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Enzyme-Based Tests

Fecal coliform testing is an integral part of
comprehensive water quality analysis. Currently,
most approved EPA tests for fecal coliforms are
direct enumeration via culture-based methods which
can be time consuming. Other methods for fecal
coliform testing include nutrient indicator tests such
as the IDEXX Colilert and Enterolert tests. These tests
rely on the presence of bacteria capable of producing
certain enzymes that react with the nutrient
indicator and fluoresce to indicate a positive reading.
While IDEXX and other enzyme-based tests claim
that most non-coliform bacteria do not have those
enzymes, it has been shown that many bacteria
produce these enzymes, some of which can be found
in the natural environment (Peperzak and van
Bleijswijk 2021, Pisciotta et al 2002, Laureano-
Rosario et al 2017, McClain et al 2011). For example,
there are 36 species of Enterococcus, only eight of
which are harmful to humans. There are also
established natural populations of Enterococcus
(Devane et al 2020, Byappanahalli et al 2012). These
discrepancies provide potentially false positive
indicators when the non-harmful species of
Enterococcus are present.

Molecular Techniques

While fecal coliform testing indicates whether there
is fecal contamination present, molecular source
tracking (MST) is used to determine the source of
fecal contamination in water bodies. Environmental
DNA (eDNA) has become a more common method
for MST in recent years. Rather than looking for fecal
indicator bacteria, new methods involve running
gPCR assays for potential sources using
mitochondrial DNA (mtDNA) markers from potential
fecal contamination source species (Malla and
Haramoto 2020). mtDNA markers commonly target
genes such as cytochrome B or NADH
dehydrogenase subunit 5 which are commonly found
in eukaryotic epithelial cells (Caldwell et al 2007,
Dancer et al 2014). gPCR of mtDNA markers is useful
because it allows us to directly quantify the amount
of source DNA present in a sample. Despite its
benefits, the use of mtDNA markers alone can also
result in false positives. Feces are not the only
potential source of mtDNA markers, as epithelial
cells are also present in skin and hair that may also
cause a positive signal. mtDNA from potential
sources alone does not guarantee the presence of
fecal contamination.



Theory

mtDNA can uniquely be assigned to different species. Fecal material from an
individual has high levels of its own mitochondrial DNA as well as lesser amounts
of mitochondrial DNA of what it ate. By quantifying the absolute abundance of
mitochondrial DNA from different potential hosts in waters, we can assign a
likelihood to the contributions of fecal material from different species. At Jonah
Ventures gPCR assays for six hosts (human, dog, swine, sheep, poultry, and
bovine) and E. coli are run as part of our standard Source Tracking Kit to
determine if there is fecal contamination and which host species contamination
is most likely coming from. Previous experience with source tracking has
indicated that these six host species tend to be the most common sources of
fecal contamination as well as the most requested by clients. Jonah Ventures can
also test for Enterococcus and other potential sources (horse, goose, beaver,
etc.) upon request.




Process

Water samples from suspected contaminated waters are collected by filtering
through a 1-mm pore filter. A preservative is added to the filter and the filters are
mailed back to Jonah Ventures. The DNA is extracted and analyzed to quantify the
number of copies of mitochondrial DNA from potential hosts using qPCR. qPCR
quantifies the amount of DNA of a specific sequence is present in a sample by making
copies of the original amount of DNA at a known rate until it is detectable by the
gPCR machine. The time to detection is calibrated to determine original starting
qguantity. Unique target gene sequences are used for each species of interest. After
analysis, Jonah Ventures provides a full gPCR report that includes copy numbers of
each of the six host organisms plus E. coli. We also provide detailed methods along
with a standard curve.
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Assays

Organism Target Gene Reference
E. coli uidA Srinivasen et al 2011
Enterococcus 23S Ribosomal RNA Srinivasen et al 2011
Human NADH Dehydrogenase, subunit 5 Caldwell et al 2007
Swine NADH Dehydrogenase, subunit 5 Caldwell et al 2007
Bovine NADH Dehydrogenase, subunit 5 Caldwell et al 2007
Dog Cytochrome B Dancer et al 2014
Chicken Cytochrome B Dancer et al 2014
Sheep Cytochrome B Dancer et al 2014
Beaver D-Loop Smith and Goldberg 2022
Horse Growth Receptor Hormone Koppel et al 2011
Canada Goose NADH Dehydrogenase, subunit 5 Caldwell et al 2007
PMMoV vvhA Kitajima et al 2018
CrAssphage orf00025 Stachler et al 2017
Bacteroides HF183 EPA Method 1696

Available source tracking gPCR assays. Assays highlighted in grey are included
in the standard Source Tracking Kit. All others are considered custom. Please
contact us to discuss custom orders.




Examples

At the mouth of a river in Maryland, we saw a high amount of dog
DNA relative to other hosts suggesting a dominance of inputs from

dogs.

SampleID Dog01 HumanO1l PoultryO1
1 I6X0L8J5

422

55

At these sites in North Carolina’s dairy country, we saw
consistently high levels of bovine DNA (units are copies of

mitochondrial DNA/100mL water filtered).

SampleID BovineOl1l Dog0O1 HumanOl1l PoultryO1l SheepO1

1 OEOHBWHR
2 NS3I0761
3 PFKWZXGK
4 ZO9A9GKCB

Download an example source tracking report here:
https://jonahventures.com/source-tracking-2/.
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https://jonahventures.com/source-tracking-2/

Interpretation

Frequency of copy number

guantity for gPCR tests.
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Our work shows that mitochondrial DNA concentrations range from high to very
low. With the exception of human DNA, few samples exceeded 1000
copies/100mL which are the highest levels we see. The relative amounts of DNA
from different hosts indicates the most likely sources. In areas with high amounts
of human DNA, it is not uncommon to see smaller amounts of poultry, swine,
and cattle DNA, even when none of the animals are present upstream. This can
represent DNA from what people have been eating. Note there are other
pathways by which mitochondrial DNA can enter waters beside fecal material.
Human DNA at swimming beaches can come from swimmers’ skin. Poultry DNA
have been found in waters with baited crab traps.

Frequency of read count
values by species.
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