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1. Abstract

Atlantic salmon is of worldwide importance and is one of the many other freshwater species
experiencing rapid decline, despite multiple protection efforts. Accurate biodiversity data, distribution
patterns and stock assessments are key for successful conservation and molecular methods used for
detection of genetic material shed by organisms in the environment have been successfully applied to
several species and various aquatic systems. Environmental DNA (eDNA) methodologies have been
proposed as a promising non-invasive and less labour intensive and time-consuming alternative or

supplementary tool for biomonitoring.

The purpose of this thesis was to explore and compare different molecular protocols for detection of
Atlantic Salmon DNA. A comparison between different filter pore sizes, DNA extraction kits and PCR
machinery and chemistries to maximize eDNA detection in freshwater. DNeasy Power Water kit had
the best performance when evaluating for total DNA vyield, removal of inhibitors and detection of
Atlantic salmon. The probe assay was more sensitive than SYBR assay. Both gPCR and ddPCR were
able to detect Atlantic Salmon during the year but ddPCR performed better than gPCR in the Summer.
Overall, techniques used successfully detected the presence of Atlantic salmon showed consistent with

previous assessments of salmon presence in Haugsdalselva.

Keywords: Salmo salar L., eDNA, biomonitoring, method comparison, western Norway, fresh water
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3.1 Wild Atlantic salmon

Atlantic salmon (Salmo salar L.) is a fish species that belongs to the Salmonidae family (salmonids),
which include the genera Salmo (salmon, trout), Salvelinus (char), Oncorhynchus (pacific salmon),
Coregonus (whitefishes) and Thymallus (graylings). Salmonids show a laterally compressed body form
and dorsal adipose fin, posterior to the main dorsal fin. The specific name of Atlantic salmon, salar,
means leaper, probably being given due to their ability of leap up high waterfalls on its return during

spawning migration (@ystein Aas et al., 2010).

Atlantic salmon occurs in temperate waters and subarctic regions of the North Atlantic Ocean but like
most Salmonids, they have big differences in life-history within and between locations or populations.
They can occupy a wide variety of landscapes and climates and can move between fresh and salt water,
behaviour known as anadromy. They present more than 2000 genetically distinct populations (Gillson
etal., 2022) from which most are anadromous and represent the archetypal Atlantic salmon. Populations
can also show behaviours of non-anadromy or partial anadromy, meaning some spend their whole life
cycle in fresh water while others can be prevented by low sea temperatures in some years to migrate

extensive distances and spent their marine phase in estuaries (Webb et al., 2007).

Spawning takes place over a period of weeks between autumn, winter, in deep and fast flowing waters
to early spring. Although the timing of can vary depending on latitude, in most populations spawning
occurs over a period of weeks between October and December. They spawn in fresh water, the eggs
hatch mostly during spring and remain in fresh waters through the juvenile, alevins, fry and parr phases.

The next stage, smolt, is associated with the migration to the ocean (Webb et al., 2007).

This species is capable of as long as 2000 km migration in the open ocean and to return to natal river
for spawning (Jonsson & Jonsson, 2011b). The smolts usually migrate to sea in the spring to feed in the
North Atlantic, and seldom return to fresh water the same year of sea migration. Reproductive migration
is another factor that varies widely among populations, as some can take as little as 3-5 months (Webb
et al., 2007) and others can take from 1 to 4 years before becoming mature enough to return to the home
river. Salmon species can have more than one reproduction year but waiting usually around 2 years
before spawning again. Few individuals spawn more than three times or live longer than 10 years.
(Jonsson & Jonsson, 2011b).

3.2 Conservation — special focus on salmonids
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Atlantic salmon is of social, cultural, and economic importance. It is used as a sentinel species for
monitoring aquatic environment through ecotoxicological studies and has been the subject of a large
research effort focusing on its biology, life history, population dynamics, biogeography, genetics, and
phylogeny. No other group of fish species received as much attention from commercial and scientific
efforts as salmonids (Davidson et al., 2010).

Present in more than 400 watercourses in Norway, they represent around 25% of the world’s healthy
populations (Forseth et al., 2017), holding most of the European wild Atlantic salmon stock (Bolstad et
al., 2017).

In Norway, salmon has traditionally been harvested in the sea as an important food source, but today
recreational fishing in rivers that attracted anglers not only from Norway but also from thousands of
foreign tourists, is more important than the direct commercial value of the fisheries (Liu et al., 2011).

Wild Atlantic salmon stocks have experienced a steep decline in the last few decades, mainly associated
anthropogenic impacts as overexploitation (overfishing) and habitat destructions. Rivers have been
negatively affected by hydropower production due to river regulation, while salmon lice are considered

as a major threat from aquaculture in the marine environment (see Forseth et al 2017).

Climate change has a negative impact mainly in the southern parts of the species distribution due
temperature increase in fresh water, while in the ocean the impact is thought to be connected through
food chain, the reduced abundance of keystone food organisms, resulting directly in decrease of Atlantic
salmon abundance in the North Atlantic (Jonsson & Jonsson, 2011a). Due to salmon’s phenotypic
plasticity, populations responses to short term climate changes result in variations of their behaviour,
physiology and life history, affecting directly spawning, fry emergence, rate of development and

growth, age, size at migration, sexual maturation and life span (Jonsson & Jonsson, 2009).

In addition, the growth of fish farming industry has created problems for wild populations. Hatcheries
and fish farms can spread pathogens to wild fish such as sea lice such as salmon louse (Lepeophtheirus
salmonis) (Frazer, 2009). Cultured salmonids have been artificially selected to traits that improve
growth rates and others of commercial interest, and interbreeding between escaped farmed salmon and
wild populations can cause loss of genetic variation with a direct impact to populations local adaptations
and ecological interactions. The introduction of foreign alleles is due to introgression(Roberge et al.,
2008) (Forseth et al 2017), which has been detected in most of the Norwegian Salmon stock. (Bolstad
et al., 2017) and has been suggested as one of the most significant threats to native Salmon salar L.

populations where aquaculture is practiced. (Mahlum 2019).

To achieve proper conservation of wild Atlantic salmon, it is necessary to understand species
distribution (Atkinson et al., 2018). While many studies have focused on the distribution in freshwater

(S. K. Mahlum et al., 2018), there is little understanding of the marine phase of their life cycle (@Dystein
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Aas et al., 2010). Other challenges arise due to interactions between salmon populations and their
environment (S. K. Mahlum et al., 2018), including changes in migration timing and different life-
history patterns (Harvey et al., 2020), detection of species in different life stages, low density
populations and difficult access in many environments (Dejean et al. 2011).

Generally, fish management and conservation are based on information collected with different survey
techniques. Conventional techniques such as mark-recapture, seining, trapping, netting and
electrofishing can be harmful to individuals at critical times in their life cycle, despite being invasive,
can only be carried out in areas where conditions are favourable (Thomsen et al., 2012) and are more
costly and are more time and labour intensive, mobilizing multiple fisheries professionals (Evans et al.,
2017). Also, standard techniques for biomonitoring generate limited information (Baird, 2012), as it
provides species-focused data which doesn’t account for knowledge of ecosystems goods and services

and can strongly influence policy development (Baird & Hajibabaei, 2012).

In Norway, electrofishing has been broadly used for surveillance and fish monitoring in rivers. Despite
providing valuable information of population structure (Evans et al., 2017), electrofishing has a number
of methodological difficulties. It can be hindered by logistical problems, such as presence of sites with
high salinity levels, deep or turbid or in waterways with abundant large debris and fails to detect species
in particular developmental stages (Ficetola et al., 2008; McColl-Gausden et al., 2021). Also, it requires
heavy equipment and training besides posing harmful effects for fish species such as haemorrhages,
spinal injuries, bleeding at gills and mortality by asphyxiation; specially problematic for rare or

threatened species (Sigsgaard et al., 2015; Snyder, 2003).

Stock assessment has also used angling-based methods from commercial or recreational fisheries. In
Norway, it is adopted for surveillance of escapees from fish farming. Pitfalls of this technique include
problems with timing; fishing in Norway for salmon occurs during summer and a mismatch between
sampling and fish presence for spawning due to variation in optimal river conditions for upstream
migration causing a sampling bias or due to reduced catch after river entry. It can require extensive
time, mobilize a great deal of personnel and equipment and are limited by impractical habitats or
prohibited fishing areas (S. Mahlum et al., 2019).

Quantification and qualitative data on fish populations in streams can also be obtained from traps,
counting fences and other installations that detect fish upstream migration, but those can be costly,

difficult to operate and not feasible to use in different rivers (Skoglund et al., 2021).

Observational methods such as video surveillance, camera traps and drift diving are commonly used
non-invasive techniques for visually identification of fish species, sex, size, and origin (farmed or wild
salmonids) in accordance with standardised methods (NS 9456:2015). Since 2014, drift

diving/snorkelling is one supplementary method that has been broadly used in Norwegian monitoring
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programs of farmed and scaped salmon but despite being accurate and versatile, it is highly reliant on
factors such as visual conditions underwater — turbidity and light conditions, the distance between the
fish and observer, experience of the observer to able to observe each fish well enough to correctly
distinguish escapees and wild fish (S. Mahlum et al., 2019; Skoglund et al., 2021).

An emergent alternative to those disadvantages is environmental DNA (eDNA) based methods.
Surveillance based on detection of eDNA can be an alternative strategy to obtain information on species
distribution, improving detection sensibility and efficiency (Evans et al., 2017), as it feasible in areas
other methods can’t be used due to conditions of difficult to reach areas, private property, pollution,
high flow, water depth, lower cost, for its capacity to detect cryptic species and finally its sensitivity
and sampling ease allows rapid surveys in large geographic areas in comparison with other traditional
methods (Evans et al., 2017; Sigsgaard et al., 2015).

Methodologies based on eDNA detection have been used in fresh-water and marine habitats across
literature (Agersnap et al., 2017; Atkinson et al., 2018; Knudsen et al., 2019; Sigsgaard et al., 2015),
can provide fast and reliable information (Deiner et al., 2021) and have been considered a promising
source of ecological information for usage in conservation and biomonitoring in fisheries for its capacity
of detecting invasive, rare, cryptic, threatened species in different developmental stages. In addition, it
is less labour intensive, more sensitive than traditional sampling methods, has a reduced risk of
unintentional secondary dispersal of alien species and diseases and is non-invasive, as no fish or other
macroorganisms are caught, disturbed or killed during assessment, reduces the risk of unintentional

secondary dispersal of alien species and diseases (Fossgy et al., 2020; Valentini et al., 2016).

