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TB Background 

• Tuberculosis is an ancient disease that has been evolving 
alongside humans 

• Caused by Mycobacterium tuberculosis and other MTBC species 

• Roughly one third of the world’s population is infected with TB 

• 2013: 9 million new infections, 1.5 million deaths 

• Second only to HIV/AIDS as a worldwide killer 
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Drug Resistant 
Tuberculosis is a                               

Global Health Concern 

• MDR: resistance to at least 
rifampin and isoniazid 

• XDR: also resistant to at 
least 3 second line drugs 
 

• Standard drug susceptibility 
testing can take weeks to 
months to complete 

• The tests for drug resistance 
have certain limitations 

– Number of targets 

http://www.cdc.gov/nchhstp/newsroom/2014/WorldTBDay-graphics.html 
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Why perform WGS on Mycobacterium tuberculosis? 

• Turn-around time-Culture and Drug Susceptibility Testing (DST) - weeks to months 

• Early molecular diagnostic testing-Important to improved TB treatment and TB 
prevention 

• More comprehensive results-Detect mixed infections, many predictors of DR, 
subpopulations of TB may predict success of treatment 

• Cost effective-Real-time PCR targets (9), Pyrosequencing targets (6), Spoligotyping 
(Luminex) 

 

 



May 19, 2015 5 

2007 2008 2009 2010 2011 2012 2013 2014 

TB Cases 1175 1200 1007 954 910 864 872 786 
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Validating a WGS assay for TB 

Mycobacteriology 
Laboratory 

Bioinformatics 

Core Facilities 

Selecting validation 
approach, culture, 
optimization of DNA 
preparation 

Library preparation and Miseq 
sequencing, optimizing, planning 
overall decisions for balancing runs 
(1 Ion Torrent, 3 Miseq instruments) 

Development, testing and continual  
improvements to pipeline, data storage 
(Freely available academic software,  
background in microbiology) 
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Where to start? 

• Isolates 
– Solid (initial 68) 
– MGITs 

• Primary specimens 
– sputum (preliminary) 
– other 

Need to keep in mind available testing volumes,  
what is needed for other tests, archiving, etc... 
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How Can We Mimic a Clinical Isolate? 

• Grow 2 different strains in MGIT tube 
– M. tuberculosis : ATCC strain (ATCC) 
– M. bovis BCG : patient strain (BCG) 

• Aliquots made and heat killed before 
leaving BSL-3 

  

Live BCG x3 

HK BCG x2 MGIT 

• A positive tube contains approximately 105 to 
106 colony-forming units per milliliter 
(CFU/mL) 

• 0,1,2,3 days since flag positive 

• Isolates submitted to the lab are usually <2mL 
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A New Tool box 

• Modified an existing real-time PCR assay  
• Qubit 

– WGS Core requests ~1ng/uL 
• NanoDrop 

– Purity and concentration 
• Communication with Sequencing Core, 

bioinformatician 
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Breaking TB Open is Critical for 
DNA Extraction 

Important TB 
Characteristics 

• ~24 hour doubling time 
• TB clumps together in ‘crumbs’ 
• Unique cell wall 

– Rich in lipids (>60%) 
– Mycolic acids 

 

Initial Methods 

• Typical bacterial extraction (failure) 
• Zymo Research Kit 

– Meant for tough to lyse fungi / 
bacteria 

• CTAB method 
– Ideal for plant cell nucleic acid 

extraction 
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• InstaGene matrix (Chelex resin) 
– When to add beads, when to beat, boil 

time etc... 
 

• Fastprep tissue homogenizer 
– Good enough yield to provide reliable WGS 

data even with 0 day MGIT  

 

Sample 5 sent for WGS: 
Depth: 96.77X 
Coverage: 99.8% 

Success- InstaGene matrix and  
Tissue Homogenizer 

 



May 19, 2015 13 

Successful WGS 

• Depth: Essentially the number of 
times the base was read; measure 
of confidence in correct call 

– Can be given as a genome average 
– We are aiming for 40X 
 

• Coverage: A percentage that 
describes how much of the 
genome was sequenced 

– Best 100% 
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Library Preparation is Another 
Key Factor 

• Votintseva et al. suggested 
using 15 cycle library 
preparation 

– 2015 paper about WGS of early 
positive MGIT 

• All 4 samples failed using 
standard 12 cycles 

• Successful using 15 cycles 
– Depth: 13-30X 
– Coverage: >96% 

• Normalization 
 
 

Sample Date Method stock ng/uL 

BCG (0 day) 

2/25 InstaGene 0.268 

2/25 InstaGene 0.344 

2/25 InstaGene 0.346 

2/25 InstaGene 0.38 
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Bioinformatics Pipeline 

Pascal LaPierre, PhD 
Michael Palumbo, PhD 



Pipeline Schematic 

Pascal Lapierre, PhD 
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Validation of TB WGS 

• SOP 
– Reports 
– QC 
– Controls 

 
– AGTC  
– Bioinformatics 

• Validation Study 
– Specificity (bacteria, mixtures) 
– Sensitivity  
– Inter-assay reproducibility (3 samples run 

on 3 different days through whole 
process) 

– Intra-assay reproducibility (3 samples run 
in triplicate) 

– Accuracy Verification (30 positive samples 
tested in blinded, compared to CLEP 
approved assays, sequencing, or DST) 
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TB WGS Reports 

Whole genome sequencing 
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Whole Genome Sequencing of TB: 
A “One Stop Shop” 

WGS 

Single assay 

Identification 

Species Differentiation 

Genotyping (more accurate) 

Drug resistance mutations  

(more comprehensive) 

COST 

Estimated around $100 per sample 
 

TURNAROUND TIME 

DNA preparation (1 days) 
WGS result (4-5 days) 
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WGS Prediction Spoligotypes with 
increased resolution 
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A Glimpse of the One Stop Shop in Action 
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Evolving Pipeline 
 

• INH resistant, pyrosequencing failed- WGS katG 
gene missing 

• Real-time PCR failed to differentiate MTBC- Regions 
of Deletion (RD 12, 4, 9) deleted 

• Low level isoniazid, streptomycin- accumulating 
data 

• Spoligotyping shows faint bands-SNPs in spacer 
• Bedaquiline mutations detected 
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XDR Case (November 2014) 

• Wadsworth Center- 13 tests (0-2 days) 
• CDC- 5 additional molecular tests (7 days) 
• Wadsworth Center- first line (14 days) 
• Wadsworth Center- second line (28 days) 
• National Jewish Health Advanced Diagnostic 

Laboratories- drug susceptibility (46 days) 
 
 Can we develop one assay capable of generating  

the same results...and more?  
Can we do it in <1 week? 
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Spoligotype: S00062 (777740777760771)  

Lineage Euro-American 
M. tuberculosis X1 family 



May 19, 2015 25 

Future Directions WGS Bacteria 

• Finalize validation and implement WGS for 
TB MGIT testing 

• TB Primary specimens 
• Foodborne bacteria- FDA GenomeTrakr, 

WGS AMD- PulseNet 
• Legionella spp., E. coli, Staphylococcus 

aureus, Streptococcus spp., antibiotic 
resistance- (CRE) 
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