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We have the ability, therefore, 
we have the responsibility

Diagnostic ♦ Analytic ♦ Forensic ♦ Epidemiologic
Translational Pathogen Genomic Research



Profile:
• Est. April 13, 2007

• Size: ~11,000 sqft

• Staff size: 28
- PhD, MS, MBA, MD, MPH, BS

• Funded Projects: 15-20

Diagnostic ♦ Analytic ♦ Forensic ♦ Epidemiologic
Translational Pathogen Genomic Research





TGen North
• Vision:

• Diagnostic ♦ Analytic ♦ Forensic ♦ Epidemiologic
Translational Pathogen Genomic Research

• Mission:
“Advancing public health, clinical medicine, and 
biodefense through targeted microbial genomics”

• Values:
Team, Leadership, Responsibility, Change, Growth, Vision



Getting to Next Gen

Pathogen Genomic 
Analysis Concepts



= Mutational Event

Evolutionary Time

Ancestor

Genomic Diversity



How best to analyze samples?
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Next Gen Sequencing

900 Mb/run
3 X 100x Genomes

80 Gb/run
250 x 100X

Illumina GA
50 Gb/run
150 X 100X

350 Kb/run
~0.1 Genomes



SNP  
Single Nucleotide 

Polymorphism

• The mutation of one DNA 
nucleotide into another

• Some SNPs cause change in 
protein structure; some cause 
no changes at all

• All are useful for monitoring 
populations structure



Finding SNPs

Sample X

Sample Y

Sample Z



Our Hypothesis
Next Gen sequencing technology can have immediate 
impacts molecular epidemiology and clinical medicine

Our Translational Strategy
Apply next gen to ongoing outbreak investigations 

and in complex clinical sample analysis



First Stop:
Cocci Outbreak



• Airborne fungal spores 
• 150,000 infections/year
• Immune-suppression = Severe outcome

Coccidioidomycosis = Valley Fever



Valley Fever Outbreak
• Three organ recipients from a common 

donor from L.A. all developed severe 
Valley Fever – two died

• No samples from donor existed for 
testing (donor: homeless patient found 
unresponsive on the street) 

• CDC needed evidence to determine if 
all three were infected by transplants

• CDC contacted TGen North for 
assistance with investigation



Valley Fever Sequencing

• Coccidioides immitis - 28.9 Mb genome
• 50bp Single End SOLiD (Carpten Lab)
• Many months of bioinformatic analysis

• Numerous repetitive elements (17%)
• Highly recombining
• Limited prior knowledge



Among-cluster isolate SNPs 
(n=3) 

Pt. X

Pt. Y

Pt. Z

Engelthaler et al 2010



Engelthaler et al 2010

Maximum Parsimony Phylogenetic 
analysis of 13 C. immitis genomes

32,695 SNPs, C.I. = .63



Next Stop:
Crypto … “The Killer Fungus”





Cryptococcus gattii
in Pacific Northwest

• C. gattii – tree/soil fungus; can infect 
inmmune-competent 

• Emerged on Vancouver Island in 1999

• New outbreak US: human cases in Oregon 
and Washington

• US outbreak seems to be caused by new 
strain (VGIIc) with a fatality rate of 25%



RFLP, AFLP, MLST

MLSTVGIIa

VGI

C. gattii

VGII VGIII VGIV

VGIIb VGIIc

Groupings within C. gattii



Epidemiological Questions
For TGen

Is the current outbreak truly from a new 
strain introduced to PNW?

Can we distinguish between isolates from 
outbreak cluster?



277 
SNPs 

MLST

Maximum parsimony tree - 20 isolates

235,301 
SNPs 

Whole genome

Gillece et al 
2011



1 SNP 

MLST Whole genome

Maximum parsimony - VGIIc isolates

8571 WA Human

8838 WA Human

7466  OR Cat

7737 OR Human

6863 OR Human
8843 OR Human

7390 ID Human

7432 OR Human

169 SNPs 

Gillece et al 
2011



Crypto Family Tree in PNW

Gillece et al 
2011



Crypto Initial Findings

• Whole Genome Sequence analysis showed 
distinct new populations of Cryptococcus in the 
Pacific Northwest

• Looking at these genomes will allow us to find 
possible genetic causes of increased death and 
disease

• Analysis has led us to develop new tests to rapidly 
identify and fingerprint Crypto strains 



MRSA Outbreak

Suspect Health Care Provider 
Associated Infections



Arizona Outbreak

• AZ Hospital Staff identified increased 
MRSA infections associated with HCP

• 10 isolates taken from HCP and 
patients

• 10 isolates taken from random patients
• Isolates sent to TGen North for WGST 

Analysis
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Cholera in Haiti



Crises in Haiti

• Jan 12, 2010 - 7.0 Mw earthquake hit Haiti
• By Jan 24 – 52 aftershocks, 316K dead, 

300K injured
• Oct 10 2010 – Cholera confirmed in Haiti
• By Feb 21, 2011 - >4600 deaths, 250K 

cases of cholera in Haiti



Epi Points to Nepal Peacekeepers

Cholera 
outbreak in 

Nepal

1st Arrival 
of Nepal 

PK in Haiti

1st cases 
downstream 
of Nepal PK 

camp

1st cholera 
deaths in 

Haiti

Spread into 
greater Haiti

Confirmation 
of Cholera 
outbreak



Phylogeography of Nepalese V. cholerae

Rene S. Hendriksen, L. Price, D. Engelthaler, P. Keim, Geeta Shakya, Frank M. Aarestrup, & others
In press - mBio



• 24 V. cholera Genomes

• 2 major Nepalese Clades
• Haiti nested within Nepal
• Nepal-1 has low diversity

• Near Match: Haiti – Nepal-4

Population Genetics of
Vibrio cholera in Nepal

Rene S. Hendriksen, L. Price, D.Engelthaler, P. Keim,
Geeta Shakya, Frank M. Aarestrup, & others

In press    (mBio)

Danish Technical University - Copenhagen
TGen – Flagstaff, Arizona

National Public Health Laboratory, Katmandu



Last Stop: 
Cystic Fibrosis and Infection



CF and Respiratory Infections

• Chronic colonization and infection are the 
primary causes of morbidity and mortality

• Microbial culturing every 3 to 6 months

• The steady progression towards 
resistance is inevitable 



Whole Metagenome Sequencing

Detection
Genotyping/Phylogene
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• Single lane/sample in Illumina 75-100bp PE

• 3.5-6.0 Gbp total

• Alignment of all reads against know CF Threats
S. aureus

P. aeruginosa
E. cloaca

K. pneumonia
H. influenzae
S. maltophilia

B. cepacia
A. baumanii

CF Sequencing



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



Identification of papC
virulence gene in E. coli

Diagnostic for ExPEC
(Extra-intestinal Pathogenic E. coli)

Detecting Virulence in CF

papC gene



Polymicrobial infection in CF

Alignment to Pseudomonas aeruginosa reference genome



Polymicrobial Infection in CF (cont.)

Alignment against Haemophilus influenzae reference genome

NOTE: H. influenzae was not detected by the clinical lab!



Final Thoughts

• Next gen is fundamentally transforming 
the way we look at pathogen genomics
• And should change the way we look at 

clinical and public health analyses
• Advances in sequence technology are 

decreasing costs and increasing data
• Abundance of data will provide both the 

pathway and barrier to continued 
translation 
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Thank You!
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