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Foreword

This work was commissioned to build on a recent evidence review of great crested newt
(GCN) eDNA monitoring protocols (NECR476) and, on a small scale, compare results
from two eDNA capture methods (ethanol precipitation and filtration) for the detection of
the species. The work here also seeks to identify whether metabarcoding is comparable
with single-species detection of GCN. The results from this project will contribute to an
evaluation of the current methodology for monitoring GCN, and help support a shift
towards a revised methodology, if the need for an updated protocol is identified.

Natural England commission a range of reports from external contractors to provide
evidence and advice to assist us in delivering our duties. The views in this report are those
of the authors and do not necessarily represent those of Natural England.
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Executive summary

Following the recent review and publication of: An evidence review for great crested newt
eDNA monitoring protocols - NECR476 (naturalengland.org.uk), Natural England would
like to increase the evidence base in the area of eDNA sampling (ethanol precipitation vs
filtration). The aim of this project was to compare the results of great crested newt (GCN)
environmental DNA (eDNA) analysis from samples collected using either ethanol
precipitation or filtration methods. The analysis of samples was performed using the single
species GCN assay following laboratory protocols in: Analytical and methodological
development for improved surveillance of the Great Crested Newt, and other pond
vertebrates - WC1067. Furthermore, Natural England wished to investigate whether GCN
could be reliably detected from a sub-set of the samples collected via filtration methods
using DNA metabarcoding.

To do this, 100 samples (including field blanks) were collected using the standard ethanol
precipitation-based sampling kits (as per WC1067) and during the same sampling visit a
sample was also taken using a Sterivex-HV Pressure Filter Unit with a 0.45um pore size,
and the addition of an ethanol based preservative solution. The ethanol precipitation
samples were analysed by Cellmark (a GCN eDNA analysis service provider) using the
methods detailed in WC1067 and the results were shared for this report to allow
comparison with the results of the filter-based sample results. After DNA was extracted
from the filter samples, GCN analysis was performed using the methods in WC1067 and
via metabarcoding of a sub-set of 20 of the samples all of which were positive for GCN
with both sampling methods.

GCN species-specific results comparison of the two sample collection methods were
largely in agreement with 27 of the samples being positive for GCN eDNA by both
methods with 5 additional positive samples for both the ethanol precipitation and filtration
collected samples respectively. Metabarcoding of 12S DNA for vertebrate species resulted
in 29 species being detected across the 20 samples with 11 of the 20 samples detecting
great crested newt DNA.
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Introduction

Natural England is the Government’s advisor for the natural environment. It provides
practical advice on how to safeguard England’s natural wealth for the benefit of everyone.
RSK ADAS is an environmental consultancy which exists to provide ideas, specialist
knowledge and solutions to secure our food and enhance the environment.

Natural England wishes to compare the effectiveness of ethanol precipitation and filtration
eDNA capture methods for use in species-specific GCN rt-PCR analysis. The current
methodology for collection of water samples for analysis for GCN eDNA uses ethanol
precipitation of eDNA, one of the first methods described for eDNA recovery (Ficetola and
others. 2008, Biggs and others. 2014). Its use was adopted in 2014 within the Natural
England technical advice note (WC1067) after extensive validation of a PCR assay that
was initially described by Thomsen and others. (2012) for GCN detection, in conjunction
with DNA collection methods based on earlier works by Ficetola and others. (2008). Since
then, there have been extensive development and use of filter based eDNA capture for the
sampling of eDNA from waterbodies (Turner and others. 2014, Wilcox and others. 2015,
Hosler 2017, Deiner and others. 2018, Sepulveeda and others. 2019 etc.) and as such
filtration has now largely replaced ethanol precipitation as the method of choice for
capturing eDNA from water samples.

Although currently only 90 mL of water are sampled from a pond, the results generated for
GCN eDNA are well tuned to ecological survey in that when GCN are present by
ecological survey they can be detected by eDNA and vice versa. Any perceived increases
in sensitivity afforded by extraction from the potentially greater sample volumes obtained
by using filtration-based sample collection could undermine previous survey efforts by
detecting low/negligible GCN presence in ponds that were previously negative; and
increase the detections of eDNA from those low transient populations of GCN that are not
picked up by traditional survey. Regardless of this, the methods used in the Natural
England technical advice note, despite being the most highly validated eDNA assay
currently being used in a regulatory framework (Thalinger and others. 2021) now appear
out-of-step with current eDNA methods and it is important to provide new evidence to
allow Natural England to fully review current sampling methodologies.

Aims and Objectives

The overall aim of the project was to increase the evidence base to allow the further
review of great crested newt eDNA monitoring protocols. The main aim was to compare
the use of the current ethanol precipitation-based sampling methodology with filtration-
based sampling in terms of the results of the species-specific GCN assay as described in
WC1067. Additionally, a further aim was to compare the reliability of metabarcoding for the
detection of GCN from the filtration-based samples.
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This report details the methodology employed in these studies, the results obtained and,
discussion of the results. All data will be made available for further study and could be
used for a training day for Natural England staff on the DNA approaches used.

Materials and Methods

Sample collection

Three Natural England District Level Licensing (DLL) scheme areas were chosen to collect
filtration samples in 2023, alongside standard precipitation surveys. Sample collection was
completed by Habitat Delivery Bodies (HDBs) based in Cheshire (1 HDB each covering
Cheshire East, and Cheshire West), Norfolk (1 HDB) and Yorkshire (3 HDBs) (Table 1).

A subset of ponds within each area was chosen for sampling. This was a semi-random
selection from ponds created or restored prior to 15t April 2022, ensuring a spread of
ponds within each scheme area across the following criteria:

e Geographic spread across the scheme area based on the pond’s district.

e Age of pond (ranging from the first to the fourth year of monitoring).

e Whether the pond was a creation or restoration.

e Previous monitoring results via precipitation eDNA testing (if carried out) — present,
absent, or inconclusive (and if inconclusive, whether this was due to inhibition or
degradation).

e Whether the pond is within a ‘core’, ‘fringe’ or ‘outside’ the modelled DLL Strategic
Opportunity Areas for GCN

Samples were taken using 0.45 um sterivex filter kits prepared and supplied by
Surescreen Scientific (under a separate contract). Those taking samples were also able to
access a video made by Surescreen Scientific on how to take samples via filtration, in
addition to written guidance. HDBs were advised to use bottled water for their control
samples. For ease, HDBs returned their filtration samples to the same address as
precipitation samples (Orchid Cellmark), and these were stored at room temperature for up
to eight weeks before shipping to RSK ADAS.

Table 1. Number of samples collected in each area.

Region Planned Number of Samples by Area

Cheshire East 15 ponds; 2 controls
Cheshire West 15 ponds; 2 controls
Norfolk 26 ponds; 2 controls
Yorkshire 4 ponds; 2 controls
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Planned Number of Samples by Area

Yorkshire 12 ponds; 2 controls
Yorkshire 16 ponds; 2 controls
Total 88 ponds; 12 controls

Laboratory standard and specifications

All laboratory activities associated with DNA analysis are subject to errors if quality control
Is inadequate. Our DNA analysis follows a unidirectional workflow with separate
laboratories and staff to act as a physical separation for the different aspects of the
analysis work. This greatly reduces the potential for contamination of samples or the PCR
amplicons. ‘Blank’ PCRs (sterile water rather than DNA) are used to monitor for
reagent/procedural contamination, and in addition positive control samples are used to
increase confidence in the results and identify any cross-contamination issues, should
they occur.

DNA extraction from filters

DNA was extracted from all filters using the DNeasy blood and tissue kit (Qiagen,
Valencia, CA, USA) following the manufacturer’s instructions with minor modifications
(below) and finally resuspended in 200 pL of elution buffer (Appendix 1). Extraction blanks
were included (1 per day of DNA extractions) to monitor for any cross-contamination
during the DNA extraction.

e 540 uL ATL buffer, 300 uL AL buffer, and 50 uL proteinase K (all components of the
kit) used instead of standard amounts.

e Addition of 5.7x10° pg/uL synthetic control DNA for DNA extraction efficiency
monitoring

e 500 pL 100% ethanol used instead of standard amount.

All DNA extracts were quantified using a Qubit 3.0 Fluorometer (Invitrogen) following the
manufacturer’s instructions then stored at -20 °C prior to PCR set up (Appendix 1).

The efficiency of DNA extraction was measured by the addition of known concentration of
a synthetic DNA control to the buffers added to the filter. The recovery of this synthetic
DNA was measured by a gPCR assay specific for the sequence of the synthetic DNA
control (Appendix 1) and was used as a proxy for total eDNA extraction efficiency with
acceptable limits being within 2 standard deviations of the average Cq value (95% of
samples should be within this range).
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eDNA assay

GCN eDNA assay was performed in accordance with WC1067 which amplifies an 81 bp
fragment of the cytochrome b gene (Table 2, Appendix 1). All samples were subjected to
testing for eDNA recovery and inhibition.

Table 2. GCN primer and probe sequences (Thomsen and others. 2012).

Oligo Name Sequence (5' - 3')

TCCBF CGTAAACTACGGCTGACTAGTACGAA
TCCBR CCGATGTGTATGTAGATGCAAACA
TCCB.probe FAM-CATCCACGCTAACGGAGCCTCGC-BHQ1

Metabarcoding PCR

The primer combination used for the first round PCR amplification was 12S forward and
reverse for 12S PCRs (Riaz and others. 2011). Overhang adapter sequences (Table 3)
were included at the 5’ end of the primers to ensure compatibility with lllumina index and
sequencing adapters (lllumina 2012). PCRs included one negative control (ddH20 in place
of DNA); two DNA extraction blanks; a positive control sample (Scomber scombrus
Atlantic Mackerel); and all pond DNA samples.

Table 3. Primers used for metabarcoding first round PCR.

Primer Name | Oligonucleotides (5’-3’) Reference

12S forward TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTA |Riaz (2011)
(plus adapter) | GAACAGGCTCCTCTAG

12S reverse GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGT |Riaz (2011)
(plus adapter) | TAGATACCCCACTATGC

Index 1 CAAGCAGAAGACGGCATACGAGATXXXXXXXXGTCT | lllumina
CGTGGGCTCGG (2011)

Index 2 AATGATACGGCGACCACCGAGATCTACACKXXXXXXX | llumina
XTCGTCGGCAGCGTC (2011)

Note 1: For the 12S primers, sequences marked in bold are the first round PCR primer
adapter sequences, the remainder are the 12S locus-specific primer sequences. For the
Index primers, sequences marked in bold are Illlumina overhang adapter sequences, Index
1 and 2 sequences are marked with Xs as this sequence is variable for each different
sample, those in normal text are the P5 and P7 sequences. Index 1 (i7) and Index 2 (i5)
are examples of the type of primers used with the Index sequence itself being altered for
different samples.
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The first round PCR amplicons for each sample were pooled and run on a 1.5% agarose
gel. Any bands of the correct size were excised and purified using NucleoSpin® Gel and
PCR Clean-up purification columns (Macherey-Nagel) according to the manufacturers’
instructions (Appendix 1).

Sequence library preparation and sequencing

The second round of PCR or ‘Index’ PCR was performed by Source Bioscience to add
molecular identification (MID) tags (unique 8-nucleotide sequences) and lllumina MiSeq
sequencing adapters to the first round PCR products.

The indexed amplicons were quantified via a fluorometric method involving QuantiFluor
dsDNA assay (Promega); and qualified using electrophoretic separation on the Agilent
Fragment Analyzer 5300. This concentration and sizing information has been used to
calculate the molarity of each sample. All samples passed QC checks carried out by
Source Bioscience. Libraries were then pooled in equimolar amounts to create one library
for Illumina sequencing. The amplicon library pool was spiked with 20 % PhiX Control v3
library (lllumina) and run on the Illumina MiSeq using a MiSeq Reagent Kit v2 500 cycle kit
(Illumina), to generate 250-bp paired-end reads. PhiX DNA is derived from the small, well
characterized bacteriophage PhiX genome, it is a concentrated Illlumina library (10 nM in
10 pl) that has an average size of 500 bp and consists of balanced base composition at
~45% GC and ~55% AT and serves as an in-run QC for the Illumina sequencing.

Bioinformatic processing

Data processing was performed on an Intel i7 PC running Ubuntu Linux 20.04.4 LTS. In an
initial step, paired end reads were trimmed using trimmomatic 0.39 (Bolger, Lohse and
Usadel, 2014) to remove Miseq adapters, to clip low quality and unpaired reads, and to
truncate the sequence if the average phred score of a 5nt sliding window dropped below
25. An example command line to process a demultiplexed FASTQ sequence file was:

java -jar trimmomatic-0.39.jar PE R1_001.fastq R2_001.fastq readl paired_R1 001.fastq
readl unpaired_R1 001.fastq read2_paired_R2_001.fastq read2_unpaired_R2_001.fastq
ILLUMINACLIP:NexteraPE-PE.fa:2:30:10:2:True LEADING:3 TRAILING:3

MINLEN:36 SLIDINGWINDOW:5:25

Paired reads were merged using FLASH 1.2.11 (Fast Length Adjustment of SHort reads,
Magnoc and Salzberg, 2011) to convert paired end reads (R1 and R2 in the MiSeq
platform) to a single merged read using a minimum overlap of 80 nucleotides and a
maximum of 150 nucleotides.

After converting DNA sequences from FASTQ format to FASTA format using SeqgKit (Shen
and others, 2016), template specific PCR primers at the 5’ and 3’ ends were removed
using the “linked adapter” option of Cutadapt 3.5 (Martin, 2011) with a 10% error rate
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within the primer site i.e. 2 bp variants allowed per primer. Only trimmed sequences i.e.
those containing both matching primer sequences were retained.

Before taxonomic assignment, standard Linux tools were used to identify 100% identical
reads and condense them down to a single read to minimise time-consuming and
repetitive BLAST searches, However, a record of the frequency of replicate sequences
was maintained. Any reads with less than 5 replicates were excluded from the BLAST
search as these were considered sequencing errors and omitted from further analyses
(Harper and others 2018).

A custom 12S BLAST database was created on 09/10/2023 from the National Centre for
Biotechnology Information (NCBI) database using the search terms ‘vertebrata’ AND ‘12S’
before downloading the records in FASTA format. A total of 190K sequences downloaded
from NCBI were included in the final database.

BLAST searching was performed using the “megablast” program which is optimised to
identify alignments in highly similar sequences and returned the top hit for each query
sequence in a custom tabulated format. An e-value of 1e-15 was set; higher values such
as 1 or 10 return a larger list of more low-scoring hits, and actual e-values returned were in
the order of 1e-150 for a full-length alignment.

A custom perl script filtered the BLAST output, identifying hits sharing an accession
number and passing a set of criteria covering the percentage similarity between the query
sequence and the database sequence (297%), and having a query alignment length
difference less than 6 bp. Read counts for each sequence passing the similarity and query
alignment length filters were pooled based on accession number to generate a final
frequency count for each accession.

Results

DNA extraction

DNA was extracted from the 92 individual filter samples returned to RSK ADAS Ltd. and
the DNA quantified. Volumes of water sampled by the Habitat delivery bodies and the
volume of recovered preservative were also recorded (Table 4). Return of the filters did
not raise any issues with leakage of preservation solution, however six of the samples had
lower than 1 mL preservation solution recovered indicating that on occasion not enough
preservation solution was added during samples collection (these are noted in Table 4).
The efficiency of DNA extraction was within acceptable limits for all but four samples.
These were not the same samples as those with low volumes of recovered preservative.
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Table 4. Filter sample information. Some water volumes were not supplied by the
samplers and are marked as ‘unknown’. Some samples marked ‘Filtration field
blank’ were not collected via ethanol precipitation and thus there were no
corresponding precipitation results for these samples. DNA concentrations after
12S PCR amplicon clean up are only available for the 20 samples chosen for
metabarcoding, all others are marked ‘N/A’.

