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Disclaimer
DISCLAIMER - FOR INFORMATIONAL PURPOSES ONLY; USE AT YOUR OWN RISK

The protocol content here is for informational purposes only and does not constitute legal, medical, clinical,
or safety advice, or otherwise; content added to protocols.io is not peer reviewed and may not have
undergone a formal approval of any kind. Information presented in this protocol should not substitute for
independent professional judgment, advice, diagnosis, or treatment. Any action you take or refrain from
taking using or relying upon the information presented here is strictly at your own risk. You agree that
neither the Company nor any of the authors, contributors, administrators, or anyone else associated with
protocols.io, can be held responsible for your use of the information contained in or linked to this protocol
or any of our Sites/Apps and Services.
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Abstract

The protocol relates to nested multiplex PCR-based detection method for disease surveillance. In particular, the

present disclosure provides a nested multiplex detection primer panel (NMDPP) to detect Lumpy Skin Disease

Virus (LSDV) from the cattle sample. The present invention also provides a rapid, sensitive, and improved nested

multiplex polymerase chain reaction employing said primer panel for detecting LSDV and its variants. The present
disclosure relates to whole genome multiplex PCR-based genotyping method for viral variant studies. In particular,
the present disclosure provides a multiplex primer panel (LSDV_WGSPP_3.5) to PCR amplify and genotype Lumpy

Skin Disease Virus (LSDV) from the given cattle sample.

Guidelines

You must have read, understood, and follow the health and safety instructions before performing the protocol.

. Sample Collection: Use sterile swabs and tubes to collect nasal and skin samples. Properly restrain animals
during sample collection with assistance from trained personnel. Store collected samples in tubes containing
1X PBS and ensure they are properly submerged. Label sample tubes with cryo-resistant markers or barcoded
stickers.

. Transportation and Storage: Transport samples at 4°C using cooler boxes with ice packs. Store samples at
-80°C until DNA isolation. Ensure samples are properly sealed to prevent spillage and cross-contamination.

. DNA Isolation: Follow the manufacturer's protocol for DNA isolation instruments (e.g., MagNA Pure 96). Label

samples accurately using the same tracking number for consistency. Store isolated DNA at -20°C until further

use.

4. DNA Quantification: Use Qubit and Nanodrop methods for DNA quantification to ensure quality.

5. PCR Setup: Store primer pools and DNA samples at -20°C after use to maintain stability.

6. Bead Purification: Use freshly prepared 80% ethanol for washing beads. Mix beads by pipetting gently to
avoid DNA shear. Keep the sample on a magnetic stand during washing and elution steps.

7. Oxford Nanopore Sequencing: Use at least 50 ng of high-quality DNA for sequencing. Follow Oxford

Nanopore Technologies’ instructions for flow cell priming and sample loading. To preserve sequencing quality,

avoid introducing air bubbles during flow cell priming and sample loading. Ensure all software and tools are
updated before starting the analysis.

Following these guidelines, you can ensure a reliable and reproducible protocol for detecting and genotyping
LSDV using Oxford Nanopore Sequencing.
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Materials

. GeneRuler 100 bp Plus DNA Ladder, ready-to-useThermo Fisher ScientificCatalog #SM0323
. Rapid Barcoding Kit 96 V14 (SQK- RBK114.96)Oxford Nanopore TechnologiesCatalog #SQK- RBK114.96
. Qubit Fluorometerlnvitrogen - Thermo FisherCatalog #Q32866

. AMPure XPBechman CoulterCatalog #A63882

. RepliQa HiFi ToughMix® VWR InternationalCatalog #95200-500

. EmeraldAmp® GT PCR Master MixTakara Bio Inc.Catalog #RR310A

. X TAE Buffer

. InvitrogenTM UltraPureTM Agaroselnvitrogen - Thermo FisherCatalog #16500100

. Ethidium bromide 10 mg/mIMerck MilliporeSigma (Sigma-Aldrich)Catalog #E1510

. MagNA Pure 96 DNA and Viral NA LV KitRocheCatalog #06 374 891 001

. QubitTM dsDNA HS Assay Kitlnvitrogen - Thermo FisherCatalog #Q32851

. QubitTM Assay Tubeslnvitrogen - Thermo FisherCatalog #Q32856
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Protocol materials

&2 1X TAE Buffer

&3 Invitrogen™ UltraPure™ Agarose Invitrogen - Thermo Fisher Catalog #16500100

&3 GeneRuler 100 bp Plus DNA Ladder, ready-to-use Thermo Fisher Scientific Catalog #SM0323
&3 Ethidium bromide 10 mg/ml Merck MilliporeSigma (Sigma-Aldrich) Catalog #E1510

&3 Rapid Barcoding Kit 96 V14 (SQK- RBK114.96) Oxford Nanopore Technologies Catalog #SQK- RBK114.96
&3 MagNA Pure 96 DNA and Viral NA LV Kit Roche Catalog #06 374 891 001

&3 Qubit™ dsDNA HS Assay Kit Invitrogen - Thermo Fisher Catalog #Q32851

&2 Qubit Fluorometer Invitrogen - Thermo Fisher Catalog #Q32866

&2 Qubit™ Assay Tubes Invitrogen - Thermo Fisher Catalog #Q32856

&3 AMPure XP Bechman Coulter Catalog #A63882

&3 RepliQa HiFi ToughMix® VWR International (Avantor) Catalog #95200-500

&3 EmeraldAmp® GT PCR Master Mix Takara Bio Inc. Catalog #RR310A
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Safety warnings

O This protocol does not require any hazardous substances or infectious agents. However, it includes DNA
extracted from cattle skin swab and nasal swab samples.

You must always wear safety equipment, including lab coats, gloves, and safety goggles, when handling
chemicals and biological agents. While the extracted DNA does not include any infectious agents, treat
them carefully. Do not remove them from the laboratory. Use a dedicated notebook and pen to make
notes during the experiments. Do not put anything into your mouth while in the laboratory. Wash your
hands each time you leave the laboratory.

1. Biohazard Risk: Handling samples from infected animals can pose biohazard risks. Use appropriate
personal protective equipment (PPE) such as gloves, lab coats, and masks to prevent exposure.

