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Abstract: Despite advancements around in-field detection of pathogens in aquatic organisms, limited
research has evaluated point-of-need DNA extraction methods. This is a critical step in the
application of any field deployable molecular assays. This is especially important to applications that
use PCR, because carry over of contaminants causes inhibition and false negative results. To address
this, we compared the performance of nine rapid DNA extraction methods with a control laboratory
method (QIAMP DNA mini kit, QIAGEN). DNA was extracted from fresh, frozen and ethanol-fixed
mantle and digestive tissues of Pacific oysters. Extraction performance was assessed by measuring
DNA quantity and contaminants using fluorescence and spectrophotometric methods respectively.
PCR amplification of the host cytochrome oxidase subunit 1 gene (COX1) was performed to assess
the presence of inhibitors. The QuickExtract™ DNA extraction solution (QEDES, Lucigen) yielded
the highest DNA quantity and carried over minimal contaminants, resulting in low PCR inhibition.
In addition, the suitability of QEDES for detection of oyster pathogens was assessed, using Magallana
gigas samples infected with Ostreid herpesvirus 1 and Vibrio aestuarianus and European flat oysters
infected with Bonamia ostreae. Conventional and qPCR were used to assess performance. In each
instance, the QEDES successfully identified the presence of pathogens tested.

Keywords: in field; point of need; DNA extraction; Magallana (Crassostrea) gigas; Vibrio aestuarianus;
Bonamia ostreae; Ostreid herpesvirus 1

1. Introduction

Aquaculture is one of the fastest growing food sectors globally [1]. The global aquaculture of
Pacific oysters Magallana (Crassostrea) gigas is worth £1.29 billion annually and generates on average
620,000 tonnes per year [2]. Disease is considered one of the main limiting factors that impact the
production of bivalve molluscs worldwide [3]. The treatment of disease is especially problematic for
mollusc aquaculture because the use of drugs to control infection has limited effect and in addition
any chemical treatment will be diluted in the open water sites in which the molluscs are grown [4].
Vaccination against infection is not possible as molluscs do not have an adaptive immune response
[5,6]. Therefore, control of disease in bivalve molluscs relies mainly on preventive measures to avoid
the introduction and spread of pathogens. Two of the main diseases affecting Pacific oysters
aquaculture are the Ostreid herpesvirus 1 microvar (OsHV-1 pvar) and the bacterium Vibrio
aestuarianus. V. aestuarianus has caused mass mortality of adult M. gigas in France since 2001 and in
Ireland, Scotland and Spain since 2011 [2,7-10]. OsHV-1 has caused considerable worldwide losses
[11] and is associated with Pacific oyster mortality syndrome. The production of European flat oysters
(Ostrea edulis) in Europe has been adversely affected by diseases caused by the protists Bonamia ostreae
and Marteilia refringens [12,13]. The use of rapid onsite screening methods that can be employed in
production units or at border control posts are crucial to prevent the spread of disease and help
minimise stock losses.

Although numerous manuscripts have outlined the development of in-field disease detection in
molluscs [14-17], few have addressed challenges associated with DNA extraction [16,18-22]. Only a
single paper has investigated this in bivalves [23]. However, this step is critical in order to
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successfully achieve results that are accurate and free from contamination. This requires the transfer
of complex laboratory processes, usually completed in controlled conditions into the field.
Technological and method developments have allowed this to become achievable. These include,
portable laboratory equipment condensed into the size of a laptop bag (e.g. the Bento lab), isothermal
amplification technologies such as Loop mediated isothermal amplification (LAMP) and
Recombinase Polymerase Amplification (RPA) and portable sequencers with small dimensions for
example the MinlON by Oxford Nanopore Technologies (ONT). These technological breakthroughs
can be combined to form methods that can be utilised at the point-of-need [24]. However, the success
of these new technologies depends in part on the ability to extract DNA of suitable quality for
downstream applications.