D ample 0 0 e e DNA extra
PDE D > ale prese a > c all0 O > a
elred > allO pDI'e PITAllO O 0
ecovereao DO e
O O DO e
O 0
FK1170 B2-027 300ml |2.3 12 9 2.08
FK1171% B2-030 400ml |0.8 0 0 0.406
FK1172 B2-032 500ml 1.7 0 Filtration ND
(2) field blank
FK1173 B2-030 400ml 1.6 0 Filtration ND
(2) field blank
FK1174 B2-032 175ml | 1.7 0 0 0.057
FK1175 B2-029 300ml |2.3 6 11 0.605
FK1176 S1-004 141ml | 2.0 0 0 1.76
FK1177 S1-068 unknow | 2.0 0 0
n 0.879
FK1178 S1-069 500ml |2.4 5 2 3.57
FK1179 S1-070 500ml |1.6 0 0 4.33
FK1180 S1-027 500ml |1.8 0 0 0.463
FK1181 S1-069 500ml |2.0 0 Filtration
field blank | 0.074
FK1182* C2-029 78mi 0.6 0 1 1.46
FK1183 S1-054 300ml |2.4 0 0 2.4
FK1184 S1-061 89ml 1.7 0 0 0.148
FK1185 S1-010 250ml [1.8 0 1 3.68
FK1186* C2-034 30ml 1.7 0 0 0.128
FK1187 C2-001 300ml |1.7 0 0 1.22
FK1188* S1-004 unknow | 1.4 0 Filtration
n field blank ND
FK1189 S1-070 400ml 1.7 0 Filtration
field blank ND
FK1191 Z1-001 150mI | 1.9 12 12 4.25
FK1192 Z3-080 500ml |1.8 0 1 0.801
FK1193 Z3-002 500ml [1.9 1 no result 5.82
sent
FK1194 Z1-011 50mi 1.8 0 0 1.56
FK1195 Z1-038 180ml | 2.0 11 12 3.78
FK1196 Z1-029 300ml |2.0 11 10 5.74
FK1197 Z1-035 300ml |1.6 0 0 1.71
FK1198 Z1-033 180ml | 2.0 0 0 4,38
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Volum
e water
filtered

(mL)

Volume
preservati
ve
recovered
(mL)

GCN
result
filtration
(positive
s out of
12)

GCN result
ethanol
precipitatio
n
(positives
out of 12)

DNA extract
concentrati
on (ng/uL)

FK1199 Z1-024 500ml |1.8 0 0 10.9
FK1200 Z1-010 90ml 1.9 0 0 0.215
FK1201 Z1-023 300ml |2.0 1 0 4.21
FK1203 Z1-004 500ml |1.8 3 1 18.1
FK1204 Z1-007 500ml |1.8 0 0 1.61
FK1205 Z1-034 500ml |1.5 12 12 2.35
FK1208 Z3-009 250ml [1.8 0 0 4.96
FK1209 Z1-014 120ml | 1.5 12 6 1.11
FK1211 Z1-013 500ml |1.5 0 0 2.25
FK1212 Z1-036 500mlI |2.0 3 0 13.3
FK1213 Z1-025 90ml 1.5 2 1 0.178
FK1215 Z1-012 500ml |1.9 0 0 1.91
FK1216 Z3-008 350ml  [1.7 0 0 1.55
FK1217 Z1-018 40ml 1.7 0 0 3.32
FK1218 S1-080 180ml | 2.0 0 0 5.85
FK1219 S1-039 500ml |1.8 0 0 5.09
FK1220 B2-016 100ml | 1.0 0 0 0.229
FK1221 S1-050 400ml | 2.0 0 0 2.57
FK1222* B2-034 500ml |1.8 0 0 ND
FK1224 S1-075 150ml | 2.0 3 0 1.13
FK1225 B2-006 500m!l |1.7 0 0 0.18
FK1226 S1-022 500ml |1.6 0 0 0.689
FK1227 B2-022 260ml | 2.0 0 0 1.58
FK1228 S1-002 450ml |1.8 12 9 1.15
FK1229 S1-002 500ml 1.8 0 Filtration
field blank [0.119

FK1230 S1-041 150ml |1.4 0 0 1.15
FK1231 B2-001 500ml |1.5 0 0 0.157
FK1232 B2-017 250ml | 1.6 0 0 0.098
FK1233 B2-033 500ml [1.4 0 0 0.325
FK1234 S1-040 100ml | 1.7 0 0 0.791
FK1235 S1-087 400ml |1.8 12 12 3.29
FK1236 B1-027 150ml | 1.5 12 2 2.09
FK1237 B1-122 50ml 1.8 4 1 0.428
FK1238 B1-189 350ml |1.7 0 0 0.239
FK1239% B1-141 25ml 0.4 0 0 0.766
FK1240 B1-098 300ml |1.8 12 8 4.34
FK1241 B1-015 unknow | 1.8 12 11

n 3.2
FK1242 B1-067 unknow | 1.7 0 0

n 0.826
FK1243 B1-128 200ml | 2.0 8 2 1.65
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Volum | Volume GCN GCN result | DNA extract

e water | preservati |result ethanol concentrati

filtered |ve filtration | precipitatio | on (ng/uL)

(mL) recovered | (positive |n

(mL) (positives
out of 12)

FK1244#% B1-194 |200ml |0.3 0 0 10.2
FK1245 B1-263 |[300ml |2.1 11 9 0.53
FK1246 B1-046 90ml| 1.4 12 6 1.39
FK1247 B1-182 |[500mlI |1.9 0 0 0.988
FK1248 B1-223 [250mlI |1.8 0 0 4.02
FK1250 B1-108 [350mlI |2.0 1 0 8.13
FK1251 B1-121 |170ml |1.9 2 5 1.13
FK1252 B1-044 125ml 1.8 0 0 2.46
FK1253 C1-004 |200ml |1.4 8 1 8.75
FK1254% C1-016 | 300ml |0.8 0 0 13.2
FK1255% C1-106 | 350ml |0.9 0 0 3.62
FK1256 C1-036 |unknow |2.1 0 0

n 0.347
FK1257 C1-071 |200ml |24 12 2 22.5
FK1258 C1-037 |500ml |1.7 12 12 0.653
FK1259 C1-004 |500ml |1.9 11 1 5.23
FK1260 C1-027 |500ml |1.8 0 0 ND
FK1261 C1-007 |500ml |1.9 0 5 ND
FK1262 C1-114 |500ml |1.7 6 1 0.832
FK1263 C1-006 | 500ml |1.8 11 12 9.25
FK1264 C1-011 |500ml |1.6 0 0 2.39
FK1265 C1-063 |500ml |1.6 0 0 0.844
FK1266 C1-049 |500ml |2.0 5 2 0.201
FK1267 C1-012 |500ml |2.1 0 0 4.24
FK1268 C1-022 |500ml |1.7 9 0 1.77
FK1269* C1-088 |240ml |1.5 0 1 1.28

Note 1: Dark grey shading represents samples that are positive for GCN by both sampling
methods, and light grey shading represents samples that are only positive for GCN with
one sampling method.

Note 2: ND marks those samples where DNA concentration was too low to measure.

Note 3: *marks those samples which were shown to have a poor DNA extraction efficiency
from filters i.e. were outside of acceptable limits.

Note 4: marks those samples where less than 1 mL of preservation buffer was recovered.
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Species-specific GCN results

A total of 27 of the samples were positive for GCN eDNA by both ethanol precipitation and
filtration with five and six additional positive samples respectively by only one sampling
method (Figure 1A). However, one result was not received for the ethanol precipitation
samples for Z2-002 which was positive (1/12) for GCN using filtration. If removed from the
results, then there were five additional positive samples by either one of the sampling
methods (Figure 1B). Of the five additional positives when sampled using ethanol
precipitation all except one sample showed very low positivity (1/12; C1-005 was 5/12). Of
the six additional positives when sampled using filtration two had a PCR score of 1/12 and
two a PCR score of 3/12. Only two of the additional positives (B1-108 and C1-022) had a
high PCR score of 7/12 or 9/12.

All field blanks were negative for GCN and all ten extraction blanks carried out by RSK
ADAS were negative for GCN and all samples were within acceptable limits for inhibition.
The remaining 59 filter samples were negative for GCN eDNA, however, four of these
samples (C2-034, S1-004, B2-034, and C1-088) were found to be well outside of
acceptable limits for the DNA recovery control when defining acceptable limits as within 2
standard deviations of the average Cq value (95% of samples should be within this range)
i.e. you would expect 5% of samples to be outside this range. When applying a nominal Ct
cutoff of 3 Ct above the expected Ct if 100% of DNA was recovered the same four
samples were found to be outside of acceptable limits and therefore had poor DNA
recovery efficiencies. S1-004 (a field blank) did not contain detectable concentrations of
DNA as would be expected and the same was true for B2-034. C2-034 had a very low
DNA concentration (0.128 ng/pL), the remaining sample C1-088 had a lower-than-average
concentration of DNA (1.28 ng/uL, average of 3.05 ng/pL) again all pointing to poor DNA
recovery for these samples.
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precipitation: 5 precipitation: 27

Figure 1. Venn diagram showing the number of GCN positive samples by one or
both methods of sample collection. A) all samples included, B) missing ethanol
precipitation results removed.

Metabarcoding PCR and library production

All 20 samples chosen for metabarcoding were successfully amplified, DNA quantified,
and sent for indexing PCR and Illumina sequencing (Table 4). The 20 samples were
selected to represent 14 ponds from across the HDBs that were positive for great crested
newt with both precipitation and filtration methods, three ponds that only tested positive
with the precipitation method and three ponds that only tested positive with the filtration
method were also selected.

Bioinformatics and data analysis

Quality control reports generated by the sequencing service, Source Bioscience showed
that both the indexed amplicons and the returned sequences were of good quality with all
samples having a Q30 of above 70%. Most lllumina runs will generate >70-80% Q30 data
and a high-quality score means that a base call is more reliable and less likely to be
incorrect. Samples also had mean quality scores above 30 which is a measure of base
calling accuracy equivalent to the probability of an incorrect base call 1 in 1000 times.
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Sequencing results

For the 12S analysis, of the sequences that passed all filters and went onto taxonomic
assignment a total of 1.32M sequences (~89% of sequences) were assigned a taxonomic
identification which represented 29 species including fish, birds, mammals, and
amphibians. A total of 161K sequences (~11% of sequences) were unassigned. The
percentage of assigned and unassigned sequence reads per sample are shown in Figure
2. Results are shown in Table 5 and Appendix 2. Samples contained between two and 10
species of vertebrate with an average of 5 species per pond. The most found species were
smooth newt, great crested newt and mallard duck. For the full list of 12S metabarcoding
results, please see Appendix 2.

11 of the 20 GCN PCR positive samples chosen for metabarcoding were found to contain
GCN via metabarcoding (Table 6). None of the samples that were only GCN positive via
one of the sampling methods were found to be positive for GCN when using
metabarcoding. Two of the samples which had high PCR scores via qPCR using both
sampling methods (Z1-038 and B1-098) were also negative for GCN via metabarcoding
which was unexpected given that of the 11 positive samples via metabarcoding all but one
(C1-049) were from samples with high PCR scores. The remaining sample with low PCR
scores via qPCR using both sampling methods (B1-121) was negative via metabarcoding.
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12S assigned versus unassigned reads
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Figure 2. 12S proportion of assigned and unassigned sequence reads.
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12S proportion of reads per species

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

> O
’\'Qb‘ ’\Dq, ’\'Q‘b
o o

&

% O/

S Grey heron

# Domestic goose

® Mallard duck

= Common bleak

Stock dove

= Dog

Muscovy duck

Cow

= Mute swan

House crow = Bewick's swan

mRock dove

Three-spined stickleback = Barn swallow

= Moorhen

i Domestic cat

u Sheep

m European rabbit

r1Smooth newt

B Human

E Nine-spined stickleback

#= Eurasian magpie

+ Minnow sp.

B Common minnow

mPig

® Common starling

= Brown rat

£ Common frog

m Great crested newt

Figure 3. 12S proportion of reads per species
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Table 5. Number of ponds containing species (vertebrates) using 12S primers.

Common name

no. of ponds

Alburns alburnus Common bleak 1
Anas platyrhynchos Mallard duck 8
Anser anser Domestic goose 2
Ardea cinera Grey heron 1
Bos taurus Cow 2
Cairina moshata Muscovy duck 4
Canis lupus familiaris Dog 3
Columba oenas Stock dove 1
Columba livia Rock dove 7
Corvus splendens House crow 1
Cygnus columbianus bewickii Bewick's swan 1
Cygnus olor Mute swan 1
Felis catus Domestic cat 3
Gallinula chloropus Moorhen 6
Gasterosteus aculeatus Three-spined stickleback 2
Hirundo rustica Barn swallow 1
Homo sapiens Human 19
Lissotriton vulgaris Smooth newt 15
Oryctolagus cuniculus European rabbit 1
Ovis aries Sheep 1
Phoxinus phoxinus Common minnow 1
Phoxinus sp. 1
Pica pica Eurasian magpie 1
Pungitius pungitius Nine-spined stickleback 1
Rana temporaria Common frog 2
Rattus norvegicus Brown rat 1
Sturnus vulgaris Common starling 1
Sus scrofa domesticus Pig 4
Triturus cristatus Great crested newt 11

Page 22 of 39 GCN sample analysis via single species assay and metabarcoding

NECR534




Table 6. gPCR and metabarcoding results comparison

Sample name GCN result GCN result
filtration (number |ethanol Metabarcoding result
of positives out of | precipitation for GCN (humbers
12) (number of indicate read count
positives out of where relevant)
12)
FK1170, B2-027 12 9 Positive; 135566
FK1175, B2-029 6 11 Positive; 2503
FK1182, C2-029 0 1 Negative
FK1191, Z1-001 12 12 Positive; 1356
FK1192, Z3-080 0 1 Negative
FK1195, Z1-038 11 12 Negative
FK1196, Z1-029 11 10 Positive; 673
FK1205, Z1-034 12 12 Positive; 546
FK1212, Z1-036 3 0 Negative
FK1224, S1-075 3 0 Negative
FK1228, S1-002 12 9 Positive; 16817
FK1235, S1-087 12 12 Positive; 26228
FK1236, B1-027 12 2 Positive; 3936
FK1240, B1-098 12 8 Negative
FK1251, B1-121 2 5 Negative
FK1258, C1-037 12 12 Positive; 6437
FK1263, C1-006 11 12 Positive; 5430
FK1266, C1-049 5 2 Positive; 692
FK1268, C1-022 9 0 Negative
FK1269, C1-088 0 1 Negative

Note 1: Dark grey shading represents samples that are positive for GCN by gPCR using
both sampling methods and metabarcoding.

