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Mobile labs and field sequencing during outbreaks

History and development of sequencing In
the field

Joshua Quick, ARTIC network
15t April 2026
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Early adopters
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LAt A genuine >8kb Oxford @nanopore read off our instrument
ciAr ot gy, THIS MORNING. And happily it's actually useful for
e diagnosis! figshare.com/articles/A_P_a...

| 7:40 AM - Jun 11, 2014 ®

QO 42 O 10 & Copy link to Tweet




Principles of ONT sequencing

Protein

Nanopore

Raw data
& hh':\ﬁ
lonic ey k.
Current
X £k
A = L
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Sequence
CCGACTCCGGTTACCCGCGTTGATT

= *(ASIC:application-specificintegration circuit)

Current changes (squiggles)
are decoded by algorithms,
such as Dorado (MinKnow)
=> base calling in real time




Flow cell at a glance

Warranty >800 active pores

Fluid Inlet

Waste port 2 Waste port 1 l
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Sensor array
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2048 active well electrodes

Waste channel Priming port cover SpotON port cover 512 channels - 4 channels
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Developments in base calling algorithms

Ay L}Ls A
09 010011 . 14 A7 @8 Al7 17
D2 O14 16

=

O

Accuracy (%)

Developments in nanopore chemistry

2015 2016

RNN Transducer Raw base calling
MinION released (Nanonet) (Scrappie) (Albacore v2.0.1)

Rang FJ et al. From squiggle to basepair: computational approaches for improving nanopore sequencing read accuracy. Genome Biol. 2018 Jul 13;19(1):90.




Why sequence in the field?

« Sample integrity

« Shipping dangerous samples

« Nagoya protocol (soon to cover data)
 Faster results

 Build local capacity (logistics still an issue)

Pathogen
* Genome size

* Cost
* Portability

* Sequencer performance

* Depth of coverage

Processing
* Extraction efficiency
* Physical enrichment
e Library preparation
* Contamination

Host
* Phase of infection
¢ Pathogen titres

Sample
* Sample type
* Preservation

Informatics

* Computer power

* Internet connection

» Reference databases

¢ Closely related species
* Pipeline performance
* Confidence thresholds

Action

¢ Interpretable report
¢ Clear clinical or
epidemiological action
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Portable Sequencing Lab “.‘.
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PCR & Post PCR Extsr:cticlm &
Manipulations e
Addition

JJ Muyembe
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A. B. 19 reactions
NP VP35 VP40 GP VP30 VP24 L Forward]  Reverse] Cengn
1 F 3 R 1426
3F 4 R 973
5 F 6_R 952
7 F 8 R 941
9 F 10 R 940
11 F 12 R 958
13 F 14 R 906
Q N N 15_F 16_R 974
. olJQQ r_@g ) $ . 17 F 18 R 969
1 1 19 F 20 R 1445
21 F 22 R 906
23 F 24 R 958
25_F 26_R 947
1F2F3F 4F5F6F 7F8F 9F10_Fi1_F12 F13 F14 F15 F16_FI7 F18 F19_F 20 _F21_F22 F23 F24 F25 F26_F27_F28_F29 F30_F 31_F32_F33_F34_F35_F 36_F37_F 38_F 26 F 29 R 1898
29 F 30 R 946
All 31 F 32 R 901
33 F 34 R 963
1R 2R 3R 4R5R 6.R7RB8ROIRIO_RT_RI2_ R13_R14_RI5_R16_RI7_R18_RI9_R  20_R21_Re2_R23_R24_Re5_R26_R27_R28_R29_R30_R31_Re2_R33_R34_R35_R 36_FB7_R 38_R 35 F 36 R 977
37_F 38 R 975
1F 3F 5F 7F 9F 11.F 13F 15F 17.F  19F 21F 23 F  25F26F 29F 31.F 3F 35F 37F
— | | | | | 1 | [ | | I I | |  c 11reactions
| | | I | I | | | | | | | I | | I | Forward Reverse Length
3R 4R 6. R 8R 10.R 12R 14R 16R 18R 20R 2R 24R  26R 29 R30R 32R 84 R 3R 38R 1 F 4 R 1911
5 F 8 R 1901
9 F 12 R 1895
13_F 16_R 1874
1.F 5F 9F 13_F 17_F 20_F 23 F 26_F 30_F 33_F 35 F 17 _F 20 R 2406
I S AR Y I T Ay AN |
11 rxn 23 F 25 R 1410
11 1 |
4R 8 R 12.R 16_R 20R 22.R 25 R 29 R 32.R 3R 38_R 30_F 2R 1427
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Lauren Cowley @LaurenCowley4 - Jun 5
#Ebola #MinlON sequencing right in the field, all in a days work