3.3 Environmental DNA (eDNA)

Environmental DNA broadly refers to the remains of intracellular or extracellular DNA present and
directly collected in environments such as soil, sediment, air and water that originates from tissues,
faeces, urine, hair, scales and other biological materials (Kirtane et al., 2021; Stewart, 2019; Taberlet et
al., 2012). Scales, skin, mucus or by excretory processes as urine and faecal matter are commonly the
source of DNA shed by fish in the environment (Yates et al., 2021), and it can persist in the water
column and be detectable for up to 60 days (Kelly et al., 2014; Rourke et al., 2022).

In conservation species distribution assessment requires primarily data on presence or absence of
species, which eDNA has been proven to successfully provide even in cases of rare species that
wouldn’t be detected and environments of difficult access that commonly can impact electrofishing,
limiting information on presence of targeted species in those areas. (Evans et al., 2017; Sigsgaard et al.,

2015; Atkinson et al., 2015). Additionally, environmental DNA can be used to retrieve using
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metabarcoding and/or metagenomics approaches to identify and quantify different taxa even at

population level (Xing et al., 2022; Kirtane et al., 2021).

Ecological studies using eDNA require three steps: a) sample collection and preservation, b) extraction
and purification of DNA, c) detection of specific target DNA. For aquatic studies, water samples are
obtained from lakes, rivers, streams, sea, artificial ponds/reservoirs/canals/ditches, lagoons or in
experimental settings, such as water tanks. Challenges such as recovering sufficient eDNA vyields and
filtering enough samples are an important factor for detection of species. Volumes ranging from 15 mL
to 45 L have been used for eDNA research, of which 1 to 2 L is most used in natural water bodies (Xing
2022). Sampling can be made using techniques such as filtration, precipitation, and centrifugation.
Filtration is commonly used and consists of water samples being pumped through a filter. The filter
material and pore size vary across literature, pore sizes range from 0.22 to 0.5 um and filters can be of
Glass Fiber, Polycarbonate, Nylon, Cellulose nitrate, polyether sulfone, polyvinylidene difluoride,
mixed cellulose acetate and nitrate, and in format of a filter capsule; Sterivex enclosure filter. In the
precipitation method, ethanol or isopropanol are added in samples with sodium acetate and is commonly
used for small sample volumes. Centrifugation consists of centrifugation of water samples and
subsequent discard of supernatant, this method is not commonly used for water samples as it’s not
suitable for large volumes of water, but it has been shown to yield more eDNA than precipitation
method (Eschmiller et al 2016). Filtration is the most used method with the highest DNA yield. (Xing
etal., 2022).

Appropriate storage of eDNA filter samples needs to account for degradation rates in order to best
promote eDNA vyield during extraction. Common preservation methods include keeping filters in
freezing temperatures using ice, liquid nitrogen or freezing samples. Freezing at -20 °C has shown
excellent performance, but preservation using buffers and room temperature have been tested, as
freezing temperatures are hard to be achieved in field environments. Samples can also be treated with
anti-degradation reagents for preservation with ethanol or other lysis buffers. Buffers can be available
commercially such as CTAB (CEB-500-02; OPS Diagnostics), RNAlater® (Invitrogen, Sigma-Aldrich,
Ambion), and ATL (939011; Qiagen) or pre-made in laboratory like Longmire’s buffer. In general,
buffers were shown to preserve samples for up to several months with or without refrigeration
(Gorokhova, 2005; Williams et al., 2016; Wu & Minamoto, 2023; Xing et al., 2022).

The next step in eDNA surveys is the extraction of the DNA from intact cells and organelles and
purification from substances that can inhibit polymerase chain reaction. Examples of inhibitors vary
from cellular components to materials in waters that are co-extracted with DNA, such as humic
substances: bile salts in feces, heme group in blood and urea in urine. Those can interfere with PCRs
by directly interacting with DNA, by blocking the activity of the polymerase or other PCR mixture
components such as Magnesium chloride (MgCly) (Buckwalter et al., 2014; Eichmiller et al., 2016).
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A traditional DNA extraction method is the phenol-chloroform-isoamylol (PCI) method, that has been
adapted for use with eDNA samples. Commercial extraction Kkits are more often recommended to avoid
the use of phenol and chloroform, which are harmful substances used during PCI extraction.
Commercial Kits can be targeted at water samples, soil samples, food, stool or blood and tissue. Example
of available kits are Qiagen DNeasy Blood and Tissue Kit, Qiagen DNeasy Power Water Kit, MoBio
Power Water DNA extraction kit, MoBio Power Soil DNA extraction kit, MP Biomedicals FastDNA
Spin kit for soil, PowerMax Soil kit, Qiagen QlAamp DNA Stool Mini kit, DNeasy Mericon Food Kit.

Molecular tests include a wide range of methods targeting mitochondrial (mt)DNA and nuclear
(n)DNA. A wide variety of studies have favored mtDNA due to robustness and to the fact that there is
a higher cellular copy number of mtDNA than nDNA (Dalvin et al., 2010; Evans et al., 2017). A short
mitochondrial gene for cytochrome ¢ oxidase | (COI 760 bp) has been used as standard for identification
of several animal species due to its maternal inheritance and limited recombination, rapid evolution and
robustness against degradations (Roe & Sperling, 2007 though targets can range from other regions
such as 16S ribosomal (r)RNA or 12S rRNA. Particularly, 16S rRNA has been shown to be superior at
detecting sequences to the level of classes and orders than COI (Ahmed et al., 2022; Atkinson et al.,
2018).

Quantitative Polymerase chain reactions (PCR) methods for analysis of water samples have been used
to detect target DNA fragments using species specific sequences and have successfully detected various

taxonomic taxa from family to population level (Strickland & Roberts, 2019).

For quantitative PCR, RT-PCR or qPCR instruments come with an attached fluorescence reader that
irradiates samples with ultraviolet light and detects fluorescence levels in every PCR cycle through a
camera connected to a system plotting increase in fluorescence real time to accompany the amplification
of target DNA. This kind of method is commonly used for detection of eDNA and provide information
of concentration of a specific sequence in each sample, requiring an external calibrator or normalization
to estimate the concentration of the unknown. The progress can be also followed by the end of each
cycle, and the assays for gqPCR can be used in field through other platforms than conventional laboratory

machinery, such as portable qPCR devices (Hindson et al., 2011).

Droplet digital PCR (ddPCR) is an emulsion PCR method which generates up to 20,000 microdroplets
in oil, each droplet being an independent PCR reaction. Positive droplets are defined by high relative
fluorescence that results from DNA binding dye detection of double-stranded PCR products. Some
reactions will have template while others will not, reactions with the template are a positive endpoint
and the number of target DNA molecules will be calculated from those positive droplets using Poisson
statistics (Atkinson et al., 2018; Hindson et al., 2011; Te, Chen, & Gin, 2015).
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To detect and quantify products, two techniques of fluorescent dyes are commonly used: SYBR Green
dye — or EVA Green, that binds to double stranded DNA formed during PCR; and sequence-specific
DNA probes, that contain a fluorescent label and add an extra specific component to the assay, as
specific hybridization between probe and target sequence is necessary to yield fluorescence (Garibyan
& Avashia, 2013). Probe based assays, compared to dye-assays have three sequences checked against
target template DNA by the addition to two primers and is known for increasing sensitivity and
specificity of the assay.

Hydrolysis probes or TagMan are common probe assays. Those use minor groove binding (MGB)
probes, which provide an additional layer of sensitivity and specificity of the reactions, as three
sequences are checked against target DNA instead of two. (Atkinson et al., 2018); (Ahmed et al., 2022;
Wilcox et al., 2013).

Biotic factors can impact the capacity of DNA detection and biomass estimation. Seasonality, for
example, can provide a broader perspective of presence/absence of taxa when comparing genetic
material available in the environment during stages of life-history. As an example, breeding and non-
breeding seasons have great impact in genomic concentration which can influence the capacity of
detecting and quantifying eDNA. Specially for conservation, it is essential to be cautions regarding
when the investigations are conducted as genetic material is more available in different stages of life
history for different taxa (Stewart, 2019).

Degradation of DNA is also a common concern when dealing with eDNA samples, potentially causing
loss of signal. Decay of eDNA in controlled experiments has been demonstrated to occur on a scale of
days to weeks (Sigsgaard et al 2015), other concerns arise such as UV-radiation and inhibitory
substances that persist after DNA extraction can bind to the polymerase, interact with DNA and can
affect primer extension (Opel et al., 2010). A common practice to address the possibility of PCR
reaction inhibition is the use of exogenous control. Spiking samples with positive controls to detect
inhibition to observe Cq variation (Bustin et al., 2009) (Andersen et al., 2010).

Studies based on eDNA must also consider of closely related species that can be present in study area.
On those cases, sensitivity of the detection method is a crucial step to exclude the possibility of false
detection. One example is the use of controls and applying the same technique to different related
species (Bustin et al., 2009; Dalvin et al., 2010; Wilcox et al., 2013).
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3.4 Aim of this study

The main goal of my thesis is to assess if different eDNA methods can be an effective supplement or
alternative to conventional methods in detecting presence and distribution of Atlantic salmon in

freshwater systems.
The secondary aims to reach this goal are:

- The evaluation of several eDNA based protocols for detection of Atlantic Salmon in Haugsdalselva
during different seasons (winter, spring, summer, and fall). Protocols include different filter types, pore
size, eDNA preservation solutions, DNA extraction kits and PCR approaches (quantitative PCR via

Real Time PCR and Digital Droplet PCR and probe or dye-based fluorescence).

- Comparison of eDNA analysis with previous reports for Haugsdalselva using conventional methods
for detection.
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4. Materials and Methods

4.1 Location

Haugsdalselva (Figure 1) is a river in Masfjorden and Modalen municipalities in Vestland county,
Norway. It is part of the watershed Haugsdalsvassdraget, where trout and anadromous salmon can reach
approximately 4.2 km from the river outlet in Haugsdalsvagen (Masfjorden), up to the migration barrier
at Sagfossen (Sagrov et al 2014). It was chosen as a study site as regular assessments are carried out
by NORCE — LFI with electrofishing and drift-diving, and spawning areas and salmon presence are
well mapped.