2. Cross-Contamination: Always change gloves when handling each sample to avoid cross-
contamination. Work aseptically to prevent contamination between samples during collection,
processing, and PCR setup.

3. Sample Degradation: Improper storage or temperature fluctuations during transportation can lead to
sample degradation, affecting DNA quality. Maintain a consistent temperature of 4°C during transport
and store samples at -80°C until further processing.

4. DNA Integrity: Poor quality or degraded DNA (e.g., Aygo/280 ratio below 1.8) can lead to inaccurate

PCR results. Verify DNA integrity before proceeding to PCR or sequencing.

5. Primer Handling: Avoid cross-mixing between outer and inner primer pools, which can lead to non-
specific amplification. Thaw primer pools on ice and gently vortex them before use to ensure even
mixing.

6. Bead Purification: Avoid over-drying beads during purification, as this can result in loss of DNA.
Handle beads gently with pipetting to avoid DNA shearing, which can compromise sequencing quality.

7. Flow Cell Handling: Introducing air bubbles during flow cell priming and loading can result in pore
loss, reducing sequencing efficiency. Follow pipetting instructions carefully and avoid using excessive
force to prevent damage to the flow cell.

8. Chemical Handling: Handle ethidium bromide and other staining agents used in gel electrophoresis
cautiously, as they are toxic and mutagenic. Dispose of all hazardous materials following appropriate
safety protocols.

9. Instrument Usage: Follow the manufacturer's guidelines strictly for each device.

Adhering to these warnings will help ensure safety and accuracy during the detection and genotyping of
LSDV.
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Ethics statement

This protocol for the detection and genotyping of Lumpy Skin Disease Virus (LSDV) involves the collection of
biological samples from cattle, which requires adherence to ethical guidelines. Prior to commencing this protocol,
it is essential to obtain approval from the user's Institutional Animal Care and Use Committee (IACUC) or an
equivalent ethics committee(s). This approval ensures that all animal handling, sample collection, and
transportation procedures are conducted to minimise stress and discomfort to the animals.

The protocol must be carried out by the principles outlined in the IACUC-approved guidelines, including proper
restraint techniques, the use of trained personnel for sample collection, and maintaining sterile conditions to
ensure the well-being of the animals. This commitment to ethical standards ensures the research's integrity and
the animals' welfare.

Before start

1. Personal Protective Equipment (PPE): Gather lab coats, gloves, masks, and eye protection for all personnel
handling samples to ensure biosafety and prevent contamination.

2. Sample Collection Materials: Prepare sterile flocked swabs and 15 mL collection tubes containing 400 uL of 1X
PBS. Label tubes using cryo-resistant permanent markers or cryo-compatible barcoded stickers. Arrange
cooler boxes with ice packs for transporting samples at 4°C.

3. DNA Isolation Equipment and Reagents: Set up the DNA isolation instrument (e.g., MagNA Pure 96) according
to the manufacturer's protocol. Ensure the DNA and Viral NA LV Kit (Roche) or other chosen kits for DNA
extraction are available.

4. PCR Setup Materials: Prepare and label outer and inner primer pools for nested PCR. Thaw and mix the
primers on ice before use. Stock up on EmeraIdAmp® GT PCR Master Mix and nuclease-free water for PCR
reactions. Calibrate thermal cyclers and ensure they are ready for use.

5. Reagents for DNA Quantification: Prepare QubitTM dsDNA HS Assay Kit, Qubit Fluorometer, and Nanodrop
instrument. Calibrate the Qubit Fluorometer and Nanodrop for accurate readings. Ensure all reagents for Qubit
and Nanodrop assays are thawed and ready.

6. Gel Electrophoresis Setup: Prepare 1% agarose gel, 1X TAE buffer, ethidium bromide or other DNA stains, and
a DNA ladder.

7. Bead Purification Materials: Prepare AMPure XP beads and freshly prepared 80% ethanol for DNA
purification. Set up a magnetic stand for bead separation and have pipettes ready to handle beads.

8. Sequencing Kit and Flow Cells: Ensure the availability of the Oxford Nanopore SQK-RBK114.96 kit and flow
cells (version 10). Dilute rapid adapters according to the kit instructions. Verify that the MinKNOW software is
installed and up to date on the sequencing computer.

9. General Laboratory Setup: Clean and disinfect all work surfaces to minimize contamination risk. Arrange all
reagents, pipettes, tubes, and equipment in a sterile environment. Verify that all instruments, including the
centrifuge, pipettes, and vortex mixers, are calibrated and functioning properly.

Having all these preparations in place ensures a smooth workflow and minimizes the risk of errors during the
protocol execution for LSDV detection and genotyping.
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1. Sample Collection and Storage 10m

1 For nasal swab samples 5
This method can be used for sample collection from symptomatic as well as
asymptomatic cattle. |=‘, A 3°
= |nsert flocked swab (HiMedia, India) inside the nostril of the cattle to take the mucus
sample
= Remove the swab carefully and insert the swab inside 15 ml sample collection tubes
containing

& 400 yL of IX PBS

= Make sure that the swab head containing the sample is fully submerged in 1X PBS
» The tube can be marked either with cryo-resistant permanent marker or preferably
using cryo-compatible barcoded sticker

Precautions

= Use protective clothing and work aseptically avoiding cross-contamination between
samples

= Change gloves after each sample collection

= Nasal swabs must be collected using sterile swabs and placed into sterile tubes
containing 1X PBS for transportation

# NOTE: Animal has to be properly restrained with help from trained personnel for nasal

swab collection

2 For skin scab samples B
This method can be used for sample collection from symptomatic cattle which have i
open wounds on skin nodules. m—f« A ﬂ

= Find the lesion on the cattle and clean the area identified for sample collection by
gently spraying sterile water

= Place a swab on the wound and rub gently to remove the top layer including any dirt
that may be on the wound

= Take fresh swab and rub to collect the oozing fluid from the lesion

= Place the swab inside 15 ml sample collection tubes containing

& 400 pL of 1X PBS

= Make sure that the swab head containing the sample is fully submerged in 1X PBS
= The tube can be marked either with cryo-resistant permanent marker or preferably
using cryo-compatible barcoded sticker

Precautions
= Use protective clothing and work aseptically avoiding cross-contamination between
samples
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= Change gloves after each sample collection

= Collected skin swab samples must be placed into sterile tubes containing 1X PBS for

transportation

3 Transportation and storage

The samples must be transported to the laboratory in cooler boxes maintaining § 4 °C

using ice packs.