Although there have been a number of reviews on this challenge [25-30] the matrix the DNA is
extracted from is invariably human or plant derived. Although the methodology and its associated
challenges can be applied to tissue from aquatic species such as fish, crustacea and molluscs it is
apparent that there is not a “‘one method fits all’ technique. Different sample types specifically host,
tissue type, pathogen and quantity of pathogen will all have to be considered and then a range of
extraction / sample preparation methods tested and assessed for each scenario. For example, for the
amplification of prolific bacteria from fish gills, sample preparation may be as quick as boiling the
tissue to inactivate the bacteria and using a small homogenate volume into your chosen point-of-need
detection method. However, for the detection of low levels of spore forming pathogen from the
hepatopancreas, or a virus from the mantle tissue of molluscs there are many and various known
substances that are present in the tissue that can inhibit the detection method resulting in false
negatives [31,32]. Furthermore, the tissue matrix itself may require physical disruption, prior to being
able to release the DNA from the pathogen itself.

The objective of this work was to evaluate nine different methods for extraction of DNA from
oysters and assess their suitability for point-of-need detection of mollusc pathogens by PCR.

2. Materials and Methods

Pacific oysters M. gigas were obtained from a local oyster farm and kept refrigerated at
approximately 4 °C while dissections were carried out over a three-day period. Every day a single M.
gigas individual was shucked and several pieces of mantle edge (left bottom lobe) and digestive gland
were dissected, weighed (between 10 and 20 mg for each tissue type) and placed into separate tubes.
Of these, ten pieces of each tissue type (mantle and digestive gland) from each oyster (n=3) were
extracted immediately after dissection (fresh tissue). Ten pieces of each tissue type were frozen at -
20°C and kept for 7 days prior to extraction and a similar set of samples were placed into 80% ethanol
and incubated at room temperature for 1 h prior to extraction. Tissue samples stored in 80% ethanol
were removed and blotted on tissue paper prior to DNA extractions.

DNA was extracted from mantle and digestive gland tissues preserved using the different
methods (fresh, ethanol and frozen), using a standard DNA extraction method and nine quick
extraction methods, namely: (1) QIAmp DNA mini kit (QIAGEN) (2) Buccalyse DNA Release Kit
(Isohelix); (3) QIAcard FTA Elute method (QIAGEN), (4) Filter paper method (Whatman); (5) Kapa
express extract kit (Roche); (6) Hotshot DNA extraction kit (Bento lab); (7) Dipstick DNA extraction
Kit (Bento lab); (8) boiling method; (9) short digestion/boiling method [33] and (10) (QEDES)
(Lucigen). DNA extractions were carried out following manufacturer's instructions with minor
modifications or as recommend by Batista et al [33] as described below.

For the QIAmp DNA mini kit method, 180 uL of buffer ATL and 20 uL of proteinase K was
added to digestive gland and mantle tissues in separate tubes. These were vortexed every 30 min
while being incubated at 56 °C for 3 h. Two hundred microlitres of buffer AL was added, tubes
vortexed for 15 s and incubated at 70 °C for 10 min. Two hundred microlitres of 100% ethanol was
added, tubes vortexed for 15 s and the resulting homogenate pipetted into the QIAmp Mini spin
column. The spin column was centrifuged at 8000 rpm for 1 min and the flow through discarded.
Five hundred microlitres of buffer AW1 was added and the spin column centrifuged for 8000 rpm
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for 1 min. The flow through was discarded and 500 pL of buffer AW2 was added and centrifuged for
3 min at 14,000 rpm. The flow through was discarded, a new collection tube added, centrifuged at
14,000 rpm for 1 min to dry. A new collection tube was added along with 100 pL of elution buffer AE
which was centrifuged for 8000 rpm for 1 min.

For the Buccalyse DNA Release method, 100 uL of Buccalyse solution was pipetted into both the
mantle and digestive gland tubes. The tissues were homogenised using disposable sterile pestles and
the resulting homogenates were incubated at 70 °C for 15 min followed by 95 °C for 2 min.

For the QIAcard FTA Elute method, mantle and digestive gland tissues were homogenised in
molecular grade water separately using disposable sterile pestles. Approximately 75 uL was smeared
onto two separate labelled FTA cards using a sterile pipette tip. The cards were left to dry on the
bench for three hours at room temperature prior to storage in the dark for 7 days. Sterile scissors were
used to cut off 4 x 3 mm sections of each card which were placed into two 1.5 mL tubes. Five hundred
microlitres of TE buffer was pipetted into each tube, vortexed for 5 s and the buffer removed. This
was repeated three times. One hundred microlitres of TE buffer was added and tubes were incubated
at 95 °C for 30 min with shaking at 1000 rpm. Tubes were centrifuged at 14,000 rpm for one min and
the elution solution removed until required.