Haugsdalsvassdraget has been regulated for hydropower since 1956. This regulation caused a reduced
waterflow in Haugsdalselva, but mitigations were implemented during 1990|s that have improved the

habitat for salmonids (salmon and trout) spawners and juveniles in the river (Sargrov et al 2014).

The Atlantic salmon population in Haugsdalselva collapsed in the 1980’s assumably due to
acidification. The water quality in the river gradually improved during the 1990’s, and a few juvenile
salmon that origin from natural spawners (and not cultivation) was again detected in 2000 for the first
time since mid-1980 (Segrov et al. 2014).

Population of salmon in Haugsdalselva has been assessed annually since 1995 by electrofishing
(juveniles) and drift-diving (spawners). These surveys have revealed that the salmon has been re-
established, but the population size is still low compared to sea trout (Seegrov et al. 2014; Skoglund et
al. 2021).

For my thesis sampling was conducted in five different days in 2020 in the months February, May,
August, September, and October, covering the seasons and with two sampling campaigns during
spawning time in Autumn. The sampling stations we chose are based on the results from previous
assessments that described and detected juvenile and spawning salmon stocks in different areas of this
river (Skoglund et al., 2020). Sampling stations are numbered from 1 to 8, the lowest number being
closest to the sea (Haugsdalsvagen). Station 7 is upstream the Kjetland bridge, while Station 6 is
downstream the bridge. The river flow changed during seasons. Hence station 6 was moved a few
meters downstream in summer and autumn to avoid areas with eddy formations and renamed Station
6b.

Station 8 was placed above the migration barrier (upstream Sagfossen) to migrating salmon and sea

trout. This part of the river is inhabited by brown trout but no salmon. Hence, this station was chosen
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as a negative water collection control for the eDNA method as no salmon eDNA should be expected in
this area based on previous assessments. In October, additional sampling stations (St. 5 and St. 5b) were
added upstream St. 4 to include same area used in a conventional survey at this time. This is an area
that previously has been identified as an important spawning ground for salmon during autumn (see
Skoglund et al. 2021).

Sampling stations are shown in Figure 1. Details regarding water sampling and sampling size are
presented in Table 1.

Longitude

Figure 1 — Map of study location in the river Haugsdalselva, Masfjorden, Modalen municipality in Vestland.
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Table 1 —Water sampling in Haugsdalselva 2020. Water volume 5 x 1 litre per station except in August. Filters were 47 mm diameter and types used were Polycarbonate (PC) with pore size 0.45 and
Cellulose nitrate (CN) with pore size 0.2, 0.45 or 1.0 um. In May campaign extra samples were collected to be processed with different extraction Kits and preservation solutions. September and October
campaigns had extra 3L in two stations for filter pore size comparison. Average water temperature (£SD). *Data provided by Eviny AS. **Temperature measured during sampling. Water samples collected
in winter (February) and autumn (September and October) were filtered at NORCE lab in Bergen. Water samples collected in May and August were filtered on-site by the river.

GPS (WGS84) Average water

Season Date Station North East Temperature °C Volume  Extraction and preservation Filter type and pore size
St.1l 60° 51.626 005° 31.101 1,17 £0,37* 5x1L PowerWater — PW1 Polycarbonate 0,45 pm
St.2 60° 51.045 005° 30.785 5x 1L Polycarbonate 0,45 pm
Winter February 270 St.4 60° 50.599 005° 30.982 15x 1L Polycarbonate 0,45 um
St.6 60° 49.940 005° 31.405 5x1L Polycarbonate 0,45 pm
St.7 60° 49.929 005° 31.496 5x1L Polycarbonate 0,45 pm
St. 8 60° 50.059 005° 32.286 5x1L Polycarbonate 0,45 pm
St.2 60° 51.045 005° 30.785 5,16 £ 0,98* 20x 1L PowerWater | Blood&Tissue Whatman cellulose nitrate 0,2 pum
Spring May 5 St4 60° 50.599 005° 30.982 20x 1L PW1 - ATL - EtOH Whatman cellulose nitrate 0,2 pum
St.8 60° 50.059 005° 32.286 20 x 1L Whatman cellulose nitrate 0,2 pm
St.4 60° 50.599 005° 30.982 12,92 + 0,46* 10x 1L PowerWater — PW1 Whatman cellulose nitrate 0,2 pm
Summer August 5 St.6b 60° 49.900 005° 31.300 10x 1L Whatman cellulose nitrate 0,2 pm
St.8 60° 50.059 005° 32.286 10 x 1L Whatman cellulose nitrate 0,2 pm
St.2 60° 51.045 005° 30.785 11 +0,24* 8x1L PowerWater — PW1 Whatman cellulose nitrate 0,45 um / 1,0 um
Autumn September 300 St. 4 60° 50.599 005° 30.982 5x 1L Whatman cellulose nitrate 1,0 um
St.6b 60° 49.900 005° 31.300 5x1L Whatman cellulose nitrate 1,0 pm
St.8 60° 50.059 005° 32.286 5x1L Whatman cellulose nitrate 1,0 pm
St.2 60° 51.045 005° 30.785 6 °C** 5x1L PowerWater — PW1 Whatman cellulose nitrate 1,0 pm
St.4 60° 50.599 005° 30.982 8x1L Whatman cellulose nitrate 0,45 um /1,0 um
St.5 60° 50.510 005° 30.904 5x1L Whatman cellulose nitrate 1,0 pm
Autumn October 20t St.5b 60° 50.500 005° 30.883 5x1L Whatman cellulose nitrate 1,0 pm
St.6b 60° 49.900 005° 31.300 5x1L Whatman cellulose nitrate 1,0 pm
St.8 60° 50.059 2(2)52086 5x 1L Whatman cellulose nitrate 1,0 pm
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4.2 Field Sampling and Filtration

River samples were taken from surface water during 5 different sampling trips during the year of 2020.
We collected minimum 5 x1 litres of water for each selected site in the river (see Table 1). Samples
were collected in 1 L dark bottles to protect them from light exposure. Bottles were transported with

ice packs to Bergen for filtration at the NORCE laboratory the same day as sampling or filtered on site.

Samples were collected using disposable nitrile gloves and new gloves were used at each sampling
station.

The water samples were filtered using a vacuum filtration station for 47mm diameter filters (KC
Denmark) containing a vacuum pump connected to a manifold with six 500 mL acrylic chambers and
a tank to collect filtered water (Figure 2). Filtration was conducted in the laboratory for February,
October, and September. All filters were placed in 2 ml Cryo tubes (VWR) and filled with 1000 mL
PW1 buffer (Qiagen® PowerWater) for preservation prior DNA extraction. An increased sampling size
was conducted in May when 20 x 1 litre of water was filtered. Filters from this campaign were placed
in 2 ml Cryo tubes (VWR) and preserved with 1000 pl of either PW1 (Qiagen, DNeasy Power Water),
ATL lysis buffer ATL (QIAGEN cat. no. 19076) or ethanol for a comparison of preservation effect in
DNA yield. The May campaign was also set up to test DNA vyield using different DNA extraction
methods.

In spring (May) and summer (August) the water samples were filtered on site by the river (set-up shown
in Figure 3). After every sample and replicate, the manifold glass columns were rinsed with solution of
10% chlorine (bleach) and MQ water to avoid risk of cross contamination with eDNA between

samplings.

When filtration on site, samples were stored on ice in a cooler box during fieldwork and filter samples

were stored in a -20°C freezer until DNA extraction.

Different types and pore sizes of filters were used during the water sampling campaign (see Table 1).
In February samples were filtered with Polycarbonate 0.45 um. For the rest of sampling campaigns, we
decided for cellulose nitrate filters (CN). These are less expensive and more commonly used for eDNA
sampling in fresh water compared to polycarbonate filters (Kumar et al., 2020). Samples collected in
May and August were filtered with CN filters pore size 0.2um and samples collected during autumn
(September and October) were filtered using CN filters with increased pore size 0.45 pum or 1 pum, due

to challenges with filter clogging.
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Water tank (15 L)

Manifold w/ 6 x 500 ml champers

Vacuum pump

Figure 2 — Vacuum filtration station (KC Denmark). Vacuum pump (125W) connected to a water tank (15L). The
water tank collects excess of water during filtration. Six acrylic chambers for filtration using standard 47 mm
diameter filter paper.

Figure 3 — Vacuum filtration station set-up in the field. A 12-volt battery (80 Ah) was used as power supply.
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4.3 DNA Extraction and quantification of total DNA

5.3.1 DNA Extraction

DNA extraction from filters was conducted in laboratory 1-3 days after water filtration. All samples
within one campaign passed by extraction process on the same day. DNeasy Power Water Kit
(Appendix: Table A) was used in samples from all campaigns. DNA extractions was performed

according to the manufacturers protocol (DNeasy® PowerWater® Kit Handbook).

In February, filters from stations 4, 5, 6, 7 and 8 were split into halves; one part was used directly for
DNA extraction, and the other half stored in ATL in -80 °C freezer. Filters from station 1, 2 and extra
filters (5 L) for station 4 were not split prior to extraction for comparison in DNA yield and inhibitors

presence.

5.3.2 Comparative study of different DNA extraction methods

Samples from stations 2, 4 and 8 (4 x 5 L per station) collected during the May campaign for comparison
of DNA vyield extracted with DNeasy Blood® and Tissue kit (Appendix: Table A) in addition to
DNeasy® Blood and Tissue Qiagen and DNeasy® PowerWater (Qiagen) respectively.

Filters from the water collection were preserved in a) PowerWater beads tube filled with 1mL of PW1
for DNA extraction using PowerWater kit, or in 2 mL Eppendorf tubes with either b) ATL or ¢) Ethanol
for DNA extraction using Blood & Tissue kit.

Prior to extraction the filters stored in tubes with ethanol were transferred to new Eppendorf tube with
ATL. The tubes with remaining ethanol were then centrifuged and precipitates were transferred to the
tube with ATL, required for the first step of DNA extraction with the Blood and Tissue Kit.

DNA extractions was performed according to instructions in the respective handbooks for the kits
(DNeasy® Blood & Tissue Handbook, DNeasy® PowerWater® Kit Handbook).

Elution of DNA as the final step in DNA extractions was done by adding 100 uL of AE buffer (Blood
& Tissue) or 100 uL of EB solution (PowerWater). Two aliquots of 50uL were prepared for each
method. One of the samples was storage in -80 °C freezer as backup material, while the other sample

was stored in -20 °C freezer until further analyses with PCR methods.

