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1. Overview of Direct molecular Detection and
Nanopore Sequencing (DDNS) for Poliovirus

Presentation and discussion
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Table 1 | Summary of sample content

Sample 4 Barcode Reference Group
sample08 barcode33
sample08 barcode33

VP1 sequences

ampledB | barcode33|Sabinl-related|Poliovirusl-Sabin AY184219|1|268:AT
O TTAGGTCAGATOCTTGAAAGCATGAT TCACARCACACTCLGTGAAACGOTBOGE6CGOLARCOTC TAGAGACGLT CTCCCAMACACTGAAGCCAGTGOACCAGCACACTCCARGGAATTCCGOCACTCACCGCAGTGGAACTGGGGCCAC
AAATCCACTAGTCCCTTCTGATACAGTGCAAACCAGACATGTTGTACAACATAGGTCAAGGTCAGAGTC TAGCATAGAGTCTTTCTTCGCGCGGEGTGCATGCGTGGCCATTTTAACCGTGGATAACT CAGCTTCCACCAAGAATAAGGATAAGT
TATTTACAGTGTGGAAGATCACTTATAAAGATACTGTCCAGTTACGGAGGAAATTGGAGT TCTTCACCTATTCTAGATTTGATATGGAATTTACCTTTGTGGT TACTGCAAATTTCACTGAGACTAACAATGGGCATGCCTTARATCAAGTGTAC
CAAATTATGTACGTAC CACCAGGC GCTC A TG CCOAGAAATGGGACCACTACACATGGCAAACCTCATCAAATCCATCAATCTTTTACACCTACGAACAGLTCCAGC CGOATCTCGGTACCGTATGTTGGTATTTCGANCGCCTATTCACA
CTTTTACGACGGTTTTTCCAAAGTACCACTRAAGGAC CAGTCGGCAGCACTAGRTGACTCCCTCTATGGTGCAGCATCTCTAAATGACTTCGGTATTTTGGCTGTTAGAGTAGTCAATGATCACAACCCGACCAAGGT CACCTCCA,

http://polionanopore.org
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Advantages of poliovirus direct detection by nanopore @ouo Sequencing

sequencing

* Protocol detects and generates a VP1
sequence for poliovirus in stool samples 2-3
days after arrival in the laboratory

* Non-inferior sensitivity and specificity
compared with cell-culture

* Accurate consensus sequences for every
poliovirus detected

e Faster detection of outbreaks

» Cost-effective at ~¥S15 per sample assuming
>90 samples/week

* Ongoing training in GPLN labs to implement .
method and generate further data on !,\

performance and costs ->
accepted/recommended by GPLN SWG




Diagnostic algorithm

Extract the viral RNA and
perform nested PCR

v

Library preparation and

Nanopore sequencing

'

Run real-time polic RAMPART
or PIRANHA bicinformatic
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'

pipeline
Mapped reads?
No Yes
negative controls (EX NTC and NPEVs and PV
PCR NTC) and negative samples Positive control s
Sabin/nOPV VDPV
1,2, 3 1,2, 3

WPV
1,2, 3

|

}

Consensus VP1 sequence for each virus
type/serotype is output in a summary report
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http://polionanopore.org .

* Updated protocols maintained on protocols.io — can be reached through

http://polionanopore.org

 Forumson the
protocols.io site to
raise any queries
you have about
the protocol

* New version of the
protocols will be
published here.

T’ POLIOVIRUS SEQUENCING CONSORTIUM

Free, open source protocols and software
for poliovirus detection and sequencing using nanopore.

You can find all you need here for direct detection and nanopore sequencing (DDNS) of poliovirus from stool and environmental samples. Helping you detect

and respond to poliovirus outbreaks faster. Funded by the Bill and Melinda Gates Foundation.

LAB PROTOCOLS PUBLICATIONS


http://polionanopore.org/
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Nanopore (MinlON) Sequencing Consortium

- XM

Sequencing of any DNA/RNA Sequencing yield scalable to fit Analysis data available in real
fragment length from short to your needs, up to 14Tb time
ultra-long

® ®

Simple & rapid, or automated Mo capital investment required
workflows

It provides a direct electrical analysis of the target molecule
Unrestricted read length: from short (20b) to ultra long reads (>4Mb reads)

Fast- 1,000,000 reads per hour and can be processed in real time

Raw read error rate per base was ~5% - new chemistry offers accuracy >99.0%

Variant calling and consensus accuracy dependent on sample quality and analysis tools
“Cheap” (depending on multiplexing)



SpotON sample
Waste SpotON activator  port cover
port 2 x\é?tsge\ Priming port cover

S) tON

J

Waste channel

In this picture both the priming and sample loading ports are closed.

(AN

Sensor array
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Has sufficient buffer to run for up to 72 hours
Can generate up to 50Gb data

Can be stopped, restarted, reloaded

Can be washed and reused until nanopores are
exhausted

Can be stored at RT or refrigerated

Costs £400-650

Should eventually be returned to ONT for

partial recycling
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MinKNOW — nanopore software Consortium

Activities O MInKNOW = Wed 12420

MinKNOW Ul

e ooeT3e

My Device

e Easy to use GUI for setting up
and running your sequencing

* |nstall following the instructions
on the ONT website

3.Run options

Multiple

[ contral

Ligation Sequencing Kit Rapid Barcoding Kit Rapid Sequencing Kit Direct RNA Sequencing Kit

* Live basecalling and
demultiplexing of reads

PCR Barcoding Kit 168 Barcoding Kit (BC1-24) CAS109 Sequencing Protacol CAS109 Sequencing Kit

Field Sequencing Kit

Direct cONA Sequencing Kit gation Sequencing Kit (48 reactions) Ligation Sequencing Kit

Ligation Sequencing Kit XL Native Barcoding Sequencing Kit 24 Native Barcoding Sequencing Kit 36 PCR cDNA Barcoding Kits

PCR cDNA Barcoding Kit PCR-cDNA Sequencing Kit PCR cDNA Sequencing Kit Pore-C Sequencing Protocol

Select expansion pack

Native Barcoding Expansion 1-12 (PCR-free) Native Barcoding Expansion 13-24 (PCR-free) EXP-NBD196 PCR Barcoding Expansion 1-12

PCR Barcoding Expansion 1-96 (]
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Data analysis - PIRANHA Consortium

@ piranhaGUI

@ Powered by ARTIFICE | ARTICnetwork: http://artic.network
Polio Sequencing

Plr?nha : : Consortium
Polio Direct Detection by Nanopore Sequencing (DDNS)
analysis pipeline and reporting tool Bill & Melinda Gates Foundation OPP1171890 and OPP1207299

Docker software installed

Docker is free software used to install and run the analysis pipelines.
PIRANHA software installed
Piranha is the primary analysis pipeline for the DDNS polio detection platform.

An internet connection and a Docker install is required to install or update software

Wellcome Trust Award 206298/Z2/17/Z



Workflow schema

A. Barcode analysis

Length filter

Y Fa

Gather nanopore
fastq reads
) FQ

Match against
reference database
(minimap?2)

Bin reads by
reference group
& primer trim

B. Reference group analysis

Medaka
haploid variant

Medaka
stitch

Variant and consensus call

v ! (FA)

Assess within-group
variation (pysam)

JSON

JOON Generate snipit

plot
SVG

Align vs nearest
reference (mafft)
QC variant calls

information csv | (FA)

C. Results reporting

Integrate results

v

Piranha output

Sequencing run report @

HTML

Barcode report(s)

osv

Consensus sequences  FA

Results summary

Variant call files
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VCF
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PIRANHA Outputs- Report

Search:
Sampis *  Barcode Sampée Call Relerance Group Numbar O Mutaticns WPt sequence
barcadezs Sabin e Sabir reiated 1
baodeze Sabin-Fae Sabint-relaied ]
barcodezs Sabin e Sabird-related 1
barcadezs Sabin e Sabirg reiatad 4 i
- e e . ~» PoSeCo | Foliovirus Sequencing Consortium piranha | Poliovirus Investigation Rescurce Automating Nanopore Haplotype Analysis
barcodeaz Sabin e SabirG-related H
barcodeaz Sabin e Sabirg raiatad o
bawodeaz Sabin-Fae Sabint-relaied 1
EE— o 1 ' sample08 report 2022.09-12
barcadeas Sabin e Sabint raiatad o T
baroodea4 Sabin e SabirG-related 1
barcodes Sabin Sabing.related
i — B ‘ Table 1| Summary of sample content
barcodeae VoV Sabirg-relaied 126
barmodea? WPvz W2 NA Search:
barodear MonPolioEV MorPolioEV MNA
Sample 4 Barcode Reference Group
bacodear voev Sabirg-related 135
barade38 WPz WPz M T sample08 barcode33
barcodeas voev Sabirg-relaled 142
sample08 barcode33
Table 2| Composition of samples
Esport tabls
Search:
VP1 sequences
Sample  *  Barcode SahintRelated  Sabin2 Aelmied = SahindRedated  Wpwt Wevz Wz Monpolicey  Unmapped
harcodeat . A .
" ! ’ : : ’ ! ’ ° >sample@s|barcode33|Sabinl-related|Poliovirusl-Sabin_AY184219|1|268:AT
barcadeas ] a [ 0 ] ] ] L] GGGTTAGGTCAGATGCTTGAAAGCATGATTGACAACACAGTCCGTGAAACGGTGOGGGLGGCAACGTCTAGAGACGCTCTCCCAAACACTGAAGCCAGTGGACCAGCACACTCCAAGGAAATTCCGGCACTCACCGCAGTGGAARACTGLGGCCAC
AAATCCACTAGTCCCTTCTGATACAGTGCAAACCAGACATGTTGTACAACATAGGTCAAGGTCAGAGTCTAGCATAGAGTCTTTCTTCGLGLGOGGTGCATGCGTGGLCA TAACCGTGGATAACTCAGCTTCCACCAAGAATAAGGATAAGC
e : ' : ’ ! ! “ TATTTACAGTGTGGAAGATCACTTATAAAGATACTGTCCAGTTACGGAGGAAATTGGAGTTCTTCACCTATTCTAGATTTGATATGGAATTTACCTTTGTGGT TACTGCAAATTTCACTGAGACTAACAATGGGCATGCCTTAAATCARGTGTAC
baroadecs 2 0 0 0 0 o CAAATTATGTACGTACCACCAGGCGCTCCAGTGCCCGAGAAATGGGACGACTACACATGGCARACCTCATCAAATCCATCAATCTTTTACACCTACGGAACAGCTCCAGCCCGGATCTCGGTACCGTATGTTGGTATTTCGAACGCCTATTCACA
baroode27 o z 1 1 2 o L] 1 ) i i ) i i
barcod=ze o Q o o o o o o
barcodezs o ] o ] o o o L]
baroode=30 o a o o o o o o
barcod=az o 7 o o E: 1
barcodeaa 1 ] o L] T
barood=34 2 L] o 1
barcod=as o Q o o o o o o
barcodeas o 3 ] o o o 1