For the filter paper method, 500 pL of lysis buffer (20 mM Tris [pH 8.0], 25 mM NaCl, 2.5 mM
EDTA, and 0.05 % SDS) was pipetted into both the mantle and digestive gland tubes and the tissue
homogenised using sterile pestles. A 1 cm diameter circle of Whatman no 1 paper was dipped into
the lysate 3 times, and subsequently dipped 3 times into another tube containing 500 uL wash buffer
(10 mM Tris, 0.01 % Tween-20). The paper was frozen at -20 °C prior to PCR.

For the Kapa express extract kit method, 88 pL of molecular grade water was pipetted into both
the mantle and digestive gland tubes followed by 10 puL of 10X KAPA Express Extract Buffer,
homogenised using a pestle and 2 uL of KAPA Express Extract Enzyme was added. The homogenate
was transferred into a 0.5 mL PCR tube and incubated at 75 °C for 10 min followed by 95 °C for 5 min.
The homogenate was centrifuged briefly and diluted tenfold using TE buffer before use.

For the Hotshot DNA extraction kit, 150 puL of Alkaline Lysis Solution was pipetted into both
the mantle and digestive gland tubes and tissue was homogenised using a pestle. The homogenate
was transferred into 0.5 mL PCR tubes and incubated at 95 °C for 30 min. Tubes were cooled on ice
and 150 pL of neutralising buffer was added to each tube and mixed by pipetting.

For the Dipstick DNA extraction Kit method, 100 pL of extraction buffer was pipetted into both
the mantle and digestive gland tubes. The tissue was homogenised using pestles prior to the addition
of another 400 pL of extraction buffer. A paper dip stick was incubated in each tube at room
temperature for 2 min. The dipstick was rinsed three times in 1 mL of wash buffer and then incubated
for 2 min in fresh tubes containing 100 uL TE buffer.

For the boiling method, mantle and digestive gland tissues in separate tubes were incubated at
100 °C for 10 min. Before use, the supernatant was diluted tenfold in molecular grade water. For the
short digestion-boiling method [33], 330 pL of extraction buffer (containing 33 uL of Goldstar Taq
DNA Polymerase buffer, 297 uL of double distilled water and 0.5 % of Tween-20) was pipetted into
both the mantle and digestive gland tubes. Tissue was homogenised using a pestle and 33 pL of
Proteinase K (10 mg.mL?') was added and the tubes incubated at 55 °C for 60 min followed by 100 °C
for 20 min. Tubes were spun down briefly using a centrifuge at 1,200 x g for 5 min at 4 °C.
Supernatants were diluted tenfold in molecular grade water prior to use.

For the QEDES method, 500 uL of QEDES was added to all tissues. Tubes were vortexed for 15
s, incubated at 65 °C for 10 min, vortexed for another 15 s and heated to 98 °C for 2 min. Each
extraction method had an associated negative control (molecular grade water) which was treated
identically to the tissues.

DNA samples were quantified using QuantiFluor® ONE dsDNA System (Promega) on a
Quantus fluorometer. The NanoDrop One/One€ spectrophotometer was used to measure the 260/280
and 260/230 ratios to determine the purity of the DNA and the presence of contaminants. The DNA
extraction yield (in ng/mg) was calculated by multiplying the concentration of DNA (in ng/pl)
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determined using the fluorometric method by the total elution volume, divided by the tissue weight
(mg).

To determine the presence of PCR inhibitors and assess the quality of M.gigas DNA obtained,
both neat and 1:10 diluted DNA was used to amplify a 356 bp cytochrome oxidase subunit 1 (COX1)
fragment using the primers mICOIintF 5- GGWACWGGWTGAACWGTWTAYCCYCC -3' and
dgHCO2198 5'- TAAACTTCAGGGTGACCAAARAAYCA -3' [34]. Reactions were set up in a 25 pL
volume as follows: 1 x NEBNext Ultra II Q5® Master mix, 0.5 uM of forward primer (mlCOlintF), 0.5
UM of reverse primer (dgHCO2198), 6.5 uL of molecular grade water, 20 ug of BSA and 2 uL of DNA.
Thermocycling conditions were 98 °C for 2 min followed by 35 cycles of 98 °C for 40 s, 45 °C for 40 s
and 72 °C for 30 s with a final extension of 72 °C for 3 min. Six microlitres of amplification products
were run on 2% TBE agarose gels stained with Green Safe dye (NZTECH) and viewed under a UV
illuminator. Negative controls were incorporated in all PCR runs containing all the PCR reagents and
molecular biology grade water instead of template DNA.