Discussion

This work was undertaken to increase the evidence base for review of the current GCN
eDNA monitoring protocols in terms of sample collection methodology. Despite 0.45 uM
sterivex filters being used to collect the filtration samples, feedback from the habitat
delivery bodies involved in sample collection raised concerns over the difficulty of pushing
the pond water through the Sterivex filters especially those samples with suspended fine
particles and/or algae with some samples not achieving the minimum level of 150 mL and
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many not making it to 500 mL. It is known that pushing water through these filters due to
turbidity issues can be difficult and this is one aspect discussed in previously published
work considering the challenges of eDNA monitoring in freshwater ponds (Harper and
others 2019). An alternative type of filter e.g. larger pore sized or involving a pre-filter
could make sample collection easier. A larger pore sized filter/pre-filter is unlikely to
become clogged as quickly with any sediment/particles present in the pond and eDNA loss
for pore sizes up to 1 pm has been shown to be minimal (Turner and others. 2014, Wilcox
and others. 2015).

In terms of single-species testing for GCN, the use of filtration and ethanol precipitation for
sample collection were comparable with both giving approximately the same number of
GCN positive results, especially when the additional positive results for filtration where no
result was sent for ethanol precipitation were removed. For those four samples which were
positive for GCN when collected using ethanol precipitation (C1-088, C2-029, S1-010, Z3-
080), all four had 1 of 12 replicates being positive for GCN i.e. all four had a very low PCR
score. One of these (C2-029) was achieved from only 78 mLs of filtered water (less than
the 90 mLs collected when using ethanol precipitation) and also only 0.6 mLs of
preservative was recovered which was on the low side when compared with the other
samples which could explain the negative GCN result obtained for this sample when using
filtration. Two of the four had 240 or 250 mLs water filtered respectively (C1-088, S1-010)
which was less than the average volume filtered (325 mLs, all samples; 328 mLs, GCN
positive samples), and the fourth (Z3-080) had 500 mLs water filtered. Of the six additional
samples positive for GCN when collected via filtration (B1-108, B2-032 (2), C1-022, S1-
075, Z1-036, Z1-023) there was a range of PCR scores (1, 1, 9, 3, 3 and 1 out of 12
respectively) and a range of water volumes filtered (350, 500, 500, 150, 500, and 300 mLs
respectively). All six samples were from volumes of water of between 1.7 times and 5.6
times the volume collected via ethanol precipitation and the larger sample volumes could
explain why these samples were positive for GCN when collected via filtration and
negative when collected via ethanol precipitation.

For the metabarcoding of a sub-set of 20 samples chosen by Natural England, where
possible this followed previous examples of similar metabarcoding work, instead of
designing and trialling new PCR primers, which was beyond the scope of this project.
Primers that had previously been described (and are in widespread use) were used to
generate PCR amplicons from each sample (Riaz and others 2011). These primers were
chosen as they are able to amplify a range of classes of Chordata including Amphibia,
Aves, and Mammalia and have been successfully used in other Natural England studies
(Rees and others 2023). In carrying out the first round PCR the aim was to capture as
much of the sequence diversity as possible that is contained within the samples.
Metabarcoding identified GCN in 11 of the 20 samples and a total of 29 vertebrate species
across all samples analysed. It is thought that the eDNA score is a surrogate for the
amount of target eDNA within a sample (Biggs and others 2014). Thus, the fact that all but
one of these 11 positives were from samples with high PCR scores and likely containing
high amounts of GCN eDNA suggests that metabarcoding is not sensitive enough to
detect GCN in samples with the low levels of target eDNA that are associated with low
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PCR scores. Metabarcoding has been shown to be less sensitive than gPCR for multiple
species (Harper and others 2018, Hikaru and others 2018, Schenekar and others 2020,
Yu and others 2022) and is a known drawback of metabarcoding. This explanation would
also fit for the samples which were only GCN positive by one of the sampling methods or
the samples with lower PCR scores not having GCN detected by metabarcoding as all
except one (C1-022) had a PCR score of less than/equal to 5/12. Two of the samples
which had high PCR scores via qPCR using both sampling methods (Z1-038 and B1-098)
were negative for GCN via metabarcoding which was unexpected as they would be
expected to contain larger amounts of GCN eDNA and thus be detectable via
metabarcoding. These results suggest that without methodological advances such as the
use of human blocking primers metabarcoding is not sensitive enough to be used to
reliably detect GCN in pond eDNA samples.

The number of species found in some of the ponds was low with an average of five
species per pond however, this was similar to the four species found on average (one to
17 species per pond) during the citizen science Genepools project (Rees and others
2023). All of the ponds were relatively new ponds ranging from one to four years of age,
which could affect the number of species that you would expect to find, although new
ponds do quickly become rich in species (Freshwater Habitats Trust). A study by Harper
which used the same 12S primers as used here found 53 vertebrate species in total over
532 eDNA samples compared with our 29 species over 20 eDNA samples and 12 of these
species were only found in one pond (Harper and others. 2020). Several species of bird
were found as often the birds visit small ponds to drink and bathe. There are relatively few
12S sequences for birds within Genbank and this could, in part, be an explanation for
some expected species not being found. The finding of Bewick’s swan in one of the ponds
(B1-121) would appear to be unusual given that this species tends to be a winter visitor in
Eastern England and the Severn Estuary, however, the high read count (23070 or 30% of
reads) suggests that this was not a sequencing error for example it is possible that this
was from droppings that were stirred up out of the sediment in the sample collection. DNA
from Red Jungle fowl was found, the 12S sequence for this species is very similar to that
of domestic chicken so these records were amended in our results. Human DNA
contamination of samples was an issue despite all samples being processed within a
laminar flow cabinet equipped with UV decontamination. Human DNA accounted for ~50%
of all assigned reads, and in the worst case accounted for 91% of the sequence reads in
the sample. Human DNA could have been introduced at various parts along the process -
from sampling pack assembly, contamination during sampling, and human DNA being
present within the water body. To reduce this human DNA contamination, it is possible to
use blocking primers (Seyama and others., 1992; Vestheim and Jarman, 2008; Craig and
others., 2014) which effectively prevent human DNA from being amplified during the first
round of the metabarcoding PCR. This should allow for more efficient amplification of the
other species eDNA within the sample.

DNA from certain species can be misrepresented in the pool of eDNA - either DNA from
species that are much smaller in size than others within the sample pool, or DNA from
species present in much smaller numbers than the dominant species. Therefore, sequence
read number does not necessarily correlate with species abundance. Additionally, DNA may
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have been inefficiently extracted from different species and/or there was differential
degradation of the DNA. The DNA of some individuals may also have degraded more than
that of others due to different rates of degradation. DNA is liable to degradation by factors
such as nucleases, UV light, microbial action and the temperature and humidity of storage
conditions all of which will affect DNA quality after sample collection.

PCR amplification biases must also be considered in any metabarcoding study and these
affect the ability of metabarcoding to give information on abundance of species. The
primers that are used in the initial PCR may have missed some species due to biases
and/or the primers used may simply not work efficiently for some species (Preston and
others 2022). The success of metabarcoding is dependent upon the primer set chosen for
use and its target loci and can be informed by in silico analysis. Ideally primers should
target a hypervariable region (for high resolution taxonomic discrimination) and thus will
determine the efficiency and accuracy of species detection and identification. DNA is in
constant competition to bind to the primers during PCR amplification, and this competition
can prevent the effective amplification of all species present as only the more common
template DNAs are likely to be amplified (Kelly and others. 2014). This can mean that low
abundance species are not detected termed ‘species masking’ (Brandon-Mong and
others. 2015; Evans and others. 2016; Kelly and others. 2014). Metabarcoding may
therefore be less capable of identifying the DNA of less abundant species within a
community than a species-specific gqPCR. It is possible that in this study, the high human
content results in ‘species masking’ of GCN (and other species) within some of the
samples.

The number of unassigned reads corresponded to ~11% of the total number of reads
(ranging from 5.3 to 19.3% for individual samples). Unassigned reads are primarily due to
a lack of available sequence data termed ‘gaps’ in the sequence databases which is a
known problem (reviewed in Macadam and others. 2020) and it is inevitable that there will
be unassigned reads in any metabarcoding study. Sequencing efforts such as the Darwin
Tree of Life project which aims to generate DNA barcodes and full genomes for all UK
species will help to alleviate this problem over the next several years and data generated
can be reassessed as more sequence data becomes available.

Conclusions

The collection of pond water samples using filtration in general allowed a larger volume of
water to be sampled, which resulted in the detection of GCN in six additional samples
when compared with ethanol precipitation as a sample collection method, with most of
these additional samples resulting in 1/12 PCR scores. However, it should be noted that
ethanol precipitation also resulted in five samples where GCN was detected and these
were not in the corresponding filtration samples. An alternative or larger pore sized filter
could allow for easier sample collection as this was flagged by the HDB'’s as a difficulty
using the 0.45 um Sterivex filters. The use of a larger pore size pre-filter could also assist
in this matter.
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As a method for the detection of GCN, metabarcoding was not as sensitive as qPCR
which was as expected as in general only samples containing higher amounts of GCN
eDNA were positive for GCN via metabarcoding. If human DNA reads were lower, it is
possible that GCN may have been found in more samples as on average 50% of the read
counts were human, in order to do this future work should look at using/developing human
blocking primers for the 12S primers used in this study. It is also worth noting that this
metabarcoding study was a carried out on a small scale which may require a larger scale
repetition in the future. The metabarcoding study carried out by Harper and others 2018
which looked to determine if metabarcoding could be used to detect GCN in eDNA
samples should also be taken into consideration as this analysed far larger numbers of
samples and could help to inform a better understanding of the results.
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Appendix 1

DNA extraction from sterivex filters

All surfaces were cleaned with bleach solution prior to commencing DNA extraction and
then periodically during DNA extraction process.

1. ATL and AL Buffers were pre-warmed at 56°C.

2. An appropriate amount of ATL and AL buffers were pre-mixed with each filter
requiring: 540 pL ATL and 300 pL AL. Additionally, a piece of control DNA was
added at a known concentration to allow monitoring of DNA extraction efficiency.

3. An individual filter sample was removed from its container and the outside wiped
down with bleach solution.

4. Preservative was removed from the filter (after removal of the inlet and outlet caps)
into 1. 5 mL microcentrifuge tube/s using a fresh sterile 10 mL luer lock syringe for
every filter. The volume recovered was recorded and retained for future use.

5. The outlet cap was replaced and 840 uL of pre-warmed ATL/AL solution and 50 pL
proteinase K was added to the filter before replacing the inlet cap.

6. Steps 3 to 5 were repeated on each filter sample, changing gloves between each
filter sample.

7. An extraction blank was set up on each DNA extraction day by adding 840 pL of the
pre-warmed ATL/AL solution and 50 pL Proteinase-K to a clean 1.5 mL
microcentrifuge tube.

8. Allfilters (and extraction blank) were briefly vortexed before being placed into 50
mL centrifuge tubes and incubated at 56°C in a water bath for 1 hour.

9. All filters were briefly vortexed every 10 minutes to ensure even and thorough
digestion of material on all parts of the filter.

10. Whilst incubating filters, the microcentrifuge tube tubes containing the expelled
preservative were centrifuged at 13,000 xg for 30 min at room temperature to pellet
any DNA or material present.

11.The supernatant was removed using a pipette (avoiding pellet) and tubes retained
for step 12.

12.Using the appropriate luer lock syringes from step 4 the digestion mixture was
expelled from the filter (after removal of inlet and outlet caps) into the
microcentrifuge tube with corresponding preservative pellet before briefly vortexing
to resuspend the pelleted material.

13.The outlet cap was replaced and 500 pL 100% ethanol to each filter before
replacing the inlet cap and briefly vortexing the filters.

14.The ethanol was expelled into the corresponding microcentrifuge tube containing
the digest solution using the appropriate luer lock syringes from step 4/12 (after
removal of inlet and outlet caps) and the microcentrifuge tube briefly vortexed to
thoroughly mix.

15.The digest mixture was added onto a DNeasy spin column in 650 pL volumes
(repeated until the entire extract has been passed through the spin column) and
centrifuged at 6,000 xg for 1 minute.

16. The spin column was placed into a new 2 mL collection tube and the flow-through
discarded.
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17.500 pL buffer AW1 was added and centrifuged for 1 minutes at 6,000 xg.

18.The spin column was placed into a new 2 mL collection tube and the flow-through
discarded.

19.500 pL buffer AW2 was added and centrifuged for 3 minutes at 20,000 xg. The flow-
through was discarded and spin columns were re-centrifuged for 1 minute to dry the
column membrane.

20.The spin columns were transferred to pre-labelled 1.5 m microcentrifuge tubes.

21.DNA was eluted by the addition of 200 pL AE buffer before incubating at room
temperature for 1 minute and centrifugation for 1 minute at 6,000 xg.

22.The DNA samples were aliquoted in 4 equal amounts before storage at -20 °C.

DNA Quantification

DNA extracts were quantified using the Qubit® dsDNA BR assay kit and Qubit 3.0
fluorimeter as follows:

1. The Qubit® working solution was prepared by diluting the Qubit® dsDNA BR
reagent 1:200 in Qubit® dsDNA BR bulffer.

2. Make up two standards by adding 190 pL Qubit® working solution into each of two
tubes before adding 10 pL of each Qubit® standard to the appropriate tube. Mix by
vortexing.

For each extract make up a tube with a final volume of 200 uL containing 1-20 pL extract
and 180-199 pL Qubit® working solution

DNA extraction efficiency PCR

PCRs were set up in a total volume of 25 pL consisting of:
a. 3 pL of extracted template DNA,
b. 1 uL of each primer/probe (0.4 umol/L DegL; 0.4 umol/L DegR; 0.1 umol/L
Deg.probe),
c. 12.5 pL of TagMan® Environmental Master Mix 2.0 (containing AmpliTag GOLD
DNA polymerase),
d. 6.5 pL ddH20.
Each sample was run in duplicate and each plate included 8 positive controls (4 replicates
each at 1x10- and 1x10* ng/ul synthetic control DNA) and 4 negative controls (ultrapure
water in place of DNA) on a Bio-Rad CFX Connect real-time PCR machine as follows: an
initial incubation for 5 minutes at 56.3°C then 10 minutes at 95°C; followed by 35 cycles
with a melting temperature of 95°C for 30 seconds and an annealing temperature of 52°C
for 1 minute.

Species-specific GCN qPCR

PCRs were set up in a total volume of 25 pL consisting of:
e. 3 pL of extracted template DNA at 1 ng/uL,
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f. 1 pL of each primer/probe (0.4 umol/L TCCBL,; 0.4 umol/L TCCBR; 0.1 pmol/L
TCCB.probe),
g. 12.5 pL of TagMan® Environmental Master Mix 2.0 (containing AmpliTag GOLD
DNA polymerase),
h. 6.5 pL ddH20.
Each sample was run as 12 replicates and each plate included 8 positive controls (4
replicates each at 1x10- and 1x10* ng/ul GCN DNA) and 4 negative controls (ultrapure
water in place of DNA) on a Bio-Rad CFX Connect real-time PCR machine as follows: an
initial incubation for 5 minutes at 56.3°C then 10 minutes at 95°C; followed by 55 cycles
with a melting temperature of 95°C for 30 seconds and an annealing temperature of 52°C
for 1 minute.