(R n a a n .
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QA/QC

e Careful QA/QC essential (clean PCR, data management)
e QC guidelines available and QA programme under development

e SOPs include recommended best practices for preventing and detecting cross
contamination, minimising sample handling

e Positive control (lyophilized CV-A20 standard prepared by NIBSC) and negative (water)
control included in each sample batch from RNA extraction step

e Sequencing accuracy can be confirmed by testing reference panel and
repeats/comparison with alternative sequencing platforms in a subset

e Long term monitoring of lab performance (including NPEV detection) and proficiency
testing

e Accreditation of GPLN laboratories for DDNS will follow a similar process as for virus
isolation, ITD, sequencing and environmental surveillance based on minimum requirements
checklist
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e Be able to perform the DDNS protocol including RNA extraction,
nested PCR, barcode file preparation, nanopore sequencing, report
generation by PIRANHA

e Understand the QC/QA process

e Be ready to implement in your own laboratories with GPLN and PSC
support

e Appreciate the other potential applications of poliovirus nanopore
sequencing including generation of whole genomes

Expected Outcomes
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e Trainees should identify any additional equipment their lab would require to
perform DDNS

e Trainees should identify the areas in their lab where the steps of the DDNS
protocol could be performed

Post training expectations

e Trainers should explain the DDNS method to their other lab members

e Trainees should liaise with the WHO for procurement of required equipment and
reagents for DDNS implementation in their lab

e Trainees should provide a point of contact for the PSC to provide additional
reagents (e.g. the positive control virus)

e Further training should be arranged to support implementation of DDNS in their
own laboratory
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2. Sequencing Run preparation, RNA
extraction and RT-PCR, semi-nested PC

Library preparation and flow cell loadir

Presentation and discussion
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Planning a run

* The protocol requires 2 days once RNA is extracted

Can process up to 96 samples (including negatives) by barcoding samples
Negative and positive run controls should be included in every run
Samples are pooled to allow simultaneous sequencing

Samples only tested once, contamination likely to be identified through identical
sequences for non-vaccine strains.
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Run preparation

* All sample metadata can be entered into a csv file and each sample assigned a
barcode.

* The analysis software (PIRANHA) will append the sequencing results to each
sample.
The barcoded primers are stored in the format

shown below, each number being a unique
A B c b E barcoded sequence attached to both Q8 and Y7

barcode sample EPID institute

/ 1 2 3 4 5 6 7 8 9 10 11 12
barcode0l sample0l ARA-HIG-TOR-22-01 A@@@@@@@
parcodet[sampleca |ARA KAN-GRF 22.01 * (10969GICIEDEAEADIEIC
barcode04 SEmE|ED4 ARA-KAN-ERF-22-01 ¢ ®@@@‘@‘@
barcode05 sample05 ARA-HIG-TOR-22-02 D@@.@“‘
e (9EIEEIEIEEDEEIE)
F (©19@)EIEEIEIEIIDEIE
s (DEEIEIEEIEEEE)
' OOBEOEEHHOEE

.

00006

S

@®E®
@

@

B®®

®B®®

O,
®
®
®)

&
&




Our PCR strategy in direct detection

Capsid Proteins

Non-structural Proteins

VP4 VP2 VP3 VP1 2A 2B 2C 3A | 3B 3C 3D
Half capsid RT-PCR
SuperScript Il One-Step rtPCR System
- Y7 /cre (+nOPV cre)
- offers increased sensitivity compared to full capsid 1°t PCR
v - 2kb product, ~4-5 hrs program

v

Semi-nested VP1 PCR

DreamTaq PCR Master Mix
Y7Q8 primers

1.2kb product, ~2hrs

program
(I W |
(I T I |
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Library preparation overview — stool DDNS Consortium
Part 1:
RNA Extracted RNA
.
extraction, Half capsid RT-PCR amplification
RT-PCR db
lifi ti VP1 PCR with barcoded
amplification orimers
Part 2: Pool sz;mples
Pooling, Ry .
] Ampure cleanup/concentration
cleaning and I
end-prep End-prep & dA-tailing
———————— 4L
Ampure cleanup/concentration
Part 3: _ AN
Preparation Ligate sequznﬁchg adapter
for Ampure cIeanuEJ//concentration
sequencing V2
Load flow cell
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Run controls

* Both negative and positive controls go through the whole process from RNA
extraction to sequencing

* Negative run control: Nuclease free water used for RNA extraction

e Positive run control: CVA20 formulated by NIBSC, distributed freeze-dried and
known to amplify in both PCR steps

* Instructions for use of the positive control are provided with the vials

* The controls demonstrate if the required sensitivity and specificity of the method
is achieved

* They confirm negative or positive signals and can indicate if any issues arise during
processing steps
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RNA extraction

 Recommended kit: MagMAX Viral RNA Isolation kit cat no: AM1939

* Magnetic bead based method

e Can be performed manually in microcentrifuge tubes or in deep-well plates using
KingFisher equipment

Magnet

Slow up and down
collecting

)




RNA extraction - MagMAX Viral RNA Isolation Kit

Wash buffer I wash 1
Wash Buffer | wash 2
Wash Buffer Il wash 1
Wash Buffer Il wash 2

Sample 300-400 pl

l

Sample lysis and binding of
nucleic acid to magnetic

beads
|

Washing of bead bound viral

RNA

Recovery of nucleic acid

l

Viral RNA 50 pl

4

Polio Sequencing
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Add Lysis/Binding Solution
with carrier RNA and
Isopropanol

Add Proteinase K and
Magnetic beads

Add Elution buffer
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P
RNA extraction - Automated extraction (Kingfisher Duo)Q

— Lysed sample

— Wash Buffer 1
— \Wash Buffer 1

— Wash Buffer 2
— \Wash Buffer 2

LRI eon e
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Setting up the half-capsid RT-PCR

Extracted RNA
Mastermix plate

(19 ul reaction mix per well) Automated Manual

/1 2 3 4 5 6 7 8 9 10 11 12 ) /1 2 3 4 5 6 7 8 9 1011 12 )

A (D@OWEIEIEDEENEDEDE) A (DIEIEIEDEEIECDEDE)

5 ()(9(EIEHEIEICAEDEIE) 5 (2)(19(9(EIEIEIEICAENHEIE)
cHOEOOOOOONED | f— | OOEOEOOOOEO® |

> (D@EIEIGIEIEIENEDEIE) Add 5 ul 0 (DEIEIEIEIEIEIERDEDE)
 (0)R@EEEEEEDE)E) 8 e (0OEEIENEIEIEEEIE)

F (£)9@)EIGIEIEHEIIDE)E) F (£)96IEIEEENEIICDEE) |
s (DIEIEIEIEEIEIIEIENE) s (D9EIEEIEEEIEDEDE)
QO@@@@@@@@@@@ {0@@@@@@@@@@@1

12.5
SSIII Platinum Taq mix 1 * 30 minutes of incubation at 50 °C (reverse

Reverse Primer (10 pM, Cre/nOPV2-MM-R mix) 1 transc riptio n )

e Add 1 plL of 10uM forward primer (Y7) for the PCR

Nuclease free Water 45

Total 19
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Half-capsid RT-PCR

Capsid Proteins Non-structural Proteins

VP4 VP2 VP3 VP1 2A 2B 2C 3A 3B 3C 3D

Half-capsid RT-PCR - Cre/nOPV2-MM-R (rev) and Y7 (for)
- SuperScript lll One-Step rtPCR System

/123456789101112

B @

c @@@@@

Can run a gel to confirm, expect a band around 2kb. ED %%%
Only indicates the presence of an enterovirus. ‘

We do not run this gel routinely G %%%

We do not exclude samples at this stage \H (3) (192D (@0)(29)(59)(64)(72)(80)(2) 06)
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Semi-nested VP1 PCR

Performed with Dreamtag

Uses 2 ul of each of the 1t PCR reaction (no cleaning required)

Primers Q8 and Y7 for poliovirus specific amplification of VP1

Primers have a barcode to allow multiplexing of samples; each sample is assigned
a barcode, which is the same in each of the primers.

Barcoded Q8 and Y7 primers can be organised in a 96 well plate for ease of
addition.

* Duration: 2 hrs for PCR fééé@@éé
B (D(W)EIEHE)EIED(EDE)E)
¢ (WW@EI®EIEIE)E)E)ED
> (DE)EIEEIEIEEREDENE2)
e (0DLEDEEDEEIEEIE)E)
F (0)(@EIED)ES)EDEITIEE)E)
¢ (D@GEIEIGEEEIEDENE:)
8 (O E)EE)EEIENTIE)
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VP1 PCR primers

Flanking sequence

Y7 GGTGCTGACCGAGATCCTACGAATGGAGTGTTTAACCTGGGTTTGTGTCAGCCTGTAATGA

Barcode sequence Primer sequence

TACACCTTRTCTCTGGAGAATCCAATTACCGAGATCCTACGAATGGAGTGTGTCGTGG a8

Primer sequence Barcode sequence

https://community.nanoporetech.com/technical_documents/chemistry-technical-document/v/chtd_500_v1_revt_07jul2016/barcoding-kits
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Setting up the semi-nested VP1 PCR

Q8/Y7 barcoded primer plate (10uM)

