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Next Gen Sequencing 

1GB – 4.5hrs  4GB – 20 hrs  



Moore’s Law vs. Carlson’s Curve 
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WGS Bioinformatic Toolkit 



Whole Genome Analysis 

Disease Outbreaks 
Emerging Infectious Diseases 



Molecular Epi 
Genotyping and 

Disease Outbreaks 



ST258 

Genotyping, Pop Gen and Klebsiella 

Kitchell et al. AAC 2009 

Maximum parsimony analysis 
 total SNP’s 39,985  
7499 Parsimony informative SNP’s 
Ci = 0.50  
100 bootstrap replicates 

Whole Genome SNP Analysis- 
Klebsiella pneumonia CDC23 
tree 1, aligned with 
MGH_78578 

Bowers et al. 2012 (unpublished) 



WGST vs PFGE 
Klebsiella pneumoniae ST258 

Bowers et al. 2012  



Roetzer A et al. 2013 PLoS Med 

Mtb Molecular Epi – Contact Tracing 



Engelthaler et al 2010 

Transplant Outbreak with  
Coccidioides immitis 



Exserohilum meningitis from injectable steroid 

Litvintseva, et al 2014. JCM 



WGST and TB 
High quality SNP reference database and phylogeny 

 
 



Molecular Epi 
Emerging Infectious Diseases 



Apophysomyces 

Joplin, Missouri 
May, 2011 



Killer Tornado 

• EF5 Tornado 
• 156 Killed 
• 1,100 Hospitalized 
• 30-50% of Joplin 

destroyed 

 





May 22, 2011 

Neblett Fanfair et al. 2012 in preparation  



Day 10 

Photo Courtesy Gina Weddle, RN, MSN, CPNP-AC, The Children’s Mercy Hospital  



Day 24 

Photo Courtesy Gina Weddle, RN, MSN, CPNP-AC, The Children’s Mercy Hospital  



Day 102 

Photo Courtesy Gina Weddle, RN, MSN, CPNP-AC, The Children’s Mercy Hospital  



Apophysomyces spp. 

28k SNPs 
CI = 0.62 

Joplin 
Outbreak 

Etienne, et al. 2012   



Amplicon Sequencing for  
Drug Sensitivity Testing in 

Mycobacterium tuberculosis 



Mtb Antibiotic Resistance  

• Focusing on 6 genes  
– katG – Isoniazid resistance 
– rrs – Kanamycin/Amikacin/Capreomycin resistance  
– inhA promoter – Isoniazid resistance  
– gyrA – Moxifloxacin/Ofloxacin  resistance 
– eis promoter – Kanamycin/Amikacin/Capreomycin resistance 
– rpoB – Rifampicin resistance 

 
• Focusing on 36 mutations identified in Rodwell et al 2013 

JCM 

 



Demultiplex sample reads 
Align to reference sequences  

Analyze for: 
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Highly Multiplex Amplicon Sequencing 



Target amplicon 
sequence 

Depth of coverage 
for amplicon target 

Amplicon Sequencing from Clinical Sample 

Reads aligned to ID 
target 



Next Gen DST 

Colman et al 2015 in preparation 



Amplicon sequencing for 
Microbiomics 

ITS and 16S analysis 



16S Analysis of CF Patients 
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Whole Metagenome 
Sequencing 

Pan-Microbe BLAST 

Pan-Microbe Alignment 

Targeted BLAST 

Strip out human reads 
“in silico Hybridization” 



   
 

Alignment of all reads against know CF Threats 
S. aureus 

P. aeruginosa 
E. cloaca 

K. pneumonia 
H. influenzae 
S. maltophilia 

B. cepacia 
A. baumanii 

 
 

Targeted BLAST – CF Metagenome 



CF Pt. W 
(47.01m) 

Bacterial Organisms 

Commensal (n=28) 
Lactobacillus salivarius 
Atopobium parvulum  
Rothia mucilaginosa 
Aggregatibacter aphrophilus  
Veillonella parvula 

Infectious 
Staphylococcus aureus 
Haemophilus influenzae 
Streptococcus pneumoniae 
Escherichia coli 

Viral Organisms 

Bacterial Phage 
Streptococcus phage SM1 
Staphylococcus phage 96 
Haemophilus phage HP1 
Enterobacteria phage lambda 
Salmonella phage ST64B 
 

Pan-Microbe Alignment 

Iterative subtraction with BWA & STAMPY 
against human reference genome 

Alignment against bacterial, 
fungal and viral databases 

CF Pt. W 
(7.51m) 



Detecting Pathogens in CF 
Staphylococcus aureus 

Alignment of reads to  
Staph. aureus reference genome 



Detecting Pathogens in CF 
Staphylococcus aureus 

20-30X coverage across S. aureus  
reference genome 



Antibiotic Resistance in CF 
MRSA 

mecA gene 

mecA gene confers  
methicillin resistance 



Antibiotic Susceptibility in CF  MSSA 
not MRSA 

mecA gene 
SCCmec cassette 

No coverage across  
SSCmec cassette or mecA gene 



SNP helps define strain as 
Clonal Complex 8 or “USA300” 

Genotyping a CF MRSA Sample 
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Straight from Sample - WG-FAST 

Reference SNPs 

Reference tree 

All positions called 

Query SNPs 

Tree with Query 

Reads 

Align to reference  

Positions filtered 

Insert unknowns into tree 

Sahl et al. 2105 in press at Genome Medicine 



Clinical Samples 

• Whole genome prep on sputa DNA extracts 
• 26 remnant sputum samples 

– Crude sediment DNA extraction 
– Moldova  
– via Global Consort TB Dx Development 

• Hiseq - Reads will be human, Mtb, and any 
other organisms present 

• Compare to high quality reference tree 



Mtb Reference Phylogeny 

Comas et al 2013 

Lineage 5: West African 1 
Lineage 6: West African 2 

Lineage 1: East Africa, the 
Philippines, Indian Ocean Rim 

Lineage 7: Ethiopia 
Lineage 3: East Africa, Central Asia 

Lineage 2: East Asia 

Lineage 4: Europe, America, Africa 



I.L. = 0.008 

I.L. = 0.999 



The Promise of Next Gen 
for PH and Clinical Laboratory 

• Detection and Genotyping – Now 
• Antimicrobial Resistance Profiling - Now 
• Virulence Phenotyping - Now 
• Complex Infections - Now 
• Host Factors – Soon 
• 3-8 Hour Sequencing – Now 
• 15 min Sequencing – Soon 
• Kit-based + Automation - Soon  

 



Collaborators 
• Global Consortium - GCDD 
• University of California San Diego 

– Timothy Rodwell 
– Antonino Catanzaro 

• San Diego State Univ 
– Faramarz Valfar 

• University of Arkansas 
– Donald Catanzaro 

• Phthisiopneumology Institute 
(PPI), Republic of Moldova  
– Valeriu Crudu 
 

• Yale University 
– Ted Cohen 

 

• TGen  
– Rebecca Colman 
– Elizabeth Driebe 
– James Schupp 
– Jason Sahl 
– Chandler Roe 
– Darrin Lemmer 
– Paul Keim 

• AZ Dept Health Services 
– Victor Waddell 
– William Slanta 
– Ken Komatsu 

• CDC 
– Mycotics, DHQP, Enterics, 

Vector 
 
 



Thank You! 
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