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License: This is an open access protocol distributed under the terms of the Creative Commons Attribution License, which

permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited

Protocol status: Working
We use this protocol and it's working

Created: July 01, 2025
Last Modified: November 18, 2025
Protocol Integer ID: 221389

Keywords: wildlife pathogen surveillance, panel for wildlife pathogen surveillance, oxford nanopore minion platform, enabling
simultaneous pathogen detection, assay for flongle flow cell, sequencing assay, simultaneous pathogen detection, other
pathogens in mesocarnivore, oxford nanopore, pathogen tng, other pathogen, flongle flow cell, sequencing panel

Abstract

We adapted a targeted next-generation sequencing (tNGS) panel for wildlife pathogen surveillance to the
Oxford Nanopore MinlON platform to enable cost-effective detection of SARS-CoV-2 and other pathogens in
mesocarnivores. The workflow combines a broad-pathogen tNGS assay with a SARS-CoV-2 whole-genome
sequencing panel prior to library preparation, enabling simultaneous pathogen detection and variant
identification.
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Materials

Materials

Equipment:

Biosafety cabinet

PCR cabinet

Vortex mixer

Microcentrifuge with rotor for 1.5 mL or 2 mL tubes, capable of attaining 17,900 x g
Bench top centrifuge

Magnetic Particle processor (KingFisher Flex, MagMAX-Express 96, Biosprint 96 or equivalent)
lon ChefTM |nstrument

lon GeneStudioTM S5 System

Thermocycler

Qubit Fluorometer

DynaMag-96 Side Magnet (or similar)/DynaMag-2 (or similar)

Geneious Prime (https://www.geneious.com/) or similar for sequence evaluation

Supplies:

= MagMAX Core extraction reagents

= DMEM

= 5.0 mL screw cap tubes

= NGS Reverse Transcription Kit

= |on AmpliSeq Library Kit Plus (Manual library prep) or lon AmpliSeqTM Kit for Chef DL8 (Automated library
prep)

= WGAG19041_PRD_CFPv01 CFP_with_SARS_2 pool 1 and WGAG19041_PRD_CFPv01 CFP_with_SARS_2 pool 2
(Primer pools are available from ThermoFisher Scientific under number
PURDUE_CANINE_FELINE_COMB02.20211215)

= ARTIC nCoV-2019 panel protocol v5.3.2 pools

= |on Xpress Barcode Adapters for multiplexing (Manual library prep) or lonCodeTM Barcode Adaptors 1-384 Kit
(Automated library prep) (ThermoFisher Scientific)

= [on 510TM & lon 520TM & lon 530TM Kit — Chef (ThermoFisher Scientific)

= |on S5 sequencing supplies (ThermoFisher Scientific)

= Oxford Nanopore MinlON with Flongle Flowcells

= PCR Thermal Cycler

= Library End repair

(Ultra Il end prep reaction buffer)

(Ultra Il end prep reaction enzyme)

= Sample Barcoding

(Native barcoding Expansion (Oxford Nanopore EXP-NBD196)

(Ultra Il ligation master mix (New England Biolabs cat #E7546L)

(Ultra Il ligation Enhancer (New England Biolabs cat #E7546L)
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(Short Fragment Buffer (SFB; Oxford Nanopore EXP-SFB001)

(Elution buffer (EB)

= Adapter Ligation

(Adapter Mix Il (AMII; Oxford Nanopore EXP-MRTO0O1 or part of EXP-NBD196)
(NEB next quick ligation reaction buffer

(Quick T4 DNA ligase (New England Biolabs cat #E6056L)

(Short Fragment Buffer (SFB; Oxford Nanopore EXP-SFB001)

(Elution buffer (EB; Oxford Nanopore EXP-AUX001)

= AmPure XP reagent (Beckman Coulter)

= Qubit dsDNA HS Assay Kit (ThermoFisher Scientific)

= Gloves

= |ab coat

= Ethanol (70%)

= Low TE

= Microcentrifuge tubes (0.1 mL 8 strip tubes or 0.1 mL or 0.25 mL, 0.5mL and 1.5 mL)
= Pipets and pipet tips
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I Procedure

1 Nucleic acid extraction

1.1  KingFisher Flex MagMAX Core extraction protocol
In the extraction room, prepare the sample as follows.KingFisher Flex MagMAX Core
extraction protocol
In the extraction room, prepare the sample as follows:
Add 2 mL of DMEM to a 5 mL tube.

Swirl the anterior nasal or throat swab and break off the swab tip.

Vortex the sample vigorously for 2 minutes or until it is fully suspended.
Use 200 pL of the supernatant for the downstream process.

1.2  Prepare the Lysis/Binding solution.
In the clean room, combine the following components for the required number of

samples.