/1234567 9 10 11 12 )
- A (D@OO@E)E@®) .@..
Mastermix plate 6.0 0000666000,
(21 pl reaction mix per well) ¢ HOODE®EEE®E)E)
/I 2 3 4 5 6 7 8 9 10 11 12 ) AddZul D@@@
A DO@OO@E)EEEEEDE) e (5)WEEIEHEENEIE)E)
8 (D)((EIEIEIEIEDEE)E) e | QLIEDE@WEENEEE)
¢ (DW@EI®EE)E)E)E)ED s (D@EIEIEEE)EEENE)
p (DE)EEIEICIEIERDENE) § (&)(19E)E)E)E)EHENTIE)ER)ES)
e ()LEEENEEEIEE)E) ‘
F (£)1)@GIER)E)EDEITIE)E)E) 15 -
 BB00B0600068
H 88 /123456789101112‘
\ |
Add 2 pl 8 ()((©EIENE)EIED(ERDE)E)
¢ ()W@)EIEEIEIEN)E)ED)
water T > (1)(EIEEIEIEIEIEDEE)
125 e (0)L@EE)EEIEEEIE)
21 F (0)19)((E)EEEHEITIES)EA)
s (DI@EIEIEEE)EIE)ENE)
G (B)()EHEI@)(@D)(Ge)(E)(7DE0)EE)EE)




e Canrun agel to confirm
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Post PCR

Capsid Proteins Non-structural Proteins

VP4 VP2 VP3 VP1 2A 2B 2C 3A 3B 3C 3D

samples, expect a band

d 1.2kb. M /123456789101112

. Only indieates the : OOSOOOGOOEE

resence of poliovirus or ° @ .‘.‘

" " c POOOPEOHOEEE

enterovirus with similar Barcode with flanking 0 @®‘@...‘
primer binding sites /Seq”ences 10000000 Co00

* DO run the controls on a EE—— . @ @@

gel for QC ¢ (D1@EIE@EEEE)E

% (OWCIP@(EE(IE)E)E
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Library Pooling

* Barcoded samples equally pooled by volume (2ul each)

* Previously pooled equal ng of product, we have found for routine stool testing that
it is easier to pool by volume without losing sensitivity

/123456789101112

 QOSOOEOOAOEH —_—
e QOEEEOEEEEE

 QEOOPCOOOTO |

> QOOEEEOOEROHE |

: DOREVOODODOE \

- OODEOOEHEE

« OEREOEHOROO

Hocceceeccsos
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Why pool everything?

Equal volume pooling removes quantification and dilution steps
* Reduces cost
e Reduces scope for error
* Quicker

* Samples tend to have a fairly narrow range of concentrations after the nested PCR-
generally 10-100 ng/pl

Do not need great sequencing depth with stool samples- likely low complexity

* Negative samples do not detract from the success of sequencing
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Library cleaning and concentration
* Clean and concentrate the pool using 1:1 ratio of AmpureXP beads.

* |n detail:

* Add ampure beads to the pool which will bind the DNA and allow it to be
separated by a magnet

Wash the pool with 80 % ethanol twice

Allow to briefly dry (bead pellet will become matt brown)
e Resuspend pelletin 51 ul of water

Use magnet to pull the beads out of solution

Retain 50 ul of the eluate (the concentrated pool).

Pause point — store library at 4°C
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End preparation

* Treatment of DNA with Ultra Il End-prep

* Ensures DNA has 3’ dA tailed and 5" phosphorylated ends making them sticky for
ligation of the sequencing adapter

A

A --Q

* Clean sample with ampure beads to remove enzyme



Polio Sequencing

Consortium
Libra 'y prepad ration
e Performed using the Ligation Sequencing Kit from
Oxford Nanopore
* Currentversion is LSK-114
* Contents:
s; ,._“\ = e N
o ’ OO0OHOO®®
DCS: DNA Control Strand i3 Buft
There vials in the kit that we will not use in this LA L|gat|nr?1-:;gpterran EEi Eﬁﬁﬁngﬂf?er“ :
protocol (these are crossed out to the right) A bt o
SFB: Short Fragment Buffer FCF: Flow Cell Flush

AXP: AMFure XP Beads FCT: Flow Cell Tether
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Adaptation for Sequencing

* Ligate the Ligation Adapter (LA) which includes the motor protein

* The motor protein controls the speed at which the DNA passes through the pore

* Ligation performed with Quick T4 Ligase (supplied by NEB) and the LNB ligation
buffer
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Cleaning of Library

e Clean using Ampure beads
BUT

washing is performed with Short Fragment Buffer (SFB) and elution in elution buffer

(EB)

* SFB used for washing where no size selection is required.
* Long fragment buffer (LFB) can be used to select for DNA >3kb
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* Flowcell priming — Flow Cell Flush (FCF), Flow Cell Tether (FCT), and

00

* The function of the tethers is to help pull DNA down towards the pores
for sequencing

* The BSA (not included in the kit) is said to improve stability and throughput
* Added via the priming port in two steps

* First time with sample port closed
e Second time with sample port open

Priming of the flow cell
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Loading the MinlON

Priming port
Sample port

Waste channel

) m v P

!

e d

¢ FAL22330 ) f'?" :

In this picture both the priming and
sample loading ports are open.
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Final Library

* The mix loaded onto the MinlON contains:
* Your adapted DNA library
e Sequencing buffer (SB)

e Library beads (LB)

* Loaded via the spot-on port, one drop at a time.
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Loading the MinlON

NOIWww

» Before flowcell priming/loading any small air bubbles are removed from beneath
the priming port ()

* \Waste reagents are removed from the waste port ( ) with kioth priming port and
sample port covers closed

* Video guide: See “Loading the MinlON”



https://youtu.be/rYTKbLzNSog
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3. Nanopore sequencing

Presentation and discussion
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ibrary Preparation and ansomm
Nanopore Sequencing

. Nested PCR Sequencing
Eﬁfded R;PE(\:/R V:/ilrtnhers » with barcoded » library
P P VP1 primers preparation

PIRANHA (command line) or
piranhaGUI (point and click)
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Nanopore Sequencing

https://youtu.be/RcP85JHLmMnI



https://youtu.be/RcP85JHLmnI

Polio Sequencing
Consortium
MinlON Sequencing

* Long Reads- potentially 100,000s of bp
e Fast- 1,000,000 reads per hour and can process in real time
 “Cheap” (depending on multiplexing)

but

* Error rate per base (~0.5% with current highest accuracy settings)
- can still give accurate consensus sequences.
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MinKNOW

e Easy to use for setting up and running your sequencing run
* Install following the instructions on the Nanopore website

* Basecalling and demultiplexing performed within MinKNOW



MInKNOW GUI

Activities + MinKNOW ~

MIinKNOW  View
WPIA-DIDELT376

E My Device
é © start

Sequencing overview
Experiments
System messages

Host settings

o Application settings

A Connection manager

Wed 12:42 @
MinKNOW UI

Start sequencing Analysis

Flow cell check Hardware check

Sample sheet import

Polio Sequencing
Consortium



System messages

Activities {2} MinKNOW ~

MinKNOW  View
WPIA-DIDELT376

My Device

© start

] Sequencing overview
Experiments
System messages

Host settings

o Application settings

A Connection manager

Wed 1243 @
MinKNOW UI

System Messages

MN25278

Please insert flow cell(s) into your sequencing device.

MN25278

Lost contact with the device. Please connect a device, or if one is already connected, please reboot the system.

System messages shows you
information on number of available
pores in the flowcell, storage space
on the laptop and any other
notifications.

= Filters

24 February, 12:42:45

24 February, 12:42:34

Polio Sequencing
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Sequencing overview

556D D0

"
)

es 1} MinKNOW ~

MinKNOW  View
WPIA-DIDELT376

My device

Start

Sequencing overview
Experiments

System messages

Host settings

0] Application settings

A Connection manager

Wed 14:49 8
MinKNOW UI

MN22800 FAN32503

Flow cell not checked

Polio Sequencing
Consortium
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Running a flow cell check

} MinKNOW ~ Wed 1449 ®
MinKNOW UI
MinKNOW  View
WPIA-DIDELT376

=  Mydevice

© start
Flow cell check

Sequencing overview

Position Flow cell ID Flow cell type
Experiments

MN22800 FLO-MIN106 v~
System messages

0] Application settings

£ Back tostart
A Connection manager
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Starting a sequencing run

Activities 1} MinKNOW ~ Wed 1449 ®

MinKNOW UI
MinKNOW  View
WPIA-DIDELT376

My device

Start
Sequencing overview

Experiments

> &8 DD M

Host settings

Start sequencing Analysis

—

Flow cell check Hardware check

0] Application settings

A Connection manager
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Starting a sequencing run

e Follow an agreed
naming pattern
and folder
structure for good
traceability in your

group.

¢
I

Test (& Load settings from template

Position Flow cell ID Flow cell type sample ID

MN22800 FLO-MIN106 v~

—~
=

&
g

9
.
P
®
%

ontinue to kit selection »




Selecting the sequencing kit
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Activities J MinKNOW ~

MinKNOW View
WPIA-DIDELT376

My device

Start

Experiments

System messa

Host settings

] Application settings

A Connection manager

1. Positions

Kit selection

Ligation Sequencing Kit

SQK-LSK109

PCR Barcoding Kit

SQK-PBKOO04

Direct cDNA Sequencing Kit

SQK-DC

Ligation Sequencing Kit XL
L

SQK-LSK110-X

PCR cDNA Barcoding Kit

SQK-PCB110

PCR Sequencing Kit

SQK-PSK004

SQK-ULK001
5QK-ULK0O1

VoITRAX Sequencing Kit
2

VSK-V

< Back to position selection

Wed 14:50
MinKNOW UI

[ controt

Rapid Barcoding Kit
SQK-RBK0O4

16S Barcoding Kit (BC1-24)
SQK-165024

Field Sequencing Kit
SQK-LRK0O01

ding Sequencing Kit 24

PCR-cDNA Sequencing Kit
SQK-PCS109

SQK-RBK110-96
SQK-RBK110-96

VSK-PTC001
VSK-PTCOO1

VSK-VSK003

VSK003

Rapid Sequencing Kit
SQK-R.