40 35
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Outbreak coverage
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science From Ebola to Zika,

Supported by: tiny mobile lab

Squarespace gives real-time DNA
data on outbreaks

A genomic surveillance system

which fits in a suitcase can help Luxembourg aims to be
health workers to quickly blg player in possible
understand the spread of viruses asteroid mining

and break the chain of infection

Alert! There's a dangerous new viral
outbreak: Zika conspiracy theories

Cancer treatment Headteacher mocked on German scientists to conduct Scientific ignorance about

development to be speeded Twitter for claiming nuclear fusion experiment Zika parallels Aids crisis in
up by new London research evolution is not a fact 1980s, say Brazilian experts
hub

Zika virus: pesticides are not a
long-term solution says leading
entomologist

All today's stories 10,366 100

The laboratory in a suitcase

How genome sequencing can be quickly deployed to monitor outbreaks
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THE VERGE

. LosiNisieNup  LONGFORM . REVIEWS. VIDEO. TECH. SCIENCE. ENTERTAINMENT. CARS. DESIGN. US&WORLD. FORUMS o}
PREVIOUS STORY NEXT STORY
YouTube Red's first batch of original content is premiering Google removes Samsung's first Android ad blocker from
on February 1oth the Play Store

[Soehce | v | weror |

This 'lab in a suitcase' helped track
Ebola cases last year

By Russell Brandom on February 3,2016 01:00 pm &% Email W @russellbrandom

COMMENTS I

PART ; / ‘ .
OF THIS S(ORYSTREAM ; ' Y 5 ]
: Bill Gates

@BillGates

Sharing things I'm learning through my foundation
work and other interests...

Seattle, WA gatesnotes.com

49 UPDATES TO

. 169 FOLLOWING  27.1M FOLLOWERS
Tracking the deadly ebola

outbreak in West Africa Media — ]

Bill Gates @BillGates 1h
a From Ebola to Zika, this “lab in a
suitcase” provides crucial data for

outbreaks: b-gat.es/1XIKQkZ via @verge

Notifications Messages







Zoophilic mosquitoes

Ae. dalzieli Ae. tarsalis Ae. taeniarostris

Ae. fowlen Ae. vitatfus Ae. tarsalis HH :

Ae. furcifer Ae. africanus  Ae. vitattus AnthroPoPhl"c mqsquutoes
Ae. luteocephalus  Ae. flavicollis ~ An. gambiae Ae. aeQYRt'

Ae. metallicus Ae. furcifer Mansonia uniformis Ae. albopictus

Ae. minutus Ae. grahami  Eratmapodites Ae. hensilii

Ae. neoafnicanus  Ae. opok

—" ? = Vector-borne transmission

=4 |

\_/ \_/ Amniotic fluid
Semen
Urine

Urban
cycle

Sylvatic
cycle

Breast milk
Blood

Non-Vector-
borne
transmission
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Technical challenge: High Ct

* Direct RNA
* RNA-Seq (w/ DNase) "
 Bait capture :
« Amplicon

gRT-PCR

o
- — M/ ’r

0 ' ' ' '
20 25 30 35 40

RT-PCR Ct values
dRNA
Amplicon > ZiBRA project data

qRT-PCR



primalscheme

primer panels for multiplex PCR

Design a new scheme Reset defaults

X FASTAfile... nCoV-2019.reference.fas... SUBIECISIEE

400
Options

Min/max will be set at 5% either side of target.

