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Cost effectiveness is key for community analysisCost effectiveness is key for community analysis



In situ Synthesized In situ Synthesized MicrofluidicMicrofluidic ChipChip

AGCTAAAGCTGACCGGTGCGGAGTGCGTA
ACTGGCCACGCCT

Probe is attached with 3’ end

Target Is labeled with dye Cy3 or Cy5

Microfluidic chip with recirculation capabilities



1. Aeromonas hydrophila

2. Burkholderia pseudomallei, mallei

3. Campylobacter jejuni 

4. Clostridium perfringens 

5. Enterococcus faecalis, faecium

6. Escherichia coli, Shigella

7. Helicobacter pylori 

8. Klebsiella

 

pneumoniae

9. Legionella pneumophila

10. Leptospira

 

interrogans

11. Listeria monocytogenes 

12. Mycobacterium avium, paratuberculosis, tuberculosis, leprae

13. Pseudomonas aeruginosa

14. Salmonella typhimurium

 

DT104

15. Staphylococcus aureus

16. Vibrio cholerae, mimicus, vulnificus

17. Vibrio parahaemolyticus

18. Yersinia

 

enterocolitica, pestis, pseudotuberculosis

19. Cryptosporidium parvum, hominis
20. Giardia

 

lamblia, intestinalis

List of 20 Waterborne PathogensList of 20 Waterborne Pathogens



16S rRNA Gene Based Probes16S rRNA Gene Based Probes



16S, 18S, and 23S rRNA Gene based Probes16S, 18S, and 23S rRNA Gene based Probes

Courtesy: Joel Klappenbach



FunGeneFunGene PipelinePipeline

Updated 
monthly

•• Harvests Functional Genes  from Harvests Functional Genes  from GenBankGenBank 
using using Hidden Markov Model (HMM)Hidden Markov Model (HMM)
•• Training sequences chosen by experts is inputTraining sequences chosen by experts is input

•• Matching sequences are outputMatching sequences are output

Developed by James R. Cole at MSUDeveloped by James R. Cole at MSU
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Probe Resolution HierarchyProbe Resolution Hierarchy



What Multiple Probes Do?

Each gene is confirmed by 5-20 probes 

Each pathogen is confirmed by 3-6 different virulent and/or marker genes

No false positive!



A BA B

NT cycler and computer with 
Analysis SoftwareOpenArrayTM
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Biotrove OpenArray™



Abundance of 47 virulence and marker genes in 120 samples by RT-PCR



BioTrove Performance
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Genomic copies per reaction

73 targeted primer pairs
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Summary

1.

 

Number of pathogens

2.

 

Number of genes per pathogen

3.

 

Number of probes per gene

4.

 

Detection limit

5.

 

Reliability

6.

 

Robustness

7.

 

Speed of analysis

8.

 

Ease of use

9.

 

Cost

> 20

3-6

5-20

At least 0.001%; better with clean samples 

99.999% or better

High

30 minutes detection time;  2-5 hours total

Medium

Per organism: < $10, Per chip $150-$200



Bacillus Bacillus anthracisanthracis Detection LimitsDetection Limits



Environmental Sample
•Water
•Air               108 spores/ mL
•Soil 
•Fomite

Source of DNA
•Cells
•Supernatant 
•Filter 
•Swab

Extracted DNA
107 DNA copies/100uL

Dilution
10-2-107 DNA copies/ rxn. vol.

DNA Method
1-5 uLAntibody Method

100uL

η=0.4
OR

η=0.9
η=0.9
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EndEnd--toto--End Probability of DetectionEnd Probability of Detection



Amount of extracted/purified DNA (μg per gram soil)
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Bacterial diversity
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DNA extraction and purification, efficiency (η)

Frequency Distribution of DNA Extraction Efficiency Frequency Distribution of DNA Extraction Efficiency 
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