CAS109 Sequencing Protocol

SQK-CAS109

Ligation Sequencing Kit (48 reactions)
SQK-LSK109-XL

Native Barcoding Sequencing Kit 96
SQK-NBD110-96

PCR cDNA Sequencing Kit
SQK-PCS110

Direct RNA Sequencing Kit
SQK-RNAOO3

VolTRAX Mutiplex Sequencing Kit
VSK-VMK002

Direct cDNA Sequencing Kit
SQK-DCS108

Direct RNA Sequencing Kit

SQK-RNAQD2

CAS109 Sequencing Kit

SQK-CS9109

Ligation Sequencing Kit
SQK-LSK110

PCR cDNA Barcoding Kits
SQK-PCB109

Pore-C Sequencing Protocol
SQK-PRC109

Rapid PCR Barcoding Kit
SQK-RPB0O04

VSK-VMKO003
VSK-VMK003

Ligation Sequencing Kit
SQK-LSK108

For v14 chemistry
and sequencing
with the
barcoded VP1
primers select
SQK-LSK114



Selecting barcodes
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Activities J MinKNOW ~

ow View
WPIA-DIDELT37¢

My device

Start

Experiments
System messa

Host settings

B Application settings

A Connection manager

1. Positions.
Kit selection

Sample type

Ligation Sequencing Kit

5QK-LSK109

PCR Barcoding Kit

SQK-PBKOOA

Direct cDNA Sequencing Kit

SQK-DCS10

Ligation Sequencing Kit XL
L

5QK-LSK110-X

PCR cDNA Barcoding Kit

5QK-PCB110

Select expansion pack

Native Barcoding Expansion 1-12 (PCR-free)
EXP-NBD104

PCR Barcoding Expansion 1-96
EXP-PECO%6

£ Back to position selection

Wed 14:50 @
MinKNOW UI

3.Run options

D Control

Rapid Barcoding Kit
SQK-RBKOD4

165 Barcoding Kit (BC1-24)
SQK-165024

Field Sequencing Kit
SQK-LRK0O01

Native Barcoding Sequencing Kit 24
S5QK-NBD110-24

PCR-cDNA Seguencing Kit
SQK-PC5109

Native Barcoding Expansion 13-24 (PCR-free)
EXP-NBD114

Rapid Sequencing Kit
SQK-R,

CAS5109 Sequencing Protocol

SQK-CAS109

Ligation Sequencing Kit (48 reactions)
SQK-LSK109-XL

Native Barcoding Sequencing Kit 96
SQK-NBED110-96

PCR cDNA Sequencing Kit
SQK-PCS110

EXP-NBD196
EXP-NBD196

5.0utput

Direct RNA Sequencing Kit

SQK-RNACDZ

CAS109 Sequencing Kit

SQK-CS9109

Ligation Sequencing Kit
SQK-LSK110

PCR cDNA Barcoding Kits
SQK-PCE109

Pore-C Sequencing Protocol
SQK-PRC109

PCR Barcoding Expansion 1-12

Continue to run options »

Skip to final review 3>

For the barcoded VP1
primers select EXP-
PBCO96

MinKNOW will look for
the barcode set
selected to de-
multiplex reads.



Run Configuration
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WPIA-DIDELT594

My device

Start

I Sequencing overview

Experiments

System messages

Host settings

1. Positions

Run configuration

Experiment name test

Sample ID 1]

Flow cell type FLO-MIN114

Sequencing kit Ligation Sequencing Kit (SQK-LSK114)
Expansion kits PCR Barcoding Expansion 1-96 (EXP-PBC096)

Sequencing and analysis

Basecalling

Modified bases Off
Duplex Off

Model Fast basecalling
Barcoding

Barcode both ends Off

Selected barcodes All

Alignment .

Adaptive sampling .

Basecalling speed will depend on
computer processing power.

We expect to have barcodes on
both ends of our reads as we used

barcoded forward and reverse
primers for the VP1 amplicon.

Basecalling/Barcoding can also be
performed post-run from the raw
data when accessed from the
START menu.



Polio Sequencing
Consortium

Setting run length in run options

WPIA-DIDELT594

My device

Start 1. Positions

i  Sequencing overview Advanced sequencing options z R u n Ca n b e eXt e n d ed
— or stopped earlier as

Data targets

System messages o req U Ired .

Conditions

Host settings Run limit Stop run when sequencing reaches 72 hours

Output You can select an analysis folder
ATEEBORLE . on your desktop for easy access

File location C:\data\.
Data format FASTQ

Qutput frequency Every 10 minutes
FASTQ compression On

S o | On a Windows computer the
Filtering defa U|t IS C:\data\

Min Q score

Raw data file format is POD5

Save configuration Start »
A Connection manager
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Sequencing Run

- S
o .
8 e
» 0O 0 analjgatle e g
0 e op pore sca DO epo pe e group
Posltlon — Flow cell ID — Sample ID — Health Run time — Run state — Reads — Bases — Basecall
) MN22800 FAS44441 w0-3_repeat2 1 Actlve 77678 k 839.57 Mb basecaliad 100%
S S Lo N 880.94 Mb estimated °
. =
MN22800 FAS50163 w0-3_repeat - 5h4m Complete 0 0 b estimated Scroll right >
3 e ates pane
R ate: seque g
6
~ .
|
T (| _
0
c c O u
6
~ Recove
O D0 a ]
] | |
Ore dedalied
OVE C O1 PpOre
O dela 2d



Sequencing Run
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Position —

MN22800

MN22800

Flow cell ID —

FAS44441

FAS50163

Sample ID —

w0-3_repeat?2

w0-3_repeat

Health

Run time —

18h/5h

5h4m

Run state — Reads — Bases —

840.66 Mb basecalled

Actlve TSI 882.41 Mb estimated

Complete 0 0 b estimated

® 363

Strand

®6
Adapter

o

Basecall

100%

Scroll right >
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Sequencing Run

GRASSLYLAPTOP4-PRECISION-T580

My device

= Local user

Control-candidates-testing

Sequencing overview M Stop ~ Start pore scan ¥ Export run report

Experiments
Posltion — Flow cell ID — Sample ID — Health Run time — Run state —

Q
ajStem mess; 843.26 Mb basecalled

w T
MN22800 FAS44441 W0-3_repeat2 [ ] 780.32 k 85 55 Mb e<timated 100%

Host settings

MN22800 FAS50163 w0-3_repeat Complete 0 b estimated scroll right »

Pore activity

® sequencing
pore

recovering

State time equivalent (%)

@ inactive

15m 25m 3Bm  45m 55m  1h5m  1h15m 1h25m 1h35m  1h45m unclassified v
Time

=+ Show detailed £ Display settings

A Connection manager
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Sequencing Run

GRASSLYLAPTOP4-PRECISION-T560

My device

[ ] s
= Local user

Start Control-candidates-testing

Sequencing overview ~ Start pore scan ¥ Export run report

Experiments
Position — Flow cell ID — Sample ID — Health Run time — Run state —

= e
Sysiem messages MN22800 FAS44441 w0-3_repeat? [ | 78145k §44.48 Mb bascealled 100%
o 18h75h ’ 886.77 Mb estimated ¢

Host settings
MN22800 FAS50163 wO0-3_repeat 5h4m Complete 0 b estimated Scroll right >

Read length histogram

Assess size of reads

Estimated N50: 1.2 kb

being sequenced

250 k
200 k
150 k

100 k

Passed rea

50k

ASl ] 223Db 415b 607 b 799 b 991b 118kb 138kb 157kb 176kb 195kb 214kb 2.33kb

Read length AdJUSt here tO
. focus on specific

read lengths

Lengths | Counts Estimated | Basecalled Hide outliers C] Split by read end reason

A Connection manager
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Sequencing Run

GRASSLYLAPTOP4-PRECISION-7560

My device

[ ] s
am Local user

Control-candidates-testing

Sequencing overview - M Stop ~ Start pore scan & Export run report ~ Experiment group

Experiments
Position — Flow cell ID — Sample ID — Health Run time — Run state —

Sy 55 o5
System message 845.78 Mb basecalled

MN22800 FAS44441 Ww0-3_repeat2 888.33 Mb estimated

18h/5h
Host settings
MN22800 FAS50163 w0-3_repeat 5h4m Complete 0 b estimated
Scroll right >

Barcode hits

See which barcodes
have been detected and
how many reads each

barcode07 barcodel8  bal

Display Hide zero Reset
l‘FJ Y C G

Reads Bases unclassified values selection

A Connection manager




State Time Equivalent (%)

Examples of a bad start
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Om

20m 40m 1h

. Sequencing

Duty Time
Summary of channel states over time
Bucket size (minutes)

10 Apphy

Auto scale bucket size

Display channels

proportionately
1h 20m  1h 40m 2h 2n20m  2h 40m 3h 3h 20m  3h 40m
Time
. Pore . Recovering O Inactive . Unclassified - -
2 =k

More 4

https://community.nanoporetech.com

Rapid pore death may be
caused by:

- Contamination

Using an old flowcell

Software fault



Examples of a bad start

State Time Equivalent (%)

100
90-
80-
70-
60-
so-{|
40-
30-

204

10—

oo

ih 5m

Sum

B e By == o J -

6h 30m

. Sequencing . Pore

Duty Time

hannel states over time

F—-_.—_'.—.—--—

. Recovering

Nora

+

A

11h55m 17h20m 22h45m 1d4h10m 1d%h35m  1d 15h  1d 20h 25m
Time

Inactive . Unclassified

https://community.nanoporetech.com

Polio Sequencing
Consortium

Low pore occupancy may be
caused by:

==« - Not loading enough sample

onto the flowcell

Failed adaptation for
seguencing
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4. Post-sequencing run checks

Presentation and discussion



1. Confirm that your run created data

20230728 _0644_ MN21866_FA] +

@ Mew

Confirm that P ¢ 2
there is data in

the fastq_pass f} Home
folder Sk

2 Desktop

+ Downloads
= Documents
P9 Pictures

2 Music

u YVideos

conf

If there is no data, you can restart your run in MinKNOW.

Tl sort

Mame

fastq_fail
fastg_pass

other_reports

pod3_fail

pod5_pass
D barcode_alignment_FAX17337_c1fb285d_.. 28/07/2023 072035
|=| final_summary_RAX17337_c1fb285d_fealf... 28/07/2023 0705
@ pore_activity_FAX17537_c1fb285d_fcalfb83  28/07/2025

& report_FAX17537_20230728_0649_c1fb285d

Date modified

Type

File folder
File folder
File folder

File folder

Microsoft Excel C...

Microsoft Edge H...

File folder

ext Document

» ThisPC » 05(C) » data » TestForReport * no_sample » 20230723 0644 MMN21366_FAX17537_c1fb285d

Size

14 KB
1 KB
& KB

1,139 KB

Polio Sequencing
Consortium

Confirm that your run
report has been
created (this contains
a summary of the run
performance)

If there is not enough data, you can click “join existing” when you start a run to ADD the

data to your prior run



2. Check your run is complete in MinKNOW

MinkKNOW Ul
MinKNOW Ul View

WPIA-DIDELT547

My device

Sequencing overview
Experimentis
System messages

Host settings

Experiments (13)

Experiments active in the last days.