Store the samplesin § -80 °C until the time it is processed for DNA isolation.

Precautions

= Samples must be properly sealed to avoid spillage and cross contamination

= |tis must to maintain the temperature at § 4 °C while transportation to avoid

sample degradation

= Make sure that sample containing tubes are properly marked in a permanent manner

2. DNA Isolation, Quantification and Storage

4 DNA isolation

= #NOTE: Multiple protocols and kits are available for viral DNA isolation from samples
obtained using swabs. The method and protocol given here have been optimised
using the Roche MagNA Pure 96 Instrument and compatible kits. Other DNA isolation
instruments and methods can be used as per users' choice.

= |solate DNA using

&3 MagNA Pure 96 DNA and Viral NA LV Kit Roche Catalog #06 374 891001 as

per manufacturer's protocol of MagNA Pure 96 Instrument

Equipment

MagNA Pure 96 Instrument
Automated nucleic acid purification
Roche Molecular Systems, Inc

06541089001
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5.1

5.2

= Take proper precautions as per instrument manual while DNA isolation

= Label the samples properly using the same tracking number/barcode as previously
used on the sample collection vials. This is critical for sample tracking and linking to
metadata

Qualitative and Quantitative Analysis of DNA

= DNA quantification must be carried out using Qubit method as given in 5.1

= Purity and integrity of DNA samples can be determined using a Nanodrop instrument
as givenin 5.2

Reagents used for DNA quantification using Qubit method -
» 23 Qubit™ dsDNA HS Assay Kit Invitrogen - Thermo Fisher Catalog #Q32851

» &3 Qubit Fluorometer Invitrogen - Thermo Fisher Catalog #Q32866
= 23 Qubit™ Assay Tubes Invitrogen - Thermo Fisher Catalog #Q32856

DNA quantification steps -
# NOTE: Select the option for DNA quantification in the fluorometer

» Take & 190 uL of HS bufferand & 10 yL of standards 1and 2 in separate assay

tubes labelled as S1and S2 respectively

» For each sample, take & 199 yL of HS buffer in assay tube andadd & 1puL of the

sample to be quantified
m The assay tubes must be vortexed to mix the contents and readings are taken using

the fluorometer

= #NOTE: DNA concentration of 10ng/pL or above is desirable for further steps

DNA quantification using Nanodrop instrument -

# NOTE: Select the option for DNA quantification in the Nanodrop instrument

» Set the blank twice with 4 1puL of blank reagent

» Take the readings using & 1uL of each sample

= Reading must be taken in ng/uL
" Ajgo/280 Must be 1.8 and Agp 230 Must be between 2 to 2.2 for good quality DNA

samples
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# NOTE: For samples which do not have the required quality and quantity of DNA the

extraction can be repeated

6 Storage

= After isolation and quantification store the samplesin § -20 °C until further use

3. Nested PCR using Multiplex Diagnostic Primer Panel (LSDV_NMDPP)

7 For the detection of the Lumpy Skin Disease Virus (LSDV), the following nested multiplex

PCR protocol is used.
» Three distinct LSDV genomic loci are targeted by nested PCR. The PCRs are

multiplexed in a single reaction.
= The primers for the nested PCRs are designed using the reference genome

NC_003027.1 for Lumpy skin disease virus NI-2490 available in NCBI

s The PCR mix

&3 EmeraldAmp® GT PCR Master Mix Takara Bio Inc. Catalog #RR310A is

recommended for the nested PCRs
» Details of nested PCR primer sequences are mentioned below in Table 01

A B C D E F G H I
Genomic
Position

S. Name Pool Sequence Len Tm % GC Start End

No gth | (°C) | conten

. t

1 | LSDV_ | Outer | TACATACATTTC 31 56.2 29 1445 | 1448
NMDP AAGTACTAAAGA 2 2
P GAAGGAA

2 | LSDV_ | Outer | ATGTCAACAACA 28 55.9 29 13516 | 1354
NMDP TTTTTGCTATTC 3
P_2 AATG

3 | LSDV_ | Outer | AACGAGTTGTTA 26 55.0 35 8017 | 8020
NMDP GTCATTTGAGAT 7 2
P_3 AC

4 | LSDV_ | Outer | ACCATTCCAGAA 30 54.8 27 7908 | 791M
NMDP TTAAGTTTGATA 2
P_4 ATAAAC

5 | LSDV_ | Outer | TAAACATAGACT 27 55.8 37 1329 | 1329
NMDP CTTCTTTCGGTA 62 88
P_5 GAC
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A B C D E F G H I

6 | LSDV_ | Outer | GTTCGGTTTCAT 29 55.5 31 13171 | 13174
NMDP ATTTTTAGCATAT 4 2
P_6 TCAC

7 | LSDV_ Inner | CAACATCTAACG 28 55.3 32 1386 | 1389
NMDP AAAAAACATTAT 3 0
P_7 CGTC

8 | LSDV_ Inner | AATATTCTTTTC 24 55.5 38 1430 | 1432
NMDP CGGATCATTCGC 3 6
P_8

9 | LSDV_ Inner | AAGAACATAATC 25 55.0 36 7931 | 7933
NMDP TTGTATCATCGC 0 4
P_9 C

10 | LSDV_ Inner | ACTGTGACCATT 23 56.3 43 7975 | 7977
NMDP GATCCGTTATC 6 8
P10

1 | LSDV_ Inner | GGCTATACGCAT 26 55.3 38 1320 | 1320
NMDP AGTGATATTAAA 69 94
P_1 GC

12 | LSDV_ Inner | CATAATCTGGAA 30 54.2 30 1324 | 1325
NMDP TAGAATCGTATT 75 04
P12 GTAATG

Table 01 - Details of LSDV_NMDPP primer set

» For individual primers, 100umolar stocks are prepared in Nuclease Free Water and
storedin § -20°C