Nucleospin® gel and PCR cleanup

For DNA extraction from agarose gels:

1. Excise DNA fragment from gel with a fresh sterile scalpel blade for each sample.
2. Determine the weight of the gel slice and add 200pl buffer NTI for every 100mg of
agarose gel
3. Incubate for 5-10 minutes at 50°C vortexing every 2-3 minutes until the gel slice is
completely dissolved.
4. Place a NucleoSpin® Gel and PCR clean-up column into a collection tube and load
700pl of sample onto the spin column and centrifuge for 30 seconds at 11,000 xg.
5. Wash the silica membrane by adding 700 pL Buffer NT3 to the column and
centrifuge for 30 seconds at 11,000 xg.
6. Discard the flow-through and place the column back into the collection tube before
repeating this wash step.
7. Dry the silica membrane for one minute at 11,000 xg to remove Buffer NT3
completely.
Elute the DNA by placing the column into a fresh 1.5 mL microcentrifuge tube and add 20
uL Buffer NE and incubate at room temperature for one minute before centrifuging for one
minute at 11,000 xg

Index PCR

PCRs were set up in a total volume of 50 pL consisting of:

a. 25 pl 2x KAPA HotStart ReadyMix

b. 5 ul Nextera XT Index 1 Primers

c. 5 uL Nextera XT Index 2 Primers

d. 10 pL PCR grade water

e. 5uL DNA
PCR cycling was as follows: an initial incubation for 3 minutes at 95°C; followed by 8
cycles with denaturation at 95°C for 30 seconds, annealing at 55°C for 30 seconds, and
extension at 72°C for 30 seconds; and a final extension step at 72°C for 5 minutes before
holding at 4°C until collection of PCR products for analysis.
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Appendix 2. 12S metabarcoding results

Note that many cells have been left blank intentionally.

FK1 | FK1
224 | 228
Scientifi S1- | S1-
C name 075 | 002
Comm
Alburns | on 1025
alburnus | bleak 4
Anas
platyrhyn | Mallar 1130 1296 3427 1920
chos d duck 1 26 9 824 |5 3738 5 707
Domes
Anser tic 2046
anser goose 9 21
Ardea Grey
cinera heron 6923
Bos
taurus Cow 1676 48
Musco
Cairina | vy
moshata | duck 6 37 5 15
Canis
lupus
familiaris | Dog 13 20 168
Columba | Stock
oenas dove 6
Columba | Rock 1125
livia dove 1318 9 3 160 113 |99 3964
Corvus
splenden | House
S crow 174
Cygnus
columbia | Bewick
nus 's 2307
bewickii | swan 0

Page 36 of 39 GCN sample analysis via single species assay and metabarcoding NECR534



FK1 FK1
175 182
Scientifi B2- C2-
C name 029 029
Cygnus | Mute
olor swan 5
Felis Domes
catus tic cat 78 6259 134
Gallinula
chloropu | Moorh 1534
S en 6727 | 5181 220 17 3396 6
Gasteros | Three-
teus spined
aculeatu | stickle
S back 70 16
Barn
Hirundo | swallo
rustica w 240
Homo 6396 | 8274 | 2964 | 1334 | 1268 | 6364 | 2054 | 4015 | 4246 | 5800 3901 | 1221 | 2186 3129 4576 7417
sapiens | Human | 1 0 6 3 4 4 6 2 4 0 6903 | 9 8 5 1236 | 3 7 2288 | 8
Lissotrito
n Smoot | 5020 5492 2083 2843 | 1289 | 3890 1064
vulgaris | hnewt | 8 7483 2187 8 3789 | 4267 2 2079 | 931 |4 0 9 2785 | 8 3216
Oryctola
gus Europe
cuniculu | an
S rabbit 849
Ovis
aries Sheep 9
Comm
on
Phoxinus | minno 6221
phoxinus | w 5
Phoxinus
Sp. 41
Eurasi
an
magpi
Pica pica | e 2027
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pungitius | spined 6640
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Scientifi

Cc name
stickle
back

Rana

temporar | Comm 4266

ia on frog 7 3026

Rattus

norvegic | Brown

us rat 113
Comm

Sturnus | on

vulgaris | starling 6264

Sus

scrofa

domestic

us Pig 38 9066 102 2579
Great

Triturus | creste | 1467 1681 | 2622

cristatus | d newt |0 2503 1356 673 | 546 7 8 3936 6437 | 5430 | 692
Total
read
count | 1355|9922 | 1448 | 2841 | 1271 | 1428 | 2512 | 4597 | 7677 | 8801 | 3099 | 6992 | 4482 | 7057 | 7652 | 4711 | 1607 | 7164 | 1281 | 8110
S 66 5 23 3 9 03 4 9 6 1 0 1 8 0 0 4 8 0 1 1
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	Introduction 
	Natural England is the Government’s advisor for the natural environment. It provides practical advice on how to safeguard England’s natural wealth for the benefit of everyone. RSK ADAS is an environmental consultancy which exists to provide ideas, specialist knowledge and solutions to secure our food and enhance the environment. 
	Natural England wishes to compare the effectiveness of ethanol precipitation and filtration eDNA capture methods for use in species-specific GCN rt-PCR analysis. The current methodology for collection of water samples for analysis for GCN eDNA uses ethanol precipitation of eDNA, one of the first methods described for eDNA recovery (Ficetola and others. 2008, Biggs and others. 2014). Its use was adopted in 2014 within the Natural England technical advice note (WC1067) after extensive validation of a PCR assa
	Although currently only 90 mL of water are sampled from a pond, the results generated for GCN eDNA are well tuned to ecological survey in that when GCN are present by ecological survey they can be detected by eDNA and vice versa. Any perceived increases in sensitivity afforded by extraction from the potentially greater sample volumes obtained by using filtration-based sample collection could undermine previous survey efforts by detecting low/negligible GCN presence in ponds that were previously negative; an
	Aims and Objectives 
	The overall aim of the project was to increase the evidence base to allow the further review of great crested newt eDNA monitoring protocols. The main aim was to compare the use of the current ethanol precipitation-based sampling methodology with filtration-based sampling in terms of the results of the species-specific GCN assay as described in WC1067. Additionally, a further aim was to compare the reliability of metabarcoding for the detection of GCN from the filtration-based samples. 
	This report details the methodology employed in these studies, the results obtained and, discussion of the results. All data will be made available for further study and could be used for a training day for Natural England staff on the DNA approaches used.  
	Materials and Methods 
	Sample collection 
	Three Natural England District Level Licensing (DLL) scheme areas were chosen to collect filtration samples in 2023, alongside standard precipitation surveys. Sample collection was completed by Habitat Delivery Bodies (HDBs) based in Cheshire (1 HDB each covering Cheshire East, and Cheshire West), Norfolk (1 HDB) and Yorkshire (3 HDBs) (Table 1). 
	A subset of ponds within each area was chosen for sampling. This was a semi-random selection from ponds created or restored prior to 1st April 2022, ensuring a spread of ponds within each scheme area across the following criteria: 
	•
	•
	•
	 Geographic spread across the scheme area based on the pond’s district. 

	•
	•
	 Age of pond (ranging from the first to the fourth year of monitoring). 

	•
	•
	 Whether the pond was a creation or restoration. 

	•
	•
	 Previous monitoring results via precipitation eDNA testing (if carried out) – present, absent, or inconclusive (and if inconclusive, whether this was due to inhibition or degradation). 

	•
	•
	 Whether the pond is within a ‘core’, ‘fringe’ or ‘outside’ the modelled DLL Strategic Opportunity Areas for GCN 


	Samples were taken using 0.45 µm sterivex filter kits prepared and supplied by Surescreen Scientific (under a separate contract). Those taking samples were also able to access a video made by Surescreen Scientific on how to take samples via filtration, in addition to written guidance. HDBs were advised to use bottled water for their control samples. For ease, HDBs returned their filtration samples to the same address as precipitation samples (Orchid Cellmark), and these were stored at room temperature for u
	Table 1. Number of samples collected in each area. 
	Region 
	Region 
	Region 
	Region 
	Region 

	Planned Number of Samples by Area 
	Planned Number of Samples by Area 



	Cheshire East 
	Cheshire East 
	Cheshire East 
	Cheshire East 

	15 ponds; 2 controls 
	15 ponds; 2 controls 


	Cheshire West 
	Cheshire West 
	Cheshire West 

	15 ponds; 2 controls 
	15 ponds; 2 controls 


	Norfolk 
	Norfolk 
	Norfolk 

	26 ponds; 2 controls 
	26 ponds; 2 controls 


	Yorkshire 
	Yorkshire 
	Yorkshire 

	4 ponds; 2 controls 
	4 ponds; 2 controls 




	Region 
	Region 
	Region 
	Region 
	Region 

	Planned Number of Samples by Area 
	Planned Number of Samples by Area 



	Yorkshire 
	Yorkshire 
	Yorkshire 
	Yorkshire 

	12 ponds; 2 controls 
	12 ponds; 2 controls 


	Yorkshire 
	Yorkshire 
	Yorkshire 

	16 ponds; 2 controls 
	16 ponds; 2 controls 


	Total 
	Total 
	Total 

	88 ponds; 12 controls 
	88 ponds; 12 controls 




	Laboratory standard and specifications  
	All laboratory activities associated with DNA analysis are subject to errors if quality control is inadequate. Our DNA analysis follows a unidirectional workflow with separate laboratories and staff to act as a physical separation for the different aspects of the analysis work. This greatly reduces the potential for contamination of samples or the PCR amplicons. ‘Blank’ PCRs (sterile water rather than DNA) are used to monitor for reagent/procedural contamination, and in addition positive control samples are
	DNA extraction from filters 
	DNA was extracted from all filters using the DNeasy blood and tissue kit (Qiagen, Valencia, CA, USA) following the manufacturer’s instructions with minor modifications (below) and finally resuspended in 200 µL of elution buffer (Appendix 1). Extraction blanks were included (1 per day of DNA extractions) to monitor for any cross-contamination during the DNA extraction. 
	•
	•
	•
	 540 µL ATL buffer, 300 µL AL buffer, and 50 µL proteinase K (all components of the kit) used instead of standard amounts.  

	•
	•
	 Addition of 5.7x10-5 µg/µL synthetic control DNA for DNA extraction efficiency monitoring 

	•
	•
	 500 µL 100% ethanol used instead of standard amount. 


	All DNA extracts were quantified using a Qubit 3.0 Fluorometer (Invitrogen) following the manufacturer’s instructions then stored at -20 ⁰C prior to PCR set up (Appendix 1). 
	The efficiency of DNA extraction was measured by the addition of known concentration of a synthetic DNA control to the buffers added to the filter. The recovery of this synthetic DNA was measured by a qPCR assay specific for the sequence of the synthetic DNA control (Appendix 1) and was used as a proxy for total eDNA extraction efficiency with acceptable limits being within 2 standard deviations of the average Cq value (95% of samples should be within this range). 
	eDNA assay 
	GCN eDNA assay was performed in accordance with WC1067 which amplifies an 81 bp fragment of the cytochrome b gene (Table 2, Appendix 1). All samples were subjected to testing for eDNA recovery and inhibition. 
	Table 2. GCN primer and probe sequences (Thomsen and others. 2012). 
	Oligo Name 
	Oligo Name 
	Oligo Name 
	Oligo Name 
	Oligo Name 

	Sequence (5' - 3') 
	Sequence (5' - 3') 



	TCCBF 
	TCCBF 
	TCCBF 
	TCCBF 

	CGTAAACTACGGCTGACTAGTACGAA 
	CGTAAACTACGGCTGACTAGTACGAA 


	TCCBR 
	TCCBR 
	TCCBR 

	CCGATGTGTATGTAGATGCAAACA 
	CCGATGTGTATGTAGATGCAAACA 


	TCCB.probe 
	TCCB.probe 
	TCCB.probe 

	FAM-CATCCACGCTAACGGAGCCTCGC-BHQ1 
	FAM-CATCCACGCTAACGGAGCCTCGC-BHQ1 




	Metabarcoding PCR 
	The primer combination used for the first round PCR amplification was 12S forward and reverse for 12S PCRs (Riaz and others. 2011). Overhang adapter sequences (Table 3) were included at the 5’ end of the primers to ensure compatibility with Illumina index and sequencing adapters (Illumina 2012). PCRs included one negative control (ddH2O in place of DNA); two DNA extraction blanks; a positive control sample (Scomber scombrus Atlantic Mackerel); and all pond DNA samples. 
	Table 3. Primers used for metabarcoding first round PCR. 
	Primer Name 
	Primer Name 
	Primer Name 
	Primer Name 
	Primer Name 

	Oligonucleotides (5’-3’) 
	Oligonucleotides (5’-3’) 

	Reference 
	Reference 



	12S forward (plus adapter) 
	12S forward (plus adapter) 
	12S forward (plus adapter) 
	12S forward (plus adapter) 

	TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTAGAACAGGCTCCTCTAG 
	TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGTAGAACAGGCTCCTCTAG 

	Riaz (2011) 
	Riaz (2011) 


	12S reverse (plus adapter) 
	12S reverse (plus adapter) 
	12S reverse (plus adapter) 

	GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTTAGATACCCCACTATGC 
	GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTTAGATACCCCACTATGC 

	Riaz (2011) 
	Riaz (2011) 


	Index 1 
	Index 1 
	Index 1 

	CAAGCAGAAGACGGCATACGAGATXXXXXXXXGTCTCGTGGGCTCGG 
	CAAGCAGAAGACGGCATACGAGATXXXXXXXXGTCTCGTGGGCTCGG 

	Illumina (2011) 
	Illumina (2011) 


	Index 2 
	Index 2 
	Index 2 

	AATGATACGGCGACCACCGAGATCTACACXXXXXXXXTCGTCGGCAGCGTC 
	AATGATACGGCGACCACCGAGATCTACACXXXXXXXXTCGTCGGCAGCGTC 

	Illumina (2011) 
	Illumina (2011) 




