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Research at SureScreen
SureScreen Scientifics are heavily involved with the research and development of a number of eDNA
assays and services, with strong links with the Aquatic Research Facility at the University of Derby. This
collaborative relationship allows us to provide commercially available solutions to many of the problems
facing eDNA detection, resulting in the provision of accurate, reliable and well developed eDNA assays for
a number of ecologically important species. Research from our collaboration has resulted in a number of
scientific articles and the development of eDNA assays for an ever-increasing list of species from native
white-clawed crayfish and freshwater pearl mussels, to invasive species such as the demon shrimp and
marbled crayfish. The following white paper describes the development and research process undertaken
whilst designing and implementing an eDNA assay for a rare and endemic stonefly species found in Wales.

Isogenus nubecula, the critically endangered stonefly only found within the River Dee, Wales.

Rare Stonefly Species
The scarce yellow sally stonefly, Isogenus nubecula, is a critically endangered bioindicator Plecoptera
(stonefly) species, of principal importance in Wales. Listed as a UK Biodiversity Action Plan priority species,
until recently it was thought to be extinct across the entirety of its UK range. Populations of this species exist
in very small numbers in only a handful of sites across Europe in Austria, Hungary, Germany and Sweden.
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Within the UK, historical records indicate its presence in only one river: The River Dee, Wales, where it
was recorded as present up until 1995. Repeated subsequent surveys for the species in 1997, 1998, 1999,
2003, 2004, 2007, 2012 and 2015 all concluded that the species was no longer present within the river and
therefore extinct within the UK.
However, in 2017 a group of researchers, including members of SureScreen Scientifics Forensic Ecology
department were involved in the rediscovery of the species in the River Dee after a 22-year period of
absence. Using kick sampling at various locations across the river, stonefly individuals were identified by
two independent experts on the species to be the scarce yellow sally stonefly.
Due to the time required to survey such a rare and elusive species, the application of eDNA testing for this
purpose was proposed by researchers at the University of Derby and SureScreen Scientifics.

qPCR
Quantitative PCR (qPCR), also known as real-time PCR, is currently the most commonly used analytical
method for single species eDNA analysis. It works by using enzymes and specially designed fluorescent
molecular markers or ‘primers/probes’ to amplify a small piece of DNA from the target organism during
a number of heating and cooling cycles. In every cycle, the amount of DNA is doubled, leading to an
exponential amplification of targets, which can then be detected by the machine. After the qPCR procedure
is finished, the presence of target species DNA within a sample can be determined by the successful (or
unsuccessful if the species is absent) amplification of DNA.
This highly specific approach is very sensitive and can detect very small quantities of DNA and as such
if often reported to have the ability to essentially ‘find a needle in a haystack’. qPCR is routinely used for
great crested newt and crayfish eDNA, but also commonplace in hospitals and medical testing laboratories
across the world for diseases, viruses and genetic conditions.

ddPCR
Whilst in principal using the same technological process as qPCR, droplet digital PCR (ddPCR) instead
splits the reaction into over 20,000 individual droplets through the addition of oil to create an emulsion.
These are then subjected to the same heating and cooling cycles and analysed individually, compared to
qPCR which is analysed as a single reaction. Splitting into thousands of smaller reactions allows for greater
levels of precision, a reduction in reagent use and can provide a more accurate approach to quantification.
The smaller reactions reduce the presence of any inhibitors in an individual reaction and increases the
chances of a very small number of target DNA strands binding with the necessary molecules. Despite these
apparent benefits, the initial cost of ddPCR set up is much greater than qPCR and only a small number of
eDNA researchers have so far begun using the technology.
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qPCR relies on a single reaction whereas ddPCR splits this same reaction into 20,000 fractions.

Stonefly eDNA
Using a filtration approach, eDNA samples were collected from several sites along the river and then
analysed using a newly developed qPCR assay for the presence of scarce yellow sally stonefly eDNA.
However, in each of the 12 samples tested, no detection of the species occurred, despite individuals
collected on the same date from each site using a traditional kick sampling approach.
Due to the species being a small stonefly it was hypothesized that they may release much smaller volumes
of eDNA into the environment than larger aquatic species, with small populations of this rare species also
being a factor in the ‘false negative’ detection of this species using qPCR.
However, by forming a collaborative partnership with researchers across Europe we were able to
re-analyze the samples on a state-of-the-art ddPCR machine. The increased precision of ddPCR resulted in
the detection of very small amounts of scarce yellow sally stonefly within a small number of samples. This
highlights the importance of utilizing different methods when selecting the best approach for detecting a
species using eDNA-based methods, indicating that in cases of aquatic organisms which are either rare or
likely to shed low levels of eDNA into their environment, ddPCR may well be the best option for detection.
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Isogenus nubecula can be detected by combining eDNA detection with ddPCR.
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Assay Design Service
Our research team are always looking out for the next species to develop an eDNA service for. If you think
we could help you out with the development of a custom analysis for your species, using our eDNA Assay
Design service then get in touch. We can develop assays for any species worldwide, tailoring the validation
to suit the level of your needs.
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