida

Top 1 in throat swab:
Rothia mucilaginosa



The pulmonary TB displays an unique lung microbiota profile

 K. pneumoniae, S. aureus and P. multocida
were the three most predominant species 
within the three groups, accounting for 
56.04%, 72.06% and 43.89% of the total 
bacteria

Species level Genus level



Anti-TB treatment increases the diversity and abundance of ARGs

UTG TTG CTG

 The most common antibiotic 
resistance genes (ARG) types

tetracycline resistance genes (tetM, tetQ, 
tet32, tet37, tetW)

β-lactam resistance genes (TEM-126, 
CfxA2, OKP-A-12, IMP-42, ACT-22, VIM-13)

macrolide-lincosamide-streptogramin B 
(MLSB) resistance genes (ErmB, mel, ErmF)

co-occurrence network

Xiao G, et al. Microbiol Spectr，2022



Processing of mycobacterial samples and WGS



CRISPR system---powerful tool for pathogen diagnosis

The CRISPR/Cas9 system that is used to cut DNA has changed biology forever

The Nobel Prize In Chemistry 2020



The Cas proteins behind the CRISPR diagnostics



Cas12a/gRNA-based Platform for Identification of 
Mycobacterium Species

Xiao G, et al. J Clin Microbiol. 2021



Cas12a/gRNA-based Platform for Identification of 
Mycobacterium Species

Xiao G, et al. J Clin Microbiol. 2021



Identification of Mycobacterium abscessus subspecies
using the Cas12a/gRNA

Xiao G, et al. Eur J Clin Microbiol Infect Dis. 2020



Cas12a mutant-based module for detection of Mtb
streptomycin resistance

Liu P, et al. Front Microbiol. 2022



Cas12a mutant protein purification

Liu P, et al. Front Microbiol. 2022



Cas12a mutant protein recognizes non-traditional PAM

Liu P, et al. Front Microbiol. 2022



Screening of the crRNA at rpsl K43R and rpsl K88R mutation

Liu P, et al. Front Microbiol. 2022



High sensitivity and specificity of Cas12a mutant-based module 



High sensitivity and specificity of Cas12a mutant-based module 

Liu P, et al. Front Microbiol. 2022



Future direction

WGS: Aim to characterize mutation profile  

within 1 week

CRISPR: Aim to enable accurate testing at the 

Point of Care
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