DNA was extracted from three Pacific oysters infected with V. aestuarianus using the QIAcard
FTA Elute, digestion/boiling, QEDES and QIAmp DNA Mini kit methods. These three extraction
methods plus the control method were selected based on the amplification scores obtained for M.
gigas COX1. DNA of V. aestuarianus was quantified using both neat and tenfold diluted DNA by real
time PCR using the primers dnaJ-F (5- GTATGAAATTTTAACTGACCCACAA -3'), dnaJ-R (5'-
TCAATTTCTTTCGAACAACCAC  -3), and the probe dnaJ-probe (5- 6FAM
TGGTAGCGCAGACTTCGGCGAC QSY -3) [35]. In a total reaction volume of 20 pL the following
reagents were used: 10 pL of TagMan™ Fast Advanced Master Mix (2X, no UNG, Applied
Biosystems), 0.6 pL of forward primer (dnaJ-F 20 uM), 0.6 puM of reverse primer (dnaJ-R 20 uM), 0.4
uL of probe (dnaJ-probe 10 uM), 3.4 uL of molecular grade water and 5 pL of extracted DNA. Samples
were run in duplicate and a standard curve was also run consisting of 10 fold dilutions of V.
aestuarianus gDNA from 1 x 106 to 1 x 10! genome copies. The following thermocycling conditions
were used: an initial denaturation of 3 min at 95 °C followed by 40 cycles of 1 s at 95 °C and 20 s at 61
°C. Plates were run on a QuantStudio 3 Real Time qPCR system (Applied Biosystems, Thermofisher).

DNA was extracted from mantle edge tissue dissected from three M. gigas individuals infected
with OsHV-1 using the QEDES as well as the QIAmp DNA mini kit (Qiagen) as described in 2.2. Each
tissue was cut in half and each half extracted separately using the two different methods. The
resulting neat and tenfold diluted DNA from both methods was amplified in duplicate following a
protocol  adapted from  Renault and Arzul [36] |wusing the C2: 5 -
CTCTTTACCATGAAGATACCCACC - 3" and Cé6: 5 - GTGCACGGCTTACCATTTTT - 3’ primer
pair. Twenty-five microlitre PCR reactions were prepared to achieve the following concentrations of
reagents: 1 x GoTaq® Hot Start Polymerase buffer (Promega), 2.5mM MgClz, 0.5 mM dNTPs, 10 uM
C2 forward primer, 10 uM C6 reverse primer, 9.3 puL of molecular grade water and 5 units of GoTaq®
Hot Start Polymerase to which was added 2 uL of DNA. Thermocycling conditions used an initial
denaturation at 95 °C for 3 min followed by 35 cycles of 95 °C for 30 s, 58 °C for 45 s and 72 °C for 45 s
followed by a final extension of 72 °C for 10 min.

DNA was extracted from a pool of gill, digestive gland and mantle tissues preserved in absolute
ethanol from twelve European flat oysters Ostrea edulis infected with Bonamia ostreae using the QEDES
as described above. From another set of the same tissues and specimens, DNA was extracted using
the EZ1 & 2 DNA Tissue Kit. (QIAGEN). Briefly, 100 mg of tissue were grinded in a FastPrep-24
Classic for 1 min at 6.5 m.sec” in 1 mL of G2 buffer and 0.2 mg.mL-" of proteinase K. The tissues were
incubated overnight at 56 °C, centrifuged at 7800 x g for 2 min and 50 pL of the supernatant plus 150
uL of G2 buffer was transferred to new tube and subjected to automated DNA isolation on a EZ1
Advanced XL instrument (QIAGEN) using an EZ1 & 2 DNA Tissue Kit cartridge. Using DNA
extracted with EZ1 & 2 DNA Tissue Kit, B. ostreae DNA was detected by real time PCR (qPCR)
following the SOP available on the EURL for Molluscs Diseases website [37]. The BO2_F primer (5'-
AAATGGCCTCTTCCCAATCT -3’), BO2_R primer (5- CCGATCAAACTAGGCTGGAA -3'), and the
BO2 probe (5 - TGACGATCGGGAATGAACGC -3; HEX-BHQ-1) were used. Amplification
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reactions were performed in duplicate in a total volume of 20 uL with 10 puL of TagMan™ Universal
PCR Master Mix (No AmpErase, Applied Biosystems, Thermofisher), 0.6 uL of BO2_F (10 uM), 0.6
pL of BO2_R (10 uM), 0.4 pL of BO2 probe (10 uM), 6.2 pL of molecular biology water and 2.5 pL of
DNA elution. Plates were run on a QuantStudio 3 Real Time qPCR system (Applied Biosystems,
Thermofisher) with an initial denaturation of 3 min at 95 °C followed by 40 cycles of 15 s at 95 °C and
20 s at 60 °C. Negative controls consisting of 2.5 puL of molecular biology grade water were added to
each PCR plate. Moreover, the conventional PCR assay using the primer pair BOSTRE-F/BOSTRE-R
developed by Ramilo et al [38] was used to amplify B. ostreae DNA extracted using the QEDES and
EZ1 & 2 DNA Tissue Kit.