	Note 1: For the 12S primers, sequences marked in bold are the first round PCR primer adapter sequences, the remainder are the 12S locus-specific primer sequences. For the Index primers, sequences marked in bold are Illumina overhang adapter sequences, Index 1 and 2 sequences are marked with Xs as this sequence is variable for each different sample, those in normal text are the P5 and P7 sequences. Index 1 (i7) and Index 2 (i5) are examples of the type of primers used with the Index sequence itself being alt
	The first round PCR amplicons for each sample were pooled and run on a 1.5% agarose gel. Any bands of the correct size were excised and purified using NucleoSpin® Gel and PCR Clean-up purification columns (Macherey-Nagel) according to the manufacturers’ instructions (Appendix 1).  
	Sequence library preparation and sequencing 
	The second round of PCR or ‘Index’ PCR was performed by Source Bioscience to add molecular identification (MID) tags (unique 8-nucleotide sequences) and Illumina MiSeq sequencing adapters to the first round PCR products.  
	The indexed amplicons were quantified via a fluorometric method involving QuantiFluor dsDNA assay (Promega); and qualified using electrophoretic separation on the Agilent Fragment Analyzer 5300. This concentration and sizing information has been used to calculate the molarity of each sample. All samples passed QC checks carried out by Source Bioscience. Libraries were then pooled in equimolar amounts to create one library for Illumina sequencing. The amplicon library pool was spiked with 20 % PhiX Control v
	Bioinformatic processing 
	Data processing was performed on an Intel i7 PC running Ubuntu Linux 20.04.4 LTS. In an initial step, paired end reads were trimmed using trimmomatic 0.39 (Bolger, Lohse and Usadel, 2014) to remove Miseq adapters, to clip low quality and unpaired reads, and to truncate the sequence if the average phred score of a 5nt sliding window dropped below 25. An example command line to process a demultiplexed FASTQ sequence file was:  
	java -jar trimmomatic-0.39.jar PE R1_001.fastq R2_001.fastq read1_paired_R1_001.fastq read1_unpaired_R1_001.fastq read2_paired_R2_001.fastq read2_unpaired_R2_001.fastq ILLUMINACLIP:NexteraPE-PE.fa:2:30:10:2:True LEADING:3 TRAILING:3 MINLEN:36  SLIDINGWINDOW:5:25 
	Paired reads were merged using FLASH 1.2.11 (Fast Length Adjustment of SHort reads, Magnoc and Salzberg, 2011) to convert paired end reads (R1 and R2 in the MiSeq platform) to a single merged read using a minimum overlap of 80 nucleotides and a maximum of 150 nucleotides. 
	After converting DNA sequences from FASTQ format to FASTA format using SeqKit (Shen and others, 2016), template specific PCR primers at the 5’ and 3’ ends were removed using the “linked adapter” option of Cutadapt 3.5 (Martin, 2011) with a 10% error rate 
	within the primer site i.e. 2 bp variants allowed per primer. Only trimmed sequences i.e. those containing both matching primer sequences were retained. 
	Before taxonomic assignment, standard Linux tools were used to identify 100% identical reads and condense them down to a single read to minimise time-consuming and repetitive BLAST searches, However, a record of the frequency of replicate sequences was maintained. Any reads with less than 5 replicates were excluded from the BLAST search as these were considered sequencing errors and omitted from further analyses (Harper and others 2018).  
	A custom 12S BLAST database was created on 09/10/2023 from the National Centre for Biotechnology Information (NCBI) database using the search terms ‘vertebrata’ AND ‘12S’ before downloading the records in FASTA format. A total of 190K sequences downloaded from NCBI were included in the final database. 
	BLAST searching was performed using the “megablast” program which is optimised to identify alignments in highly similar sequences and returned the top hit for each query sequence in a custom tabulated format. An e-value of 1e-15 was set; higher values such as 1 or 10 return a larger list of more low-scoring hits, and actual e-values returned were in the order of 1e-150 for a full-length alignment.   
	A custom perl script filtered the BLAST output, identifying hits sharing an accession number and passing a set of criteria covering the percentage similarity between the query sequence and the database sequence (≥97%), and having a query alignment length difference less than 6 bp. Read counts for each sequence passing the similarity and query alignment length filters were pooled based on accession number to generate a final frequency count for each accession.    
	Results 
	DNA extraction 
	DNA was extracted from the 92 individual filter samples returned to RSK ADAS Ltd. and the DNA quantified. Volumes of water sampled by the Habitat delivery bodies and the volume of recovered preservative were also recorded (Table 4). Return of the filters did not raise any issues with leakage of preservation solution, however six of the samples had lower than 1 mL preservation solution recovered indicating that on occasion not enough preservation solution was added during samples collection (these are noted 
	  
	Table 4. Filter sample information. Some water volumes were not supplied by the samplers and are marked as ‘unknown’. Some samples marked ‘Filtration field blank’ were not collected via ethanol precipitation and thus there were no corresponding precipitation results for these samples. DNA concentrations after 12S PCR amplicon clean up are only available for the 20 samples chosen for metabarcoding, all others are marked ‘N/A’. 
	Kit ID Number 
	Kit ID Number 
	Kit ID Number 
	Kit ID Number 
	Kit ID Number 

	Sample ID 
	Sample ID 

	Volume water filtered (mL) 
	Volume water filtered (mL) 

	Volume preservative recovered (mL) 
	Volume preservative recovered (mL) 

	GCN result filtration (positives out of 12) 
	GCN result filtration (positives out of 12) 

	GCN result ethanol precipitation (positives out of 12) 
	GCN result ethanol precipitation (positives out of 12) 

	DNA extract concentration (ng/µL) 
	DNA extract concentration (ng/µL) 



	FK1170 
	FK1170 
	FK1170 
	FK1170 

	B2-027 
	B2-027 

	300ml 
	300ml 

	2.3 
	2.3 

	12 
	12 

	9 
	9 

	2.08 
	2.08 


	FK1171# 
	FK1171# 
	FK1171# 

	B2-030 
	B2-030 

	400ml 
	400ml 

	0.8 
	0.8 

	0 
	0 

	0 
	0 

	0.406 
	0.406 


	FK1172 
	FK1172 
	FK1172 

	B2-032 (2)  
	B2-032 (2)  

	500ml 
	500ml 

	1.7 
	1.7 

	0 
	0 

	Filtration field blank 
	Filtration field blank 

	ND 
	ND 


	FK1173 
	FK1173 
	FK1173 

	B2-030 (2) 
	B2-030 (2) 

	400ml 
	400ml 

	1.6 
	1.6 

	0 
	0 

	Filtration field blank 
	Filtration field blank 

	ND 
	ND 


	FK1174 
	FK1174 
	FK1174 

	B2-032  
	B2-032  

	175ml 
	175ml 

	1.7 
	1.7 

	0 
	0 

	0 
	0 

	0.057 
	0.057 


	FK1175 
	FK1175 
	FK1175 

	B2-029 
	B2-029 

	300ml 
	300ml 

	2.3 
	2.3 

	6 
	6 

	11 
	11 

	0.605 
	0.605 


	FK1176 
	FK1176 
	FK1176 

	S1-004 
	S1-004 

	141ml 
	141ml 

	2.0 
	2.0 

	0 
	0 

	0 
	0 

	1.76 
	1.76 


	FK1177 
	FK1177 
	FK1177 

	S1-068 
	S1-068 

	unknown 
	unknown 

	2.0 
	2.0 

	0 
	0 

	0 
	0 

	0.879 
	0.879 


	FK1178 
	FK1178 
	FK1178 

	S1-069 
	S1-069 

	500ml 
	500ml 

	2.4 
	2.4 

	5 
	5 

	2 
	2 

	3.57 
	3.57 


	FK1179 
	FK1179 
	FK1179 

	S1-070 
	S1-070 

	500ml 
	500ml 

	1.6 
	1.6 

	0 
	0 

	0 
	0 

	4.33 
	4.33 


	FK1180 
	FK1180 
	FK1180 

	S1-027 
	S1-027 

	500ml 
	500ml 

	1.8 
	1.8 

	0 
	0 

	0 
	0 

	0.463 
	0.463 


	FK1181 
	FK1181 
	FK1181 

	S1-069 
	S1-069 

	500ml 
	500ml 

	2.0 
	2.0 

	0 
	0 

	Filtration field blank 
	Filtration field blank 

	0.074 
	0.074 


	FK1182# 
	FK1182# 
	FK1182# 

	C2-029 
	C2-029 

	78ml 
	78ml 

	0.6 
	0.6 

	0 
	0 

	1 
	1 

	1.46 
	1.46 


	FK1183 
	FK1183 
	FK1183 

	S1-054 
	S1-054 

	300ml 
	300ml 

	2.4 
	2.4 

	0 
	0 

	0 
	0 

	2.4 
	2.4 


	FK1184 
	FK1184 
	FK1184 

	S1-061 
	S1-061 

	89ml 
	89ml 

	1.7 
	1.7 

	0 
	0 

	0 
	0 

	0.148 
	0.148 


	FK1185 
	FK1185 
	FK1185 

	S1-010 
	S1-010 

	250ml 
	250ml 

	1.8 
	1.8 

	0 
	0 

	1 
	1 

	3.68 
	3.68 


	FK1186* 
	FK1186* 
	FK1186* 

	C2-034 
	C2-034 

	30ml 
	30ml 

	1.7 
	1.7 

	0 
	0 

	0 
	0 

	0.128 
	0.128 


	FK1187 
	FK1187 
	FK1187 

	C2-001 
	C2-001 

	300ml 
	300ml 

	1.7 
	1.7 

	0 
	0 

	0 
	0 

	1.22 
	1.22 


	FK1188* 
	FK1188* 
	FK1188* 

	S1-004 
	S1-004 

	unknown 
	unknown 

	1.4 
	1.4 

	0 
	0 

	Filtration field blank 
	Filtration field blank 

	ND 
	ND 


	FK1189 
	FK1189 
	FK1189 

	S1-070 
	S1-070 

	400ml 
	400ml 

	1.7 
	1.7 

	0 
	0 

	Filtration field blank 
	Filtration field blank 

	ND 
	ND 


	FK1191 
	FK1191 
	FK1191 

	Z1-001 
	Z1-001 

	150ml 
	150ml 

	1.9 
	1.9 

	12 
	12 

	12 
	12 

	4.25 
	4.25 


	FK1192 
	FK1192 
	FK1192 

	Z3-080 
	Z3-080 

	500ml 
	500ml 

	1.8 
	1.8 

	0 
	0 

	1 
	1 

	0.801 
	0.801 


	FK1193 
	FK1193 
	FK1193 

	Z3-002 
	Z3-002 

	500ml 
	500ml 

	1.9 
	1.9 

	1 
	1 

	no result sent 
	no result sent 

	5.82 
	5.82 


	FK1194 
	FK1194 
	FK1194 

	Z1-011 
	Z1-011 

	50ml 
	50ml 

	1.8 
	1.8 

	0 
	0 

	0 
	0 

	1.56 
	1.56 


	FK1195 
	FK1195 
	FK1195 

	Z1-038 
	Z1-038 

	180ml 
	180ml 

	2.0 
	2.0 

	11 
	11 

	12 
	12 

	3.78 
	3.78 


	FK1196 
	FK1196 
	FK1196 

	Z1-029 
	Z1-029 

	300ml 
	300ml 

	2.0 
	2.0 

	11 
	11 

	10 
	10 

	5.74 
	5.74 


	FK1197 
	FK1197 
	FK1197 

	Z1-035 
	Z1-035 

	300ml 
	300ml 

	1.6 
	1.6 

	0 
	0 

	0 
	0 

	1.71 
	1.71 


	FK1198 
	FK1198 
	FK1198 

	Z1-033 
	Z1-033 

	180ml 
	180ml 

	2.0 
	2.0 

	0 
	0 

	0 
	0 

	4.38 
	4.38 




	Kit ID Number 
	Kit ID Number 
	Kit ID Number 
	Kit ID Number 
	Kit ID Number 

	Sample ID 
	Sample ID 

	Volume water filtered (mL) 
	Volume water filtered (mL) 

	Volume preservative recovered (mL) 
	Volume preservative recovered (mL) 

	GCN result filtration (positives out of 12) 
	GCN result filtration (positives out of 12) 

	GCN result ethanol precipitation (positives out of 12) 
	GCN result ethanol precipitation (positives out of 12) 

	DNA extract concentration (ng/µL) 
	DNA extract concentration (ng/µL) 