High-GC mode

Scheme name
Pinned

nCoV-400

© Use the standard protocol for these settings.
A short name/prefix for your scheme, no spaces.

(O Design scheme>

View demo inputs
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——  ZF1 (saliva - Ct 36.1)
——  ZF10 (urine - Ct 33.6)
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prv NS2A/B NS4A/B
Zika virus genome

Two Florida samples Ct 33.6 and 36.1 sequenced in the Andersen Lab




Current ONT workflow

Current ARTIC workflow uses
barcode ligation

Very low rate of barcode
swapping/misidentification

Limited room for futher
optimisation

Pool 1

13 15 17 19 21 23 25 27 29 31 33 35

Pool 2

14 16 18 20 22 24 26 28 30 32 34

S5UTRC Pr M

Zika virus

Env

NS2A NS2B NS3 NS4A 2K NS4B NS5 3'UTR

Step 1

Step 2 (optional)

Step 3

Step 4

Step S

Step 6

High molecular weight DNA

>®

It can be genomic DNA, cDNA
or amplicons

( : "

Fragm (op )
Usually used with genomic
DNA; typically omitted with

short amplicon input

A End-prep and nick repair

\®The end are FFPE repaired and
dA-tailed using the NEBNext
™ i End Repair/dA-tailing module

Ligation of the barcoding

sequences
Native barcodes are ligated on
both ends of the dA-tailed
DNA fragments

Pooling of barcoded samples

"

a Ligation of the
sequencing
adapter

Native adapter

(NA) is ligated

on both ends
Loading of the

barcoded DNA

fragments

B
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Multiplex PCR method for MinION and Illumina
sequencing of Zika and other virus genomes directly
from clinical samples

Joshua Quick!, Nathan D Grubaugh?®, Steven T Pullan3, Ingra M Claro4, Andrew D Smithl, Karthik Gangavarapu?,
Glenn Oliveira>, Refugio Robles-SikisakaZ, Thomas F Rogers26, Nathan A BeutlerZ, Dennis R Burton?,

Lia Laura Lewis-Ximenez’, Jaqueline Goes de Jesus8, Marta Giovanetti®?, Sarah C Hill10, Allison Black!!12

Trevor Bedford!l, Miles W Carroll?:13, Marcio Nunes!4, Luiz Carlos Alcantara Jr.8©, Ester C Sabino#, Sally A Baylis!>,
Nuno R Farial?, Matthew Loosel6, Jared T Simpson!7, Oliver G Pybus!?, Kristian G Andersen2-> & Nicholas J Loman!

IInstitute of Microbiology and Infection, School of Biosciences, University of Birmingham, Birmingham, UK. 2The Scripps Research Institute, La Jolla, California, USA.
3Public Health England, National Infection Service, Porton Down, Salisbury, UK. 4Department of Infectious Disease and Institute of Tropical Medicine, University

of Sad Paulo, Sad Paulo, Brazil. 5Scripps Translational Science Institute, La Jolla, California, USA. Massachusetts General Hospital, Boston, Massachusetts, USA.
Instituto Oswaldo Cruz, Funda¢ao Oswaldo Cruz, Rio de Janeiro, Brazil. 8Funda¢ao Oswaldo Cruz (FIOCRUZ), Salvador, Brazil. 9University of Rome, Tor Vergata, Italy.
10Department of Zoology, University of Oxford, Oxford, UK. !1Vaccine and Infectious Disease Division, Fred Hutchinson Cancer Research Center, Seattle, Washington, USA.
12Department of Epidemiology, University of Washington, Seattle, Washington, USA. 13University of Southampton, South General Hospital, Southampton, UK.
H4]nstituto Evandro Chagas, Belem, Brazil. 15Paul-Ehrlich-Institut, Langen, Germany. 16DeepSeq, School of Life Sciences, University of Nottingham, Nottingham, UK.
17QICR, Toronto, Canada. Correspondence should be addressed to N.J.L. (n.j.loman@bham.ac.uk).

