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– Relies on further identification and a characterization assay
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From: http://mst.cropsoil.uga.edu/gulf.ppt

BOX-PCR of E. coli isolates ARA of E. coli isolates
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Categories of LIM

• Gene/host-specific PCR
– Diagnostic genes can identify the host origin of bacterial pollution

• Human, horse, pig, gull, etc.

• Bacteroides spp.
– ~30% of fecal microflora
– Limited survival in secondary 

environment
• 16S rRNA gene primers can 

discriminate between 
humans, bovine, swine, 
equine and canine

• Successful in natural waters 
(Bernard and Field, 2000)
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HumanBifidobacteria group16S rRNA

Human, BovineEnterococcus faecium
surface protein

Esp

BovineE. coli heat labile 
toxin

LTIIa

HumanE. coli heat stable 
toxin

STIb

Humans, Bovine, Swine, Equine and 
Canine

Bacteroidetes group16S rRNA

HostBacteriumGene

• Overall, detection of theses genes might indicate the presence of pollution 
originating from a specific host

– Genes must exhibit adequate genetic diversity among hosts
– Geographically and temporally stable bacteria
– Abundant in host



Categories of LIM

• Community analyses 
– Identify the geographic source of the bacterial pollution

• Creek, drainage ditch, sand, etc. 

– Fingerprinting
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Why not simply count isolates?
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Does DGGE differentiate unique E. coli communities?

• Maumee Bay State Park (OH)
– Water

• 184 confirmed E. coli
– Modified m-TEC 
– EMB agar
– 16S rRNA PCR
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• Determine the number of 
distinct E. coli phylotypes 
detected by DGGE
– PCR-amplify the uidA gene 

from each E. coli isolate
• uidA exhibits sequence 

polymorphism (Farnleitner
et al., 2000)

• DGGE of each isolate 
resulted in detection of 18
unique phylotypes

Good or bad?
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• BOX-PCR performed on 
each E. coli isolate
– Fingerprints were 

compared to determine 
phylotype similarity

– Clusters that formed 
above 90% similarity were 
collapsed to yield 
phylotype number

DGGE vs. BOX-PCR



• BOX-PCR identified 21 E. 
coli phylotypes
– Compare with 18 

phylotypes detected by 
DGGE of uidA from 
isolates

DGGE vs. BOX-PCR
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• Isolate DNA
– Trapped sediment
– Bottom sediment

• PCR-DGGE of uidA
• E. coli communities in 

trapped sediments are 
different than those in 
bottom sediments
– Supports sediment-

mediated transport
– Trapped sediments 

appear to harbor a 
greater number of E. 
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Older, less viable inputs

Newer, more viable inputs



Identifying the source of bacterial pollution is the most important measure 
toward mitigating the problem.

Case study: Beach Pollution



• Huntington beach was posted with an advisory 18 times 
(20%) during the 2006 swim season.

Case study: Huntington Beach…Ohio



Identifying geographic bacterial pollution sources 
impacting Huntington Beach

Huntington Beach
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2006 sampling

• Necessary to confirm the results observed in 2005
• Dry weather vs. wet weather sampling

– Dry weather – prior week was free of precipitation
– Wet weather – collected following approximately two inches of 

rain

• Additional sites were sampled
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Advantages of LIM vs. library-dependent methods
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• Wiggins et al. (2003) suggest that at least 2300 fecal enterococci were 
necessary for a true representation of watershed enterococci populations 
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• Wiggins et al. (2003) suggest that at least 2300 fecal enterococci were 
necessary for a true representation of watershed enterococci populations 
(ARA)

– Some isolates are cosmopolitan or transient

• Potentially faster
– Same day data
– “Rapid” screening

• The numerically dominant bacteria in fecal material are 
difficult to culture…
– …DNA relatively easy to isolate
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• Resolution
– Fingerprinting will not capture the diversity of the target 

organism
• Finite number of band positions

• No archived bacteria, just DNA
– Further biochemical testing not possible

• Statistics are not totally worked out
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Conclusions and outlook

• Library independent methods are effective…
– Host origin
– Rapid screening
– Pathogen ecology

• …if you ask the right question
• Future research

– Focus on the pathogens in addition to the indicators
– Identify pathogen reservoirs
– Emerging, community-acquired pathogens
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