Statistical analysis to determine differences among DNA extraction methods for yield, 260/280,
and 260/230 ratios were carried out using one-way ANOVA. Tukey HSD tests were then used for
multiple group comparisons. Analyses were conducted using Python (version 3.11.11) with the
following packages: pandas (version 2.2.2), numpy (version 1.26.4) and statsmodels (version 0.14.4).
Permutation analyses were used to assess the success of CO1 PCR amplification using the R packages
readr (2.1.5), dplyr (1.1.4), stringr (1.5.1) and coin (1.4.3). PCR amplification results were coded as
binary variables, with 1 indicating successful amplification and 0 indicating failure. Independent
permutation tests were conducted to evaluate the impact of dilution, tissue type, preservation
method, and DNA extraction method. All permutation tests utilized 10,000 resampling iterations
under a two-sided hypothesis framework.

3. Results

3.1. Spectrophotometric and Fluorometric Measurements

Overall, the highest DNA extraction yields were obtained using the QEDES (Table 1). This
method produced results comparable to the reference method (QIAMP DNA mini kit) and even
surpassed it when extracting DNA from fresh digestive gland tissue. The Kapa express extract kit
also generated high DNA yields, in contrast to the QIAcard FTA Elute method and the Dipstick DNA
extraction Kit, which consistently produced low yields.

The purity of DNA, determined by the absorbance ratio at wavelengths 260/280 nm for ten
extraction methods tested, is shown in Table S1. The mean 260/280 ratio for DNA extracted using the
control method ranged between 1.8 and 2.1 across various tissue types and preservation methods.
Except for DNA extracted using the QIAcard FTA Elute and boiling methods from the mantle tissue,
most 260/280 values obtained were not significantly different from the control method.

For all extraction methods including the control method the 260/230 values (Table S2) were
consistently lower than 2.0 showing that all of the methods tested produce DNA that contain
contaminating substances that absorb at 230 nm. The highest 260/230 values were observed in DNA
extracted from mantle tissue using the control method (between 1.6 and 1.9). Besides the control
method, the boiling also showed slightly higher values across the different tissues and preservation
methods test. Most methods showed low variability between replicates as shown by the low
coefficient of variation results with exception of the boiling method that showed consistently high
coefficient of variation values indicating a larger amount of variability between replicates.
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Table 1. Fluorometer derived mean DNA extraction yields (ng/mg) with coefficient of variation values in
parentheses obtained for different DNA extraction methods from mantle and digestive gland of M. gigas fresh,

fixed in ethanol or frozen at — 20 °C. Significant statistical differences in each column are shown by different

letters for each method.

Method Mantle Digestive gland
Fresh Ethanol Frozen Fresh Ethanol Frozen
522 (80) 503 (47) 281 (37) 24 (96) 337 (102) 54 (146)
1 a a a b a b
286 (62) 214 (9) 198 (40) 386 (90) 829 (59) 536 (38)
2 a a b b a a
18 (26) 19 (99) 33 (44) 47 (47) 110 (92) 44 (91)
3 b b b b a b
485 (24) 346 (43) 412 (29) 628 (37) 708 (32) 605 (8)
5 a ab ab b a a
140 (18) 178 (18) 150 (43) 168 (27) 226 (39) 216 (19)
6 ab ab b o a ab
8 (32) 7 (61) 19 (85) 20 (56) 10 (90) 21 (91)
7 b b b bc b b
31 (34) 44 (50) 82 (17) 92 (103) 229 (115) 210 (21)
8 ab b b b ab ab
506 (7) 502 (49) 500 (21) 209 (13) 571 (64) 163 (22)
9 a a a b ab ab
484 (17) 482 (10) 509 (32) 1386 (21) 1011 (59) 392 (21)
10 a a a a a a