‘ . ‘ TestForReport groupe_1_ddns2
TestForReport @

Reads 82.93 k Estimated / basecalled bases 97.8 Mb / 101.18 Mb Active runs 0 Total runs 1

Run controls

B Export run report

Position — FlowcelllD — SamplelD — Health Available pores Run time —

MN21866 FAXA753T no_sample 21im 16s

Click on your run to see more details (will
take you to the screen on the next slide)

groupe_2_ddns2

Run state —

Complete

Test4_FAX17330

Experiment summary -~

Estimated bases — Basecalled

97.8 Mb 101.18 Mb




3. Check your run performance

MinKNOW UI
MinKNOW Ul View
'WPIA-DIDELTS47

= My device

© Start
Sequencing overview
Experiments
System messages

Host settings

Your run
settings

A Connection manager

16°C

¥ sunny

TestForReport (GEEEE
Reads 82.93k

Run controls

‘ B8 Export run report = ‘

Position — FlowcelllD — SampleID — Health

MN21866 FAXAT537 no_sample -

MinlON Mk1B - MN21866

Experiment group TestForReport
Sample ID no_sample
Flow cell product code  FLO-MIN114
Kit ID SQK-LSK114
Expansion pack EXP-PBC096

Current output directory

C:\data\ \TestForReport/no_sample/20230728_0644_MN21866_FAX17537_c1fb285d

Basecall model High-accuracy basecalling

Minimum gscore 9

.‘= Q Search

Estimated / basecalled bases 97.8 Mb / 101.18 Mb

Available pores

b Q- CH &

Active runs 0

Total runs 1

Run time —

2im 16s

Experiment summary ~

Run state — Estimated bases — Basecalled bi

Complete 97.8 Mb 101.18 Mb

Total run time 21m 16s

Remaining time

Read count

Estimated bases

Basecalled bases 101.18 Mb

- ENG o o752
~ &8 e o o 23/07/20230

Polio Sequencing
Consortium

Confirm your
run length (4
hours for routine
stool testing by
DDNS)

Click for more
figures

The total
number of
sequencing
reads generated



4. Check the number of pores remaining

MinKNOW UI
MinKNOW Ul View
'WPIA-DIDELTS47

My device

Inactive

Start TestForReport

Reads 8293k  Estimated / basecalled bases 97.8 Mb /10118 Mb  Activeruns 0  Total runs 1

Check how
many pores
are
remaining at
the end of
your run
(and again
after
washing).
Green pores
are available
to sequence.

f#!  Sequencing overview Run controls

‘ B Export run report = ‘

Health

Experiments

System messages Position —  FlowcelllD —  SampleID — Available pores Run time — Run state —

MN21866 FAX17537 no_sample - - 2im 16s Complete

Host settings

Pore activity

&
=
o
]
®
£
2
il
i

+ Show detailed £ Display settings
A  Connection manager

16°C AR o
. EE Q search

‘Sequencing

Unavailable

® Inactive

Unclassified

v

v

Pore availa...

v

v

Polio Sequencing
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Experiment summary ~

Estimated bases — Basecalled bi

97.8 Mb 10118 Mb

ENG o o7:52
e to za/w,'zuzsc



5. Check the quality of your data

MinKNOW U
MinKNOW Ul View
'WPIA-DIDELT547

My device

Start

i Sequencing overview
Experiments
System messages

Host settings

A Connection manager

16°C

@ sinny

TestForReport (QEEIE

Reads 82.93k  Estimated / basecalled bases 97.8 Mb /101.18 Mb  Active runs 0

Run controls

B Export run report

Position — FlowcellID — SampleID — Health Available pores

MN21866 FAX17537 no_sample - -

Cumulative output

‘= Q Search

Pe O =B @ O

Experiment summary -~
Total runs 1

Run time — Run state — Estimated bases — Basecalled b:

21m 16s Complete 97.8 Mb 10118 Mb

7m 8m 9m 10m 1lm 12m 13m 14m 15m 16m 17m 18m
Time

& - ENG o753
~ ® 8 w dx za;onzuzao

Polio Sequencing
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Check the
proportion
of reads that
are passing
qguality
checks
(green line).
The vast
majority of
reads should
pass.



Check the
average

read length
(N50)- for

VP1 by

6. Check the length of your sequences

MinKNOW Ul
MinKNOW Ul View
& 'WPIA-DIDELT547
- My device

Inactive

© Start TestForReport

Reads 82.93 k Estimated / basecalled bases 97.8 Mb /10118 Mb  Activeruns 0  Total runs 1

i Sequencing overview Banlconhols

‘ B Export run report =

Available pores

Experiments

Position — FlowcelllD — SamplelD — Health Run time — Run state — Estimated bases —

System messages

2im 16s Complete 97.8 Mb

MN21866 FAXA7537 no_sample - -

Host settings

Read length histogram

Estimated N50:1.13 kb

70 Mb

DDNS this R

should
1.2 kB

40 Mb
be ~ 30 Mb

20 Mb

Estimated bases

10 Mb

0b
102kb 717kb 133kb 195kb 256kb 317kb 379kb 44kb 502kb 563kb 625kb 686kb 748kb

Estimated read length
S ——
Read Bases

Lengths Counts Estimated Basecalled

Hide outliers | | Split by read end reason

A Connection manager

16°C LR -
e EE  Q Search

@Lg_fc_.ﬂﬁ_l? A BB ™ enm

Experiment summary ~

Basecalled bi

101.18 Mb

o754

28/07/2023 °

Polio Sequencing
Consortium

This chart
shows the
distribution
of read
lengths

Use this
slider to
change the
width of the
chart



7. Check your data has been demultiplexed

WPIA-DIDELTSA7

= My device

© Start TestForReport { Experiment summary ~

Reads 8293k  Estimated / basecalled bases 97.8 Mb /10118 Mb  Activeruns 0  Total runs 1

Run controls
'  Experiments

B System messages Position — FlowcelllD — SamplelD —

MN21866 FAX17537 no_sample =
£t Host settings

Barcode hits

le06  barcode90  barcode83  barcode77  barcode72  barcode67  barcode60  barcode54  barcode49  barcode02
Barcode

| ———= N PN

Sort

AZ ZA -ul Ia. ) |
— |+~ & | = | | | Diplayfailed | | Displayunclassified [P Hide zero values

C Reset selection

l‘ssu':ﬂy BE | Q search (O "I =) =0 a8 @ Q % A P o

Polio Sequencing
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If barcoding was
turned on, this
chart will show
the data
assigned to each
barcode

If your data has not been demultiplexed you can go to “Start”, “Analysis” and “Barcoding”

in MinKNOW to perform the demultiplexing.
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5. Washing a flow cell after a sequencing run

Presentation and discussion
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What does washing do?

» Wash kit (WSHO004) contains Y patedinane® Y ealedcdingic?
 Wash mix (DNAse |, WMX) o

* Wash diluent (enzyme buffer, DIL) - o voon
 Storage buffer (S) - - oot
* DNAse | removes DNA that remains in the S S e
pores after the run ends - oo
e Avoids contaminating the next run o o -

* Improves pore availability for the next oo MARRRARRRARR o MRARRNAE-EH

r-u n Library loading number Library loading number

https://store.nanoporetech.com/catalog/product/view/id/122/
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 Combine 2ul of the DNAse enzyme (WMX) with 398ul of the wash buffer (DIL)
 Remove any air bubbles under the priming port

e Put 200ul wash solution onto the flow cell through the priming port with the
SpotOn port closed

* Incubate at room temperature for 5 minutes

e Put 200ul wash solution onto the flow cell through the priming port with the
SpotOn port closed

* Incubate at room temperature for 60 minutes
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Protocol

* For immediate use:
e Flush the flow cell with Flush Buffer as described for flow cell priming

* For storage:

* Add 500ul of the storage buffer (S) through the priming port, put the flow cell
back into its packaging

e Store in the fridge until the next use
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6. Installation and use of piranha

Poliovirus investigation resource automating nanopore
haplotype analysis

Presentation and discussion
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piranha

Poliovirus investigation resource automating nanopore
haplotype analysis

Aine O'Toole'* Rachel Colquhoun', Corey Ansley', Catherine Troman?, Daniel Maloney',
Zoe Vance', Joyce Akello?, Erika Bujaki®, Manasi Majumdar®, Adnan Khurshid®, Yasir
Arshad®, Muhammad Masroor Alam®, Javier Martin®, Alexander G Shaw?, Nicholas C
Grassly?®, Andrew Rambaut'*®

Affiliations

1. Institute of Ecology & Evolution, University of Edinburgh, United Kingdom

2. Department of Infectious Disease Epidemiology, Imperial College London, United
Kingdom

3. Division of Virology, National Institute for Biological Standards and Control (NIBSC),
Hertz, United Kingdom

4. Department of Virology, National Institute for Health, Islamabad, Pakistan



PIRANHA - overview
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* Takes demultiplexed fastq files, maps to reference
sequences, filters by length, and produces
consensus sequences and reports as output

* Requires command line

* |nstallation instructions and basic usage available on
github:

https://eithub.com/polio-nanopore/piranha

= READMEmMd

piranha

See example report here


https://github.com/polio-nanopore/piranha

- Y
I e s .t"'lN' =
=—

0.1 - T

Poliovirus 1 —
Poliovirus 2 F_——— ,
Ml Poliovirus 3 A
B Non-polio enterovirus ——e=

© Sabin-reference

0.05

Background database: 959 VP1 sequences



Consensus/ haplotype

il
L

N/ N\ \

7
1
| /]

Reference groups

Mixed Sample




%) piranhaGuUI

@ rovered by ARTIFICE | ARTICetwork: htp://artic.network

Polio Sequencing

Pnrgnha | | Consortium
Polio Direct Detection by Nanopore Sequencing (DDNS)
analysis pipeline and reporting tool Bill & Melinda Gates Foundation OPP1171890 and OPP1207299

Docker software installed

Docker is free software used to install and run the analysis pipelines.

PIRANHA software installed

Piranha is the primary analysis pipeline for the DDNS polio detection platform.