Ultrapure water served as technical extraction controls received the same treatment as samples during

DNA extraction for to check for contamination.
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5.3.2 DNA Quantification with QuBit

QuBit measures DNA through intensity of fluorescent dyes that bound selectively to target molecules,
in this case DNA. Quantification is calculated by comparison based on the Relative Fluorescence Units

(RFU) from two standards provided in the assay Kit.

Unspecific DNA concentration from filtered water samples was measured using the fluorometer QuBit
from Invitrogen, double-stranded DNA (dsDNA) High-Sensitivity (HS) Assay and performed
according to the kit instructions from manufacturer’s brochure available online. The assay type chosen
was the High-sensitivity assay that can detect DNA from 0,1 to 120 ng (0,005-120 ng/uL).

QuBit working solution is prepared using 1:200 of the QuBit DMSO dye stock in the kit’s buffer.
Standard solutions are made with 190 uL of the working solution and 10 pL of the QuBit standard
reagents. For samples, 198 uL of working solution and 2 pL of undiluted sample. Tubes were mixed by
vortex for 2 seconds, centrifuged and incubated at room temperature for 2 minutes. In the fluorometer,
standards 1 and 2 were read before running samples. More details of Qubit™ fluoremeter and Qubit
assay are given in Appendix (Table A and D).

5.4 PCR

All PCR reaction solutions were prepared in a dedicated PRE-PCR laboratory facility in the University
of Bergen not exposed to any PCR products. All equipment and materials were treated for 30 minutes
UV light exposition before preparation of PCR mixes. Templates added in each reaction were made of
1:2 diluted samples, ultra-pure water as negative controls and purified DNA extracted from S. salar
muscle tissue. Sample and controls dilutions were made using TRIS buffer 10 mM (diluted from TRIS

1.0 M, pH 8 from Merck). All samples were performed in triplicates.

Digital droplet PCR (ddPCR) technique consists in partitioning samples into around 20 000 oil-
encapsulated droplets and a PCR amplification of each droplet. Droplets can contain one or no copies
of the target molecule and during PCR cycles only droplets that contain a molecule will emit
fluorescence. Droplets are scored as positive or negative and assigned 1 or 0 values respectively
depending on fluorescence intensity above a certain threshold, which can be automatically set by
ddPCR analysis software or manually adjusted to differentiate droplets between negative and positive.
The quantification is based one the number of droplets at end point and estimated using Poisson
distribution (The dMIQE Group et al., 2020).
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5.4.1 Quantitative PCR assays

The Salmo salar L. assay used in this thesis is a modified version of the assay developed by Atkinson
et al 2012 which targeted a region of the COI (Cytochrome Oxidase 1) gene from the mitochondrial
DNA position 208 5 start position (Appendix: Table B). The amplicon is 74 base pairs in total,
including primers. The probe and primer final concentration from the Salmo salar L. was modified from
2 uM to 0,2 uM (200 nM) for primers and probe concentration after contact via e-mail with author (S.
Atkinson, personal communication, September 23, 2019) and clarification on mistake in publication
(published 17. July 2018). The first step of thermocycling conditions (50°C for 2 minutes) was also
excluded, also after personal communication with author who confirmed the step to be unnecessary.

Probe-based qPCR: A final reaction volume of 20 pL, being 10 pL SsoAdvanced Universal Probes
Supermix, 0.4 uL of each primer and probe, 4 uL sample and ultra-pure water. Cycling conditions were
set up to start at 95 °C for 10 minutes followed by 40 cycles of 95 °C for 15 seconds and 60 °C for 1

minute.

SYBR Green gPCR: A final reaction volume of 20 puL, being 10 uL. SYBR Green Supermix from Bio-

Rad, 0.4 uL of each primer, 4L sample and ultra-pure water. Cycling conditions for SYBR Green were
set up to start at 95 °C for 3 minutes followed by 40 cycles of 95 °C for 15 seconds and 60 °C for 1

minute.

eDNA samples were run on separate 96-well gPCR plates, each containing positive control and no-

template controls. All samples were run in triplicates.

Standard curve was generated using 1:5 serial dilutions from S. salar DNA extracted from muscle tissue
and quantified with QuBit. Concentration started from 2.5 ng/uL (10ng in 4 uL template) and a positive

detection was defined as being in the range of the standard curve.

Probe-based ddPCR: 11 pL of ddPCR Supermix (no dUTP), 0.44 uL of each primer primers and the
probe and ultra-pure water. A volume of 5.5 pL as added as template and final volume prepared was 22
uL pippeted to transparent tubes. Thermocycling conditions were set to 95 °C for 1 minute, and 40
cycles of 94 °C for 30 seconds, 56,4 °C for 60 seconds, finishing with 98 °C for 1 minute and infinite

hold in 4 °C. Temperature exchanged between steps had a ramp rate of 2 °C per second.

Before thermocycling (ddPCR), a DG8 cartridge (Bio Rad, cat no.:186-4008) was inserted into a holder.
A volume of 20 uLL ddPCR reaction mix were then pipetted into the sample wells, the middle row of the
cartridge. 70 uL of droplet generating oil were pipetted in the bottom wells of the cartridge and placed
in a gasket (Bio-Rad, cat. No.: 186-3009) over the cartridge holder. This holder was then placed into
the QX200 Droplet generator. After this step, 40 uL of the top row of the cartridge content, with the

droplets, were pipetted into a 96-well PCR plate. PCR plate was sealed with Pericable Foil heat seal
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(cat no.: 181-4040) using a PX1 PCR Plate sealer. Plate was inserted in thermocycler and after run

completion, plate was read with QX200 Droplet Reader.

Genomic DNA from the extreme halophile archaea Halobacterium salinarum (LGC Standards GmbH)
was used as exogenous control (‘spike”) for qPCR and ddPCR to examine a) loss of DNA using different
kits and b) levels of PCR inhibitors. A specific H. salinarum assay (Andersen et al 2010; Appendix,
Table B) was used to check for PCR inhibitors by adding a known concentration of H. salinarum DNA
into the river samples and comparing the difference in gPCR Quantification Cycle (Cq) to a positive

control.

Probe-based gPCR: Final volume of reaction was of 20 uL, being 10 uL SsoAdvanced™ Universal
Probes Supermix (Bio-Rad), 0.6 uL of Forward Primer (0.3uM), 1.8 uL of Reverse Primer (0.9 uM)
and 0.4 pL of Probe (0.2 uM). Thermocycling was set to 98 °C for 2 minutes and 40 cycles of 95 °C for
15 seconds and 60 °C for 30 seconds.

SYBR Green gPCR: Final volume of reaction was of 20 pL, being 10 uL. SYBR Supermix, 0.6 pL of

Forward Primer (0.3 uM) and 1.8 uL of Reverse Primer (0.9 uM). Thermocycling was set to 98 °C for
2 minutes and 40 cycles of 98 °C for 10 seconds and 60 °C for 10 seconds. A melt curve was generated

after each run with thermocycling set to 65 °C and gradually increase by 0,3 °C every 3 seconds.

Positive detection is based on PCR results parameters. Quantitative PCR samples below Cq 34.5 for
probe-based assay and Cq 32 for SYBR based assays and min 0.25 copies/uL — 5.000 copies/uL and
min 3 droplets for ddPCR, according to Bio-Rad manual. Dynamic range was defined using ten 5:1
serial dilution and 8 replicates based on Atlantic salmon muscle tissue, starting from 2.5 ng/uL DNA
(total 10ng in a 4uL template and 2ng/uL for ddPCR).

A sample was considered positive if one out of the three technical replicates showed amplification
within the Cq value (32cq for SYBR and 34,5 for Probe, salmon assay). Samples with abnormal

amplification curves were discarded.

5.4.2 Sensitivity and specificity to the Atlantic salmon assay

Sensitivity and specificity to the Atlantic salmon assay were tested and evaluated for ddPCR and gPCR
in a pre-project (Lima et al. 2019). Sensitivity was tested on serial dilutions of DNA extracted from
muscle tissue from Atlantic salmon with DNeasy Blood & Tissue kit (Qiagen). Standard curves were
made from ten 1:5 serial dilutions with replicates from a 10ng/uL stock (2,5 ng/uL starting
concentration for gPCR and 2 ng/uL. ddPCR. DNA concentrations were measured with QuBit® dsDNA
HS.
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Figure 4 - Standard curve for probe-based (Tagman) qPCR assay targeting Atlantic salmon (Atkinson et al. 2018). Serial
dilutions (1:5) with eight replicates per plot. Efficiency = 98.4 % for y=22.536 — 3.3604x (R? = 0.99).
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Figure 5 - Standard curve for SYBR green based gPCR assay targeting Atlantic salmon (Atkinson et al. 2018). Serial dilutions
(1:5) with three replicates per plot. Efficiency = 108.3 % for y=19.568 — 3.1382x (R? = 0.99). Data obtained from Lima et al.
(2019).
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Efficiency and sensitivity to the assay is determined by the standard curves. Limit of detection (LOD)
is defined as highest Cq values where at least 95% of the replicates are positive (Forootan et al., 2017).
LOD in the present study is defined as highest Cq values where all triplicates are positive (mean value).
Hence, LOD for the Atlantic salmon assay is set to Cq 36 (8 of 8 replicates) and 37 (3 of 3 replicates)
for probe-based gPCR and SYBR green gPCR respectively (see Figures 4 and 5).

Specificity to the assay was tested against 16 fish species from 6 different taxonomic orders including
the salmonids Atlantic salmon (Salmo salar), brown trout (Salmo trutta), rainbow trout (Oncorhynchus
mykiss), char (Salvelinus alpinus), brook trout (Salvelinus fontinalis), and pink salmon (Oncorhynchus
gorbuscha). Atlantic salmon assay sensitivity and specificity followed this previous work defined a
detection limit of Cq 34.5 for probe based (Tagman) gPCR and Cq 32.0 for SYBR green qPCR . That
is, values above these limits will increase risk of false positive. Hence, a cut-off for the assay is set to
be 34.5 and 32.0 for Cq values obtained with probe based and SYBR Green qPCR respectively.