Published online 24 May 2017; doi:10.1038/nprot.2017.066
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Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1, complete

genome

GenBank: MN908947.3
FASTA  Graphics

Go to:

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

TITLE
JOURNAL
PUBMED

REFERENCE
AUTHORS

TITLE
JOURNAL

COMMENT

MN908947 29903 bp ss-RNA linear VRL 18-MAR-2020
Severe acute respiratory syndrome coronavirus 2 isolate Wuhan-Hu-1,
complete genome.

MN908947

MN908947.3

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
Severe acute respiratory syndrome coronavirus 2

Viruses; Riboviria; Orthornavirae; Pisuviricota; Pisoniviricetes;
Nidovirales; Cornidovirineae; Coronaviridae; Orthocoronavirinae;
Betacoronavirus; Sarbecovirus.

1 (bases 1 to 29903)

Wu,F., Zhao,S., Yu,B., Chen,Y.M., Wang,W., Song,Z.G., Hu,Y.,

Tao,Z.W., Tian,J.H., Pei,Y.Y., Yuan,M.L., Zhang,Y.L., Dai,F.H., Jan 22, 2020
Liu,Y., Wang,Q.M., Zheng,J.J., Xu,L., Holmes,E.C. and Zhang,Y.Z.

A new coronavirus associated with human respiratory disease in e= Run
China V=

Nature 579 (7798), 265-269 (2020)

32015508 Y% Bookmark

2 (bases 1 to 29903)

Wu,F., Zhao,S., Yu,B., Chen,Y.-M., Wang,W., Hu,Y., Song,Z.-G.,
Tao,Z.-W., Tian,J.-H., Pei,Y.-Y., Yuan,M.L., Zhang,Y.-L.,
Dai,F.-H., Liu,Y., Wang,Q.-M., Zheng,J.-J., Xu,L., Holmes,E.C. and
Zhang,Y.-Z.

Direct Submission

Submitted (05-JAN-2020) Shanghai Public Health Clinical Center &
School of Public Health, Fudan University, Shanghai, China

On Jan 17, 2020 this sequence version replaced MN908947.2.

¢ Copy/ Fork

Steps Forks

Metadata
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® nCoV-2019 sequencing protocol V.1 ~

R’ Forked from Ebola virus sequencing protocol

] Spanish Journal of Legal Medicine

Josh Quick’

TUniversity of Birmingham

m Works for me

dx.doi.org/10.17504/protocols.io.bbmuikéw

ARTIC Coronavirus Method Development Community 1 more workspace

Josh Quick @ © O

SUBMIT TO PLOS ONE

Metrics
ABSTRACT

ARTIC amplicon sequencing protocol for MinlON for nCoV-2019
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Home > Applications > NGS Sample Prep & Target Enrichment > NEBNext® ARTIC products for SARS-CoV-2 sequencing

NEBNext® ARTIC SARS-CoV-2. Don't let up. We'll help.

Product Listing m I DT
Search @

Interested in trying NEBNext AR’ INTEGRATED DNA TECHNOLOGIES Order by stock part number »
Especially with the ongoing emerge
health, there is an increasing need PRODUCTS & SERVI MERCK ‘ Products v | Type in Product Names, Product Numbers, or CAS Numbers to see suggest

based on the original work of the A

sequencing protocol v2 (Gunlt)). COVID-19 SOLUTIO!

The ARTIC method is a multiplexe( CDC assay

options are compatible with lllumin Charité/Berlin assay

sequencing generate library inserts Sherlock CRISPR kit Home > COVID-19

See what users are saying Luminex assay

Custom detecti \
A:iltz:mvae - p:nf B Corona
primer se
NGS solutions Cha raC1
Customer Letter

Cas13 guide RNAs Product
Affinity Plus ASOs .