	FK1199 
	FK1199 
	FK1199 
	FK1199 

	Z1-024 
	Z1-024 

	500ml 
	500ml 

	1.8 
	1.8 

	0 
	0 

	0 
	0 

	10.9 
	10.9 


	FK1200 
	FK1200 
	FK1200 

	Z1-010 
	Z1-010 

	90ml 
	90ml 

	1.9 
	1.9 

	0 
	0 

	0 
	0 

	0.215 
	0.215 


	FK1201 
	FK1201 
	FK1201 

	Z1-023 
	Z1-023 

	300ml 
	300ml 

	2.0 
	2.0 

	1 
	1 

	0 
	0 

	4.21 
	4.21 


	FK1203 
	FK1203 
	FK1203 

	Z1-004 
	Z1-004 

	500ml 
	500ml 

	1.8 
	1.8 

	3 
	3 

	1 
	1 

	18.1 
	18.1 


	FK1204 
	FK1204 
	FK1204 

	Z1-007 
	Z1-007 

	500ml 
	500ml 

	1.8 
	1.8 

	0 
	0 

	0 
	0 

	1.61 
	1.61 


	FK1205 
	FK1205 
	FK1205 

	Z1-034 
	Z1-034 

	500ml 
	500ml 

	1.5 
	1.5 

	12 
	12 

	12 
	12 

	2.35 
	2.35 


	FK1208 
	FK1208 
	FK1208 

	Z3-009 
	Z3-009 

	250ml 
	250ml 

	1.8 
	1.8 

	0 
	0 

	0 
	0 

	4.96 
	4.96 


	FK1209 
	FK1209 
	FK1209 

	Z1-014 
	Z1-014 

	120ml 
	120ml 

	1.5 
	1.5 

	12 
	12 

	6 
	6 

	1.11 
	1.11 


	FK1211 
	FK1211 
	FK1211 

	Z1-013 
	Z1-013 

	500ml 
	500ml 

	1.5 
	1.5 

	0 
	0 

	0 
	0 

	2.25 
	2.25 


	FK1212 
	FK1212 
	FK1212 

	Z1-036 
	Z1-036 

	500ml 
	500ml 

	2.0 
	2.0 

	3 
	3 

	0 
	0 

	13.3 
	13.3 


	FK1213 
	FK1213 
	FK1213 

	Z1-025 
	Z1-025 

	90ml 
	90ml 

	1.5 
	1.5 

	2 
	2 

	1 
	1 

	0.178 
	0.178 


	FK1215 
	FK1215 
	FK1215 

	Z1-012 
	Z1-012 

	500ml 
	500ml 

	1.9 
	1.9 

	0 
	0 

	0 
	0 

	1.91 
	1.91 


	FK1216 
	FK1216 
	FK1216 

	Z3-008 
	Z3-008 

	350ml 
	350ml 

	1.7 
	1.7 

	0 
	0 

	0 
	0 

	1.55 
	1.55 


	FK1217 
	FK1217 
	FK1217 

	Z1-018 
	Z1-018 

	40ml 
	40ml 

	1.7 
	1.7 

	0 
	0 

	0 
	0 

	3.32 
	3.32 


	FK1218 
	FK1218 
	FK1218 

	S1-080 
	S1-080 

	180ml 
	180ml 

	2.0 
	2.0 

	0 
	0 

	0 
	0 

	5.85 
	5.85 


	FK1219 
	FK1219 
	FK1219 

	S1-039 
	S1-039 

	500ml 
	500ml 

	1.8 
	1.8 

	0 
	0 

	0 
	0 

	5.09 
	5.09 


	FK1220 
	FK1220 
	FK1220 

	B2-016 
	B2-016 

	100ml 
	100ml 

	1.0 
	1.0 

	0 
	0 

	0 
	0 

	0.229 
	0.229 


	FK1221 
	FK1221 
	FK1221 

	S1-050 
	S1-050 

	400ml 
	400ml 

	2.0 
	2.0 

	0 
	0 

	0 
	0 

	2.57 
	2.57 


	FK1222* 
	FK1222* 
	FK1222* 

	B2-034 
	B2-034 

	500ml 
	500ml 

	1.8 
	1.8 

	0 
	0 

	0 
	0 

	ND 
	ND 


	FK1224 
	FK1224 
	FK1224 

	S1-075 
	S1-075 

	150ml 
	150ml 

	2.0 
	2.0 

	3 
	3 

	0 
	0 

	1.13 
	1.13 


	FK1225 
	FK1225 
	FK1225 

	B2-006 
	B2-006 

	500ml 
	500ml 

	1.7 
	1.7 

	0 
	0 

	0 
	0 

	0.18 
	0.18 


	FK1226 
	FK1226 
	FK1226 

	S1-022 
	S1-022 

	500ml 
	500ml 

	1.6 
	1.6 

	0 
	0 

	0 
	0 

	0.689 
	0.689 


	FK1227 
	FK1227 
	FK1227 

	B2-022 
	B2-022 

	260ml 
	260ml 

	2.0 
	2.0 

	0 
	0 

	0 
	0 

	1.58 
	1.58 


	FK1228 
	FK1228 
	FK1228 

	S1-002 
	S1-002 

	450ml 
	450ml 

	1.8 
	1.8 

	12 
	12 

	9 
	9 

	1.15 
	1.15 


	FK1229 
	FK1229 
	FK1229 

	S1-002 
	S1-002 

	500ml 
	500ml 

	1.8 
	1.8 

	0 
	0 

	Filtration field blank 
	Filtration field blank 

	0.119 
	0.119 


	FK1230 
	FK1230 
	FK1230 

	S1-041 
	S1-041 

	150ml 
	150ml 

	1.4 
	1.4 

	0 
	0 

	0 
	0 

	1.15 
	1.15 


	FK1231 
	FK1231 
	FK1231 

	B2-001 
	B2-001 

	500ml 
	500ml 

	1.5 
	1.5 

	0 
	0 

	0 
	0 

	0.157 
	0.157 


	FK1232 
	FK1232 
	FK1232 

	B2-017 
	B2-017 

	250ml 
	250ml 

	1.6 
	1.6 

	0 
	0 

	0 
	0 

	0.098 
	0.098 


	FK1233 
	FK1233 
	FK1233 

	B2-033 
	B2-033 

	500ml 
	500ml 

	1.4 
	1.4 

	0 
	0 

	0 
	0 

	0.325 
	0.325 


	FK1234 
	FK1234 
	FK1234 

	S1-040 
	S1-040 

	100ml 
	100ml 

	1.7 
	1.7 

	0 
	0 

	0 
	0 

	0.791 
	0.791 


	FK1235 
	FK1235 
	FK1235 

	S1-087 
	S1-087 

	400ml 
	400ml 

	1.8 
	1.8 

	12 
	12 

	12 
	12 

	3.29 
	3.29 


	FK1236 
	FK1236 
	FK1236 

	B1-027 
	B1-027 

	150ml  
	150ml  

	1.5 
	1.5 

	12 
	12 

	2 
	2 

	2.09 
	2.09 


	FK1237 
	FK1237 
	FK1237 

	B1-122 
	B1-122 

	50ml 
	50ml 

	1.8 
	1.8 

	4 
	4 

	1 
	1 

	0.428 
	0.428 


	FK1238 
	FK1238 
	FK1238 

	B1-189 
	B1-189 

	350ml 
	350ml 

	1.7 
	1.7 

	0 
	0 

	0 
	0 

	0.239 
	0.239 


	FK1239# 
	FK1239# 
	FK1239# 

	B1-141 
	B1-141 

	25ml 
	25ml 

	0.4 
	0.4 

	0 
	0 

	0 
	0 

	0.766 
	0.766 


	FK1240 
	FK1240 
	FK1240 

	B1-098 
	B1-098 

	300ml 
	300ml 

	1.8 
	1.8 

	12 
	12 

	8 
	8 

	4.34 
	4.34 


	FK1241 
	FK1241 
	FK1241 

	B1-015 
	B1-015 

	unknown 
	unknown 

	1.8 
	1.8 

	12 
	12 

	11 
	11 

	3.2 
	3.2 


	FK1242 
	FK1242 
	FK1242 

	B1-067 
	B1-067 

	unknown 
	unknown 

	1.7 
	1.7 

	0 
	0 

	0 
	0 

	0.826 
	0.826 


	FK1243 
	FK1243 
	FK1243 

	B1-128 
	B1-128 

	200ml 
	200ml 

	2.0 
	2.0 

	8 
	8 

	2 
	2 

	1.65 
	1.65 




	Kit ID Number 
	Kit ID Number 
	Kit ID Number 
	Kit ID Number 
	Kit ID Number 

	Sample ID 
	Sample ID 

	Volume water filtered (mL) 
	Volume water filtered (mL) 

	Volume preservative recovered (mL) 
	Volume preservative recovered (mL) 

	GCN result filtration (positives out of 12) 
	GCN result filtration (positives out of 12) 

	GCN result ethanol precipitation (positives out of 12) 
	GCN result ethanol precipitation (positives out of 12) 

	DNA extract concentration (ng/µL) 
	DNA extract concentration (ng/µL) 



	FK1244# 
	FK1244# 
	FK1244# 
	FK1244# 

	B1-194 
	B1-194 

	200ml 
	200ml 

	0.3 
	0.3 

	0 
	0 

	0 
	0 

	10.2 
	10.2 


	FK1245 
	FK1245 
	FK1245 

	B1-263 
	B1-263 

	300ml 
	300ml 

	2.1 
	2.1 

	11 
	11 

	9 
	9 

	0.53 
	0.53 


	FK1246 
	FK1246 
	FK1246 

	B1-046 
	B1-046 

	90ml 
	90ml 

	1.4 
	1.4 

	12 
	12 

	6 
	6 

	1.39 
	1.39 


	FK1247 
	FK1247 
	FK1247 

	B1-182 
	B1-182 

	500ml 
	500ml 

	1.9 
	1.9 

	0 
	0 

	0 
	0 

	0.988 
	0.988 


	FK1248 
	FK1248 
	FK1248 

	B1-223 
	B1-223 

	250ml 
	250ml 

	1.8 
	1.8 

	0 
	0 

	0 
	0 

	4.02 
	4.02 


	FK1250 
	FK1250 
	FK1250 

	B1-108 
	B1-108 

	350ml 
	350ml 

	2.0 
	2.0 

	1 
	1 

	0 
	0 

	8.13 
	8.13 


	FK1251 
	FK1251 
	FK1251 

	B1-121 
	B1-121 

	170ml 
	170ml 

	1.9 
	1.9 

	2 
	2 

	5 
	5 

	1.13 
	1.13 


	FK1252 
	FK1252 
	FK1252 

	B1-044 
	B1-044 

	125ml 
	125ml 

	1.8 
	1.8 

	0 
	0 

	0 
	0 

	2.46 
	2.46 


	FK1253 
	FK1253 
	FK1253 

	C1-004 
	C1-004 

	200ml 
	200ml 

	1.4 
	1.4 

	8 
	8 

	1 
	1 

	8.75 
	8.75 


	FK1254# 
	FK1254# 
	FK1254# 

	C1-016 
	C1-016 

	300ml 
	300ml 

	0.8 
	0.8 

	0 
	0 

	0 
	0 

	13.2 
	13.2 


	FK1255# 
	FK1255# 
	FK1255# 

	C1-106 
	C1-106 

	350ml 
	350ml 

	0.9 
	0.9 

	0 
	0 

	0 
	0 

	3.62 
	3.62 


	FK1256 
	FK1256 
	FK1256 

	C1-036 
	C1-036 

	unknown 
	unknown 

	2.1 
	2.1 

	0 
	0 

	0 
	0 

	0.347 
	0.347 


	FK1257 
	FK1257 
	FK1257 

	C1-071 
	C1-071 

	200ml 
	200ml 

	2.4 
	2.4 

	12 
	12 

	2 
	2 

	22.5 
	22.5 


	FK1258 
	FK1258 
	FK1258 

	C1-037 
	C1-037 

	500ml 
	500ml 

	1.7 
	1.7 

	12 
	12 

	12 
	12 

	0.653 
	0.653 


	FK1259 
	FK1259 
	FK1259 

	C1-004 
	C1-004 

	500ml 
	500ml 

	1.9 
	1.9 

	11 
	11 

	1 
	1 

	5.23 
	5.23 


	FK1260 
	FK1260 
	FK1260 

	C1-027 
	C1-027 

	500ml 
	500ml 

	1.8 
	1.8 

	0 
	0 

	0 
	0 

	ND 
	ND 


	FK1261 
	FK1261 
	FK1261 

	C1-007 
	C1-007 

	500ml 
	500ml 

	1.9 
	1.9 

	0 
	0 

	5 
	5 

	ND 
	ND 


	FK1262 
	FK1262 
	FK1262 

	C1-114 
	C1-114 

	500ml 
	500ml 

	1.7 
	1.7 

	6 
	6 

	1 
	1 

	0.832 
	0.832 


	FK1263 
	FK1263 
	FK1263 

	C1-006 
	C1-006 

	500ml 
	500ml 

	1.8 
	1.8 

	11 
	11 

	12 
	12 

	9.25 
	9.25 


	FK1264 
	FK1264 
	FK1264 

	C1-011 
	C1-011 

	500ml 
	500ml 

	1.6 
	1.6 

	0 
	0 

	0 
	0 

	2.39 
	2.39 


	FK1265 
	FK1265 
	FK1265 

	C1-063 
	C1-063 

	500ml 
	500ml 

	1.6 
	1.6 

	0 
	0 

	0 
	0 

	0.844 
	0.844 


	FK1266 
	FK1266 
	FK1266 

	C1-049 
	C1-049 

	500ml 
	500ml 

	2.0 
	2.0 

	5 
	5 

	2 
	2 

	0.201 
	0.201 


	FK1267 
	FK1267 
	FK1267 

	C1-012 
	C1-012 

	500ml 
	500ml 

	2.1 
	2.1 

	0 
	0 

	0 
	0 

	4.24 
	4.24 


	FK1268 
	FK1268 
	FK1268 

	C1-022 
	C1-022 

	500ml 
	500ml 

	1.7 
	1.7 

	9 
	9 

	0 
	0 

	1.77 
	1.77 


	FK1269* 
	FK1269* 
	FK1269* 

	C1-088 
	C1-088 

	240ml 
	240ml 

	1.5 
	1.5 

	0 
	0 

	1 
	1 

	1.28 
	1.28 




	Note 1: Dark grey shading represents samples that are positive for GCN by both sampling methods, and light grey shading represents samples that are only positive for GCN with one sampling method. 
	Note 2: ND marks those samples where DNA concentration was too low to measure. 
	Note 3: *marks those samples which were shown to have a poor DNA extraction efficiency from filters i.e. were outside of acceptable limits. 
	Note 4: #marks those samples where less than 1 mL of preservation buffer was recovered. 
	Species-specific GCN results 
	A total of 27 of the samples were positive for GCN eDNA by both ethanol precipitation and filtration with five and six additional positive samples respectively by only one sampling method (Figure 1A). However, one result was not received for the ethanol precipitation samples for Z2-002 which was positive (1/12) for GCN using filtration. If removed from the results, then there were five additional positive samples by either one of the sampling methods (Figure 1B). Of the five additional positives when sample
	All field blanks were negative for GCN and all ten extraction blanks carried out by RSK ADAS were negative for GCN and all samples were within acceptable limits for inhibition. The remaining 59 filter samples were negative for GCN eDNA, however, four of these samples (C2-034, S1-004, B2-034, and C1-088) were found to be well outside of acceptable limits for the DNA recovery control when defining acceptable limits as within 2 standard deviations of the average Cq value (95% of samples should be within this r
	 
	Figure
	Figure 1. Venn diagram showing the number of GCN positive samples by one or both methods of sample collection. A) all samples included, B) missing ethanol precipitation results removed. 
	Metabarcoding PCR and library production 
	All 20 samples chosen for metabarcoding were successfully amplified, DNA quantified, and sent for indexing PCR and Illumina sequencing (Table 4). The 20 samples were selected to represent 14 ponds from across the HDBs that were positive for great crested newt with both precipitation and filtration methods, three ponds that only tested positive with the precipitation method and three ponds that only tested positive with the filtration method were also selected. 
	Bioinformatics and data analysis 
	Quality control reports generated by the sequencing service, Source Bioscience showed that both the indexed amplicons and the returned sequences were of good quality with all samples having a Q30 of above 70%. Most Illumina runs will generate >70-80% Q30 data and a high-quality score means that a base call is more reliable and less likely to be incorrect. Samples also had mean quality scores above 30 which is a measure of base calling accuracy equivalent to the probability of an incorrect base call 1 in 100
	Sequencing results 
	For the 12S analysis, of the sequences that passed all filters and went onto taxonomic assignment a total of 1.32M sequences (~89% of sequences) were assigned a taxonomic identification which represented 29 species including fish, birds, mammals, and amphibians. A total of 161K sequences (~11% of sequences) were unassigned. The percentage of assigned and unassigned sequence reads per sample are shown in Figure 2. Results are shown in Table 5 and Appendix 2. Samples contained between two and 10 species of ve
	11 of the 20 GCN PCR positive samples chosen for metabarcoding were found to contain GCN via metabarcoding (Table 6). None of the samples that were only GCN positive via one of the sampling methods were found to be positive for GCN when using metabarcoding. Two of the samples which had high PCR scores via qPCR using both sampling methods (Z1-038 and B1-098) were also negative for GCN via metabarcoding which was unexpected given that of the 11 positive samples via metabarcoding all but one (C1-049) were from
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	Figure 2. 12S proportion of assigned and unassigned sequence reads. 
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	Figure 3. 12S proportion of reads per species 
	Table 5. Number of ponds containing species (vertebrates) using 12S primers. 
	Scientific name 
	Scientific name 
	Scientific name 
	Scientific name 
	Scientific name 

	Common name 
	Common name 

	no. of ponds 
	no. of ponds 



	Alburns alburnus 
	Alburns alburnus 
	Alburns alburnus 
	Alburns alburnus 

	Common bleak 
	Common bleak 

	1 
	1 


	Anas platyrhynchos 
	Anas platyrhynchos 
	Anas platyrhynchos 

	Mallard duck 
	Mallard duck 

	8 
	8 


	Anser anser 
	Anser anser 
	Anser anser 

	Domestic goose 
	Domestic goose 

	2 
	2 


	Ardea cinera 
	Ardea cinera 
	Ardea cinera 

	Grey heron 
	Grey heron 

	1 
	1 


	Bos taurus 
	Bos taurus 
	Bos taurus 

	Cow 
	Cow 

	2 
	2 


	Cairina moshata 
	Cairina moshata 
	Cairina moshata 

	Muscovy duck 
	Muscovy duck 

	4 
	4 


	Canis lupus familiaris 
	Canis lupus familiaris 
	Canis lupus familiaris 

	Dog 
	Dog 

	3 
	3 


	Columba oenas 
	Columba oenas 
	Columba oenas 

	Stock dove 
	Stock dove 

	1 
	1 


	Columba livia 
	Columba livia 
	Columba livia 

	Rock dove 
	Rock dove 

	7 
	7 


	Corvus splendens 
	Corvus splendens 
	Corvus splendens 

	House crow 
	House crow 

	1 
	1 


	Cygnus columbianus bewickii 
	Cygnus columbianus bewickii 
	Cygnus columbianus bewickii 

	Bewick's swan 
	Bewick's swan 

	1 
	1 


	Cygnus olor 
	Cygnus olor 
	Cygnus olor 

	Mute swan 
	Mute swan 

	1 
	1 


	Felis catus 
	Felis catus 
	Felis catus 

	Domestic cat 
	Domestic cat 

	3 
	3 


	Gallinula chloropus 
	Gallinula chloropus 
	Gallinula chloropus 

	Moorhen 
	Moorhen 

	6 
	6 


	Gasterosteus aculeatus 
	Gasterosteus aculeatus 
	Gasterosteus aculeatus 

	Three-spined stickleback 
	Three-spined stickleback 

	2 
	2 


	Hirundo rustica 
	Hirundo rustica 
	Hirundo rustica 

	Barn swallow 
	Barn swallow 

	1 
	1 


	Homo sapiens 
	Homo sapiens 
	Homo sapiens 

	Human 
	Human 

	19 
	19 


	Lissotriton vulgaris 
	Lissotriton vulgaris 
	Lissotriton vulgaris 

	Smooth newt 
	Smooth newt 

	15 
	15 


	Oryctolagus cuniculus 
	Oryctolagus cuniculus 
	Oryctolagus cuniculus 

	European rabbit 
	European rabbit 

	1 
	1 


	Ovis aries 
	Ovis aries 
	Ovis aries 

	Sheep 
	Sheep 

	1 
	1 


	Phoxinus phoxinus 
	Phoxinus phoxinus 
	Phoxinus phoxinus 

	Common minnow 
	Common minnow 

	1 
	1 


	Phoxinus sp. 
	Phoxinus sp. 
	Phoxinus sp. 