Component Volume per sample

MagMAX Core Lysis 350uL
solution

MagMAX Core 350puL
Binding solution

Total Lysis/Binding 700pL
solution*

Vortex at maximum speed for 10 seconds
Store at room temperature for up to 24 hours

2 Prepare the Bead/ Proteinase K mix.
In the clean room, prepare the following to be added to the lysis plate.

2.1  Vortex the MagMAX Core Magnetic Beads thoroughly to ensure the beads are fully
resuspended
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Component Volume per sample
MagMAX Core Magnetic 20uL
Beads
MagMAX 10uL
Core Proteinase K
Total bead mix 30pL

2.2  The bead/ Proteinase K mix can be stored at 4°C for up to one week. Proceed to the next

step.

Reagent

Volume per
well

Bead mix

30uL

MagMAX
Core Wash
Solution 1

500uL

MagMAX
Core Wash
Solution 2

500uL

4 Elution Plate

MagMAX
Core
Elution Buffer

90uL

3.1 Take the prepared plates to an extraction hood in the extraction room and add Amount

200 uL of each sample to the lysis

plate.

3 Prepare the sample plates.
In the clean room, grab four deep well plates and prepare them as follows.
Plate Plate ID
position
1 Lysis Plate
2 Wash Plate
3 Wash Plate 2

3byl46ewrgo5/vl November 18, 2025
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3.2
3.3
3.4
3.5
3.6

3.7

| 3.8

3.9

4

Mix the sample with the Bead mix by pipetting up and down several times. Let the
mixture incubate for 2 minutes.

Add 700 puLof Lysis/Binding solution (from step 2) to each sample in the first plate (lysis
plate).

Turn the power on to the magnetic particle processor

Using the up and down arrow key, select the program MagMAX Core Flex.

Press the start key. When prompted, load the appropriate plate on the instrument.
Properly orient the plates

Press the start key to advance the carousel to the next plate position to load.

When the final plate is loaded, place a deep well comb on the top of the first plate (Lysis
Plate) and press the start key. When the program is complete, the instrument will prompt
you to remove the elution plate. Remove the elution plate and set it in an extraction hood.
Press start to advance the carousel and remove all other plates as prompted. Dispose of
all the wash /lysis plates by placing in a biohazard bag.

Place a deep well comb on top of the first plate (Lysis Plate) after loading the final plate,
then press the start key.

The eluted product can be used immediately or stored in a labelled 1.5mL tube or sealed
elution plate (96 well) at -10°C until use.

Reverse transcription (RT) using the lon Torrent NGS Reverse Transcription Kit
For each sample, set up the reaction using the following table:

Component Volume per Reaction

5X lon Torrent NGS Buffer 2 uL

10X lon Torrent NGS RT Enzyme TuL

RNA Sample 7 uL

Total Volume 10 pL
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Note: You can set up the reaction using a 96-well plate/8-strip tube or individual 0.1-0.25 PCR
tubes, depending on the number of samples.

4.1  Prepare 4 sets of cDNA per sample.

4.2 Mix the reaction mixture well and seal the plate/close thePCR tubes

4.3  Execute the following thermocycling conditions on a thermocycler.

Temperature Time
25°C 10 minutes
50°C 10 minutes
85°C 5 minutes
10°C Hold

Briefly spin the PCR tube or plate to bring the contents (cDNA) to the bottom of the tube.

5 PCR Assay Preparation using InvitrogenTM PlatinumTM Taq DNA Polymerase Kit
For each sample, prepare four separate PCR master mixes for the following primer
pools:
= VBP Primer Pool 1: 5X Pool1: WGAG21047-PRD-CFPV02
= VBP Primer Pool 2: 5X Pool2: WGAG21047-PRD-CFPV02
= SARS-CoV-2 Primer Pool 1: IDT ARTIC nCoV-2019 V5.3.2 Panel
= SARS-CoV-2 Primer Pool 2: IDT ARTIC nCoV-2019 V5.3.2 Panel
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Each PCR reaction is prepared in a final volume of 20 pL, with 15 pL master mix + 5 pL

DNA template.

5.1 PCR Master Mix Components (per primer pool of the vector-borne pathogens panel )
Add 15 uL master mix to each well of the PCR 8-strip well containing cDNA, for a total

volume of 25 pL per well sample.

Reagent Volume per Reaction (pL)
RNase/DNase-free Water 6.15
10X PCR Reaction Buffer 2.50
50 mM MgCl, 0.75
10 mM dNTP Mix 0.50
5.00
Platinum%.0 Taq DNA Polymerase 0.10
Step Temperature | Time Cycles
Initial Denaturation 94°C 2 minutes 1
Denaturation 94°C 30 seconds
Annealing/Extension | 60°C 4 minutes 35
Final Hold 4°C oo (hold) 1

Thermocycler Parameters

PCR Master Mix Components (per primer pool of the IDT ARTIC nCoV-2019 V5.3.2

Panel)

Add 15 pL master mix to each well of the PCR 8-strip well containing cDNA, for a total

volume of 25 pL per well sample.