IQIAmp DNA mini kit; (2) Buccalyse DNA Release Kit; (3) QlAcard FTA Elute method, (4) Whatman no 1 Filter
paper method; (5) Kapa express extract kit; (6) Hotshot DNA extraction kit; (7) Dipstick DNA extraction Kit; (8)
boiling method; (9) short digestion/boiling method; and (10) The QuickExtract™ DNA extraction solution
(QEDES).

3.2. Amplification of M. gigas DNA

Permutation tests identified significant differences in COX1 PCR amplification success between
tissue types (p <0.001). Mantle tissue exhibited significantly higher success rates than digestive gland,
consistent across preservation and extraction methods. Frozen tissues outperformed ethanol-
preserved samples (p < 0.001) and no significant differences were observed between the other
preservation methods (p > 0.05). Overall, no significant difference was observed between diluted and
undiluted samples (p = 0.418), indicating that DNA dilution had no substantial effect on amplification
outcomes under the tested conditions. However, for some methods such as the Hotshot DNA
extraction kit, diluting 1:10 the DNA considerably improved PCR performance. The QIAMP DNA
mini kit consistently achieved high amplification success and was used as the benchmark for post-
hoc comparisons. All extraction methods tested performed significantly worse (p <0.05) than QIAMP
DNA mini kit, with exception of the QIAcard FTA Elute and the QEDES methods that showed no
significant difference in performance with p-values of 0.497 and 0.054, respectively. Together, these
results highlight that DNA extraction method, tissue type, and preservation strategy all strongly
influence amplification success.

Overall, besides the control method, the three best methods for extracting DNA from both
mantle and digestive gland tissue of M. gigas were the QIAcard FTA Elute method, the
digestion/boiling method and the QEDES.
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Table 2. PCR COX1 amplification success out of 3 replicates (total of 360 individual reactions) using different
extraction methods from mantle and digestive gland of M. gigas fresh, fixed in ethanol or frozen at — 20 °C. Non-
diluted and diluted DNA (1:10) were also tested.

Method Mantle Digestive gland

Fresh Ethanol Frozen Fresh Ethanol Frozen

IQIAmp DNA mini kit; (2) Buccalyse DNA Release Kit; (3) QIAcard FTA Elute method, (4) Whatman no 1 Filter
paper method; (5) Kapa express extract kit; (6) Hotshot DNA extraction kit; (7) Dipstick DNA extraction Kit; (8)
boiling method; (9) short digestion/boiling method; and (10) the QEDES.

3.3. Detection of Oyster Pathogens DNA

3.3.1. Case Study 1: Detection of Vibrio aestuarianus in M. gigas

DNA from M. gigas mantle tissue from three individuals infected with V. aestuarianus (Va) was
extracted using the QEDES, the QIAcard FTA Elute method, the Short digestion/Boiling method [33]
and the QIAmp DNA mini kit (control), and subsequently amplified using a Va qPCR method. DNA
from V. aestuarianus was detected by qPCR in all samples extracted using the QEDES and the QIAmp
DNA mini kit. However, a lower number of copies was observed using DNA extracted with QEDES
(4454 copies/mg) in comparison with QIAmp DNA mini kit (8424 copies/mg).

Results from the Va qPCR showed that the control method was more efficient at amplifying V.
aestuarianus from mantle tissue from all three M. gigas individuals used in the test as determined by
the mean number of copies per mg tissue detected. (8424 genome copies/mg). The QEDES was the
best in field extraction method tested with a mean value of 4454 copies per mg. The second best
method was the QIAcard FTA Elute method obtaining mean copies per mg of 1556. The lowest copy
number was obtained using the short digestion / Boiling method was the least good as this method
was unable to amplify any V. aestuarianus DNA from sample D13 and extremely low copies from the
other two individuals 10 +/- 14. All gPCR and extraction negatives run on the qPCR produced no CT
values and all samples were run in duplicate.