Genes S gene fragmen Additional Resources

Media information

EXPEDITING YOUR COVID-19 RESPONSE, VAC(

As a global life science supplier, we are here to help in the resg
for detection and characterization to production, we've conso
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68k jobs, 18M Covid19 genomes

Developments targeting more diversity,
multiple reference panels, ML interactions
checking

Uses MSA alignment as input

Use more primers without increasing
interactions aiming for megaplex PCR

~ Pool 1

7_LEFT vs 9_RIGHT
ATCAGAGGCTGCTCGTGTTGTA > 3°
LI

3" < CACAACACCGTCTACGACAGTA

15_LEFT vs 15_RIGHT
ACAGTGCTTAAAAAGTGTAAAAGTGCC > 3°

11
3" < TCACGGTCGATGTCAAAGACAA

45_LEFT vs 89_LEFT
TACCTACAACTTGTGCTAATGACCC > 3°
LI
3" < TTACTGGTGTACCTTGCGCATG

1_RIGHT vs 31_LEFT
CATCTTTAAGATGTTGACGTGCCTC > 3°

L

3" < CGGCACGGATGTCATGAGTCTT

N

21_LEFT vs 73_LEFT
TGGCTATTGATTATAAACACTACACACCC > 3°
LI

3" < TGTGGGTTTTTACCTAGTAATGTTTTAAC

21_LEFT vs 29_RIGHT
TGGCTATTGATTATAAACACTACACACCC > 3°
I
3" < TGTGTGGTAGTTTTGAATATCTCATGTGA

85_LEFT vs 13_RIGHT
ACTAGCACTCTCCAAGGGTGTT > 3°
[

3" < TCCCACAAAATTGACGACACCA

59_LEFT vs 89_RIGHT
CTCACGCATGATGTTTCATCTGCA > 3'
[y

3" < ACAAAGTAGAGCAACTGAAAGTCCA

~— Pool 2

18_LEFT and 76_RIGHT
TGGAAATACCCACAAGTTAATGGTTTAAC > 3°
LT

3" < TACCAAATTGTCCGTGTCCACA

36_LEFT vs 70_RIGHT
TTAGCTTGGTTGTACGCTGCTG > 3°

3" < GACGACAATACAGAAATTTTCTTCCAGT

36_LEFT vs 48_RIGHT
TTAGCTTGGTTGTACGCTGCTG > 3°
[
3" < CGTGCGACGAAGACCATTAGAT

36_LEFT vs 70_RIGHT
TTAGCTTGGTTGTACGCTGCTG > 3°

3" < GACGACAATACAGAAATTTTCTTCCAGT

66_LEFT vs 54_RIGHT
GGGTGTGGACATTGCTGCTAAT > 3°
LI

3" < ACACGATTACCTGTTCAAAAACCAA

32_RIGHT vs 38_RIGHT
AGCACATCACTACGCAACTTTAGA > 3"
LT

3' < GCGATGAAATCTGACTGAGAACCAC

EUROPEAN CENTRE FOR
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Most common interactions in ARTIC V3 scheme (ltokawa et al.)

A)

B)

[GCGGA AGATGC A

[TGICGG A A

l Tm (°C)
CGIGAAGBTTGCAGTTAAAATGCCTE 595 0
GGTGTTTG

Set 3’end

61.2 0.2
60.1 0.2

Frequency

GTTGC TGTTTG
TGCEGEA ABTTECAGCTATEGTTTE 60.5 0.2

Figure 4. An overview of the digestion algorithm which generates the discrete primer clouds. A)
shows an example input alignment. After establishing the 3’ end, primers are extended until reaching
the target Tm range (black boxes). B) shows the resulting primer cloud, Tm of each primer, and the

frequency each primer occurs in the original alignment.

e viruses (Chris Kent)