An internet connection and a Docker install is required to install or update software

Wellcome Trust Award 206298/Z2/17/Z




Workflow schema

A. Barcode analysis

Length filter

Y Fa

Gather nanopore
fastq reads
) FQ

Match against
reference database
(minimap?2)

Bin reads by
reference group
& primer trim

B. Reference group analysis

Medaka
haploid variant

Medaka
stitch

Variant and consensus call

v ! (FA)

Assess within-group
variation (pysam)

JSON

JOON Generate snipit

plot
SVG

Align vs nearest
reference (mafft)
QC variant calls

information csv | (FA)

C. Results reporting

Integrate results

v

Piranha output

Sequencing run report @

HTML

Barcode report(s)

osv

Consensus sequences  FA

Results summary

Variant call files

Polio Sequencing
Consortium

VCF



Graphic workflow

Identify sequencing reads (fastq
files)

!

7

Filter reads by length

N\

{

(

Map reads to reference VP1
database (minimap2), bin into
groups

\

|

7

Identify variants (medaka, mafft)

N\

!

Generate consensus sequences

Generate report

Sabinl reference

Polio Sequencing
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/

Sample

Sample01

Sample01
Sample02

Barcode

barcode01

barcode01

barcode02

~

Sample classification
Sabin-like
Sabin-like
Sabin-like

~

}

Reference Group

Sabin1-related

Sabin1-related

Sabin3-related

Sabin3 reference

|

Number of Mutations

Sequence (VP1)

2 Download FASTA
0 Download FASTA
0 Download FASTA



Example report

Piranha report -

a. Samgle § Bacode 4

Sampiy Clssication | Roloroncs grown  § Number of mutations §

EMVOOT  boroodell  Sabinelo Sabindt-nelalod 1

ENVOOT  bacodel]  Sabin-ika SabinZ-relatod z

ENVOOZ  bacodelz VDRV Sakung-relatec 12

EMVOO0Z  baroodelt WAV W W&

EMVOO4  barcodeld VDRV SabinZ-relatod 10

b. Sampie § Barcooe * Sabinl.wised § Sabrcesiated i Sabind-miaed § WPV § WPVE § W3 § NonPoloEY § unmapped §

ENVO0T  bascodedl 0 488 252 0 o 25
ENVOD2  baecodel? o 1100 1] o 1 12
ENVOO3  barcoceld 0 0 o B o [}
ENVIO4  bascoceld ] (] [ 17| 0 0
negative  baecode0s o 0 1] ] 1] 0

Shimvingg §.0f 08 eniris

C. Klenlichl Seapences  Secuencs D

2

EMWOO eearoooiol) ] [Eaken -rolalec 2] 161 CT42T20A
ENVOODsraca O Sanin - rolabed 2] 161:CT42T-GA

EMNVIE2 Bavcoc oS akend-raal e 1T CT
ENVIRAE barcoda4fSabind-relaied] 11 7:CT

dlpmw Barcods  Sabin) -mlsted Sabind-mlted  Sabrd-eolated  WEVE W2 OWPE MonPoloEV  unimapgod

W nogative benodedf

ol braroodels

Filter by: [ Sabin2-related - |

o O m P

o

o

o 4] o a

a L] o L

Rl

]

EV reads
000000000000 -,

w Absant
99000000

1 2 3 4 5 6 7 8 9 10 11 12
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https://polio-nanopore.github.io/piranha/report.html

ENVOO1 report = -

a. Sample Barcode Reference group
ENVOO1 barcode Sabin3-reiated
ENVOO01 barcoded Sabir@-related

b. sequences

SENVI0O1 [parcode0 1 [Sabind-relatod|Poliovirus3-Sabin_AY 184221 [217:CT;160:GAldate=2022-03-01 I‘

GETATTGAAGATTTGATTTCTGAAGTTGCACAGGEOGCCCTAACTTTGTCACTCCCEGAAGCAACAGGATAGCTTACCTGATACTAAGGCCAG
TGGCCCEGEOGECATTCCAAGGAGGETACCTGCACTCACTEGCAGTCGAGACTEGAGCCACCALTCCTCTGACACCATCOGACACAGTT AR
CECGLCACGTAGTOCAADGADGUAGCAGGET CARAGT COACAATAGAAT CATTCTTOGLACGOGEEGOGETEOGETCGCTATTAT TGAGGETGE
ACAATGAACAADCAACCACCCGGEGCACAGAAACTATT TGOCATGTGGLGCATTACATACAAAGATACAGTGCAGT TGCGLCGTAAGTTGEA

C.

0 Background variation
B Maskod Varian
@ =he

8 5888

Percentage Alt Allele

u- ; . . . omE . e an T sam '_' 5 .." M gl . AN oSt m, T
0 S50 100 150 200 250 300 350 400 450 500 550 600 650 70O 750 800 850900
Position (bp)

d. e.

E Poental
100 T
ul
50 _
160
1]
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PiranhaGUI

* Uses Docker to allow running of PIRANHA on different operating system (e.g.
Windows, Linux) and to avoid using the command line!

* Available on github here:
https://github.com/polio-nanopore/piranha

* Requires same input as piranha and produces the same output


https://github.com/polio-nanopore/piranha

Polio Sequencing
Consortium
PiranhaGUI Installation

 Download from https://github.com/polio-nanopore/piranha/releases

e To install for windows, download the PiranhaGUIvX.Y.Z installer windows.exe

(where X.Y.Z is the version)
* Double click the downloaded file to install
* Open the PiranhaGUI when installed

 Click on the “Install Docker” button to go to the Docker website to download
Docker

* Click on the “Install piranha” button to install piranha inside piranhaGUI.


https://github.com/polio-nanopore/piranha/releases

08 =~ O LA B g =

Barcodes file
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A
sample
sampleQ1
sample(2
sample03
sample04
postive_control
negative_ext

B
barcode
barcode01
barcode(2
barcode(3
barcode(4
barcode(5
barcode(6

negative_ RTPCR barcode(7

EPID

HQU-JAD-JAS-04
HQU-JAD-JAS-04
ANB-NSD-AJD-03
ANB-NSD-AJD-03

Well
AD1
BO1
Co1
D01
EO1
FO1
G01

E F
IsQCTest HRetestOriginalRun
No
No
No
No

Links your barcodes
and your samples.

Use the headers
“sample” and
“barcode”

Barcodes must be
entered as
“barcodettt”

More metadata
columns can be added
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L]
Savi Ng dsS a .CSV from excel
Bl EBookd - Excel
© Save As
ﬁh Home B i
@ Recent . [= OneDrive - Imperial College London
[ Mew |barcnde5.c5\r |
Imperial College London | Excel Workbook (*xlsx) ~|
5 Open Excel Workbook (*.xlsx) | = |
i : = Save
‘ OneDrl\{'e - Impe"al Coll... Excel Macro-Enabled Workbook (*.xlsm) |
|7 Share R Excel Binary Workbook (*xlsb)
Excel 97-2003 Workbook (*xls)
Q Sites - Imperial College L... CSV UTF-8 (Comma delimited) (*.csv)
G| Get Add-ins agshaw@ic.ac.uk XML Data (*xml)
Single File Web Page (*.mht, *.mhtml)
Info Share options Web Page (*.htrn, *.html)
Excel Template (*xltx) ~
Save (;:Jl> Share Excel Macro-Enabled Template (*.xltm)
Excel 97-2003 Template (*xt)
Save As Text (Tab delimited] (*.txt)
Unicode Text (*.txt)
Print i XML Spreadsheet 2003 (*xml)
Lleerliziione Microsoft Excel 5.0/95 Workbook (*xIs)
Export = This PC C5V (Comma delimited) (*.csv)
:|;| 15 Formatted Text (Space delimited) (*.prn)
Close Text (Macintosh) [*.tt)

—@ Add a Place

[ Browse

Text (M5-DOS) (*tt)

CSV (Macintosh) (*.csv)

C5V (M5-DOS) (*.csv)

DIF (Data Interchange Format) (*.dif)
SYLK (Symbolic Link) (*.slk)
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Appearance of a .csv file

File Edit  View

sample,barcode,EPID,Well,IsQCTest,IfRetestOriginalRun
sample®l,barcode@l,HQU-JAD-JAS-04,A01,No,
sample@2,barcode®2,HQU-JAD-JAS-04,B81,No,
sample@3,barcode®3,ANB-NSD-AJD-083,C81,No,
sample®4,barcode@4, ANB-NSD-AID-@3,D01,No,

postive control,barcodees, ,Ee1,,

negative ext,barcodeos,,Fel,,

negative RTPCR,barcodeé?7,,Goel,,
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Running PiranhaGUI

# Piranha - X

(‘} Powered by ARTIFICE | ARTICnetwork: hitp://artic.network
.

Polio Sequencing
Consortium

® Click here to set up the
phylogenetic module

Piranha
| Polio Direct Detection by Nanopore Sequencing (DDNS)
analysis pipeline and reporting tool

Bill & Melinda Gates Foundation OPP1171890 and OPP1207299

Persistent Run Options

Sequencing Run:
Select a CSV file containing the IDs and barcodes for each sample:

Select the folder containing sequencing reads from MinKnow

MinKnow Run
Run Name

User Name

Institute

Notes

Select a folder for the output of Piranha analysis:

Qutput Folder

Set options for this run
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Running PiranhaGUI

£ Piranha _ %

~ e Turn on/off
Disable Piranha Phylogenetics module p hyl Oge n et I CS

user Name: S
nstitvte: T
® Select a folder

output Foder I I— T -
containing
sequences to add
to the tree (e.g.
your laboratory
sequence QC
database)

Orientation: vertical -

Protocol stool —

Positive Control

Negative Control:  FIet

Continue




Running PiranhaGUI

Polio Sequencing

Consortium

Select your barcode.csv file

and your demultiplexed
sequencing data

Set your run name

Select an output folder for
your results

® C(Click “Continue”

# Piranha - X

@ Powered by ARTIFICE | ARTICnetwork: http://artic.network

Piranha Polio Squencmg
| Polio Direct Detection by Nanopore Sequencing (DDNS) Consortium

analysis pipeline and reporting tool
Persisw. ™t Run Options

Bill & Melinda Gates Foundation OPP1171890 and OPP1207299

Sequencing KW
gct a CSV file containing the IDs and barcodes for each sample:

Samples

Select the folder containing sequencing reads from MinKnow:

MinKnow Run

Run Name

User Name

Institute

Notes

a folder for the output of Piranha analysis

Output Folder




e @ piranhaGuUI

. S et ru n O ptl O nS ‘ FO r O Powered by ARTIFICE | ARTICnetwork: http://artic.network
DDNS stool testing: P Pranha %g sequencin

Polio Direct Detection by Nanopore Sequencing (DDNS)

analysis pipeline and reporting tool Bill & Metnda Gates Foundation OPP1171890 and OPP1207299
b p e loviosl  Analysis Threads:5 ©
Stop Analysis Analysis is running

Maximum length - 1300
bp

Minimum read depth —

50 |
Minimum read e i sl B
percentage — 0

Developed by researchers at
University of Edinburgh
in collaboration with

(See QC docu ment) Imperial College London & NIBSC
Supported by:
ARTIC Network Wellcome Trust Collaborators Award
(206298/2/17/Z)
Bill and Melinda Gates Foundation
(OPP1207299)

® Start analysis

Wellcome Trust Award 206298/2/17/2
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PIRANHA - output

* Qutputs a summary report html, individual barcode reports, and consensus
sequences as a fasta (both individual and in one file)

{st Home Documents Sero-spec analysis_2022-09-12

=l Documents

@ barcode_reports 9 items 12Sep W
¢ Downloads @ published_data 16 items 12Sep W
1 Music report.html 35.9kB 12 Sep w
(] Pictures
H videos
il Rubbish Bin
= sf_shared A

(=] sf_SharedFolder

() VBox GAs 6.1...