Reagent Volume per Reaction (uL)
RNase/DNase-free Water 715

10X PCR Reaction Buffer 2.50

50 mM MgCl, 0.75

10 mM dNTP Mix 0.50
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6.1

6.2

6.3

6.4

6.5

6.6

Reagent Volume per Reaction (L)

5X ARTIC Primer Pool (VBP or SARS-CoV-2) 4.00

Platinum%.0 Taq DNA Polymerase 0.10
A B C D
Initial 94°C 2 minutes 1
Denaturation
Denaturation | 94°C 30 seconds
Annealing/Ex 4 minutes 35
tension
Final Hold 4°C oo (hold) 1

Thermocycler Parameters

Purify PCR reactions—AmPure XP Beads,

Combine the four PCR assays per sample into a 1.5 mL tube.

Add 100 pL beads per sample, mix by flicking thetube, briefly spin down, and incubate at

room temperature for 5 min.

Prepare fresh 80% EtOH at least 10 ml.

Pellet the beads using a magnetic rack, remove the supernatant with a pipette.

Add 200 pL 80% EtOH, avoiding the pellet, remove the EtOH and repeat.

Briefly spin tubes and remove residual EtOH.
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6.7

6.8
7.1

|
|
|
|
|
| 8.1
| 8.2
| 8.3
| 8.4
| 8.5
| 8.6

8.7

Resuspend each pellet in 15 L nuclease free water, spin down, and incubate at room

temp for 2 min.

Replace tubes on the magnetic rack, remove and keep the supernatant.

Measure the concentration using a qubit fluorometer and the 1X dsDNA HS kit

Use 1 L of sample and 199 L of working solution.

End-Prep (NEBNext Ultra Il End Repair/dA-tailing module)

Use approximately 200 fmol per sample for the End-Prep.

Thaw all reagents and mix, do not vortex the enzyme mix.

Use a PCR 8 well strip and use approximately 200 fmol of sample per well.

Add 1.75 L reaction buffer NEBNext Ultra Il End Repair/dA-tailing kit.

Add 0.75 puL NEB enzyme mix, keep cooled.

Mix by flicking the tubes and spin down.

Thermocycler Parameters — “NEB End Repair”
Use the following program for the end-repair reaction:

Step Temperature | Time

End Repair 20°C 5 minutes
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8.8

9.1

9.2

9.3

9.4

9.5

9.6

9.7

9.8

9.9

Step Temperature | Time
Enzyme Inactivation 65°C 5 minutes
Final Hold 4°C oo (hold)

Transfer each sample to a 1.5 mL tube and purify with AMpure beads.

Bead purification

Add 15 uL of resuspended beads per sample and mix by flicking. Spin down.

Incubate at room temp for 5 min.

Pellet the beads on the magnetic rack until supernatant is clear and remove and discard

the supernatant.

Add 200 pL of fresh 80% EtOH to each tube without disrupting the pellets.

Remove the EtOH and repeat the previous step.

Spin down the tubes and replace on the magnetic rack, remove residual EtOH.

Resuspend in 10 pL nuclease free water and spin down.

Incubate for 2 min at room temp.

Pellet the beads on the magnetic rack until eluate is clear.
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9.10
10
10.1
10.2

10.3

‘ 10.4

10.5
10.6
10.7

10.8

Use 7.5 uL of this eluate per sample for the next step.

Barcode ligation - NEB Blunt/TA ligase master mix

Thaw reagent and mix by pipetting and spin down. Place on ice or in refrigerated rack.

Remove appropriate number of barcodes (1 per sample) and thaw at room temp, mix by

vortexing and spin down. Place on ice or refrigerated rack.

Thaw EDTA at room temp, vortex and spin down. Place on ice or refrigerated rack.

Barcode Ligation Reaction Setup
Prepare the following in a 1.5 mL microcentrifuge tube for each sample:

Component Volume per Sample (L)
End-prepped DNA 7.5

Native Barcode 2.5

Blunt/TA Ligase Master 10.0

Mix

Total Volume 20.0

Mix samples by pipetting and spin down.

Incubate at room temp for 20 min.

Add 4 uL EDTA to stop the reaction to each sample.

Combine all samples into a single 1.5 mL tube.
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| 11
| 11.1
| 11.2
| 11.3
| 11.4
| 11.5
| 11.6
| 11.7
| 11.8
| 11.9
| 11.10
| 11.11
| 11.12
I

12

Bead Purification

Add 0.4X beads to the pooled reactions.

