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Study Objectives
1. Develop a standardized sequencing methodology/protocol using the Ion

Torrent.
» Streamlined library prep
» No ancillary equipment
» Reduced laboratory footprint
» Safe for standard laboratories

2. Develop a protocol using 5 full‐length MTB genes for detecting and
characterizing MDR/XDR strains.

» Proof or principle using 5 genes, expandable to 16+ genes
» Standardized amplification and thermocycling

3. Evaluate the developed protocol using a limited set of retrospectively
collected susceptible, MDR and XDR strains.

» Collected from Gauteng and Kwa‐Zulu Natal Provinces in South Africa
» Clinical isolates collected between July‐November, 2011
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PrimeStore® MTM is a sample collection solution 
that safely inactivates microbes, 

and stabilizes/preserves RNA and DNA for downstream 
Nucleic Acid Testing (NAT)…… 

SPECIMEN COLLECTION & PRESERVATION SOLUTION FOR 
MOLECULAR DIAGNOSTIC APPLICATIONSPrimeStore®

…and Next Generation Sequencing 
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Next Generation Ion Torrent 
Sequencing

1. rpoB
2. katG
3. gyrA
4. rrs (16s rRNA)
5. pncA

~TB drug resistance chip~
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Ion Torrent‐How does it work?
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Natural 

Chemistry
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The Chip is the 
Machine™
Scalability

Simplicity

Speed
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Technology Summary
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Efficient multiplexing up to 16 libraries

Reduces cost/sample

Minimal adaptor sequence for added 
sample identification confidence

Automation compatible

Ion DNA Barcode Adaptor 1‐16 Kit

1 day
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Drug-susceptibility Testing in TB: Current Status and Future Prospects.  Elvira Richter; Sabine Rüsch-Gerdes; Doris 
Hillemann.  Expert Rev Resp. Med. 2009;3(5):497-510. 

Molecular Basis of Drug Resistance 
in Mycobacterium tuberculosis



Next Generation Ion Torrent Sequencing
TB drug 
susceptibility chip

11,472 bp total
X 16 barcodes
=183,552 bps

29 GB
(Raw Data)

60 MB
(FASTQ)

Torrent Browser

COLLECTION 
SHIPMENT

Ambient 
temperature

Standard 
delivery

DETECTION
SEQUENCING

1. rpoB
2. katG
3. gyrA
4. rrs (16s rRNA)
5. pncA*
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Full‐Length Gene Amplification for TB 
Drug Resistance

 Representative amplicons for 5 MTB
genes (rpoB, katG, pncA, gyrA, and
rrs).

 A total of 11,432 bps for five genes
were sequenced for each clinical
isolate.

 A 1.0% agarose gel with 1 KB ladder
is shown.
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Ion Torrent Server and Suite 

Torrent Suite

Ion Torrent 
PGM™ 

Sequencer

29 GB
(Raw Data)

60 MB
(FASTQ)

Torrent Browser

Single run analysis

60 mins Ion 314™  Chip

75 mins Ion 316™  Chip

Multiple run 

analysis

To Bases Run 
Assessment

Data Delivery 
(SFF or FASTQ

SAM/BAM)

Alignments
Quality Scores
Variant Calls

Web based data delivery with integrated alignment and variant calling

Genomic
Analysis?
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Barcoded Samples
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314 Chip Ion Sphere Particle (ISP) Loading 
Density Map

314 Chip Density Map
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MTB Library Run Summary
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LaserGene 10 Core Suite
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Compare Assembled Barcoded Samples

Multiple sequence alignments



Protein Translation

amino acid substitution mutations



ACGGATTTGTCGCTCACTACATCACCGGCGTGATCTATCCCGCCGGTTGGGTGGCCGCCGCTCAGCTGGTCATGTTCGCGATCGTCGCGG
CGTCATGGACCCTATATCTGTGGCTGCCGCGTCGGTAGGCAAACTGCCCGGGCAGTCGCCCGAACGTATGGTGGACGTATGCGGGCGTT
GATCATCGTCGACGTGCAGAACGACTTCCGCGAGGGTGGCTCGCTGGCGGTAACCGGTGGCGCCGCGCTGGCCCGCGCCATCAGCGAC
TACCTGGCCGAAGCGGCGGACTACCATCACGTCGTGGCAACCAAGGACTTCCACATCGACCCGGGTGACCACTTCTCCGGCACACCGGA
CTATTCCTCGTCGTGGCCACCGCATTGCGTCAGCGGTACTCCCGGCGCGGACTTCCATCCCAGTCTGGACACGTCGGCAATCGAGGCGGT
GTTCTACAAGGGTGCCTACACCGGAGCGTACAGCGGCTTCGAAGGAGTCGACGAGAACGGCACGCCACTGCTGAATTGGCTGCGGCA
ACGCGGCGTCGATGAGGTCGATGTGGTCGGTATTGCCACCGATCATTGTGTGCGCCAGACGGCCGAGGACGCGGTACGCAATGGCTTG
GCCACCAGGGTGCTGGTGGACCTGACAGCGGGTGTGTCGGCCGATACCACCGTCGCCGCGCTGGAGGAGATGCGCACCGCCAGCGTC
GAGTTGGTTTGCAGCTCCTGATGGCACCGCCGAACCGGGATGAACTGTTGGCGGCGGTGGAGCGCTCGCCGCAAGCGGCCGCCGCGC
ACGACCGCGCCGGCTGGGTCGGGTTGTTCACCGGTGACGCGCGGGTCGAAGACCCGGTGGGTTCGCAGCCGCAGGTGGGGCATGAG
GCCATCGGCCGCTTCTACGACACCTTCATCGGGCCGCGGGATATCACGTTCCATCGCGATCTGGATATCGTCTCCGGC

