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Adoption of Next Generation Seguencing

o . . /
for routine viral diagnosis? fe,r, 2,0
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Cost now competitive with alternative approaches (Sap
inoculations, EM, ELISA, Real time PCR, degenerate primers)

Find the unexpected
Latest Equipment designed for low staff input (viseq)
Machine derived contamination

Accreditation?




Not what you expect?

Seed Testing

Pepino mosaic virus, Tobacco mosaic virus,
Cucumber mosaic virus, Tomato bushy stunt
virus, Potato leafroll virus. Novel cavemovirus
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Kenyan Maize virome project

biosciences
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: . tota =
Crop [samples known plant viruses Novel plant viruses
samples
Maize chlortic mottle virus, Sugarcane Tombusvirus, Carmovirus, Foveavirus,
maize 4 mosaic virus, Maize yellow dwarf Closterovirus, betaflexivirus, positive strand
mosaic virus ssRNA virus
Farm 1 L Caulumoviridae virus, Chrysovirus,Crinivirus, 30
bean comon mosaicvirus, Beet . . i’
. . Potyvirus(es), Tombusvirus, unclassified ssRNA
others 26 pseudoyellows virus, Maize yellow . . . . L
. . positive strand virus, Varicosavirus, Filoviridae
dwarf mosaicvirus, SCMV, Potato virus S .
virus
chrystovirus luteovirus ,Carmovirus, tombusvirus,
maize 9 Maize chlortic mottle virus virus, positive strand ssRNA virus, unclassified
virus
Farm 2 Chrysovirus, Crinivirus, Cytorhabdovirus, 29
others 20 Shallot latent virus, Cauliflower mosaic [ Waikavirus, Varicosavirus polerovirus, polerovirus
virus, associated RNA, Tymoviradae virus, positive
strand ssRNA virus
maize 6 Maize chlortic mottle virus, Maize Badnavirus, polerovirus associated RNA,
ellow dwarf mosaic virus Tymoviradae virus
Farm 3 y _YMOVIFe : 26
. L. Badnavirus, Chrysovirus, Cytorhabdovirus,
others 20 Turnip mosaic virus, . . .
unclassified ssRNA positive strand virus
. Maize chlortic mottle virus, Maize
maize 4 L. none
yellow dwarf mosaic virus
Farm 4 . Badnavirus, potyvirus(es), Tombusvirus, 30
Banana streak virus, Apple stem L . . .
others 26 . . . . . Rhabdoviridae virus, positive strand ssRNA virus,
grooving virus, Citrus tristeza virus . . . .
unclassified virus, Varicosavirus
total 115




Adoption of Next Generation Seguencing

o . . /
for routine viral diagnosis? fe,r, 2,0

o Latest Equipment designed for low staff input (viseq)
e Machine derived contamination
e Accreditation?




Stream lined process fera

454: 7 days turnaround (6 days hands on staff time)
MiSeq: 5 days turn around (2 days hands on staff time)




Adoption of Next Generation Seguencing
for routine viral diagnosis? fe,r,a,,/,/

Y A

e Machine derived contamination
e Accreditation?




Contamination fera

Inter-run contamination

Sample sipper fixed in MiSeq

Standard tween wash x3 = 0.02% carry over from previous runs
(5000 reads)

Not a problem for genome sequencing as contamination lost in
sequencing depth. IS problem for disease diagnhostics

 New bleach wash. Now 0.0001% (25 reads)
 Cycle indexes so no index in consecutive runs (48 indexes)




Intra run contamination e

sample 2 (PVX)
sample 7
sample 8
sample 9

sample 10
sample 11
sample 13
sample 14
sample 15
sample 16
sample 17
sample 18
sample 19
sample 20

sample 21
sample 22
sample 23
sample 24
Control

Contaminant

e Currently using Real time PCR to confirm any significant results
e Developing solution




Adoption of Next Generation Seguencing
for routine viral diagnosis? fe,ra,,,

e Accreditation?




EPPQO validation?

EBuropean and Meditemanean Plant Protection Organization

PM 78 (1)

Organisafion Européanna et Médiemandenne pour la Protection des Plantes

Diagnostics
Diagnostic

Specific requirements for laboratories preparing accreditation for a

plant pest diagnostic activity’

Specific scope

Thiz guideline inchides specific quality management mequire-
menits for lashoratones preparing for acoredittion acconding to
the ISOVTEC Standard 17025 Gereral reguirements for the com-
petence of tesiing and calibragon laboratories (references to rele-
wvant pants of [SOVTEC Standard 17025 are included). It should be
noded that in EPPO standards the verb “should” caries the highest
level of dhligation.