Specificity test for Atlantic salmon probe assay in QPCR
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Figure 6 —Specificity test for Tagman probe-based (A) and SYBR-based (B) qPCR using assay targeting Atlantic salmon
(Atkinson et al.(2018)). Standard curve for 5-fold serial dilutions of Atlantic salmon DNA (circles) with a start concentration
of 0.5 ng/uL. Undiluted DNA (concentration 2.5 ng/ uL) from other fish species (including salmonids). Detections of undiluted
fish DNA marked with X in the figure (red X is Atlantic salmon; green or purple X are other fish species). DNA extracted
with DNeasy Blood & Tissue (Qiagen). Data obtained from Lima et al. (2019).
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For ddPCR, mean concentrations defined the range of detection (Figure 7). Sample concentration
started from 2 ng/uL stock solution as ddPCR template and ranged from 1:5 to 1:1 953 125. Range of
detection fell on average between 3644 copies/uL (1:5) to 0.157 copies/uL at dilution 1:78 125., when
< 3 droplets are observed. According to user manual from Bio-Rad, LOD for ddPCR is 0.25 copies per
pl and minimum 3 positive droplets. Cut-off for ddPCR results was based in previous specificity tests,

with unspecific amplification at 0.36 copies/uL and 4 droplets.

Both for ddPCR and probe-based gPCR dynamic range was until a DNA concentration of dilution
1:78125.

4000

3500
3000

Amplitude

Figure 7 - Sensitivity test of Atlantic salmon assay in ddPCR runs. Amplitude plot from QX Manager and BioRad Maestro
dilution series to determine the range of detection for the assay targeting Atlantic salmon with use of ddPCR. Starting from 2
ng DNA (undiluted positive control with 10ng exceeds ddPCR range of detection). Specificity test set minimum concentration

at 0.36 copies/uL. Limit of detection 0,157 copies/uL.
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5.4.3 Assay testing in water samples

To test the assay with eDNA to detect Atlantic salmon, probe assay via gPCR and ddPCR, eDNA

samples that were collected from fish tanks in the ILab at the University of Bergen.

Water samples originated from two tanks: one with cod, 78 individuals weighting approximately 450g
in 7500 liters of water (exchange rate of 6500 liter/hour), water originated from 100m depth from
Nordnes, Bergen, treated with UV light before entering the tank. Temperature at 9.3 °C in the sampling
day.

Salmon was filtered from a 2500-liter tank with a full shift of water per hour. Water was fresh from

Masfjorden and contained 400 fish weighing approximately 110g and the temperature was 12°C.

Concentration of samples were of 2.31ng/uL from cod tank and 1.75ng/pL in salmon tank. Some of
the QuBit measurements from Haugsdalselva have the same or around the same concentration — from

May to October. From both samples, 5,5 pL was used as template for ddPCR and 4 uL to gPCR.

5.6. Controls

5.6.1 Negative and contamination controls

As biological negative control, we collected water samples from Station 8, a portion in the river with

confirmed absence of Salmon according to previous studies and reports from Radgivende Biologer AS
and NORCE LFI (Skoglund et al. 2019, Skoglund et al. 2020; Sagrov et al. 2014).

Five litres of distilled water were brought to every campaign and received the same treatment as samples

to serve as negative technical sampling control.

Contamination controls were included in several steps of this study to determine and mitigate the

influence of contamination in samples or tests. The controls consisted of Milli-Q Ultra-pure water that
received the same treatment as samples. We carried 1 L of ultra-pure water in five different bottles from
the laboratory to the sampling field to be treated identically to the sampled bottles during transport,
filtration, DNA extraction and PCR runs.

Ultra-pure water used for PCR mixes preparations, extraction controls made of MiliQ-water and TRIS
buffer used in dilutions also underwent PCR tests. Controls added in all steps in the workflow were
used to identify any possible background contamination in preparation, transportation, filtering,
dilutions, and PCR runs (Figure 4).
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Figure 8 — Diagram of the biological and technical controls included in every step of the workflow from sampling to PCR
analysis. Controls underwent the same treatment as river samples during extraction, filtration and PCR runs. Ultra-pure water

used in PCR mixes and TRIS buffer used in sample dilution were also included in PCR runs to check for contamination.

5.6.2 Positive controls

Positive controls were included in all runs in order to detect reagent mix errors. DNA from Salmo salar
L. muscle tissue was extracted with Qiagen DNeasy Blood and Tissue kit used as positive control for
all PCR runs using S. salar L. assay. Before extraction, muscle tissue was treated with TissueRuptor Il
system from Qiagen (Figure 5). TissueRuptor is a rotor-stator homogenizer for disruption and
homogenization of biological samples through turbulence and mechanical shearing operating in a speed
range of 5 000 to 35000 rpm.

| pippeted 20 pL of Proteinase K in a 5 mL Eppendorf tube containing the muscle tissue in ATL buffer
and placed in a heating block at 56 °C overnight. Tissue disruption was performed according to

manufacturer’s user manual using a disposable plastic probe is installed onto the motor unit.
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Figure 9. TissueRuptor Il probe installation using adapter. Image from Qiagen User Manual 03/2022. After use of the
TissueRuptor, | pippeted 180 L of the processed muscle into twenty 2mL Eppendorf tubes to run the DNA extraction. MiliQ

water was used as an extraction blank and underwent the same treatment as muscle samples.

I made 20 aliquots to be extracted and an extraction blank to check for contamination. After DNA
extraction, each sample was divided into 2 aliquots of 50 pL.

Purified S. salar L. DNA was measured with QuBit and normalized to 2,5 ng/uL for use with qPCR
and 2ng/uL for ddPCR to obtain 10ng DNA in final PCR solutions when undiluted.

I made a serial dilution of 1:5 used as positive controls dilutions 1:25 or 1:125, to avoid saturation.
Samples were stored in -80 °C freezer until used to make positive control dilutions, that were stored in
-20 °C freezer.
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5.7 Workflow

A summary of experimental design and steps from sample collection to PCR analysis is presented in
Figure 6 and shortly described in the following: River sampling was conducted in Haugsdalselva 2020,
during Winter, Spring, Summer and Autumn. Two sample campaigns happened in Autumn, in
September and October as it is spawning time for Atlantic Salmon and has been show from previous
reports as the period adult fish return to the river to reproduce (Skoglund et al. 2019; Skoglund et al.
2020). Water was filtered in site or in lab using a vacuum pump connected to a tank and manifold with
6 champers. Filters used were made of Polycarbonate with a 0.45 um pore size and cellulose nitrate
with 0.2 um, 0.45 pym or 1 um.

DNeasy PowerWater (Qiagen) extraction kit was used on filters from all stations and extra samples
were collected in May to be tested with DNeasy Blood and Tissue (Qiagen) conserved in ATL or
Ethanol for comparison. Samples were then tested with QuBit for total DNA quantification. Final
analysis was done using two different PCR quantification instruments (ddPCR, gPCR), based on two
different fluorescence-based assays (SYBR/EvaGreen and Probe) and with two different targets:

Salmo salar L. mtCOI gene for salmon detection in Haugsdalselva and H. salinarum (spike) to measure

inhibition.

1 River Sampling 2 Water filtration 3 DNA Extraction and quantification
Five biological replicates of 1 litre in different Extraction
points in Haugsdalselva, Maasfjorden, in february, + Qiagen Blood and Tissue
may, august, september and october Qiagen Power Water —
DNA quantification with QuBit A
= - - - 1iiid o
O ) ' {
Dye based Assays Probe based
Halobacterium salinarum Salmo salar L.
Internal control for inhibition
' ) ' -,
: W
QuantieAtiveiPCR Digital Droplct‘ PCR

Figure 10 — A summary of the workflow from water sampling to PCR analyses.
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5.8 Data analysis

Statistical analysis of DNA concentrations, PCR output comparisons were performed using R version
4.2.2 (developed by Bell Laboratories by John Chambers and colleagues) an open-source software
available as Free Software under the terms of Free Software Foundations GNU General Public License
using RStudio version 2022.12.0 + 353 “Elsbeth Geranium” integrated development environment (IDE)
(Posit Software, PCB).

Two-way ANOVA test was used to detect significant difference between results of DNA concentrations
measured with QuBit for different stations, seasons, and extraction kits. For detailed significant
difference between groups comparison, | used Tukey HSD. Significant results were based on p value

when < 0.05. For two-group comparisons, I used Welch’s t-test.

Results from ddPCR tests were analysed using QX Manager 1.1 Series for Bio-Rad’s Droplet Digital
PCR and for gPCR results, CFX Manager 3.1.

Positive detection is based on PCR results parameters. Quantitative PCR samples below Cq 34,5 for
probe-based assay and Cq 32 for SYBR based assays and min 0.25 copies/pL — 5.000 copies/pL for
ddPCR and minimum 3 droplets, according to Bio-Rad manual and dynamic range tests based on
Atlantic Salmon muscle tissue and 5:1 dilutions starting from 10 ng of the target DNA to 5.12e-6 ng
for ddPCR and qPCR.

I used a similar approach to Jacobsen (2023) for Limit of Detection (LOD) and Limit of Quantification
(LOQ). One technical replicate qualifies that replicate to be considered positive. In order to successfully

guantify qPCR product, all replicates need to be positive (LOQ).

ddPCR thresholds were chosen every plate, manually, considering Kokkoris et al (2021) mentions on
the challenges of setting threshold values for environmental samples in ddPCR. Besides the negative
droplets population from my NTCs, my threshold setting every run took into consideration my negative

biological control.
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6. Results

A total of 156 L of water samples was collected, filtered, and tested for presence of Atlantic salmon
DNA in Haugsdalselva during 2020. This study shows substantial variations in Atlantic salmon eDNA

concentrations among samples collected from different sites in the river at different seasons.

In addition to spatial and temporal variations, | also identified methodological factors that have
significant impact on eDNA yield and detection accuracy in water samples from the river. These factors
include methods regarding filtration, filter preservation, DNA extractions and PCR (qPCR, ddPCR).

6.1 Unspecific DNA concentration variability during seasons in
Haugsdalselva river

Water samples from different stations was collected and filtered during winter, spring, summer, and
autumn (Table 1). In all campaigns, filters were preserved in PW1 and DNA extracted using Qiagen
PowerWater. Five replicates of 1 litre water from each sampling station was filtered, and during August
campaign filtering time increased considerable from 15 minutes per station in February and May to an
average of 30 to 45 minutes in August, with one filter in station 6 taking 60 minutes. This increased
filtering time was caused by filter clogging. Figure 7 shows example of CN filters from May (no

clogging) and August (clogging).