Mix by flicking tube and spin down.

Incubate at room temp for 10 min.

Pellet the beads with a magnetic rack until supernatant is clear.

Keep the tube on the rack and remove the supernatant and discard.

Add 700 L freshly prepared EtOH without disturbing the pellet. Remove the EtOH with a

pipet and discard.

Repeat previous step.

Spin down the tube and place it on the rack, remove the residual EtOH with a pipette and

discard.

Remove tube from rack and resuspend in 35 uL nuclease free water by flicking the tube.

Spin down.

Incubate at room temp for 10 min, flicking tube approximately every 2 min.

Spin down and place on magnetic rack to pellet beads until eluate is clear.

You can remove the eluate and refrigerate overnight or proceed to the next step.

Adapter Ligation (NEB Quick Ligation Module)
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12.1 Thaw reagents at room temp and mix. Spin tubes and place on ice or refrigerated block.

12.2

12.4
13
13.1
13.2
13.3

13.4

| 123

Adapter Ligation Reaction Setup

In a 1.5 mL microcentrifuge tube, combine the following:

Component Volume (uL)
Pooled Barcoded Sample 30.0

Native Adapter 5.0
NEBNext Quick Ligation Buffer 10.0

Quick T4 DNA Ligase 5.0

Total Volume 50.0

Mix by pipetting and spin down.

Incubate for 20 min at room temp.

Final clean-up (AMPure beads)

Add 20 pL resuspended beads to tube and mix by flicking the tube. Spin down.

Incubate for 10 min at room temp, flicking tube approximately every 2 min. to mix.

Spin down and place tube on magnetic rack.

Pellet beads until supernatant is clear, keep tube on rack and remove supernatant with a

pipette and discard.
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13.5 Wash beads with 125 pL SFB, flick tube to resuspend the pellet and spin down.

13.6 Replace tube on magnetic bead, pellet beads, and remove the SFB.

13.7 Repeat the previous 2 steps.

13.8 Perform an additional spin, replace tube on the rack and remove residual SFB with a
pipette, discard.

13.9 Resuspend pellet with 10 pL elution buffer (EB) from the ONT native barcode Kit.

13.10 Incubate at room temp for 10 min, mix by flicking tube approximately every two minutes
during the incubation period.

13.11 Spin down and place on the magnet until eluate is clear.

13.12 Remove the eluate and retain. Dispose of the used beads.

14 Determine concentration

14.1 Use 1L of eluate in 199 uL of 1X dsDNA HS assay and follow themanufacturer's
instructions to determine concentration with a Qubit fluorometer.
Use approximately 20 fmol per sample for this step.

14.2  Prepare the sample to the correct concentration using the elution buffer from the native
barcode kit. The total volume for the library should be 5 pL.

14.3 Any remaining library can be stored at approximately 4°C for short-term storage (up to 1
month). For long-term storage -80°C is recommended.

[
631

Sequencing

H
o
=

Flongle Flow Cell Wash
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Component Volume (uL)
Flow Cell Flush Buffer (FCF) 17.0
Flow Cell Flush Tether (FCT) 3.0
Total Wash Volume 120.0

15.2 Final Library Loading Mix
Component Volume (uL)
Sequencing Buffer (SB) 15.0
Loading Beads (LIB) 10.0
Prepared Library 5.0
Total Volume 30.0

15.3 The flongle wash is loaded first, followed by the library sample mix. Be sure to not
introduce bubbles when loading the flongle because it will mess up the run.

Analysis using Torrent suite software and Geneious prime

16

Analysis using Torrent suite software and Geneious primeAnalysis

16.1 Open the Torrent Suite Software (TSS) (http://10.160.129.7/) and in the Data tab, which

was created for running the sequencing.

16.2  Aligned, trimmed files available as BAM files from the TSS can be downloaded into the
local drive and can be opened in Geneious prime software

(https://www.geneious.com/).

protocols.io | https://dx.doi.org/10.17504/protocols.io.3byl46ewrgo5/v1

November 18, 2025

17/18


http://10.160.129.7/
https://www.geneious.com/
https://www.protocols.io/
https://www.protocols.io/
https://dx.doi.org/10.17504/protocols.io.3byl46ewrgo5/v1

€3} protocols.io Partof SPRINGERNATURE

16.3 Based on the alignment to reference sequences in the TSS, sequence reads can be
viewed in the Geneious prime software.

16.4 For additional confirmation, each sequence can be subjected to a BLAST analysis at
https://blast.ncbi.nim.nih.gov/ for the percent identity with SARS-CoV-2 sequences.

16.5 Clade assignment and sequence quality checks were performed with Nextclade
(https://clades.nextstrain.org/).
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