	 
	 

	1 
	1 


	Pica pica 
	Pica pica 
	Pica pica 

	Eurasian magpie 
	Eurasian magpie 

	1 
	1 


	Pungitius pungitius 
	Pungitius pungitius 
	Pungitius pungitius 

	Nine-spined stickleback 
	Nine-spined stickleback 

	1 
	1 


	Rana temporaria 
	Rana temporaria 
	Rana temporaria 

	Common frog 
	Common frog 

	2 
	2 


	Rattus norvegicus 
	Rattus norvegicus 
	Rattus norvegicus 

	Brown rat 
	Brown rat 

	1 
	1 


	Sturnus vulgaris 
	Sturnus vulgaris 
	Sturnus vulgaris 

	Common starling 
	Common starling 

	1 
	1 


	Sus scrofa domesticus 
	Sus scrofa domesticus 
	Sus scrofa domesticus 

	Pig 
	Pig 

	4 
	4 


	Triturus cristatus 
	Triturus cristatus 
	Triturus cristatus 

	Great crested newt 
	Great crested newt 

	11 
	11 




	  
	Table 6. qPCR and metabarcoding results comparison 
	Sample name 
	Sample name 
	Sample name 
	Sample name 
	Sample name 

	GCN result filtration (number of positives out of 12) 
	GCN result filtration (number of positives out of 12) 

	GCN result ethanol precipitation (number of positives out of 12) 
	GCN result ethanol precipitation (number of positives out of 12) 

	Metabarcoding result for GCN (numbers indicate read count where relevant) 
	Metabarcoding result for GCN (numbers indicate read count where relevant) 



	FK1170, B2-027 
	FK1170, B2-027 
	FK1170, B2-027 
	FK1170, B2-027 

	12 
	12 

	9 
	9 

	Positive; 135566 
	Positive; 135566 


	FK1175, B2-029 
	FK1175, B2-029 
	FK1175, B2-029 

	6 
	6 

	11 
	11 

	Positive; 2503 
	Positive; 2503 


	FK1182, C2-029 
	FK1182, C2-029 
	FK1182, C2-029 

	0 
	0 

	1 
	1 

	Negative 
	Negative 


	FK1191, Z1-001 
	FK1191, Z1-001 
	FK1191, Z1-001 

	12 
	12 

	12 
	12 

	Positive; 1356 
	Positive; 1356 


	FK1192, Z3-080 
	FK1192, Z3-080 
	FK1192, Z3-080 

	0 
	0 

	1 
	1 

	Negative 
	Negative 


	FK1195, Z1-038 
	FK1195, Z1-038 
	FK1195, Z1-038 

	11 
	11 

	12 
	12 

	Negative 
	Negative 


	FK1196, Z1-029 
	FK1196, Z1-029 
	FK1196, Z1-029 

	11 
	11 

	10 
	10 

	Positive; 673 
	Positive; 673 


	FK1205, Z1-034 
	FK1205, Z1-034 
	FK1205, Z1-034 

	12 
	12 

	12 
	12 

	Positive; 546 
	Positive; 546 


	FK1212, Z1-036 
	FK1212, Z1-036 
	FK1212, Z1-036 

	3 
	3 

	0 
	0 

	Negative 
	Negative 


	FK1224, S1-075 
	FK1224, S1-075 
	FK1224, S1-075 

	3 
	3 

	0 
	0 

	Negative 
	Negative 


	FK1228, S1-002 
	FK1228, S1-002 
	FK1228, S1-002 

	12 
	12 

	9 
	9 

	Positive; 16817 
	Positive; 16817 


	FK1235, S1-087 
	FK1235, S1-087 
	FK1235, S1-087 

	12 
	12 

	12 
	12 

	Positive; 26228 
	Positive; 26228 


	FK1236, B1-027 
	FK1236, B1-027 
	FK1236, B1-027 

	12 
	12 

	2 
	2 

	Positive; 3936 
	Positive; 3936 


	FK1240, B1-098 
	FK1240, B1-098 
	FK1240, B1-098 

	12 
	12 

	8 
	8 

	Negative 
	Negative 


	FK1251, B1-121 
	FK1251, B1-121 
	FK1251, B1-121 

	2 
	2 

	5 
	5 

	Negative 
	Negative 


	FK1258, C1-037 
	FK1258, C1-037 
	FK1258, C1-037 

	12 
	12 

	12 
	12 

	Positive; 6437 
	Positive; 6437 


	FK1263, C1-006 
	FK1263, C1-006 
	FK1263, C1-006 

	11 
	11 

	12 
	12 

	Positive; 5430 
	Positive; 5430 


	FK1266, C1-049 
	FK1266, C1-049 
	FK1266, C1-049 

	5 
	5 

	2 
	2 

	Positive; 692 
	Positive; 692 


	FK1268, C1-022 
	FK1268, C1-022 
	FK1268, C1-022 

	9 
	9 

	0 
	0 

	Negative 
	Negative 


	FK1269, C1-088 
	FK1269, C1-088 
	FK1269, C1-088 

	0 
	0 

	1 
	1 

	Negative 
	Negative 




	Note 1: Dark grey shading represents samples that are positive for GCN by qPCR using both sampling methods and metabarcoding. 
	Discussion 
	This work was undertaken to increase the evidence base for review of the current GCN eDNA monitoring protocols in terms of sample collection methodology. Despite 0.45 µM sterivex filters being used to collect the filtration samples, feedback from the habitat delivery bodies involved in sample collection raised concerns over the difficulty of pushing the pond water through the Sterivex filters especially those samples with suspended fine particles and/or algae with some samples not achieving the minimum leve
	many not making it to 500 mL. It is known that pushing water through these filters due to turbidity issues can be difficult and this is one aspect discussed in previously published work considering the challenges of eDNA monitoring in freshwater ponds (Harper and others 2019). An alternative type of filter e.g. larger pore sized or involving a pre-filter could make sample collection easier. A larger pore sized filter/pre-filter is unlikely to become clogged as quickly with any sediment/particles present in 
	In terms of single-species testing for GCN, the use of filtration and ethanol precipitation for sample collection were comparable with both giving approximately the same number of GCN positive results, especially when the additional positive results for filtration where no result was sent for ethanol precipitation were removed. For those four samples which were positive for GCN when collected using ethanol precipitation (C1-088, C2-029, S1-010, Z3-080), all four had 1 of 12 replicates being positive for GCN
	For the metabarcoding of a sub-set of 20 samples chosen by Natural England, where possible this followed previous examples of similar metabarcoding work, instead of designing and trialling new PCR primers, which was beyond the scope of this project. Primers that had previously been described (and are in widespread use) were used to generate PCR amplicons from each sample (Riaz and others 2011). These primers were chosen as they are able to amplify a range of classes of Chordata including Amphibia, Aves, and
	PCR scores. Metabarcoding has been shown to be less sensitive than qPCR for multiple species (Harper and others 2018, Hikaru and others 2018, Schenekar and others 2020, Yu and others 2022) and is a known drawback of metabarcoding. This explanation would also fit for the samples which were only GCN positive by one of the sampling methods or the samples with lower PCR scores not having GCN detected by metabarcoding as all except one (C1-022) had a PCR score of less than/equal to 5/12.  Two of the samples whic
	The number of species found in some of the ponds was low with an average of five species per pond however, this was similar to the four species found on average (one to 17 species per pond) during the citizen science Genepools project (Rees and others 2023). All of the ponds were relatively new ponds ranging from one to four years of age, which could affect the number of species that you would expect to find, although new ponds do quickly become rich in species (Freshwater Habitats Trust). A study by Harper
	DNA from certain species can be misrepresented in the pool of eDNA - either DNA from species that are much smaller in size than others within the sample pool, or DNA from species present in much smaller numbers than the dominant species. Therefore, sequence read number does not necessarily correlate with species abundance. Additionally, DNA may 
	have been inefficiently extracted from different species and/or there was differential degradation of the DNA. The DNA of some individuals may also have degraded more than that of others due to different rates of degradation. DNA is liable to degradation by factors such as nucleases, UV light, microbial action and the temperature and humidity of storage conditions all of which will affect DNA quality after sample collection. 
	PCR amplification biases must also be considered in any metabarcoding study and these affect the ability of metabarcoding to give information on abundance of species. The primers that are used in the initial PCR may have missed some species due to biases and/or the primers used may simply not work efficiently for some species (Preston and others 2022). The success of metabarcoding is dependent upon the primer set chosen for use and its target loci and can be informed by in silico analysis. Ideally primers s
	The number of unassigned reads corresponded to ~11% of the total number of reads (ranging from 5.3 to 19.3% for individual samples). Unassigned reads are primarily due to a lack of available sequence data termed ‘gaps’ in the sequence databases which is a known problem (reviewed in Macadam and others. 2020) and it is inevitable that there will be unassigned reads in any metabarcoding study. Sequencing efforts such as the Darwin Tree of Life project which aims to generate DNA barcodes and full genomes for al
	Conclusions 
	The collection of pond water samples using filtration in general allowed a larger volume of water to be sampled, which resulted in the detection of GCN in six additional samples when compared with ethanol precipitation as a sample collection method, with most of these additional samples resulting in 1/12 PCR scores. However, it should be noted that ethanol precipitation also resulted in five samples where GCN was detected and these were not in the corresponding filtration samples. An alternative or larger p
	As a method for the detection of GCN, metabarcoding was not as sensitive as qPCR which was as expected as in general only samples containing higher amounts of GCN eDNA were positive for GCN via metabarcoding. If human DNA reads were lower, it is possible that GCN may have been found in more samples as on average 50% of the read counts were human, in order to do this future work should look at using/developing human blocking primers for the 12S primers used in this study. It is also worth noting that this me
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	Appendix 1 
	DNA extraction from sterivex filters 
	All surfaces were cleaned with bleach solution prior to commencing DNA extraction and then periodically during DNA extraction process.  
	1.
	1.
	1.
	 ATL and AL Buffers were pre-warmed at 56°C.  

	2.
	2.
	 An appropriate amount of ATL and AL buffers were pre-mixed with each filter requiring: 540 µL ATL and 300 µL AL. Additionally, a piece of control DNA was added at a known concentration to allow monitoring of DNA extraction efficiency. 

	3.
	3.
	 An individual filter sample was removed from its container and the outside wiped down with bleach solution.  

	4.
	4.
	 Preservative was removed from the filter (after removal of the inlet and outlet caps) into 1. 5 mL microcentrifuge tube/s using a fresh sterile 10 mL luer lock syringe for every filter. The volume recovered was recorded and retained for future use. 

	5.
	5.
	 The outlet cap was replaced and 840 µL of pre-warmed ATL/AL solution and 50 µL proteinase K was added to the filter before replacing the inlet cap. 

	6.
	6.
	 Steps 3 to 5 were repeated on each filter sample, changing gloves between each filter sample. 

	7.
	7.
	 An extraction blank was set up on each DNA extraction day by adding 840 µL of the pre-warmed ATL/AL solution and 50 µL Proteinase-K to a clean 1.5 mL microcentrifuge tube. 

	8.
	8.
	 All filters (and extraction blank) were briefly vortexed before being placed into 50 mL centrifuge tubes and incubated at 56°C in a water bath for 1 hour. 

	9.
	9.
	 All filters were briefly vortexed every 10 minutes to ensure even and thorough digestion of material on all parts of the filter. 

	10.
	10.
	 Whilst incubating filters, the microcentrifuge tube tubes containing the expelled preservative were centrifuged at 13,000 xg for 30 min at room temperature to pellet any DNA or material present. 

	11.
	11.
	 The supernatant was removed using a pipette (avoiding pellet) and tubes retained for step 12. 

	12.
	12.
	 Using the appropriate luer lock syringes from step 4 the digestion mixture was expelled from the filter (after removal of inlet and outlet caps) into the microcentrifuge tube with corresponding preservative pellet before briefly vortexing to resuspend the pelleted material. 

	13.
	13.
	 The outlet cap was replaced and 500 µL 100% ethanol to each filter before replacing the inlet cap and briefly vortexing the filters. 

	14.
	14.
	 The ethanol was expelled into the corresponding microcentrifuge tube containing the digest solution using the appropriate luer lock syringes from step 4/12 (after removal of inlet and outlet caps) and the microcentrifuge tube briefly vortexed to thoroughly mix.  

	15.
	15.
	 The digest mixture was added onto a DNeasy spin column in 650 µL volumes (repeated until the entire extract has been passed through the spin column) and centrifuged at 6,000 xg for 1 minute.  

	16.
	16.
	 The spin column was placed into a new 2 mL collection tube and the flow-through discarded. 


	17.
	17.
	17.
	 500 µL buffer AW1 was added and centrifuged for 1 minutes at 6,000 xg. 

	18.
	18.
	 The spin column was placed into a new 2 mL collection tube and the flow-through discarded. 

	19.
	19.
	 500 µL buffer AW2 was added and centrifuged for 3 minutes at 20,000 xg. The flow-through was discarded and spin columns were re-centrifuged for 1 minute to dry the column membrane. 

	20.
	20.
	 The spin columns were transferred to pre-labelled 1.5 m microcentrifuge tubes. 

	21.
	21.
	 DNA was eluted by the addition of 200 µL AE buffer before incubating at room temperature for 1 minute and centrifugation for 1 minute at 6,000 xg. 

	22.
	22.
	 The DNA samples were aliquoted in 4 equal amounts before storage at -20 °C. 


	DNA Quantification 
	DNA extracts were quantified using the Qubit® dsDNA BR assay kit and Qubit 3.0 fluorimeter as follows: 
	1.
	1.
	1.
	 The Qubit® working solution was prepared by diluting the Qubit® dsDNA BR reagent 1:200 in Qubit® dsDNA BR buffer. 

	2.
	2.
	 Make up two standards by adding 190 µL Qubit® working solution into each of two tubes before adding 10 µL of each Qubit® standard to the appropriate tube. Mix by vortexing. 


	For each extract make up a tube with a final volume of 200 µL containing 1-20 µL extract and 180-199 µL Qubit® working solution 
	DNA extraction efficiency PCR 
	PCRs were set up in a total volume of 25 µL consisting of: 
	a.
	a.
	a.
	 3 µL of extracted template DNA,  

	b.
	b.
	 1 µL of each primer/probe (0.4 µmol/L DegL; 0.4 µmol/L DegR; 0.1 µmol/L Deg.probe),  

	c.
	c.
	 12.5 µL of TaqMan® Environmental Master Mix 2.0 (containing AmpliTaq GOLD DNA polymerase),  

	d.
	d.
	 6.5 µL ddH2O.  