3.3.2. Case Study 2: Detection of OsHV-1 in M. gigas

PCR products with the expected size (~ 709 bp) for the primer pair C2/C6 were observed for all
samples tested using DNA extracted with both QIAMP DNA mini kit and the QEDES (Figure 1).
Similar results were obtained using neat DNA or tenfold diluted DNA extracted using both methods.
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Figure 1. Neat and 10 fold dilutions of DNA extracted using the QIAMP DNA mini kit and the QEDES amplified
using an OsHV PCR. Six microlitres was run in duplicate on a 2 % TBE agarose gel stained with Greensafe
alongside 100bp ladder, eight negative controls and two positive controls. Where lanes 1-6 show OsHV
amplification from neat DNA from M. gigas mantle tissue extracted using the QIAmp DNA mini Kit: Lanes 7-12
show OsHV amplification from tenfold diluted DNA from QIAmp DNA mini Kit: Lanes 14-19 show OsHV
amplification from neat DNA from the QEDES. Lanes 20-25 show OsHV amplification from DNA from QEDES
diluted tenfold: Lane 36 and 37 is OsHV DNA amplified from a positive control sample. Lanes 27- 34 are negative
controls. Ladder (100pb:L).

3.3.3. Case Study 3: Detection of Bonamia ostreae in O. edulis

DNA from B. ostreae was detected in all twelve O. edulis samples using DNA extracted with both
the QEDES and the EZ1 & 2 DNA Tissue Kit. The Cq values ranged from 25.7 to 37 for DNA extracted
with the QEDES and from 25.4 to 38.8 for DNA extracted with the EZ1 & 2 DNA Tissue Kit. PCR
products with the expected size (~208 bp) for B. ostreae were obtained using the BOSTRE-F/BOSTRE-
R primer pair for all samples tested using DNA extracted with both methods (Figure 2).
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Figure 2. PCR products obtained with the BOSTRE-F/BOSTRE-R primer pair using DNA extracted with the
QEDES from twelve O. edulis infected with B. ostreae (Lanes 1-24 in duplicate). Lane P, positive control; Lane N,
negative control; Lanes L, DNA ladder (100 bp ladder, Promega).

3.4. Analysis of Throughput Time, Cost and Additional Equipment

Comparison of the ten extraction methods for time, cost and additional equipment is reported
in Table 3. The two fastest methods (taking only 15 minutes) were the QEDES and the boiling method.
They also were the most expensive and cheapest options, respectively. The dipstick method and the
filter paper method required the least amount of additional equipment. Seven of the methods require
the use of a heat block in the field, a portable one such as the MyBlock™ mini dry bath (Merck) and
a vehicle power adapter could be used. Two of the methods (the Kapa express extract and short
digestion boiling) required the use of centrifuges. A portable option could be the Multi Spin Battery-
Powered Mini Centrifuge (TOMY). The QIAcard FTA elute also requires the use of a centrifuge but
only during the extraction step which can be done in a lab. The homogenisation step (where the
homogenised tissue is fixed onto a paper matrix) is completed in the field.
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Table 3. Assessment of consumables, process duration, cost per reaction and additional equipment.

Extraction Method Time (minutes) ___Cost per reaction (£) Additional equipment
QIAmp DNA mini kit 210 4.44 tubes, vortex, heat block at 56°C and 70°C, centrifuge

Buccalyse DNA Release Kit 20 6.46 tubes, disposable sterile pestles, heat block at 70°C and 95°C

QIAcard FTA Elute method 210 5.08 tubes, disposable sterile pestles, vortex, heat block at 95°C, centrifuge

Filter paper method 30 009 tubes, disposable sterile pestles
Kapa express extract kit 30 053 tubes, disposable sterile pestles, heat block a 75°C and 95°C, centrifuge
Hotshot DNA extraction kit 40 0.07 tubes, disposable sterile pestles, heat block at 95°C
Dipstick DNA extraction Kit 20 039 tubes
Boiling method 15 0.00 tubes, disposable sterile pestles, heatblock at 100°C
Short digestion/boiling method 180 432 tubes, disposable sterile pestles, heatblock at 55°C and at 100°C, centrifuge
The QuickExtract™ DNA extraction solution 15 790 tubes, vortex, heatblock at 65°C and 98°C

4. Discussion

This study evaluated the efficacy of nine rapid DNA extraction methods in comparison with a
conventional reference method. The performances were assessed on digestive gland and mantle of
M. gigas and with different storage processes, specifically fresh, frozen and ethanol fixed.
Performance was assessed by assessing yield, purity and efficacy of PCR for both host and pathogen
DNA. Although several assays performed well in certain conditions, the QuickExtract™ DNA
extraction solution (QEDES) overall was found to be the most reliable method.