Figure 11 — Comparison of CN filters used in May (A) and in August (B) with 0.2 uM pore size. In May (A), filter sits on
manifold and has a light coloration from particles. Filter in picture B is from an August sample and it is much darker pointing
out the higher biomass and particles quantity present in summer. This is also reflected in filtration times in August, that took

the longest among the campaigns.
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Measurements of unspecific eDNA concentrations in the water samples revealed both temporal and
spatial variations (Figure 12). There was a significant effect of seasonality in eDNA vyield in
Haugsdalselva by month (two-way ANOVA; (F (4,99) = 44.15, p<0.001). In overall, there was
significant lower DNA concentrations in water samples collected in February compared to water

samples collected in August and October(p<0.05).

There was also significant difference in DNA concentrations in water collected from different sampling
stations (F (8,99) = 6.65, p < .001), station 6 yielded the highest concentration of DNA when compared
with all stations from February and stations 4 and 8 in August (<0.001).
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Figure 12 — Water samples. Unspecific eDNA concentration variability during seasons at different sites (Stations) in

Haugsdalselva. Replicates (5 x 1 litre) of water filtered. Extracted concentration of DNA given as ng per pL water. DNA

extraction with Power Water (QIAGEN). DNA concentration measured with QuBit assay.

6.2 Comparison of DNA extraction methods

From samples collected in May for stations 2, 4 and 8 to check DNA yield using different extraction
and conservation methods, | found that DNeasy PowerWater has shown a higher DNA yield compared

to the DNeasy Blood and Tissue extraction Kit.

Extra filtered water samples were collected at station 2, 4 and 8 in May for comparisons of DNA vyield
achieved with two DNA extraction methods, namely DNeasy PowerWater and DNeasy Blood & Tissue
Filters for PowerWater kit were conserved in PW1 buffer provided as part of the kit, while filters for
Blood & Tissue were conserved in ATL lysis buffer provided with the kit. In addition, extra filter

samples were conserved in ethanol prior DNA extraction using the Blood & Tissue Kit.
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Results show a clear distinction in unspecific DNA yield between the different DNA extraction
methods. Measured DNA concentration from samples conserved in ATL or ethanol (for DNA extraction
using Blood & Tissue kit) show DNA yields lower than 1 ng/pL for all replicates, while the DNA yield
in samples conserved in PW1 (for DNA extraction using PowerWater kit) are ranging up to 3.16 ng/
uL. Inoverall, there were significant differences in eDNA yield when different extraction methods for
samples from all stations were compared (two-way ANOVA,; p<0,001, 95% CI). This effect only
corresponds to extractions methods, showing a significant higher eDNA vyield in samples where DNA
were extracted using the DNeasy Power Water kit compared to the DNeasy Blood & Tissue kit (Table
2 and 3).

There were no significant differences in DNA yield from samples conserved in ATL lysis buffer or
ethanol prior to DNA extraction with use of Blood & Tissue kit. No effect of different stations (St. 2,
St. 4 and St. 8) or interaction between stations and conservation methods were observed (Table 3).

Differences in measured DNA concentrations from samples collected at different stations and different

conservation methods are shown in Figure 13.
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Figure 13 — Comparison of unspecific DNA yield from different conservation and extraction methods. Water samples collected
and filtered from different sites (sampling stations numbered as 2, 4, and 8) in Haugsdalselva, May 2020. DNA from the filters
were extracted using Qiagen DNeasy PowerWater (filters conserved in PW1 prior DNA extraction) and Qiagen DNeasy Blood
& Tissue extraction kits (filters conserved in ATL or ethanol prior DNA extraction). DNA concentration (ng/uL) measured

with Qubit (dsDNA HS assay). Plotted points represent biological replicates (filter samples; 3 x 5 replicates per station).
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Table 2 — DNA yield. Preservation of filtered water samples from different sites (Stations) in Haugsdalselva. A total of 15 L
samples was filtered and preserved in ATL lysis buffer or ethanol for DNA extraction using DNeasy®Blood & Tissue kit and
in PW1 buffer for DNA extraction using DNeasy® Power Water kit. DNA concentrations measured with Qubit fluorometer

are given as ng per uL and are given as mean + standard deviation. Coefficient of variation (CV) given in percent.

DNA Conc (ng/pL).

Station Conservation  Filter samples (n) Coeficient of variation (%)

Mean + SD
ATL 5 0.206 £ 0.11 55.2
2 Ethanol 5 0.0188 + 0.0182 96.7
PW1 5 1.38 £0.835 60.4
ATL 5 0.171 + 0.0696 40.7
4 Ethanol 5 0.250 £ 0.309 123
PW1 5 166+1.35 814
ATL 5 0.293£0.123 41.8
8 Ethanol 5 0.0550 + 0.0452 82.2
PW1 5 1.52 £ 0.508 335

Table 3 — Conservation and extraction method comparison for eDNA yield. A two-way ANOVA shows that only
conservation/extraction methods influence eDNA vyield. Differences between stations and interaction of station and
conservation had no effect (p>0.05) in the final measure. Last column shows p-value for the impact of conservation (p<0.001).
Statistically significant for p<0.05 *.

Degrees of

freedom Sum of Squares Mean Squares F value p-value
Conservation 2 18.41 9.20 28.53 0.0000*
Station 2 0.19 0.09 0.29 0.7521
Conservation:station 4 0.20 0.05 0.15 0.9604
Residuals 36 11.61 0.32
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6.3 Assay test in water samples

Tests with water samples from fish tanks with known high concentration of eDNA resulted in a dramatic
difference between salmon and cod, proving the assay to be specific within the range previously defined
for both species (Table 4). Those very low concentrations of non-specific eDNA show the importance
of setting cut-off limits, as in literature many studies don’t cite exactly the protocols used for assay
specificity(Atkinson et al., 2018; Fossgy et al., 2020; Jacobsen et al., 2023; Sigsgaard et al., 2015) or
still use extremely high Cq for gPCR (Sigsgaard et al., 2015) non-recommended due to non-specific
amplification and decrease of efficiency (Bustin et al., 2009). For ddPCR, the manufacturer manual
suggests <0.25 copies/uL and three droplets in one or merged wells to call a sample positive. Many
studies use this threshold as successful detection (Fossgy et al., 2020; Hansen et al., 2022).

Table 4 — eDNA water samples from fish tanks with cod and salmon were measured for DNA concentration with QuBit
dsDNA HS assay and tested with probe assay in gPCR and ddPCR. Concentration is unspecific and refers to total DNA in the
sample. Results for gPCR show the average Cq between replicates, cut-off previously set as 34,5. ddPCR results are divided
between Copies per microliter and positive droplets, cut off 0.36copies/uL or 3 positive droplets.

Water samples DNA
qPCR ddPCR
ILAB Concentration
] Positive
Average Cq Copies/uL
Droplets
Salmon 1,75 ng/uL 24.76 £ 0,17 534.78 4544
0.09
Cod 2,31 ng/uL 37.01 £0.35 1
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6.4 Detection of inhibitors

Halobacterium salinarum assay was used as exogenous control (spike) to measure loss of DNA during
DNA extraction (DNeasy PowerWater) and to control for PCR inhibitors in water samples.

When comparing inhibition between seasons in Haugsdalselva, the month of February shows lowest
inhibition using gPCR probe assay, with the average Cq closer to the positive control, 24. Higher Cq
values and high data spread within campaign signal presence of PCR inhibitors. Spatial and temporal

variations in levels of PCR inhibition in water samples from Haugsdalselva are shown in Figure 10.
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Figure 14 — PCR inhibition test. Quantification cycles in qPCR assay for spike (H. salinarum, exogenous control) show
February as the month with the least inhibition, with its values slightly above the threshold. followed October, September, and
August.

Samples from May were spiked with 2uL of 0,025 ng/uL of H. salinarum and analyzed with gPCR to
compare inhibition between samples treated with DNeasy Power Water and DNeasy Blood and Tissue.
H. salinarum assay probe assay. Only samples treated with Power Water showed amplification when
analyzed undiluted. Distance from the y intercept line (Control Cq = 17.4) corresponds to presence of

inhibitors in a sample (see figure 15).
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Figure 15 —Sample dilution and extraction kit influence on gPCR quantification cycle for assay targeting Halobacterium
salinarum in spiked samples. Water samples were collected in May at station 4 in Haugsdalselva. PCR inhibition test was
performed with gPCR probe assay targeting H. salinarum, and gPCR runs on undiluted DNA sample and on DNA samples
diluted 1:10 and 1:100. Dashed line represents the quantification cycle (Cq) of positive control sample of H. salinarum. Water
samples from Haugsdalselva and positive control (ultra-pure Milli-Q® water) were added with the same concentration of H.
salinarum DNA.

6.5 Detection of Atlantic salmon DNA in Haugsdalselva

Atlantic salmon was detected in all seasons in Haugsdalselva in all methods at the same or different

time points and biological replicates (Table 5).

Station 4 has the highest proportion of successful detections among replicates in all months. The second
station that detected salmon successfully in all seasons was Station 2. There were significant higher
proportions of detections with ddPCR than gPCR in samples from station 4 collected in august and in
samples from station 2 collected in October (FET; p<0.001). Summer and early autumn were the

seasons with the least number of detections in all methods.
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Table 5 — Overview Salmon detection in Haugsdalselva in 2020 using probe-based assay for both g°PCR and ddPCR. Table is divided into seasons and stations. Results are given in station positive

replicates (biological replicates), average Cq value * Standard deviation for gPCR and copies/uL for ddPCR, and proportion of total positive PCRs among biological and technical replicates. Cq

value 34.5 set as cut-off for the specificity to gPCR. Cut-off for ddPCR is set to 0.36 copies per pl and minimum 4 droplets. Differences in numbers of positive detections for gPCr and ddPCR

tested with Fisher Exact test (FET). Differences statistically significant for p<0.05*.

gPCR ddPCR
Season Date Station Station positive  Average Cq Positive Station positive  Average Positive FET
replicates value £ SD detections replicates copies/ul £ SD detections
1 - - - - - -
2 1/5 34.36 115 1/5 0.38 1/15 1.000
Winter 27th February 451 5/10 34+0.39 10/30 5/10 0.57+£0.18 9/30 1.000
6 - - - - - -
7 - - - - - -
. 2 3/5 33.41+030 7115 3/5 1.14 +0.56 9/15 0.715
Spring 5th May
4 3/5 3348021 9/15 3/5 1.16 £ 0.36 9/15 1.000
4 1/5 34.24 115 4/5 0.68 +0.21 11/15 0.0005*
Summer 5th August
6b 0/5 - 0/15 1/5 0.39 1/15 1.000
2 1/5 334609 3/15 2/8 0.44+£0.11 2/24 0.354
Autumn  30th September 4 1/5 33.27+09 3/15 2/5 0.45+0.61 3/15 1.000
6b 1/5 34.25 1/15 0/5 - 0/15 1
2 3/5 33.03+0.43 8/15 5/5 2.18+1.39 15/15 0.006*
4 5/5 32.72 £ 073 15/15 5/5 0.79+0.34 15/15 1.000
Autumn 20th October 5 2/3 31.85+0.88 6/9 2/3 1.06 +0.88 4/9 0.637
5b 1/3 34.5 1/9 1/3 0.64+0.1 3/9 0.577
6b 0/5 - 0/15 0/5 0.13+£0.06 0/15 1.000
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6.5.1 Influence of sample dilution for detection of Atlantic salmon

Samples from October, stations 4, 5 and 6b, were diluted before analyses and compared with undiluted
ones, to access effects of inhibition in samples and the impact on overall detection of Atlantic salmon

by gPCR using the probe assay.