= For multiplexed nested PCR reaction, the outer and inner primer pools are prepared by
separately mixing each of the outer primers in one pool and each of the inner primers
in the other pool. The primer pools can be stored in § -20 °C

= At the time of setting up the PCR reactions, the outer and inner primer pools are
diluted 10 times (10umolar primer mix) with Nuclease Free Water and added to the
reactions as given in Table 02 and Table 03

# NOTE: Primer pools can be ordered directly from the manufacturer as ready-to-use
10umolar primer mix.

Precautions

= Make sure to avoid cross-mixing of primers between the outer and inner primer pools

= Primer mix and DNA samples must be thawed on ice

= Gently mix primer pools (vortexing) and DNA samples (flicking) and spin down before
use
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m After every use, store primer mix and DNA samplesin § -20 °C to prevent

degradation
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8 Nested PCR setup using LSDV_NMDPP outer primer mix

# NOTE: For nested PCR, the first PCR reaction is carried out using outer primer pool and

the second PCR reaction is carried out using inner primer pool

= The composition of the PCR reaction mix using outer primer pool is given in Table 02

A B
EmeraldAmp® GT PCR Master Mix | 12.5 uL
LSDV_NMDPP outer primer mix 3.75 uL
Template DNA 50ng

Nuclease Free Water

Makeup volume to 25 pL

Table 02 — PCR reaction mix composition using LSDV_NMDPP outer primers

= PCR amplification conditions for outer primer pool reaction is given in Table 03

A B C D

Step Temp:ratur Time Cycles
Initial Denaturation 94 °C 5 min X 1cycle
Denaturation 94 °C 30 sec X 25 cycles
Annealing 50 °C 30 sec
Extension 72°C 2 min
Final Extension 72 °C 4 min X 1cycle
Hold 4°C oo

Table 03 — PCR conditions for reaction using LSDV_NMDPP outer primers

= The product of the first PCR using outer primer pool will amplify ~1kb region from

LSDV genome

9 Nested PCR setup using LSDV_NMDPP inner primers

= The composition of the PCR reaction mix using inner primer pool is given in Table 04
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A B

EmeraldAmp® GT PCR Master Mix 12.5 pL

LSDV_NMDPP inner primer mix 3.75 UL

Template DNA 5 pL of outer primer PCR
product

Nuclease Free Water Makeup volume to 25 pL

Table 04 — PCR reaction mix composition using LSDV_NMDPP inner primers

= PCR amplification conditions for inner primer pool reaction is given in Table 05

A B C D

Step Temperature Time Cycles
Initial Denaturation 94 °C 5 min X 1cycle
Denaturation 94 °C 30 sec X 30 cycles
Annealing 55 °C 30 sec
Extension 72 °C 1 min 15 sec
Final Extension 72 °C 3 min X 1cycle
Hold 4°C oo

Table 05 — PCR conditions for reaction using LSDV_NMDPP inner primers

= The product of the second PCR using inner primer pool will amplify ~0.5kb region
from the target region of LSDV genome

10  Analysis of PCR products by agarose gel electrophoresis 30m
The second PCR product is analyzed using 1% agarose gel as followed - , o
"o

= Reagents required are -

&3 Invitrogen™ UltraPure™ Agarose Invitrogen - Thermo Fisher Catalog #16500100

GeneRuler 100 bp Plus DNA Ladder, ready-to-use Thermo Fisher
Scientific Catalog #SM0323
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%3 Ethidium bromide 10 mg/ml Merck MilliporeSigma (Sigma-
Aldrich) Catalog #E1510

&R 1X TAE Buffer

= 4 5uL of PCR product is loaded on the agarose gel and electrophoresis is carried
out at 120mV for () 00:30:00

= Samples are considered positive for LSDV presence if 0.5kb band is detected
= Positive samples are processed for whole genome amplification of LSDV using
LSDV_WGSPP_3.5 primer panel

4. Multiplexed PCR Amplification using LSDV Whole Genome Sequencing
Primer Panel 3.5 (LSDV_WGSPP_3.5)

11 PCR amplification of whole genome of LSDV from field samples is carried out for
genotyping. The PCR amplification of overlapping ~3.5kb fragments is done in
multiplexed manner.

= The PCR primers for the whole genome amplication of LSDV were designed using the
reference genome NC_003027.1 for Lumpy skin disease virus NI-2490 available in
NCBI using PrimalScheme

= A total of 48 primer pairs were designed to cover the entire LSDV genome and each
PCR product is ~3.5kb in size with ~0.5kb overlap between adjacent PCR fragments

» The LSDV_WGSPP_3.5 primer set is divided into pool A and pool B such that adjacent
amplicons are in different pools. The details of the entire primer set is given in Table