This was evidenced by the QEDES providing the consistently high yields and in particular for
fresh digestive gland material, even surpassing the reference method. This is particularly relevant as
analysis in the field is likely to be performed on fresh material. Furthermore, it generated superior
purity DNA extracts, with 260/280 results comparable to the control method and elevated 260/230
ratios, indicating low carry over of contaminants.

PCR amplification of COX1 genes again revealed that QEDES provided good results with the
exception of the undiluted digestive gland extract fixed with ethanol. However, this inhibition was
completely removed in the diluted sample, highlighting the importance of dilution in onward
application. This experiment also highlighted that the mantle provides better DNA extract compared
to the digestive gland and frozen tissue better than ethanol-preserved samples. These findings may
be explained by the high concentration of inhibitory substances in the digestive gland compared to
mantle, residual ethanol inhibiting PCR performance [39] and/or the freeze-thaw cycle providing
some cell lysis [40].

Experiments assessing pathogen detection by qPCR showed that QEDES were also notably
effective for pathogen detection in oyster tissues, facilitating detection of Vibrio aestuarianus, Ostreid
herpesvirus 1 (OsHV-1), and Bonamia ostreae by both conventional and real-time PCR. The method
provided comparable copy number recovery when compared to the reference method. Finally
although QEDES is the most expensive per reaction it is also very quick to perform taking only 15
minutes.

Previous studies have also highlighted the efficacy of the QEDES being used by Kotov & Taylor
[41] and Walthall, Tice & Brown [42] to identify a new Daphinia obtusa lineage and a new species of
Amoeboza respectively. Cano et al [14] also found that QEDES was the best method when compared
to four other extraction methods for the in-field detection of Neoparamoeba perurans the causative
agent of Amoebic gill disease (AGD) in Atlantic salmon gill swabs. Cano et al [15] further applied
QEDES for the detection of Cyprinid herpesvirus (CyHV-3) and carp edema virus (CEV), the
causative agents of koi herpesvirus disease and koi sleepy disease, respectively. QEDES has also been
combined with fluorescence real-time loop-mediated isothermal amplification (LAMP) assays in
order to detect these pathogens in the field and determined that the method worked extremely well
[15].

In this study the assessment of the COX1 amplification by PCR determined that the Buccalyse
DNA Release Kit, the Whatman no 1 filter paper method, the Hotshot DNA extraction kit (Bento lab)
and the boiling method [33] extracts caused considerable amounts of inhibition when compared to
the control method. It was for this reason these methods were not used in further in our tests,
allowing us to focus on the best performing candidates. It is important to mention that the level of
inhibition seen on the tests we rejected was not uniform. For example the boiling method [33] showed
large amounts of inhibition when digestive gland was used but if the tissue is frozen prior to
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extraction and used neat rather than diluted then no inhibition was observed. Moreover many of
these methods showing a low performance in the present study have previously been proven to work
well on different host tissues underlining the fact that the extraction method that may be best in one
scenario may not be the best when using a different, host, tissue or pathogen and the type of
amplification and detection method also needs to be compatible.

In conclusion, the QuickExtract™ DNA Extraction Solution (QEDES) demonstrated superior
performance in terms of DNA yield, purity, and PCR amplification success compared to other rapid
DNA extraction methods. Although the most expensive of all the assays tested, its efficacy in
detecting pathogens in Pacific oysters and European flat oysters underscores its potential for point-
of-need use and justifies the additional cost. Future studies should explore the use of this method for
detecting other pathogens in different aquatic species and evaluate its performance under various
field conditions.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Table S1: Mean 260/280 ratio (coefficient of variation) of DNA extracted using in-
field methods from mantle and digestive gland of M. gigas fresh, fixed in ethanol or frozen at — 20 °C. Table S2:
Mean 260/230 ratio (coefficient of variation) of DNA extracted using in-field methods from mantle and digestive

gland of M. gigas fresh, fixed in ethanol or frozen at — 20 °C.
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