Diluting samples has not impacted negatively the detection and in comparison retrieved more positive
detections (in gPCR) than undiluted samples.

Table 6 — Haugsdalselva 2020. Triplicate samples from stations 4, 5 and 6b tested with probe-based gPCR assay (Atkinson et
al 2018) and treated to 2-fold dilution and samples undiluted.

. Average Cq Positive
Month Site Cq (n=3 technical replicates) PCR
34.07 | 33.15| 33.28 33.53+0.49 3/3
October
] 32.58|32.73 | 33.67 32.82+0.44 3/3
Diluted 1:2
36.62 | 34.52 | NA 35.57+1.48 1/3
4 NA NA 0/3
October
. 31.22|31.97|30.69 31.39 £ 0.64 2/3
Undiluted
6b 36.05 | 36.78 | 36.86 36.55 + 0.44 0/3

6.5.2 Comparison of SYBR and Probe qPCR assay for salmon

In the month of October, the SYBR Green based qPCR assay was slightly but not significantly better
than the probe-based qPCR assay, but the opposite happened in September, when samples tested with
SYBR didn’t show any positive reaction. For probes, the upper limit of the dynamic range is set at Cq
34,5 and for SYBR, Cq 32.
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Figure 15 — Comparison of salmon detection in October 2020, Haugsdalselva, using probe based versus SYBR based qPCR

assays. The Y axis shows the Quantification cycle from qPCR and the X axis is divided by sampling stations. Horizontal

lines represent the LOD for each assay, with probe based having a threshold of 34.5 Cq and SYBR assay 32 Cq.
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Table 7 — Detection of salmon eDNA from samples from Haugsdalselva in October tested in g°PCR with SYBR green based

assay and probe-based assays

Stations

5b
6b

Probe assay SYBR assay
Station Average Positive Station Average Positive
replicates Cqand SD PCRs replicates (%) Cqand SD PCRs

3/5 33.11£0.40 8/15 5/5 29.65 +0.64 15/15
5/5 32.72 £ 073 15/15 5/5 30.73 £0.83 15/15
2/3 31.85+0.88 6/9 212 31.03 £2.23 4/8
1/3 34,5 1/9 1/2 29.91 £0.21 3/6
0/5 - 0/15 0/5 -

40|Page



Table 8 - Comparison of Probe and SYBR assay for September in Haugsdalselva.

Stations Probe assay SYBR assay
Station Average Positive Station Average Positive
replicates Cq and SD PCRs replicates (%) Cqand SD PCRs
2 1/5 33.46 £ 0.9 3/15 0/8 - 0/24
4 1/5 33.27+0.9 3/15 0/5 - 0/15
6b 1/5 34.25 1/15 0/5 - 0/15

6.6 Extraction methods influence in detection of Atlantic Salmon

In May, stations 2 and 4 detected Salmon with both gPCR and ddPCR, station 4 is shown to have the
highest concentration of salmon DNA by lower Cq values among replicates and higher rates of detection
in biological (3 out of 5 biological replicates) and technical (total of 9 detections out of 15 PCR runs),
for samples conserved with PW1 and extracted with DNeasy PowerWater kit (Table 9).

One replicate out of 15 conserved with ATL had a positive detection, also in station 4. Four replicates
of station 4 results were discarded due to abnormal amplification curve from gPCR. Three biological

replicates from station 2 also detected salmon, with a rate of 7/15 total positive detections.

For station 8, 4 out of 15 replicates had an amplification outside the range of detection and for ddPCR,

6 replicates showed one positive droplet also below limit of detection.

As for ddPCR, three replicates from station 2 treated with DNeasy Blood and Tissue were positive,

while with gPCR only one sample from station treated with ATL.
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Table 9 — Atlantic salmon detection in Haugsdalselva in May, with probe assays for q°PCR and ddPCR. Table is divided into

stations 2 and 4, and extraction kits used, DNeasy Blood and Tissue and DNeasy Power Water kit. Limit of detection for the

assay with gPCR is Cq 34.5 and table shows the range of Cq between positive replicates. For ddPCR, a positive detection is

given when samples present concentration above 0.36 copies/uL and 4 droplets. Samples conserved in ethanol and extracted

with BT kit and negative biological control samples (station 8) were negative and are not included in the table.

gPCR ddPCR
Month Station
Cq range Positive detections Copies/uL Positive detections
2
32.95-33.85 7/15 041t01.8 9/15
PW
2
= 0/15 0.33 1/15
BT
May
4
33.21- 34.25 9/15 0.48-1.6 8/15
PW
4
34.25 1/15 0.38-0.40 2/15
BT
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7. Discussion

This thesis aimed at comparing different methods, protocols, instruments and chemistries for efficiency
and reliability at detecting Atlantic salmon DNA in Haugsdalselva and validating weather an eDNA

based detection technique is congruent with previous drift-diving surveys conducted in the same site.

The results presented in this thesis shows eDNA detection of Atlantic salmon to be congruent with the
spawning fish count survey conducted in 2020 by LFI, NORCE (Skoglund et al., 2020) and with the
life cycle and migration patterns of Atlantic Salmon in the study site, demonstrating the suitability of
this assay for species detection and its potential for future applications in monitoring.

Species distribution is a key factor in conservation and management, and a timely and cost effective
tool such as eDNA for monitoring can not only completement traditional survey methods but
compensate for its limitations with its high detection ability of cryptic and rare species, easy access of
a great variety of habitats for sampling and for being cheaper and less labor intensive(Deiner et al.,
2021; Fossgy et al., 2020; Sigsgaard et al., 2015; Yamanaka & Minamoto, 2016).

In this scenario, efforts in optimization and validation of best suited protocols for eDNA detection are
crucial for broadening its application and reliability for monitoring.

7.1 DNA vyield in environmental samples

There are several challenges for accurate detection and recovery of eDNA from samples and how to
choose the correct protocols is an extremely important part of any eDNA study (Hunter et al., 2019;

Wu & Minamoto, 2023; Xing et al., 2022), and here | compared two commercial available kits from

Qiagen.

My study points out DNeasy Power Water kit® performs better than DNeasy Blood and Tissue when
considering total DNA vyield, accurate detection of my target species through PCR and removal of

inhibitors that can be co-extracted with environmental samples.

Despite that most studies don’t use water dedicated extraction kits for samples, examples from literature
include QlAamp Tissue Extraction Kit (Qiagen) (Ficetola et al., 2008), DNeasy® Mericon Food
Qiagen (Williams et al., 2016) and many studies using DNeasy Blood and Tissue also from Qiagen
(Agersnap et al., 2017; Fossgy et al., 2020; Jacobsen et al., 2023; Kelly et al., 2014; Kirtane et al., 2021;
Knudsen et al., 2019; Yamanaka & Minamoto, 2016).
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One common argument against specific commercial extraction kits for water samples is the cost (Xing
et al., 2022), for example PowerWater kit from Qiagen is approximately two and half times more
expensive than Blood and Tissue. Reducing the cost may compromise sensibility, so evaluating study
sites and conditions should be the parameter for kit choice. In cases where samples come from turbid
waters or when species is known to occur in lower frequencies, the choice of a more robust method to
deal with inhibition should be taken into consideration to tackle some of the challenges in total DNA
yield and target species signal.

In my evaluation of water samples collected in May, Blood and Tissue kit performed much poorer than
PowerWater, and the combination of ethanol and extraction with BT resulted in most of the samples
not showing any amplification. Despite that, total DNA yield measured with QuBit didn’t show any
statistically significant difference in conservation with ATL or with Ethanol.

7.2 Inhibition

Presence of inhibitors are a common problem in eDNA studies or surveys as they can impact sensitivity
of detection methods and increase the rate of false negatives. Inhibitors can promote DNA degradation,
interfere with extraction, inhibit polymerase activity, bind to nucleic acids and prevent accurate
guantification of a target DNA (Gibson et al., 2012; Hunter et al., 2019).

Presence of inhibitors seem to be higher in the summer in Haugsdalselva. Samples collected in the
summer, August, showed the highest concentration in eDNA yield and yet gPCR assay for Salmon
failed to detect salmon DNA in all but one replicate. The same didn’t happen with ddPCR, that has
gained space in eDNA research due to a better resistance against inhibitors than g°PCR (Mauvisseau et
al., 2019).

Tests with the spike assay in gPCR with samples from all seasons show a dramatic variation between
the different seasons, with February showing least inhibition and more consistence of amplification

between replicates.

Inhibition doesn’t occur equally in samples and inhibitors can interact with DNA in unexpected ways.
In one study on invasive plant species in water bodies by d’Auriac et al (2022), water turbidity caused
by high levels of clay did not hamper eDNA detection, and despite being the cause of very low sample
volume. One reason given is that DNA can bind to different particles or minerals and become more

resistant to degradation.
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7.3 Dilution

Despite not having an exclusive step for removal of inhibitors, when diluted DNeasy Blood and Tissue
showed similar results in the gPCR runs for H. salinarum assay to the PowerWater kit (Figure 13),
though diluting samples could potentially result in false negatives due to the typically low DNA
concentrations in environmental samples, as also seen in table 8 with gPCR results for samples
collected in May with DNeasy Power Water and Blood and Tissue. Samples conserved in ethanol didn’t

detect salmon.