Pan-Measles scheme @

Able to amplify any genotype of
Measles with a single scheme

Up to 12% diversity between genomes
High sensitivity from short amplicons

Can be used for wastewater
surveillance

Read Depth

Pool

Entropy GC%

o 2,000 4,000 6,000 8,000
D> —

10,000 12,000 14,000
L
15

{ N O PVIC DM F | H >

Genome Position

Figure 2: Scheme design and sequencing coverage of MeV primer scheme. The top panel shows the
read depth across the MeV genome for each genotype, A in red, B3 in green, D4 in blue, and D5 in
purple. The second, third and fourth panel shows the positions of the amplicons, GC content and
Shannon entropy across the genome. The fifth panel shows genes (yellow) and the CDS (blue). All
features are relative to the coordinates of reference genome NC_001498.



ecoC

EUROPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL

ct26

le+05 -1

le+04 ~

le+03 7
le+02

le+01

Read Depth

le+05 7
le+04 ]‘

1e+03 4 |

le+02 ]

le+01

2~ R R R K O 0 0 K0 0000 00 00 000 00 €00 00 0 0 00 300 0 000 0 0000 Mt A A0 R 0B LM B0 N

] 1 ] L L 1 L] 1 1
0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,000 180,000




o o HOME | SUBD @
ioRyiv de

THE PREPRINT SERVER FOR BIOLOGY

New Results A Follow this preprint

PrimalScheme: open-source community resources for low-cost viral
genome sequencing

Chris Kent,Andrew D Smith, John Tyson, Dominika Stepniak, “=/ Eddy Kinganda-Lusamaki, “=' Tracy Lee,
Mia Weaver, 2/ Natalie Sparks, Thomas Brier, Lauren Landsdowne, ©2' Sam Wilkinson, 2% Rachel Colquhoun,
Aine O'Toole, (2 Placide Mbala-Kingebeni, lan Goodfellow, {2 Andrew Rambaut, 2 Nicholas Loman,

Joshua Quick

doi: https://doi.org/10.1101/2024.12.20.6296 |

This article is a preprint and has not been certified by peer review [what does this mean?].

l Abstract Full Text Info/History Metrics [® Preview PDF

Abstract

[ P
=




C 25 primalscheme.com

HMRC: Login El_p: Grant Expenditure... s Expenses Hub| s Virology Division -...

‘ FAQs Terms

-

O ¢ PrimalScheme 310

» « primer panels for multiplex PCR

Essentials

Scheme name *

Lowercase letters, numbers, and hyphens only. Your input will be automatically formatted to meet these requirements
Amplicon length * Number of pools *

400 2

Min/max length will be +10%. How many pools should the scheme use?

Email *

1 understand that any outputs are licensed by CC BY-SA 4.0 *

L5_Meeting_Roo...

Fine tuning

Minimum base frequency *

0.01
What frequency should a mutation be to be included in primer design?
Target overlap (bp)

25 labs.primalscheme.com

Default is 10% am,,

Backt
@ primalscheme labs

Try alternative paf

L3_Meeting_Roo... s Virology-Division-... &y Philippines - Britis...

S:Login P Grant Expenditure.. &b Expenses Hub| &b Virology Division -.. g L5_Meeting_Roo...

2

EH MashUp-RT, purif...

€COC

EUROPEAN CENTRE FOR
DISEASE PREVENTION
AND CONTROL

Y o New Chrome avai

@ L3_Meeting_Roo.. &b Virology-Division-.. ¥ Philippines - Britis... MashUp-RT, purif...

Search FAQs About GitHub Create Scheme

High-

Increases the min Search...

Advanced Search

Proceed to file upload Status

(D show withdrawn
(D show deprecated
@ show draft

@D show autogenerated
@D show tested

@ show validated

artic-chikv-ecsa /400 /v1.0.0
authors: quick-lab, artic-network

species: 37124

CCBY-SA 4.0

artic-flu-a/ 800 [ v1.0.0
authors: artic-network

species: 11320

CCBY-SA 4.0

Chris Kent

Collection
ARTIC CLINICAL-ISOLATES COMMUNITY MODJADJI
MULTI-TARGET PANEL QUICK-LAB WASTE-WATER

primalscheme.com

labs.primalscheme.com



https://primalscheme.com/

Acknowledgements

The creation of this training material was commissioned by ECDC to Institut Pasteur with the direct involvement of <name of speaker(s)>