06

A B C D E F G H I
Genomic
Position

S. Primer Po | Primer Sequence | Siz | % GC Tm Star | End

No. Name ol e | Conten t

1 LSDV_WG A | AGTGCTGATTTCA | 26 38.46 | 60.2 | 286 3M

SPP__F CTAGCGAAATATC 3
2 | LSDV_WG A | ACGTAGTTCGATG | 27 33.33 | 60.6 | 368 | 3714
SPP_1_R CTATTTTTCCATT 4 8
T

3 | LSDV_WG B
SPP_2_F

GTTGTACCCTTGA | 22 50 60.7 | 337 | 3391
CGCGTTTTC 8 0
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A B D E F G H I
4 | LSDV_WG TGGAAGGGAGTG 25 44 60.7 | 690 | 692
SPP_2_R ATAATACCAACAC 3 4 8
5 | LSDV_WG GAAGGGAATATGC | 22 50 61.31 | 6551 | 657
SPP_3_F AATCGCGGA 2
6 | LSDV_WG CAACTATGGTTTG | 24 41.67 60.2 | 1012 | 1014
SPP_3_R GAAGCACTTGT 8 3 6
7 | LSDV_WG CACGGATTGTAGA | 23 47.83 60.6 | 982 | 9851
SPP_4_F CAACCAAAGC 1 9
8 | LSDV_WG ACGATGTGTACGA | 22 45.45 | 60.5 | 1336 | 1339
SPP_4_R TGTTGCAGA 3 9 0
9 | LSDV_WG TCGTAAGTATTTA 25 40 59.9 | 1273 | 1275
SPP_5_F TCCACACCACCT 6 2 6
10 | LSDV_WG GGCCGCCGTAAC 22 50 615 | 1632 | 1634
SPP_5_R TAATGTGATT 3 4
1M | LSDV_WG TCGTCTTTAGATG | 26 42.31 61.0 | 1585 | 1588
SPP_6_F GGGTAGAGTTACT 3 8 3
12 | LSDV_WG TTTTTACGCCATT | 26 34.62 | 59.8 | 1934 | 1936
SPP_6_R GACCTCAATAGAT 4 0 5
13 | LSDV_WG AACCCCATTAAGA | 23 | 43.48 | 60.4 | 1847 | 1849
SPP_7_F AAGCCACTCA 4 1 3
14 | LSDV_WG TGGAGCAGGATGT | 22 50 61.0 | 2193 | 2195
SPP_7_R AGACTCGTT 7 2 3
15 | LSDV_WG TCCACCAGTTAAA | 22 50 60.9 | 2156 | 2158
SPP_8_F GAGGCGTTG 9 6 7
16 | LSDV_WG CCGAGTTTCACAT | 24 45.83 | 60.8 | 250 | 25T
SPP_8_R GTTGAAGTCAC 6 92 5
17 | LSDV_WG CGTCATCTGTGCA | 22 50 60.9 | 247 | 247
SPP_9O_F ACGTTCATG 48 69
18 | LSDV_WG TGTGATCTTATAC 27 3704 | 60.9 | 282 | 282
SPP_9_R GTACGACAAATGG 65 91
A
19 | LSDV_WG CACAAGTTCATAC | 29 37.93 61.2 | 278 | 2791
SPP_10_F GAATCTACTTCAT 5 87 5
CAC
20 | LSDV_WG CGTCCTCTACACA | 24 45.83 61.0 | 3126 | 3128
SPP10_R TTTCAAATGCG 3 3 6
21 | LSDV_WG TCCTGAGTACTTT | 23 47.83 | 60.9 | 308 | 308
SPP_11_F GACCCAGACA 5 59 81
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A B D E F G H I
22 | LSDV_WG CTAGTCATAAAGG | 23 47.83 | 60.8 | 344 | 344
SPP_11_R CGTTGGTGGT 7 08 30
23 | LSDV_WG TCCCAGTAGATAA | 28 35.71 61.2 | 3416 | 3419
SPP12_F AACTTCAGAAAA 3 7 4
CGA
24 | LSDV_WG ACCCAATGTTAGT | 23 | 43.48 | 60.5 | 376 | 376
SPP12_R ATCCAACGCA 6 45 67
25 | LSDV_WG TGAGCATCCTAGG | 23 47.83 60.6 | 373 | 373
SPP13_F GAAATTGTCG 9 41 63
26 | LSDV_WG TCAGTTATTCAGA | 27 37.04 61.0 | 408 | 408
SPP13_R CGAACATAACGAC 6 45 71
T
27 | LSDV_WG AGGCACATCAAA 22 45.45 | 60.7 | 406 | 406
SPP4_F CGTCGATTCT 9 02 23
28 | LSDV_WG TATCGTCCTCTAG | 22 50 60.6 | 439 | 439
SPP4_R TGTCGCTGT 68 89
29 | LSDV_WG CACTAAACGAATC | 27 37.04 | 61.01 | 437 | 437
SPP15_F ACCAATTTCACTG 35 61
A
30 | LSDV_WG GGTGGAATAATAT 29 37.93 61.3 | 4712 | 4715
SPP_15_R CAAATCCCTAAAT 8 6 4
GGC
31 | LSDV_WG CTGTTACTGTTCC | 26 42.31 60.7 | 468 | 4691
SPP_16_F AGACAAAGAATC 8 87 2
G
32 | LSDV_WG TCGAGCCCGATA 22 50 6116 | 503 | 504
SPP_16_R ACAGAAAACG 82 03
33 | LSDV_WG TTTTAGGCGTTAC | 24 41.67 60.5 | 500 | 500
SPP17_F TCTTCCCACTT 3 50 73
34 | LSDV_WG CTCGCCTTTGTG 22 50 61.0 | 536 | 536
SPP_17_R GTTACATCCA 5 43 64
35 | LSDV_WG GAACAAACTGCT 22 50 60.7 | 5321 | 532
SPP_18_F GAAGCCACTG 2 9 40
36 | LSDV_WG GGGTCTATATATG 26 46.15 60.6 | 566 | 5671
SPP18_R TTATCGGCTCTGG 8 92 7
37 | LSDV_WG TGATGAAACAGCT | 27 37.04 | 60.7 | 564 | 564
SPP19_F ATGTCTGATATCG 5 03 29
A
38 | LSDV_WG GCCATGTAAAAGA | 23 47.83 61.1 597 | 598
SPP19_R TCAGATGCGC 83 05
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A B D E F G H I
39 | LSDV_WG CACTGGTATTGAA | 29 37.93 60.5 | 594 | 595
SPP_20_F ATATCTGATAGAG 2 81 09
CAG
40 | LSDV_WG CTGGATTCAATTC | 30 33.33 | 60.9 | 630 | 630
SPP_20_R TCCTAAACATACA 8 02 31
AACT
41 | LSDV_WG GGCGGGACCCCT | 23 52.17 60.8 | 627 | 628
SPP_21_F ATAGGTATTAT 9 79 01
42 | LSDV_WG TTCCGTTACCACT | 22 50 60.9 | 6614 | 6616
SPP_21_R TGCTTCCAG 9 3 4
43 | LSDV_WG GTGTTTCGCAATA | 25 40 60.7 | 656 | 656
SPP_22_F GAACTTTTTGCC 56 80
44 | LSDV_WG CTTGAGATTTGCC | 22 50 60.9 | 6913 | 6915
SPP_22_R ACATTCCGC 1 7 8
45 | LSDV_WG CGAAGATCACGAT | 23 47.83 60.7 | 687 | 687
SPP_23_F GACGAAAACG 8 58 80
46 | LSDV_WG AAAATTCCCAAC 22 50 60.8 | 723 | 723
SPP_23_R GGGCCTCTAG 57 78
47 | LSDV_WG ACGGGGATTTCC 23 4783 | 60.9 | 7197 | 7199
SPP_24_F TAAAGAGCATG 4 7 9
48 | LSDV_WG TCGCGTCCCAAC 23 47.83 60.6 | 756 | 756
SPP_24_R TATTCTTAGTG 8 09 31