I decided to treat all my samples in 2-fold dilutions before PCR analysis with the goal of reducing

potential inhibition and for archival purposes.

| tested samples from October (Table 6) to evaluate the dilution effect in Atlantic salmon detection
against samples that didn’t receive any sort of pre-treatment post extraction. Samples diluted 2:1 had a
higher rate of positive PCR runs than undiluted samples.

Presence of inhibitors is a common constraint when handling eDNA samples and a common practice is
to use dilutions. Despite its effectivity, this practice decreases sensitivity of the assay, mainly in samples
where the target is present in very low concentrations (McKee et al., 2015). McKee et al. (2015)
compared the effects of dilution 5-fold, 10-fold and a spin-column purification kit and shown they were

equally effective reducing PCR inhibitors in water samples collected from mountain headwater streams.

In fact, as seen in Fig.14, 5-fold dilution didn"t differ greatly from 10-fold dilution on gPCR detections
with the spike assay, and even DNeasy Blood and Tissue extracted samples were able to show

amplification with the spike (H. salinarum) assay after dilutions.

Some studies, though, have not seen any additional positive detection from diluted samples compared
with undiluted ones, like a study by Sigsgaard et al (2015), where samples with no initial amplification
were diluted into 1:10 in ddH20O for re-analysis. This is probably due to dilution of the target DNA

causing it to fall below levels of detectability.
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7.4 PCR quantification and specificity

The cut-off value for specificity for this assay shows a dramatic difference if samples were to be
compared with our limit of detection. For gPCR, our limit of detection was set at Cq 36 and for ddPCR,
0.36 copies/uL and 4 droplets. The manufacturer manual states that 0.25 copies/uL and 3 droplets are
the lower end of the limit of detection, which we decided to not adopt as unspecific amplification
happened within the parameters above.

Despite similar performances overall in other months, ddPCR managed to detect Atlantic salmon DNA
in August in most of the replicates, which is coherent with the current attention it has been gaining in

eDNA studies for being more tolerant to the effects of PCR inhibitors.

Another reason for its use is the precision in quantification: techniques based on ddPCR are regarded
as more precise as the quantification does not require a standard curve for calibration and relative
measurements, doesn’t depend on reaction efficiency and have been shown to be more reproducible

across laboratories.

One advantage of using gPCR, though, is its dynamic range. In my comparison, | showed that the lower
limit of the LOD (limit of detection), is similar for both PCR instruments (Figures 5, 6 and 7). But
gPCR overperforms ddPCR, as it can reach 6 orders of magnitude (The dMIQE Group et al., 2020) —

which, for environmental samples, doesn’t necessarily offer an advantage.

To perform an analysis, ddPCR requires more consumable accessories and extra steps when compared
with qPCR. Besides the well plates, for a ddPCR run one needs droplet generation oils, droplet reader
oil, cartridges for droplet generation, gaskets, and a cartridge holder. This could make the choice of
using ddPCR less attractive or and economical constraint, and using ddPCR it would depend on the

resources available for a study or survey.

7.5 Salmon detection comparison with drift diving

The assay was successful in detection Atlantic salmon in all marked stations (2, 4, 5 and 6) across the
year (Figure 14) but station number 8, our biological negative control above migration barrier. Detection

was also consistent with drift diving surveys and migration pattern.

Highest number of detections per replicate is found on stations 2 (around site 15) and 4 (around site
10).

Salmon was detected by conventional fish counting methodology in Haugsdalselva by NORCE LFlI

(Skoglund et al., 2021). All salmon was observed in part of the rivers numbered as river section 8 and
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10 (see Figure 17). These river sections correspond to Station 5 and Station 4 in the present study.
Previous surveys have also identified area in river section 8 as the spawning ground (Skoglund et al
2020). It was also observed that Atlantic salmon can swim up to around Station 6 and is not seen above

station 8 (migration barrier).

Station 2 is located downstream, which could be one reason to which it shows positive results during
all seasons. Several studies tested eDNA mobility across water bodies and persistence (Debes et al.,
2017; Deiner et al., 2021) and a study from Tillotson et al. 2018 using probe assay for salmon detection
has shown that eDNA seemed to be conserved over short distances and past the mark of 1.5 km it would
not be detectable. The distance between the spawning area from the mentioned report and my sampling

station number 2 is 1.4 km.

Latitude

6&82~‘B§ggk;' =

5.46 5.48

Longitude .

Figure 16 — Positive detection of salmon in Haugsdalselva in 2020. Stations 2, 4, 5 and 6 tested with gPCR presence of salmon.
Station 4 has the highest percentage of positive technical and biological replicates.
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Haugsdalselva 6

Figure 17 — Spawning fish counting conducted in Haugsdalselva in October 2020 by NORCE LFI (Skoglund et al 2021)
detected salmon in river sections 8 and 10 in the above map. Site 8 in the figure corresponds to Station 5 and site 10 is in
proximity of station 4 in this study. Figure is from NORCE LFI report no. 401 (Skoglund et al 2021).

In May, stations 2 and 4 detected Salmon with both qPCR and ddPCR, station 4 is shown to have the
highest concentration of salmon DNA by lower Cq values among replicates and higher rates of detection
in biological (3 out of 5 biological replicates) and technical (total of 9 detections out of 15 PCR runs),
for samples conserved with PW1 and extracted with DNeasy PowerWater Kit.

One replicate out of 15 conserved with ATL had a positive detection, also in station 4. Four replicates
of station 4 results were discarded due to abnormal amplification curve output from gPCR. Three

biological replicates from station 2 also detected salmon, with a rate of 7/15 total positive detections.

For ddPCR, four total replicates from station 2 treated with DNeasy Blood and Tissue using ATL as

conservation buffer were positive for salmon, three more than gPCR for this kit.

Fish counting in Haugsdalselva takes place during spawning season, October, when a higher number of
fish is expected. This result is also reflected on gPCR assays comparison between samples from other

months and samples taken during spawning season; more replicates were positive in October.
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8. Conclusions

This thesis assessed and compared different methods and protocols for detection of Atlantic Salmon
DNA in Haugsdalselva, Norway. There is a high congruence between eDNA detection in freshwater
samples from 2020 to the spawning fish counting survey conducted the same year.

Considering total DNA yield and removal of PCR inhibitors, the DNeasy Power Water extraction kit
performed dramatically better than the Blood and Tissue Kit, tested for inhibition with the spike PCR
assay and for Atlantic salmon detection with both gPCR and ddPCR assays. As for instruments, ddPCR
performed slightly better than gPCR in May for station 2 and was markedly better at detection in

samples from Summer.

Previous surveys have identified areas around Station 2 and 4 to have highest density of juvenile
salmonids, which is also compatible to eDNA detection with most protocols tested.

Presence and absence of eDNA target was also consistent with known patterns of life history and
seasonal migration, with discreet eDNA detection during winter and higher detection during spawning

season.

While there is a need for better understanding of the dynamics affecting eDNA degradation, inhibition
and relation to biomass, the tools used in this thesis have been proven to have great potential that could
be used in ecological studies and surveys as they are cost effective, simple, and fast. They could also
be an important supplement to compensate drawbacks and methodological difficulties of other

traditional monitoring techniques.
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APPENDIX

Table A — DNA extraction and Qubit dsSDNA HS (High Sensitivity) assay Kits

Name Use Catalogue Nr. Producer
DNeasy Blood and Tissue DNA Extraction and 69504 Qiagen
purification kit for Blood
and Tissue
DNeasy PowerWater DNA Extraction and 14900-100-NF Qiagen

Purification for Aquatic
Environmental Samples

dsDNA QuBit High Non-specific DNA Q33230 Thermofisher
Sensitivity concentration quantification

Table B — PCR assays; Primers and probes used for targeting Atlantic salmon (Salmo salar) and Halobacterium salinarum used as
an exogenous control (spike)

Sequence Producer Reference
5.3 number
CGC CCT AAGTCTCTT GATTCG A Forward Sigma- 8813717766-
Primer Aldrich 0000010
Salmo salar L.
Atkinson et.al TAT AAATTT GGT CAT CTC CCA GA Reverse Sigma- 8813717766-
son €L.a Primer Aldrich 0000020
(2018)
5'-NED-AGA ACT CAG CCA GCC TG-3' Probe Sigma- 8815372374
s s Aldrich
5°-3
[EBFAM]AGGCGTCCAGCGGA[BHQ1] Probe Sigma- 8812248280-
Aldrich 000010
Halobacterium
salinarum
A”de;elnoet . GGGAAATCTGTCCGCTTAACG Forward  Sigma 8812248280-
(2010) Primer Aldrich 000020
CCGGTCCCAAGCTGAACA Reverse Sigma 8812248280-
Primer Aldrich 000030
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Table C — Commercial solutions used for preservation of samples and PCR (gPCR, SYBR Green and ddPCR)
reactions

Solution name Producer Catalogue Nr.
Droplet Generation Qil for Probes  BioRad 1863005
ddPCR supermix for probes (No BioRad 1863024
dUTP)

QX200™ ddPCR™ EvaGreen BioRad 186-4033
Supermix

Droplet Generation Qil for BioRad 1864005
EvaGreen

SsoAdvanced Universal Probes BioRad 172-5280
Supermix

SsoAdvanced Universal SYBR BioRad 1725270

Green Supermix

Tris Buffer, 1.0 M, pH 8.0, Merckmillipore 648314
Molecular Biology Grade - CAS

77-86-1

ATL Tissue Lysis Buffer for Qiagen 939016

purification of nucleic acids
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Table D — Equipment used in laboratory for processing of the water samples.

Equipment

Catalog Number

Producer

QuBit 4 Fluorometer

QX200 Droplet Digital
PCR Reader

PX1 PCR Plate Sealer

QX200 Droplet
Generator

CFX96 Optical Reaction
Module for Real-Time
PCR

C1000 Touch™
Thermal Cycler with
96-Deep Well Reaction
Module #

Vacuum Filtration
System 6 chambers 0,5
L

Water tank for filtration
station

Vacuum Pump

TissueRuptor 11

TissueRuptor
Disposable Probes (25)

Q33239

1864003

1814000

1864002

1845097

1851197

22.050

22.051

22.029

9002756

990890

Thermofisher Scientific Inc

Bio-Rad

Bio-Rad

Bio-Rad

Bio-Rad

Bio-Rad

KC Denmark

KC Denmark

KC Denmark

Qiagen

Qiagen
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