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Technical Challenges

Detection Method
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Cost effectiveness Is key for community analysis

400000

350000 )

300000

250000

200000

150000 — lass-shde-winke e

Total synthesis cost in U.S. $

100000

Glass slide w/o linker
50000

0 100 200 300 400 500

Number of arrays synthesized/printed



In situ Synthesized Microfluidic Chip

Cy3 or Cy5

Target Is labeled with dyx

ACTGGCCACGCCT

Probe is attached with 3’ end

Microfluidic chip with recirculation capabillities



List

ofi 20 Waterborne Pathogens

Aeromonas hydrophila

Burkholderia pseudomallei, mallei
Campylobacter jejuni

Clostridium perfringens
Enterococcus faecalis, faecium
Escherichia coli, Shigella
Helicobacter pylori

Klebsiella pneumoniae

Legionella pneumophila

. Leptospira interrogans

. Listeria monocytogenes

. Mycobacterium avium, paratuberculosis, tuberculosis, leprae
. Pseudomonas aeruginosa

. Salmonella typhimurium DT104

. Staphylococcus aureus

Vibrio cholerae, mimicus, vulnificus
Vibrio parahaemolyticus

Yersinia enterocolitica, pestis, pseudotuberculosis

. Cryptosporidium parvum, hominis
. Giardia lamblia, intestinalis



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

Proteobacteria

Chiorobi
Fibrobacter \

Proteobacteria

i

Enterobacteriaceae

Bacteria

Planctomycetes

Chlamydiae
—I Verrucomicrobia
"Thermus"

Chioroflexi

Thermotogae

Crenarchaeota

Euryarchaeota

v—Proteobacteria

Sub-division

Escherichia coli K-12
Escherichia coli 0157:H7
Escherichia coli Bir
Escherichia vulneris

Salmonella typhimurium
Salmonella typhi
Salmonella gallinarum
Salmonella paratyphi A
Salmonella agona

Shigella dysenteriae
Shigella flexneri
Klebsiella pneumoniae
Klebsiella orthinolytica

Enterobacteriaceae

Courtesy: Joel Klappenbach



FunGene Pipeline

» Harvests Functional Genes from GenBank
using Hidden Markov Model (HMM)

» Training sequences chosen by experts is input

« Matching sequences are output nning with | beginning with | beginning with | |
Ters F-K letters L-O letters B-T
feoa lam rack.
feck lass D
Updated FGLM lasBk sl
monthly fhak b scpB
thac bR =14}
file lef sel
firn&, lepd, serd,
firmD lepB sfad,
flad [gts sipk
- - flap |gtR sipic
Select Score . PID NID Definition :
Hit tlhd, lic2d, cka
[ 10758 &3 AAF14359 AF121135 glycosyltransferase [Meisseria gonorrhoeae] Ne?ssgria gonorrhoeae I1 T 100 346 Har\reyﬁ'.xid._m
[ 10747 € AAAI207 4 1115992 glycosyltransferase Meisseria gonorrhogae 1 100 362 Danaher,R.J.
- 10730 &3 ANAGE009 14554 glycosyl transferase Meisseria gonorrhoeae 1 100 348 Gotschlich,E.C.
[ 10706 €y CABB3B1E AL162753 lacto-M-neotetraose biosynthesis glycosyl Meisseria meningitidis 1 100 346 Parkhill .
tranferase [Meisseria meningitidis 22491] 22491
[ 10704 &3 AMKTOZ38 AF3133934 glycosyl transferase Lot [Meisseria gonorrhoeae] Meisseria gonorrhoeae 1 100 346 Tong,Y.
[ 10443 ¢y AAM33861 AF470659 Lgta [Meisseria meningitidis] Meisseria meningitidis 1 100 362 Zhu,P.
[ 10434 ¢y AAMI3ETS AF4T70665 Lgta [Meisseria meningitidis] Meisseria meningitidis 1 100 362 Zhu,P.
[ 10332 ¢y AAM33869 AF4T0662 Lgta [Meisseria meningitidis] Meisseria meningitidis 1 96 348 Zhu,P.
[ 10315 &y AAM33855 AF470657 Lgta [Meisseria meningitidis] Meisseria meningitidis 1 96 348 Zhu,P.
O 10278 ¢ A8NO0B510 AY134876 Lgta [Meisseria lactamica) Meisseria lactamica 1 96 348 Zhu,P.

Developed by James R. Cole at MSU



Probe Resolution Hierarchy
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What Multiple Probes Do?

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

Signal-to-noise ratio

Each gene is confirmed by 5-20 probes

Vibrio cholerae

Signal-to-noise ratio




Biotrove OpenArray™

Sensitivity and Throughput of
Specificity of QPCR Microarray
B

—— NT cycler and computer with
OpenArray™ Analysis Software



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

Table 2. Ct values for pure and mixed cultures with 6_6e3 copies per through-hole.
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Fraction of assays

0.9 1
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0.7 1

0.6 1

0.5 1
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0.1 1

BioTrove Performance

73 targeted primer pairs
37 non-targeted primer pairs.

—e—true positive (spiked in river DNA)

— —false positive (spiked in river DNA)

true positive (spiked in tertiary
effluent DNA)

— — false positive (spiked in tertiary
effluent DNA)

true positive (no bkg)

— —false positive (no bkg)
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Genomic copies per reaction



1. Number of pathogens > 20

2. Number of genes per pathogen 3-6

3. Number of probes per gene 5-20

4. Detection limit At least 0.001%; better with clean samples
5. Reliability 99.999% or better

6. Robustness High

7. Speed of analysis 30 minutes detection time; 2-5 hours total
8. Ease of use Medium

9. Cost Per organism: < $10, Per chip $150-$200



Bacillus anthracis Detection Limits
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Detection methods used for B. anthraci/s in water



End-to-End Probability of Detection
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Frequency Distribution of DNA Extraction Efficiency
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