49 | LSDV_WG TCTTCTCGGGAAT | 22 50 61.0 | 7537 | 753
SPP_25_F GTGGTACGA 6 4 95
50 | LSDV_WG ACTGAGAAAAGG 25 40 60.6 | 7874 | 787
SPP_25_R TATCCGGAATTGT 7 5 69
51 | LSDV_WG CAGAATATAATGG 26 42.31 61.0 | 785 | 785
SPP_26_F GTCACAAGGGAC 8 24 49
A
52 | LSDV_WG CTCGTGTGCAGAT | 22 50 60.6 | 8193 | 8195
SPP_26_R GGTATCCAA 4 5
53 | LSDV_WG TCATCATCAACTG | 24 41.67 60.4 | 8167 | 8169
SPP_27_F TAGATTCGCCA 6 3 6
54 | LSDV_WG CGAACTCAGCTT 23 47.83 60.6 | 8513 | 8516
SPP_27R TATCGGGTACA 8 8 0
55 | LSDV_WG CGTTTGGAGGCA 22 50 6111 | 848 | 848
SPP_28_F CCTCGATAAA 35 56
56 | LSDV_WG ACTTACTGAGGAA | 24 41.67 60.7 | 883 | 883
SPP_28_R GCACCAATTGT 7 22 45
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A B D E F G H I
57 | LSDV_WG CCAGGTTTAGGAA | 25 44 60.7 | 880 | 880
SPP_29_F TCGAAACAAGTG 1 70 94
58 | LSDV_WG CGAATAACGGTAA | 27 37.04 | 60.9 | 9152 | 9155
SPP_29_R GTCGATGACAAAT 4 4 0
T
59 | LSDV_WG ACTACAGCGTCAG | 27 33.33 | 60.6 | 9124 | 9127
SPP_30_F ATTTTAAAAACCA 9 5 1
A
60 | LSDV_WG GCGCAGTTGATAT | 24 4583 | 60.9 | 947 | 947
SPP_30_R CTTTAGGCATG 2 68 91
61 | LSDV_WG GCAAATGAGACA 27 37.04 | 60.6 | 944 | 944
SPP_31_F AAATTTCCATCTG 3 55 81
TC
62 | LSDV_WG TCGCATGTGCTCC | 22 50 60.9 | 979 | 979
SPP_31_R TCTATAGGT 4 50 71
63 | LSDV_WG GGCAAAAACGAA 22 45.45 61.1 977 | 977
SPP_32_F ATCGCCATCA 25 46
64 | LSDV_WG GTGGCAACTTTGT | 22 50 61.2 | 1010 | 101
SPP_32_R CTCTGACGA 4 90 1
65 | LSDV_WG GGTCTTACAACCC | 28 39.29 | 60.4 | 1006 | 1006
SPP_33_F TAATAAACTCAGA 5 52 79
AC
66 | LSDV_WG TCCAGATCCGAGT | 24 45.83 61.0 | 1042 | 1042
SPP_33_R TCCATCATAGT 2 07 30
67 | LSDV_WG GGCTTATCATGAC | 25 44 61.3 | 1039 | 1039
SPP_34_F TACAGAAAGCGA 4 23 47
68 | LSDV_WG AGTCGGTAGTATA | 22 50 60.9 | 1074 | 1074
SPP_34_R TGTGCCGGT 3 74 95
69 | LSDV_WG ACGCCACCAGAG 22 50 61.0 | 1071 | 1071
SPP_35_F TATTCACCTA 7 12 33
70 | LSDV_WG AGTGGCGAATAC 22 50 61.31 | 1107 | 1107
SPP_35_R GGGCATTATG 42 63
71 | LSDV_WG ATGAATGCAAGGG | 22 50 61.3 | 1102 | 1103
SPP_36_F GTGTGAAGG 3 80 01
72 | LSDV_WG AACTCAGATTCAG | 25 44 61.0 | M37 | 137
SPP_36_R TATCGTCGTCAC 5 30 54
73 | LSDV_WG CAGCATTCGCAG 22 50 6118 | 1135 | 1135
SPP_37_F GTTCCACTAT 02 23
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A B D E F G H I
74 | LSDV_WG GCTTTATTAAAAA | 29 | 34.48 | 60.3 | 1169 | 1170
SPP_37_R TAACCATTACCCC 7 73 01
ACC
75 | LSDV_WG TGCACAAAAATAA | 27 33.33 | 6117 | 1166 | 1166
SPP_38_F TTCCGAGTCAAA 43 69
CT
76 | LSDV_WG AAGGTGGACAAC 24 41.67 60.6 | 1202 | 1202
SPP_38_R AACACTTTTTCC 4 29 52
77 | LSDV_WG AACTGAACTTGTT | 27 33.33 | 60.6 | 1200 | 1200
SPP_39_F ACATTGTGTGATG 4 07 33
T
78 | LSDV_WG CGCAATTCCCTC 22 50 615 | 1234 | 1234
SPP_39_R CATCGTCAAT 03 24
79 | LSDV_WG CACCACGACTGA 22 50 60.9 | 1230 | 1230
SPP_40_F ACCATTCACT 9 66 87
80 | LSDV_WG TCGGATAGAGTAC | 27 40.74 | 60.7 | 1266 | 1266
SPP_40_R TAGCATCTACAGA 5 66 92
A
81 | LSDV_WG ATGAACACAAGAA | 22 50 61.0 | 1262 | 1262
SPP_41_F GGACGTCGG 5 59 80
82 | LSDV_WG GCCCCCAGCAAT 22 50 60.6 | 1297 | 1298
SPP_41_R CCTAATAACA 1 84 05
83 | LSDV_WG GAAGTAGGATCAC | 25 44 60.8 | 1293 | 1293
SPP_42_F GTTTTAAAGGCG 2 46 70
84 | LSDV_WG ACCTCTTTAGTTT | 26 | 38.46 | 60.8 | 1327 | 1328
SPP_42_R CTTGTCCTTTCCA 81 06
85 | LSDV_WG GACTGACTCGCTA | 27 | 44.44 | 60.9 | 1324 | 1324
SPP_43_F GGATCTAATTATC 13 39
C
86 | LSDV_WG ACACGCATCGAG 28 3214 60.7 | 1358 | 1359
SPP_43_R ACAATTATTAAAA 5 83 10
TCT
87 | LSDV_WG CGAATTACGTAAA | 28 35.71 60.6 | 1355 | 1355
SPP_44_F TACTGCGATGTAT 9 47 74
CA
88 | LSDV_WG CTCTAATATCCCT | 28 39.29 61.0 | 1390 | 1390
SPP_44_R CAACGACATACAG 2 64 o1
TT
89 | LSDV_WG GTTCAAAAGTGTC | 26 | 38.46 | 60.2 | 1387 | 1387
SPP_45_F GTCAATGAATGTC 8 60 85
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A B D E F G H I
90 | LSDV_WG TGTGTTTAAATCA 27 37.04 | 60.9 | 1423 | 1423
SPP_45_R GCGCCATTATCTA 5 08 34
C
91 | LSDV_WG CATAAGACACCAT | 27 40.74 | 60.8 | 1420 | 1421
SPP_46_F GGAATACATTAGC 4 90 16
G
92 | LSDV_WG ACAACACTATTTT | 24 41.67 60.9 | 1455 | 1455
SPP_46_R CCGATGCAACG 3 66 89
93 | LSDV_WG TGGATTCTTGGCA | 28 3214 60.6 | 1448 | 144
SPP_47_F ATTTTATCAGAAG 1 58 885
AA
94 | LSDV_WG GGATTCATTAACC | 25 44 60.2 | 1483 | 1483
SPP_47_R CTATCATTGCCC 75 99
95 | LSDV_WG GGTGCCGAAACA 23 47.83 61.2 | 1471 | 1471
SPP_48_F ACATTGCTATC 2 57 79
96 | LSDV_WG GTGGAAGCCAAT 24 4583 | 60.2 | 1507 | 1507
SPP_48_R TAAGTAGAAGCC 2 08 31