ATGCGGGCGTTGATCATCGTCGACGTGCAGAACGACTTCCGCGAGGGTGGCTCGCTGGCGGTAACCGGTGGCGCCGCGCTGGCCCGCG
CCATCAGCGACTACCTGGCCGAAGCGGCGGACTACCATCACGTCGTGGCAACCAAGGACTTCCACATCGACCCGGGTGACCACTTCTCC
GGCACACCGGACTATTCCTCGTCGTGGCCACCGCATTGCGTCAGCGGTACTCCCGGCGCGGACTTCCATCCCAGTCTGGACACGTCGGC
AATCGAGGCGGTGTTCTACAAGGGTGCCTACACCGGAGCGTACAGCGGCTTCGAAGGAGTCGACGAGAACGGCACGCCACTGCTGAA
TTGGCTGCGGCAACGCGGCGTCGATGAGGTCGATGTGGTCGGTATTGCCACCGATCATTGTGTGCGCCAGACGGCCGAGGACGCGGTA
CGCAATGGCTTGGCCACCAGGGTGCTGGTGGACCTGACAGCGGGTGTGTCGGCCGATACCACCGTCGCCGCGCTGGAGGAGATGCGC
ACCGCCAGCGTCGAGTTGGTTTGCAGCTCCTGA

MRALIIVDVQNDFREGGSLAVTGGAALARAISDYLAEAADYHHVVATKDFHIDPGDHFSGTPDYSSS
WPPHCVSGTPGADFHPSLDTSAIEAVFYKGAYTGAYSGFEGVDENGTPLLNWLRQRGVDEVDVVGIA
TDHCVRQTAEDAVRNGLATRVLVDLTAGVSADTTVAALEEMRTASVELVCSS.

Ion Torrent Sequencing 
Sample 3100029
>100X Coverage 
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C14R substitution
PZA Resistance

Nucleotides

Amino Acid

CysArg

Genetic Analysis of pncA gene from a 
Clinical Sample 



Amplification 
Target Forward Reverse Amplicon (bp)
rrs (16s) 5' ‐TTCTAAATACCTTTGGCTCCCT ‐3' 22nt 5' ‐TGGCCAACTTTGTTGTCATGCA ‐3' 22nt 1680
rpoB 5' ‐ TCCTCTAAGGGCTCTCGTT ‐3' 19nt 5' ‐ GTCAGGTACACGATCTCGT ‐3' 19nt 1625
rpoBII (2nd half) 5' ‐ ATCGAAACGCCGTACCGCAA ‐3' 20nt 5' ‐TGACGTCGAGCACGTAACTCCCT ‐3' 23nt 2056
katG 5' ‐ ACACCAACTCCTGGGAAGGAAT ‐ 3' 21nt 5' ‐ TGATCGCACATCCAGCACATTT ‐3' 22nt 2447
gyrA 5' ‐ AAGGATGTTCGGTTCCTGGAT ‐3' 21nt 5' ‐ TAACACTCGTACCCGGCT ‐3' 18nt 2664
pncA 5'‐ GACGGATTTGTCGCTCACTAC‐3' 21nt 5'‐ GCCGGAGACGATATCCAGAT‐3' 20nt 960

 11,432 bases per isolates
 Universal amplification parameters
 Universal thermocycling parameters

PCR amplification primers used for 
full‐length analysis of MTB Genes
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pncA Gene Results

No. of 
isolates 
(n=26)

Amino Acid Substitution(s)‡
in the pncA gene (3619 bps)

Pyrazinamide Result by: 

GenBank Accession No(s).  
Ion 
Torrent†

Bactec MGIT 
960

3 C14R Resistant Resistant
1 A102V Resistant Resistant
1 Q122(Stop) Resistant Resistant
16 Wild Type‡ Sensitive Sensitive
1 V139G Resistant Resistant
1 R154G Resistant Resistant
2 L172P Resistant Resistant

1 Silent (C195T)¥ Sensitive Sensitive
†Pyrazinamide resistance is known to occur in several mutaƟons described byMphahele et al.
‡Compared to H37Rv reference strain.  
¥One strain contained a silent (synonymous) nucleoƟde mutaƟon at posiƟon 195 (C→T).

Summary of 6 amino acid mutations in the pncA gene of 26 (14 MDR, 7 XDR 
and 5 fully susceptible) M. tuberculosis isolates from South Africa deduced 
by Ion Torrent sequencing and culture.

Daum et al., under review, Journal of Clinical Microbiology, 2012



Conclusions
 Collection and ambient temperature shipment of MTB samples in PrimeStore® MTM

provides a safe and cost effective approach for global MTB drug resistance
surveillance using Ion Torrent/Next Gen sequencing.

 PZA resistance was observed in 9 of 26 isolates characterized, with 6 different
mutations detected in at least one strain.

 Ion Torrent sequencing characterized 5 substitution mutations and an uncommon
Q122(Stop) mutation in the pncA gene.

 Combined with other full‐length resistance genes the developed Ion Torrent method
characterizes MDR and XDR strains with overall performance comparable to Hain
LPA, and offers potential discovery of novel resistance mutations.

 Future studies are in progress to include ALL (known) genes implemented in TB drug
resistance and to compare newly identified and known resistance mutations to
quantitative MIC value.
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