L Ntherlaratinne




PIRANHA fasta output
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All VP1

seguences

for the

sequencing

run

seminest

1) Recent

* Starred
{s} Home

[ Desktop
[E] Documents

 Downloads

M Rubbish Bin

analysis_2022-09-01

- O WA e S

@ barcode26
@ barcode27
@ barcode3s
@ barcode3s
@ barcodeso
@ barcodes2
@ barcode61
@ barcodes3
@ barcodes4
@ barcode74
@ barcode76
@ barcodess
@ barcodes?
@ barcodess

published data

=| vp1_sequences.fasta

-

15ep
15ep
15ep
15ep
1Sep
1Sep
tem 15ep
tem 15ep
tem 15ep
tem 15ep
tem 15ep
tem 15ep
tem 1Sep

i D S R o b b b+ b < b < i i

tem 1Sep
"barcode01” selected (containing 1item)
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PIRANHA fasta output

analysis_2022-09-01 published data barcode26

1) Recent

=| barcode26.consensus.fasta
* Starred
{3} Home

[ Desktop

[El Documents

I Downloads
J1 Music

[«] Pickures
4 Videos

M Rubbish Bin




Sample —— i
contents ——— -

overview — —
Navigate to/ E— m—
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Download fasta
files of consensus
seguences

Takde 2 | Compostion of samgies

reports

Sabunt Related Saken Rrlated

Sabm)-RAelated

Search:

Wigrat Wowd Wl Horgpoboey Lnmapperd

HARREEERIE

Hii

Read numbers
per sample



. . - - i (W I nyas] ian cource A mating Man i O D Analvs
l ; PoSeCo | Poliovirus Sequencing Gonsortium piranha | Poliovirus Investigation Resource Automating Nanopore Haplotype Analysis

Sample reports give details of

sampIeOB report determined contents and fasta

consensus sequences

Table 1 | Summary of sample content

Search:
Sample 4 Barcode Reference Group
sample08 barcode33
sample08 barcode33

>5ampledB |barcode33|S5abinl-related|Poliovirusl-Sabin AY184219|1|268:AT

GOGTTAGGTCAGATGCTTGAAAGCATGATTGACAACACAGT CCOTGAAACGLTGLLGECGLCAACGTCTAGAGACGCTCTCCCAAACACTGAAGCCAGTGGAC CAGCACACTCCAAGGAAATTCCGGCACTCACCOCAGTGGAAACTGGGGCCAL
AAATCCACTAGTCCCTTCTGATACAGTGCAAACCAGACATGTTGTACAACATAGGTCAAGGT CAGAGTCTAGCATAGAGTCTTTCTTCGCGCGOGGTGCATGCGTGLCCATTTTAACCGTGGATAACTCAGCTTCCACCAAGAATAAGGATAAGC
TATTTACAGT GTGGAAGAT CACT TATAAAGATACTGTCCAGT TACGGAGGAAAT TGEAGT TCTTCACCTATTCTAGAT TTGATATGGAATTTACCTTTGTGLT TACTGCAAATTTCACTGAGACTAACAATGOGCATGCCTTAAATCAAGTGTAC

CAAATTATGTACGTACCACCAGGCGCTCCAGTOCCCGAGAAATGGOACGACTACACATGGCAAACCTCATCAAATCCATCAATCTTTTACACCTACGGAACAGCTCCAGCCCOGATCTCOGTACCGTATGTTGGTATTTCGAACGCCTATTCACA
[TTTA A [TTT] AAA A A AR A A A A A A 1 f £ AAR ACT] ATTT] [TAGA A AA A ACAN

= = L u = 272 H 1FL = AFLTLTL SANT




Table 2 | Sabini-related

Information
Reference group Sabin1-related
Mumber of mutations 1
Mutations 268:AT
< 100 .
=
E 80
el
2 60
@
g 40
8
] 20
g
£ 0 . . . : . . . :
0 100 200 300 400 500 600 700

Position (bp)

Figure 1 | Variation (errors + mutations) across Sabin1-Related reference in sample08

For each consensus it shows mutation
details including location on the VP1
region

Background wariation
i SHP

800 900 1,000



~TSNP
? MixedTest|Sabin3-related|SEQO01|GHD-S
Sample (L VDPVTest|Sabin3-related| SEQ01|HDG-A
. Background[— ]
Sabi o somemixed|Sabin3-related|SEQO1||
abin

@ Samnple045-Run12-QCPass

@ Samnple057-Run13-QCPass

¢y Poliovirus3-Sabin_AY184221

Figure 3 | Sabin3-related phylogeny

Polio Sequencing
Consortium

Trees can be used to
identify contamination
within the run.

Historical sequences
from the lab (stored in
the laboratory
sequence QC
database) can help
identify contamination
from experiments.
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Detailed run report
A B C D F F G Al Al AK AL AM AN
sample  barcode EPID institute  well IsQCRetes |fRetestOri s>abinl-rel Sabin2-rel Sabin2-reli Sabin2-rel: Sabin2-rel: Sabin2-rel £
MixedTest barcode01 GHD-SHD-AKD-02  AQ1 No Poliovirusz 246 1 99.89 Sabin-like |
PureTest barcode0Z2 HDG-AKS-UHE-03  BO1 No Poliovirus? 708 10 98.89 VDRV
WTTest  barcode0Z GHD-SHD-AKD-10 CO1 No 1
VDPVTest barcode04 HDG-AKS-UHE-12 D05 No 0 [
negative barcode(05 D06 0
positively barcode06 D07
somemixe barcode07 H12 0
Poliovirusz 137 0 100 Sabin-like |

Includes data from barcodes.csv with the sequencing results now appended

Can be annotated during QC process, marking samples to “pass” and report, or those that
are “pending” and need further investigation.

Additional metadata can be added as it becomes available (e.g. ITD results, Sanger results)
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Things to look out for

Spaces

Don’t put spaces in folder names

Special characters

Try to stick to using only =" and * " when naming samples, files, and
directories: e.g., run_2023-07-26_barcodes.csv

Capital letters

Some bioinformatics software is case sensitive so be careful when writing
commands and file paths

Dates: always use the 1SO 8601 date format: 2023-0/-26
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/. Quality Control and Reporting

Presentation and discussion
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Post-run QC for DDNS stool testing

Post-sequencing

checks
— * QC process documented in:
am SOP_Metadata and QC.docx — available via
Perform fun Ac et https://polionanopore.org/
‘ Pass Fail
Perform Sample QC

for each sample

ﬁp% L e This QC routine is designed for routine direct testing

SR of poliovirus from stool samples where the majority
etest sample
Tt of samples will be negative. Other applications may
C"“t(iirimiii”u'l%“°”“ require other QC thresholds (e.g. minimum pore
see step

\\Fai. numbers, run duration)

T . .
If samples passes, If found to be contamination,
report if sequence of mark accordingly and remove
interest from downstream analyses and

4 } reporting
Add all sequences to % ;

the laboratory Add all sequences to

sequence QC the laboratory
database folder sequence QC

database folder



https://polionanopore.org/
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Sequencing Run QC

Post-sequencing * PIRANHA will add sequencing and QC data
checks ]
to the barcodes.csv and save the file as a
*k report
Run PIRANHA '
* Check run QC
: S_Z — e Did Positive control have > 500 reads
P Run QC T -
erform Run Q ro(t;e:;:po’;;un mapping to A207?

* Does the Negative control have <50

Fail
{ Pass reads mapping to PV or NPEVs?
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Sequencing Run QC

Check your paperwork and the barcodes.csv!

Too few positive control reads:

Confirm that your earlier positive control check has passed QC checks Repeat the
library pooling and confirm the presence of your library after the cleanup steps using
a Tapestation or a Qubit fluoremeter.

Check that you are ligating the correct adaptor (LA) and are using the short fragment
buffer (SFB) during library preparation.

Too many negative control reads:
Confirm that your earlier negative control check has passed QC checks.

Rewash the flow cell with a DNAse wash and repeat the library pooling and
seguencing run.
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Sample QC

Perform Sample QC
for each sample

77 N

Fail

L5

Sequences of interest
can be reported

Retest sample

NS

* |f run passes, check samples where PV was detected.
Samples may be classified as “Fail” if:

A pair of samples with the same EPID (i.e. from the same
case) are 3 or more nucleotides different from each other
over VP1.

A sample is identical to any other sample with a different
EPID (i.e. they are from different cases), unless the sequences
are both the same Sabin serotype with no mutations from
the original vaccine.



L4
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Sample QC

~TSNP

* Wild type and VDPVs should be compared to
the laboratory sequence QC database (e.g. via
the tree generated in the Piranha report)

? MixedTest|Sabin3-related| SEQO01|GHD-S

Sample
. Background
Sabin

¢ Poliovirus3-Sabin_AY 184221

Figure 3 | Sabin3-related phylogeny

] \orviestSsbmsemedsEQOIHOG * |dentical sequences may indicate amplicon
contamination and should be marked as “Fail”
for retesting.