Table 06 - Details of LSDV_WGSPP_3.5 primer set

» For individual primers 100umolar stocks are prepared in Nuclease Free Water and

storedin § -20°C

= For multiplexed genomic PCR reaction the pool A and pool B are prepared by

separately mixing 4 10 uL of each of the pool A primers in one pool and

& 10 yL of each of the pool B primers in the other pool. The primer pools can be

storedin § -20°C

= At the time of setting up the PCR reactions the pool A and pool B primer pools are
diluted 10 times (10umolar primer mix) with Nuclease Free Water and added to the
reactions as given in Table 07

# NOTE: Primer pools can be ordered directly from the manufacturer as ready-to-use

T10pmolar primer mix.

= Pool A and Pool B PCR reactions are set up separately using
&3 RepliQa HiFi ToughMix® VWR International (Avantor) Catalog #95200-500

master mix
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A B
repliQa HiFi ToughMix® 12.5 uL
Primer Mix of Pool A or Pool B 3.75 uL
Template DNA 50 ng

Nuclease Free Water

Makeup volume to 25 pL

Table 07 - PCR reaction mix composition using LSDV_WGSPP_3.5

= PCR amplification conditions for genomic PCR reaction is given in Table 08

A B C

Step Temp:ratur Time Cycles
Initial Denaturation 98 °C 30 sec X 1cycle
Denaturation 98 °C 15 sec X 35 cycles
Annealing and Extension 65 °C 6 min
Hold 4°C 00

Table 08 — PCR conditions for multiplex whole genome amplification using

LSDV_WGSPP_3.5 panel

Precautions

= Make sure to avoid cross-mixing of primers between the pool A and pool B sets

= Primer mix and DNA samples must be thawed on ice

= Gently mix primer pools (vortexing) and DNA samples (flicking) and spin down before

use

= After every use store primer mix and DNA samplesin § -20 °C to prevent

degradation

12 Analysis of PCR products by agarose gel electrophoresis

# NOTE: This is an optional step and the PCR products can be directly sequenced
without analysis by agarose gel electrophoresis. However, this step is recommended for
two reasons- 1) to confirm that the pool A and pool B PCRs have worked for each sample
before sequencing; 2) to ensure that the PCR product is devoid of primer dimers (this

can affect sequence data quality).
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Reagents required are -

3 Invitrogen™ UltraPure™ Agarose Invitrogen - Thermo Fisher Catalog #16500100

GeneRuler 100 bp Plus DNA Ladder, ready-to-use Thermo Fisher
Scientific Catalog #SM0323

o] Ethidium bromide 10 mg/ml Merck MilliporeSigma (Sigma-

Aldrich) Catalog #E1510

&3 1X TAE Buffer

& 5L of PCR product is loaded on the agarose gel and electrophoresis is carried

out at 120mV for &) 00:30:00

A 3.5kb band should be seen in pool A and pool B reactions of each sample. Only
samples for which both pool A and pool B reactions have worked can be taken
forward for sequencing

5. Sample Purification for PCR Products (optional)

13

P

# NOTE: This is an optional step but is highly recommended if primer dimers are
detected in the PCR product

Add &3 AMPure XP Bechman Coulter Catalog #A63882 bead slurry to each
sample in 1:1 volumetric ratio

Incubate at  § Room temperature for () 00:15:00 to allow DNA binding to beads

Keep the sample tubes on magnetic stand for separation of beads bound to DNA
Carefully remove supernatant without disturbing the beads

Wash twice with 4 150 uL  freshly prepared 80% Ethanol without disturbing the
beads

Keep for dryingin § Room temperature for @) 00:00:30 to @) 00:01:00 to
remove excess ethanol. NOTE: Ensure that the beads do not dry completely.
Remove tube from magnetic stand and add & 25 uL of Nuclease Free Water
(NFW). Mix the beads properly by pipetting

Incubate for Q) 00:15:00 at § Room temperature to separate DNA from the

beads
Keep the tube on magnetic stand and wait for beads to separate out
Recover the eluate (~20ul) containing DNA into a fresh tube

recautions
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= Always mix the beads only by pipetting or flicking to avoid DNA shear
= Always use freshly prepared 80% ethanol for washing
= Avoid carryover of beads while recovering the eluate in the last step

6. Oxford Nanopore Sequencing Steps Using SQK- RBK114.96 Kit

14

141

# NOTE: In the publication citing this protocol older reagents and R9.4 .1 flowcells were
used. But since these reagents are discontinued by ONT, protocol mentioned below is
updated with respect to new reagents compatible with R10.4.1 flowcells.

