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What is eDNA?
eDNA stands for “environmental
DNA”. It is simply DNA found in
the environment, i.e., outside of
organisms. The DNA might be in
sloughed off cells or be bound to
other substances such as clay or
organic particles. Empirically for
water, we call any DNA that we
get on a filter to be eDNA though
it also includes DNA still in
organisms such as algae.

eDNA Basics
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eDNA Basics

How long does eDNA stay in water?
Environmental DNA in the water 

degrades quickly, from a few hours to a 
few weeks. This can be accelerated due 
to microbial activity, pH, sunlight, and 

water temperature.  
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eDNA Basics

How far downstream from an organism can we 
detect DNA?

It seems to depend on the system in regard to pH, 
streamflow, sunlight, and microbial activity. 

Although the distance depends on a lot of factors, in 
general, a sample is representative of what occurs up 
to 100m upstream. There have been records of DNA 
successfully traveling up to 5 km downstream before 

being detected. However, eDNA traveling that far 
would typically be relatively rare.   
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Sequencing vocabulary
Amplicon: A short segment of DNA duplicated over and over (amplified) via PCR. In
metabarcoding, amplicons are the segments of DNA of interest that we sequence.
Primer: A primer is a short section of synthesized DNA. Its purpose is to bind
complementary DNA segments during PCR to initiate amplification. Primers are used in
pairs, one at the start of the DNA segment and one at the end.
BLAST: Stands for Basic Local Alignment Search Tool. It is a technique that can be used
to match a particular DNA sequence with sequences in a reference library. BLASTing
allows you to figure out what species in the reference database share the same sequence
as the target sequence.



Sequencing Basics
Reference Libraries

Scientists’ ability to detect species is largely 
dependent on the reference library used.  For 
example, there are over 1000 freshwater fish 

species in the US, but only about 500 have 
been sequenced so far. We actively receive 

tissue samples from different fish to continue 
expanding our reference library. The good 

news is that as we update our reference 
library any data on our data portal is updated 
along with it – even if the data were collected 

before the most recent reference library 
update. This means that even old sequences 

can offer new insights as we expand the 
reference library. If you like would fish 

species sequenced that are not currently on 
our list, please contact us!
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Sequencing Basics

What is Next-Generation Sequencing?
Next Generation Sequencing (NGS) is a
technology that can sequence millions of pieces
of DNA in parallel in rapid fashion. Key aspects
of NGS are that it has a low error rate, takes
about two days to finish, and can sequence
individual DNA segments that are up to 500
base pairs long. NGS is used for metabarcoding
studies.



5

Sequencing Basics

Metabarcoding
Metabarcoding is a technique to gauge the
relative abundance of different species in a
sample. Metabarcoding uses PCR and primers
that amplify a specific short region of DNA for
many species at once. The “barcode” of
metabarcoding is each species’ unique
sequence for that region that acts as a barcode
to identify it.

qPCR
qPCR is similar to regular PCR but with each
cycle the qPCR machine quantifies the
amount of fluorescence generated by a
probe attached to a specific sequence of
DNA. This technique is species-specific and
provides an absolute count of the number of
copies of a sequence initially in solution. It is
typically used to detect the presence of a
single species and/or provide absolute
abundance of its DNA.
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Metabarcoding in Detail

Samples are collected by clients in the field with sampling kits provided by Jonah Ventures. When the filters are 
sent back to us, we extract the DNA from the filters. We then run a two-step PCR process to amplify the DNA and 

send the amplified DNA to the sequencer. When we get the sequences back, we run several bioinformatic steps 
including demultiplexing before returning your data. Finally, we compare sequences from a sample to sequences in 

a library to identify from which species each of the sequences may have come.



Metabarcoding in Detail

Two-Step PCR

Jonah Ventures uses a standard
two-step PCR process for
metabarcoding. In the first step,
target gene-specific primers with
a universal Illumina tail bind to
and amplify the target gene. A
second round of PCR then adds a
12-base-pair index sequence and a
flow cell binder to the Illumina
tail. The index sequence is what
allows us to identify which
sequences are present in each
sample. This two-step PCR
approach creates less bias in PCR
than a one-step PCR that has
primers and indexes on the same
molecule.
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Metabarcoding in Detail
OTUs vs ESVs

OTU stands for Operational Taxonomic Unit. OTUs are clusters of sequences that are 
relatively similar and may represent multiple species. Since a single OTU can be multiple 
species, they are referred to as OTUs rather than species. ESV stands for Exact Sequence 

Variant. The sequence represented by an ESV is generated from a denoising algorithm. 
Whereas OTUs are clusters of similar sequences, ESVs are generated by examining the most 

abundant sequences and removing sequences that have random differences in them as 
opposed to consistent differences. Those with consistent differences, even just a single base, 
become their own ESV instead of being lumped together.  Jonah Ventures provides ESVs in 
client results. The figure below displays the single nucleotide difference between two ESVs. 



qPCR in Detail

Samples are collected by clients in the field with sampling kits provided by Jonah 
Ventures. When the filters are sent back to us, we first extract the DNA from the filters. 

We then use species-specific primers to amplify and quantify DNA sequences belonging to 
the target species. We calculate the Cq value, which tells us how many PCR cycles it took 

to detect a signal from the sample. We also run a calibration curve to verify the efficacy of 
the reaction. The results of both the Cq value and calibration curve will be provided in 

your results documents. Finally, we use the results from the qPCR reaction along with the 
volume of water filtered to calculate the number of DNA copies per 100mL of water. 
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Other Questions

Why didn’t you find all the species at my site? Could a negative finding actually 
be wrong?

In aquatic environments, some DNA is comparatively rare (such as fish, mammals, 
birds, etc.) and some is comparatively common. Sometimes the species’ DNA is so 

rare that we couldn’t find it even though individuals of the species were present. This 
could be due to what time of year you sampled, water conditions, where you sampled 

the water or how many organisms there were in the water. 
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Other Questions

Why did you find something that I know isn’t at my site?
This answer can be a bit complicated because of several variables. The first is cross-
contamination from other samples. Although the chances of this happening are slim, it
can happen on occasion. All samples are run with other samples, so it is possible that
DNA from one sample contaminated another. That said, we take many precautions to
avoid this.

The second possibility is that our libraries are not complete. For example, there are
over 1000 fish species in the US but only about 500 are sequenced and in our library.
When there is not a species to match to a sequence, the sequence will often match to a
closely related species. Oftentimes, though the species is closely related it may not
occur within the same system. We can typically pick out which species it is supposed to
be by looking at both closely related species and what has been previously documented
in the system.

The third possibility is that the DNA of the species was in the water even though the
species wasn’t. For example, we have found red snapper DNA in Denver’s Platte River,
which is likely from someone’s dinner the previous night. Sometimes as a test, we
receive samples from people’s aquaria and report not just what fish are in the water,
but also what is in the fish food.
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Other Questions

Do you archive samples?
We archive the DNA extracts from
filters in plates in our freezer. We
can test the extract ~12 times
before we run out of extract
depending on the analysis. If you
would like a sample analyzed for
something else later down the line,
just let us know.
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