@ somemixed|Sabin3-related|SEQO1|

——@ Samnple045-Run12-QCPass

@ Samnple057-Run13-QCPass

Seguences from previous
DDNS runs
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Sample retesting

Retest sample

~ 2

Compare results from

the two runs
(see step 16)

If samples passes,
report if sequence of
interest

<z

Add all sequences to
the laboratory
sequence QC
database folder

Pass \// \\Fall

If found to be contamination,
mark accordingly and remove
from downstream analyses and
reporting

<z

Add all sequences to
the laboratory
sequence QC

database folder

Try to avoid using the same layout if checking a
group of samples.

Flag as a QC-check on the new sequencing run.

Annotate the original run depending on the
result. Report the sample if it passes the repeat.

Talk to the appropriate person to arrange the
retesting
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Laboratory Sequence QC Database

* Copy the vpl sequences.fasta from the piranha output folder to your Laboratory
Sequence QC Database folder.

* Edit the filename to include the run number e.g. vpl sequences.fasta becomes
vpl sequences Run33.fasta

> Run33 > piranha_output * published_data v {0 | Search published_datza
Mame Date modified Type
barcodel1 25/09/2024 1147 File folder
barcodel2 25/09/2024 11:47 File folder
barcodel3 25/09,/2024 11:47 File folder
barcodel4 25/09/2024 1147 File folder
barcodel5 25/09/2024 11:47 File folder
barcodel& 25/09/2024 11:47 File folder
barcodel7 25/09/2024 11:47 File folder

4 vp1_sequences_Run33 25/09/2024 11:47 FASTA File



Laboratory Sequence QC Database
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barcodel1
barcodel2
barcode03
barcodel4
barcode05
barcodel6
barcodel7

o) vp1_sequences_Run33

25/09/2024 11:47
25/09/2024 11:47
25/09/2024 11:47
25/09/2024 11:47
25/09/2024 11:47
25/09/2024 11:47
25/09/2024 11:47
25/09/2024 11:47

lle folder

ile folder

ile folder

ile folder
File folder

File folder

File folder
FASTA File

J *vp1_seguences_Run33 - Notepad
File Edit Format View Help

>MixedTest|Sabin2-related|SEQ@1|GHD-SHD-AKD-02 |QCPass

arcode=barcodedl

GGAATTGGTGACATGATTGAGGGGGCCGTTGAAGGGATTACTAAAAATGCATTGGTTCCCCCGACTTCCAC!
>MixedTest|Sabin3-related|SEQ@1|GHD-SHD-AKD-02 |QCPass barcode=barcodee1
GGTATTGAAGATTTGATTTCTGAAGTTGCACAGGGCGCCCTAACTTTGTCACTCCCGAAGCAACAGGATAG!
>PureTest|Sabin2-related|SEQ@1|HDG-AKS-UHE-@3|QCPass barcode=barcode@2 |
GGAATTGGTGACATGATTGAGGGGGCCGTTGAAGGGATTACTAAAAATGCATTGACTCCCCCGACTTCCAC!
>VDPVTest |Sabin3-related|SEQ@1|HDG-AKS-UHE-12|QCPass barcode=barcodee4 |
GGTATTGAAGATTTGATTTCTGAAGTTGCACAGGGCGCCCTAACTTTGTCACTCCCGAAGCAACAGGATAG!

Sequences passing QC can
be annotated
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8. Preparation of the positive control for
DDNS

Presentation and discussion
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The positive control

* Positive control: Coxsackie virus A20 (CVA20) Contact Dr. Erika Bujaki
to order

* Supplied as pre-measured, lyophilised virus
* Must be reconstituted before use in extraction step

)l
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Preparation of positive control - stocks

Step One : Add 1ml of
nuclease-free water

N

. g
Lyophilised CAV20

=

Step Two:
Vortex briefly

=

?

-

Step Three: Make 33

BIOLOGICAL HAZARD
Must be handled in
Class 2 safety cabinet

Step Four: Store

single-use aliquots at -20°C
30ul CAV20
1.5 ml Eppendorf x 33 -20°C
——— Do not freeze thaw

Discard aliquots after
5 weeks
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Preparation of positive control for extraction

BIOLOGICAL HAZARD
Must be handled in
Class 2 safety cabinet

Step One: Defrost one Step Two: Add nuclease-  Step Three: Pipette to
30ul aliquot free water mix

N

Proceed to RNA
E> E> E> extraction
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Preparation of positive control - overview

Reconstitute lyophilised
CAV20

l

Prepare single-use aliquots | ™=

l

Make up to same volume | s | Add 270 ul NF-water*
as stool samples * olume for DDNS samples

l

Perform parallel extraction
of CAV20 with stool
samples

4 Add 1ml NF-water

30ul aliquots
stored at -20°C
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9. In-house Verification

Presentation and discussion



Polio Sequencing

In-house verification Consortium

**In-house verification process— available via https://polionanopore.org/

**|n-house verifications aims to:

v’ confirm that the required performance characteristics can be met within the settings

v’ Prove that the lab can adequately perform the method as intended achieving the DDNS
performance requirements for the sample matrix (stool) to which the DDNS method is
applied to.

s Positive controls — supplied by MHRA

v Candidate 1 (CVA20-IH35)
v’ Candidate 2 (CVA20-Cecil)


https://polionanopore.org/

In-house verification

s*Four stages

v’ Stage 1: To show if RNA extraction & PCR
amplification worked efficiently resulting in PCR
amplicons and consensus sequences.

v’ Stage 2: To show if the assay worked efficiently
with the stool matrix.

v’ Stage 3. DDNS vs gold standard method result
comparison.

v’ Stage 4: Lab to test its entire quality system and
provide a real time assessment of the lab’s
proficiency

Spiking of negative
stool with neat
positive control

Spiking of water
with positive
control dilutions

positive and

1. Reconstitute a
positive contrel vial
containing
Iyophilised CVA20

l

2. Prepare ten-fold
dilution series

|

3. Make single use
aliguots of each
dilution

|

4. Spike each dilution
series into nuclease
free water

1. identify known
positive and
negative samples
test by culture and
Jor ITD RT-gPCR

|

2. Select 5 positive
and 5 negative
samples (include
weak and strong
positives based on
culture and ITD Ct

values) l

3. Perform first
round PCR (semi-
nest) and nested PCR

1. Reconstitute a
positive control
vial containing
lyophilised CvA20

2. Make single use
aliguots of the
reconstituted neat
positive control
solution

3. Spike a neat positive
control aliguot into
five tubes of known
negative stool
suspensions

|

4. Perform first round
PCR (semi-nest) and
nested PCR

3. Perform first
round PCR (semi-
nest) and nested PCR

|

6. Run all amplicons
on agarose gel or (if
available) Tapestation

4. Run all amplicons
on agarose gel or (if
available)

Tapestation

|

5. Undertake
nanopore

5. Run all amplicons on
agarose gel or (if
available) Tapestation

|

6. Store amplicons for
sequencing later with
amplicons from stage 1

p £ amplicons from stage

and 3 land2

to the DDNS protocol
for amplicons at this
stage along with

7. Store amplicons for
sequencing later with
amplicons from stage
2and 3

Testing of known

negative samples

sequencing according

Blinded sample set
testing

1. Prepare a worksheet
containing a list of stool
samples previously

tested for poliovirus by

DDNS l

2. Assign the samples
with new lab 1.d and
blind the result

3. The set of blinded
samples subjected to
the entire sample

handling and
processing workflow

4. Blind samples
subjected to the
entire DDNS protocol

5. Compare the newly
generated results to
corresponding
pervious results

6. Record results in
the verification report

|

—

Y

7. Send reports to Polio
Sequencing Consortium
for review

Undertake nanopore sequencing according to the DDNS protocol for amplicons

l

generated at stage 1, 2, and 3

Analyse the generated data using Piranha Gui

Record results in the verification report and send all reports to the Polio Sequencing
Consertium for review. Reviewed reports become part of your Lab's QA records

8. Reviewed reports
become part of your
Lab's QA records




In-house verification Report

DDNS In-House Verification Report

This form should be completed to record the laboratory’s DDMS in-house verification results. It aims to
demaonstrate that your lab results are in line with how the DDNS method has been designed to perform.

The completed report becomes part of your laboratory’s QA records.

Name of Institute Organisation. ... ... s

Date of in-housze verification: Start......... e T Completion ... Foviiiie s
Positive control candidate used: ... Lot/batch number.....connn
Date of control material vial resuspension: ... frviiin Foiisiinin Aliquot storage temperature...... C

Please summarise results in the tables below, ensuring to attach RT-PCR and VP1 PCR electrophoresis
images/reports, MinKMOW sequencing run reports and PIRANHA analysis report files for each stage to enable
review.

Stage 1 Results For Official Use Only
Outcome

Spiking of water Samples Sequence

w.ith_positive Eunte PCR amplicon Zenerated Pass Fail

dilutions Yes Mo Yes No

Aim: To show if RNA ilzdl

extraction & PCR 10-1

amplification worked | 10-2

efficiantly resulting 10-3

in PCR amplicons 10-4

and consensus B
Positive control

sequences.

Megative control (=]

Comments (if applicable):

Stage 2

Results For Official Use Only
- . Outcome
Spiking of negative Samples T
tool with it
T PCR amplicon generated Pass Fail
control neat stock = S = S
= o es o

Aim: To show if the Spiked stool 1

assay worked Spiked stool 2
efficiently with the Spiked stool 3
stool matriz.

Spiked stool 4
Spiked stool 5

Positive control

Megative control {s]

Unspiked stool

Comments (if applicable):

DDNS In-House Verification Report

Polio Sequencing

Consortium

Stage 3 Samples Expected Observed For Official Use Only
Testing of known Outcome
positives and Pass Fail
negative samples
Positives
Aim: DONS vs Megatives Mo PCR amplicons or
gold standard CONSENSUS SeqUence
method result
comparison. Positive control
Megative Mo PCR amplicons or
control {=) CONSENSUS SEqUEnCe
Comments [if applicable):
Samples Expected Observed For Official Use Only
Outcome
Sl._age . Pass Fail
Blinded sample
settesting Positives
Megatives No PCR amplicons or

Aim: Lab to test its

CONSENsUS SequUence

entire quality

system and .
Positive control

provide a real time -
Megative

control (5]

assessment of the

Mo PCR amplicons or
CONSEnsUS SEqUence

lab's proficiency

Comments (if applicable):

Approwval

Laboratory's Lead Signature & Date

QC&QA Lead Signature & Date

GSL Signature & Date




Polio Sequencing
Consortium

End
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