= |f bead purification (Step No. 13) was omitted, go directly to barcoding step
=9 go to step #14.1
= |f bead purification of PCR product done, do QC using hanodrop =9 and check

ratios i.e. A260/280 and A260/230
= For the samples with good quality of DNA (as given in Step No. 5.2), Qubit readings
are taken to determine DNA concentration =9 go to step #5.1 -

= Atleast 50ng of DNA per sample is required for sequencing

Barcoding

= Between Z 50ng to & 100ng of each purified PCR product is taken in maximum
volume of & 9 yL (make up volume with NFW if needed) and 4 1uL sequencing
rapid barcode (RB01-96) provided in the kit is added

# NOTE: If bead purification was not done, & 9 uL of PCR product can be used
directly in this step

= Mix properly by pipetting atleast 10 times
= |ncubate at following conditions-

§ 30°c for @) 00:02:00 ,thenat § 80°C for @) 00:02:00 and then at
§ 4°C or § Onice for &) 00:05:00
= Pool all the barcoded samples together in a single & 1.5 mL microfuge tube

= All further steps are carried out on this pooled barcoded sample

14.2  Purification of pooled barcoded sample

» Add &Y AMPure XP Bechman Coulter Catalog #A63882 bead slurry to each

sample in 1:1 volumetric ratio
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14.3

14.4

* Incubate at § Room temperature for @) 00:15:00 to allow DNA binding to beads

= Keep the sample tubes on magnetic stand for separation of beads bound to DNA
= Carefully remove supernatant without disturbing the beads

= Wash twice with & 1mL freshly prepared 70% Ethanol without disturbing the
beads
= Keep for dryingin § Room temperature for &) 00:00:30 to @) 00:01:00 to

remove excess ethanol. NOTE: Ensure that the beads do not dry completely.

= Remove tube from magnetic stand and add &4 20 uL of Elution Buffer (EB) provided

in the kit. Mix the beads properly by pipetting
= |ncubate for Q) 00:15:00 at § Room temperature to separate DNA from the

beads
= Keep the tube on magnetic stand and wait for beads to separate out
= Recover the eluate (~15ul) containing barcoded library into a fresh tube

Precautions

= Always mix the beads only by pipetting or flicking to avoid DNA shear
= Always use freshly prepared 70% ethanol for washing

= Avoid carryover of beads while recovering the eluate in the last step

# NOTE: At this stage the barcoded library can be storedat § 4 °C for1day and at

§ -20°c forlonger duration (upto 1 month)

Adapter ligation of barcoded library
» Take & 11uL of barcoded library and add & 1puL of diluted rapid adapter (

& 1.5 uL Rapid Adapter (RA) + & 3.5 uL Adapted Buffer (ADB))
® Incubateat § 37°C for Q') 00:10:00 and immediately proceed with loading the

library on the flowcell and sequencing

#NOTE: The sequencing library prepared is compatible with version 10 flowcells
(FLOMIN_114) from Oxford Nanopore Technology (refer to manufacturer's website for
latest update on flowcells and compatible kits).

Flow cell priming

# NOTE: This step can be performed during incubation period for adapter ligation (Step
No. 14.3)

= Perform pore scan of the flow cell followed by flowcell priming as per ONT protocol
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= Make priming mix by adding & 30 uL Flow Cell Tether (FCT)in & 170 uL Flow

Cell Flush (FCF) and mix by vortexing
= Remove waste from waste port if required (# NOTE: Make sure that the spot-on port
and priming port are CLOSED during this step)

= Set & 200 puL readingin & 1000 uL pipette then OPEN priming port and suck air

out by bringing pipette volumeto & 220 uL - & 230 uL to avoid entry of air

bubble while loading (# NOTE: Make sure that the spot-on port is CLOSED during this

step)
= Add Z 800 uL of priming mix via the priming port. It is important to follow the

method given here for this step. (# NOTE: Make sure that the spot-on portis CLOSED

during this step)
* Incubate at room temperature for @) 00:05:00 to &) 00:10:00

» Do second priming of flow cell by adding & 200 uL priming mix. It is important to

follow the method given here for this step. (# NOTE: Make sure that the spot-on port
is OPENED during this step)

Precautions

= While following priming steps, strictly avoid air bubble entry in the flowcell as this will
result in pore loss

= Follow pipetting steps with care and check when to open or close spot-on port and
priming port as per recommendation

14.5 Sample preparation for loading
» Add & 375puL Sequencing Buffer (SB) and &4 25.5 uL Library Beads (LIB) to

adapter ligated sequencing library
= OPEN spot-on port and add the prepared sample to spot-on port using &4 100 pL

pipette. NOTE: Strictly avoid air bubble entry into spot-on port
= CLOSE both spot-on and priming port and remove any solution from waste port

Precautions

= While loading the sample, strictly avoid air bubble entry in the flowcell as it will result
in pore loss

= Avoid leaving any liquid in the waste port after loading as this might block the ports
and prevent reuse of flowcell if needed

14.6 starting the sequencing
= Open MinKNOW software
= Click on the left panel and select Start
= Then select start sequencing from the menu
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= Select the flow cell position and enter your experiment name and sample ID
= Then click on kit selection and select-

23 Rapid Barcoding Kit 96 V14 (SQK- RBK114.96) Oxford Nanopore
Technologies Catalog #SQK- RBK114.96

= Move forward to select parameters as required and start the sequencing

15 Data Analysis
» |In-house bash script named as virAssem_2.sh was developed for automated data
analysis, accessible from github via virAssem_2.git link
= All steps involved in data analysis and the corresponding programs are described in
virAssem_2.git
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