	Each sample was run in duplicate and each plate included 8 positive controls (4 replicates each at 1x10-3 and 1x10-4 ng/µl synthetic control DNA) and 4 negative controls (ultrapure water in place of DNA) on a Bio-Rad CFX Connect real-time PCR machine as follows: an initial incubation for 5 minutes at 56.3⁰C then 10 minutes at 95°C; followed by 35 cycles with a melting temperature of 95°C for 30 seconds and an annealing temperature of 52⁰C for 1 minute. 
	Species-specific GCN qPCR 
	PCRs were set up in a total volume of 25 µL consisting of: 
	e.
	e.
	e.
	 3 µL of extracted template DNA at 1 ng/µL,  


	f.
	f.
	f.
	 1 µL of each primer/probe (0.4 µmol/L TCCBL; 0.4 µmol/L TCCBR; 0.1 µmol/L TCCB.probe),  

	g.
	g.
	 12.5 µL of TaqMan® Environmental Master Mix 2.0 (containing AmpliTaq GOLD DNA polymerase),  

	h.
	h.
	 6.5 µL ddH2O.  


	Each sample was run as 12 replicates and each plate included 8 positive controls (4 replicates each at 1x10-3 and 1x10-4 ng/µl GCN DNA) and 4 negative controls (ultrapure water in place of DNA) on a Bio-Rad CFX Connect real-time PCR machine as follows: an initial incubation for 5 minutes at 56.3⁰C then 10 minutes at 95°C; followed by 55 cycles with a melting temperature of 95°C for 30 seconds and an annealing temperature of 52⁰C for 1 minute. 
	Nucleospin® gel and PCR cleanup 
	For DNA extraction from agarose gels: 
	1.
	1.
	1.
	 Excise DNA fragment from gel with a fresh sterile scalpel blade for each sample. 

	2.
	2.
	 Determine the weight of the gel slice and add 200µl buffer NTI for every 100mg of agarose gel 

	3.
	3.
	 Incubate for 5-10 minutes at 50°C vortexing every 2-3 minutes until the gel slice is completely dissolved. 

	4.
	4.
	 Place a NucleoSpin® Gel and PCR clean-up column into a collection tube and load 700µl of sample onto the spin column and centrifuge for 30 seconds at 11,000 xg. 

	5.
	5.
	 Wash the silica membrane by adding 700 µL Buffer NT3 to the column and centrifuge for 30 seconds at 11,000 xg. 

	6.
	6.
	 Discard the flow-through and place the column back into the collection tube before repeating this wash step. 

	7.
	7.
	 Dry the silica membrane for one minute at 11,000 xg to remove Buffer NT3 completely. 
	a.
	a.
	a.
	 25 µl 2x KAPA HotStart ReadyMix 

	b.
	b.
	 5 µl Nextera XT Index 1 Primers 

	c.
	c.
	 5 µL Nextera XT Index 2 Primers 

	d.
	d.
	 10 µL PCR grade water 

	e.
	e.
	 5 µL DNA  





	Elute the DNA by placing the column into a fresh 1.5 mL microcentrifuge tube and add 20 µL Buffer NE and incubate at room temperature for one minute before centrifuging for one minute at 11,000 xg 
	Index PCR 
	PCRs were set up in a total volume of 50 µL consisting of: 
	PCR cycling was as follows: an initial incubation for 3 minutes at 95°C; followed by 8 cycles with denaturation at 95°C for 30 seconds, annealing at 55°C for 30 seconds, and extension at 72°C for 30 seconds; and a final extension step at 72°C for 5 minutes before holding at 4°C until collection of PCR products for analysis. 
	 
	Appendix 2. 12S metabarcoding results 
	Note that many cells have been left blank intentionally. 
	Scientific name 
	Scientific name 
	Scientific name 
	Scientific name 
	Scientific name 

	Common name 
	Common name 

	FK1170 B2-027 
	FK1170 B2-027 

	FK1175 B2-029 
	FK1175 B2-029 

	FK1182 C2-029 
	FK1182 C2-029 

	FK1191 Z1-001 
	FK1191 Z1-001 

	FK1192 Z3-080 
	FK1192 Z3-080 

	FK1195 Z1-038 
	FK1195 Z1-038 

	FK1196 Z1-029 
	FK1196 Z1-029 

	FK1205 Z1-034 
	FK1205 Z1-034 

	FK1212 Z1-036 
	FK1212 Z1-036 

	FK1224 S1-075 
	FK1224 S1-075 

	FK1228 S1-002 
	FK1228 S1-002 

	FK1235 S1-087 
	FK1235 S1-087 

	FK1236 B1-027 
	FK1236 B1-027 

	FK1240 B1-098 
	FK1240 B1-098 

	FK1251 B1-121 
	FK1251 B1-121 

	FK1258 C1-037 
	FK1258 C1-037 

	FK1263 C1-006 
	FK1263 C1-006 

	FK1266 C1-049 
	FK1266 C1-049 

	FK1268 C1-022 
	FK1268 C1-022 

	FK1269 C1-088 
	FK1269 C1-088 



	Alburns alburnus 
	Alburns alburnus 
	Alburns alburnus 
	Alburns alburnus 

	Common bleak 
	Common bleak 

	 
	 

	 
	 

	10254 
	10254 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Anas platyrhynchos 
	Anas platyrhynchos 
	Anas platyrhynchos 

	Mallard duck 
	Mallard duck 

	 
	 

	 
	 

	 
	 

	11301 
	11301 

	26 
	26 

	12969 
	12969 

	 
	 

	824 
	824 

	34275 
	34275 

	 
	 

	 
	 

	3738 
	3738 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	19205 
	19205 

	707 
	707 

	 
	 


	Anser anser 
	Anser anser 
	Anser anser 

	Domestic goose 
	Domestic goose 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	20469 
	20469 

	21 
	21 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Ardea cinera 
	Ardea cinera 
	Ardea cinera 

	Grey heron 
	Grey heron 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	6923 
	6923 


	Bos taurus 
	Bos taurus 
	Bos taurus 

	Cow 
	Cow 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	1676 
	1676 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	48 
	48 

	 
	 

	 
	 


	Cairina moshata 
	Cairina moshata 
	Cairina moshata 

	Muscovy duck 
	Muscovy duck 

	 
	 

	 
	 

	 
	 

	6 
	6 

	 
	 

	 
	 

	 
	 

	 
	 

	37 
	37 

	 
	 

	 
	 

	5 
	5 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	15 
	15 

	 
	 

	 
	 


	Canis lupus familiaris 
	Canis lupus familiaris 
	Canis lupus familiaris 

	Dog 
	Dog 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	13 
	13 

	 
	 

	 
	 

	20 
	20 

	 
	 

	 
	 

	 
	 

	 
	 

	168 
	168 

	 
	 

	 
	 

	 
	 

	 
	 


	Columba oenas 
	Columba oenas 
	Columba oenas 

	Stock dove 
	Stock dove 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	6 
	6 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Columba livia 
	Columba livia 
	Columba livia 

	Rock dove 
	Rock dove 

	 
	 

	1318 
	1318 

	 
	 

	 
	 

	9 
	9 

	11253 
	11253 

	 
	 

	160 
	160 

	 
	 

	113 
	113 

	99 
	99 

	 
	 

	 
	 

	 
	 

	3964 
	3964 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Corvus splendens 
	Corvus splendens 
	Corvus splendens 

	House crow 
	House crow 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	174 
	174 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Cygnus columbianus bewickii 
	Cygnus columbianus bewickii 
	Cygnus columbianus bewickii 

	Bewick's swan 
	Bewick's swan 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	23070 
	23070 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 




	Scientific name 
	Scientific name 
	Scientific name 
	Scientific name 
	Scientific name 

	Common name 
	Common name 

	FK1170 B2-027 
	FK1170 B2-027 

	FK1175 B2-029 
	FK1175 B2-029 

	FK1182 C2-029 
	FK1182 C2-029 

	FK1191 Z1-001 
	FK1191 Z1-001 

	FK1192 Z3-080 
	FK1192 Z3-080 

	FK1195 Z1-038 
	FK1195 Z1-038 

	FK1196 Z1-029 
	FK1196 Z1-029 

	FK1205 Z1-034 
	FK1205 Z1-034 

	FK1212 Z1-036 
	FK1212 Z1-036 

	FK1224 S1-075 
	FK1224 S1-075 

	FK1228 S1-002 
	FK1228 S1-002 

	FK1235 S1-087 
	FK1235 S1-087 

	FK1236 B1-027 
	FK1236 B1-027 

	FK1240 B1-098 
	FK1240 B1-098 

	FK1251 B1-121 
	FK1251 B1-121 

	FK1258 C1-037 
	FK1258 C1-037 

	FK1263 C1-006 
	FK1263 C1-006 

	FK1266 C1-049 
	FK1266 C1-049 

	FK1268 C1-022 
	FK1268 C1-022 

	FK1269 C1-088 
	FK1269 C1-088 



	Cygnus olor 
	Cygnus olor 
	Cygnus olor 
	Cygnus olor 

	Mute swan 
	Mute swan 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	5 
	5 

	 
	 

	 
	 


	Felis catus 
	Felis catus 
	Felis catus 

	Domestic cat 
	Domestic cat 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	78 
	78 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	6259 
	6259 

	 
	 

	 
	 

	134 
	134 

	 
	 


	Gallinula chloropus 
	Gallinula chloropus 
	Gallinula chloropus 

	Moorhen 
	Moorhen 

	6727 
	6727 

	5181 
	5181 

	 
	 

	220 
	220 

	 
	 

	 
	 

	 
	 

	17 
	17 

	 
	 

	 
	 

	3396 
	3396 

	 
	 

	 
	 

	15346 
	15346 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Gasterosteus aculeatus 
	Gasterosteus aculeatus 
	Gasterosteus aculeatus 

	Three-spined stickleback 
	Three-spined stickleback 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	70 
	70 

	 
	 

	 
	 

	16 
	16 

	 
	 


	Hirundo rustica 
	Hirundo rustica 
	Hirundo rustica 

	Barn swallow 
	Barn swallow 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	240 
	240 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Homo sapiens 
	Homo sapiens 
	Homo sapiens 

	Human 
	Human 

	63961 
	63961 

	82740 
	82740 

	29646 
	29646 

	13343 
	13343 

	12684 
	12684 

	63644 
	63644 

	20546 
	20546 

	40152 
	40152 

	42464 
	42464 

	58000 
	58000 

	6903 
	6903 

	39019 
	39019 

	12218 
	12218 

	21865 
	21865 

	1236 
	1236 

	31293 
	31293 

	 
	 

	45767 
	45767 

	2288 
	2288 

	74178 
	74178 


	Lissotriton vulgaris 
	Lissotriton vulgaris 
	Lissotriton vulgaris 

	Smooth newt 
	Smooth newt 

	50208 
	50208 

	7483 
	7483 

	 
	 

	2187 
	2187 

	 
	 

	54928 
	54928 

	3789 
	3789 

	4267 
	4267 

	 
	 

	20832 
	20832 

	2079 
	2079 

	931 
	931 

	28434 
	28434 

	12890 
	12890 

	38909 
	38909 

	2785 
	2785 

	10648 
	10648 

	3216 
	3216 

	 
	 

	 
	 


	Oryctolagus cuniculus 
	Oryctolagus cuniculus 
	Oryctolagus cuniculus 

	European rabbit 
	European rabbit 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	849 
	849 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Ovis aries 
	Ovis aries 
	Ovis aries 

	Sheep 
	Sheep 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	9 
	9 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Phoxinus phoxinus 
	Phoxinus phoxinus 
	Phoxinus phoxinus 

	Common minnow 
	Common minnow 

	 
	 

	 
	 

	62215 
	62215 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Phoxinus sp. 
	Phoxinus sp. 
	Phoxinus sp. 

	 
	 

	 
	 

	 
	 

	41 
	41 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Pica pica 
	Pica pica 
	Pica pica 

	Eurasian magpie 
	Eurasian magpie 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	2027 
	2027 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Pungitius pungitius 
	Pungitius pungitius 
	Pungitius pungitius 

	Nine-spined 
	Nine-spined 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	6640 
	6640 

	 
	 




	Scientific name 
	Scientific name 
	Scientific name 
	Scientific name 
	Scientific name 

	Common name 
	Common name 

	FK1170 B2-027 
	FK1170 B2-027 

	FK1175 B2-029 
	FK1175 B2-029 

	FK1182 C2-029 
	FK1182 C2-029 

	FK1191 Z1-001 
	FK1191 Z1-001 

	FK1192 Z3-080 
	FK1192 Z3-080 

	FK1195 Z1-038 
	FK1195 Z1-038 

	FK1196 Z1-029 
	FK1196 Z1-029 

	FK1205 Z1-034 
	FK1205 Z1-034 

	FK1212 Z1-036 
	FK1212 Z1-036 

	FK1224 S1-075 
	FK1224 S1-075 

	FK1228 S1-002 
	FK1228 S1-002 

	FK1235 S1-087 
	FK1235 S1-087 

	FK1236 B1-027 
	FK1236 B1-027 

	FK1240 B1-098 
	FK1240 B1-098 

	FK1251 B1-121 
	FK1251 B1-121 

	FK1258 C1-037 
	FK1258 C1-037 

	FK1263 C1-006 
	FK1263 C1-006 

	FK1266 C1-049 
	FK1266 C1-049 

	FK1268 C1-022 
	FK1268 C1-022 

	FK1269 C1-088 
	FK1269 C1-088 



	TBody
	TR
	stickleback 
	stickleback 


	Rana temporaria 
	Rana temporaria 
	Rana temporaria 

	Common frog 
	Common frog 

	 
	 

	 
	 

	42667 
	42667 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	3026 
	3026 

	 
	 


	Rattus norvegicus 
	Rattus norvegicus 
	Rattus norvegicus 

	Brown rat 
	Brown rat 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	113 
	113 

	 
	 

	 
	 


	Sturnus vulgaris 
	Sturnus vulgaris 
	Sturnus vulgaris 

	Common starling 
	Common starling 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	6264 
	6264 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 


	Sus scrofa domesticus 
	Sus scrofa domesticus 
	Sus scrofa domesticus 

	Pig 
	Pig 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	38 
	38 

	 
	 

	 
	 

	9066 
	9066 

	 
	 

	 
	 

	 
	 

	 
	 

	 
	 

	102 
	102 

	 
	 

	2579 
	2579 

	 
	 

	 
	 


	Triturus cristatus 
	Triturus cristatus 
	Triturus cristatus 

	Great crested newt 
	Great crested newt 

	14670 
	14670 

	2503 
	2503 

	 
	 

	1356 
	1356 

	 
	 

	 
	 

	673 
	673 

	546 
	546 

	 
	 

	 
	 

	16817 
	16817 

	26228 
	26228 

	3936 
	3936 

	 
	 

	 
	 

	6437 
	6437 

	5430 
	5430 

	692 
	692 

	 
	 

	 
	 


	 
	 
	 

	Total read counts 
	Total read counts 

	135566 
	135566 

	99225 
	99225 

	144823 
	144823 

	28413 
	28413 

	12719 
	12719 

	142803 
	142803 

	25124 
	25124 

	45979 
	45979 

	76776 
	76776 

	88011 
	88011 

	30990 
	30990 

	69921 
	69921 

	44828 
	44828 

	70570 
	70570 

	76520 
	76520 

	47114 
	47114 

	16078 
	16078 

	71640 
	71640 

	12811 
	12811 

	81101 
	81101 
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