Specific approval and amendment
First approved in 20K,

1. Introduction

Developruent of quality management sysems (also refemed to as
management systems o quality systems) and accreditation have
bacome a concem for many labomiories in the EPPO region. A
Standard PM 7784 Basic requirements for gualify managemens
i plant pes diagnosis laboraiories was adopied in 2007
PM 7784 describes hasic requirements to assist labomionies con-
ducting plant pedt diagnosis in designing their management sys-

2. Scope of accreditation: fixed scope and
flexible scope

Historically, the accreditation of lahoraorics has been waeally
hased on a fixed scope which should define clearly and wnanmbig-
uonshy the range of esE coverad by the lshormiory's accredimtion
(e.g. immundfuomreacence test for the daection of Raltonia
slanacearm on potato whers). However, this does not readily
allow new or modified tests to be added 0 a laboratory”s scope,




EPPO validation f%l'a,,,/,

e Can’t validate discovery of a new virus, Can
validate the methods, controls and monitoring

e Controls

* Analytical sensitivity
« Analytical specificity
e Repeatability

* Reproducibility



Controls fe I'd

Positive / Negative / extraction
* Negative control / extraction control

“healthy plant” taken through whole process
e Positive control

Difficult to get standard virus positive. Use
ERCC spike in control (artificial mix of
MRNAS)




sensitivity

Dilution series of virus infected plant in fe ra,///
Soeel 2
healthy plant -
30 -
L 2
2 \ Taq MiSeq
o . Ct sd RPKM sd
20 -
neat 10.4 2.53 63667.4 4026.2
15 1 . | 1/5 13.0 0.17 5951.9 552.8
Real time PCR
1/25 15.1 0.26 1044.8 103.8
10
1/125 17.1 0.24 268.0 104.6
> 1/625 19.4 0.33 47.6 2.2
0 | 1/3125 22.0 1.30 18.2 5.7 o
1 10 100000
1/15625 28.2 1.58 8.4 3.4 contamination
healthy control 45.0 0.00 10.3 2.6 0.01%




Specificity (Targets / Non-targets) ,44_2’,?,’4’

Ability to differentiate different strains:

e PVY is potyvirus with multiple variants
e PVY-C, PVY-NTN (strain separation)

» other potyvirus (PVA,PVV) (species separation)
* Multiple viroids (CLVd, TCDVd) (species separation)

Columnes latent viroid

) ) Pozpiviroid |
Potata wirus Y strain C I

Tomato chioratic dwarf wiroid




Repeatability fe}j,,,;;/
 Repeat PVY / CLVd detection at LOD

Reproducibility
e Operator. same samples taken through
process by two different people

 Machine : Same sample sent to second site
for sequencing.

o Bioinformatics : Same sequence dataset run
through different servers (repeat analysis on regular basis to

confirm server software / database updates haven’t affected results)



Conclusion 22227

* Promising method
 Proposed validation method for consideration




Oxford nanopore MinlON

DNA can be sequenced by threading it through a microscopic pore in a membrane.
Bases are identified by the way they affect ions flowing through the pore from one
side of the membrane to the other.
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DNA DOUBLE
HELIX

-

S s ..1'3‘

© A flow of ions through

-~ the pore creates a current.
| ’ Each base blocks the
© One protein & flow to a different degree,
unzips the a altering the current.
DNA helix into P
two strands. ':; GATATIGCTTTTGATGCCG
0 Asecond g
protein creates
a pore in the
membrane
and holds
an "adapter”
Rt © The adapter molecule

keeps bases in place long
enough for them to be
identified electronically.

Oxford Nanopore
Minlon

4-50 kb x thousands

Small, cheap, very
long reads, high error
rate (15%)

.technologyreview.com.br/article/40246/



What are the plant health applications 222 fZZ
for the MinION?

« Rapid viral diagnostics (Fieldish)?
* Finishing bacterial genomes?
 Much longer DNA barcodes?




Maize virus seguencing

700 -
Read length distribution

600 -

500 -

average read length = 1075bp (cDNA)

IS
8

frequency

w
3

200 -

Includes 3188bp, 2100bp &
1284bp reads with 85-87%
homology to novel maize
Polerovirus

100 -

T T T
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500
read length

 MinlON identifies know viruses with large genome fragments
* high error rate (15%)



MinlON against MiSeq

cellular organisms, 126 5

Elinclassified Totivirus, 1

roat; O

Maize streak virus; 46

dsRNA viruses; 0 Totiviridae; 0 Tativirus, 0
Sum=1
Viruses, 0 55DNA viruses; 0 Geminiviridae, 0 Mastrevirus, 4
ssRMA viruses; 0 ssRNA positive-strand viruses, no DNA stage; 0 Luteoviridae; 0 Polerovirus; 0

inclaszified Polerovirus; 4

| Inot assigned, 6024
N
ONo hits; 245

Analysis

MiSeq

MinlON

Virus detection

1 known, 4 novel

1 know, 2 novel




Reference Mapping fera_ ./

MiSeq (BWA) / MinION (LAST) 222227
RPKM
Virus Sequence MiSeq (BWA) MinlON (LAST)

Maize Yellow Streak virus 7615 11289
Novel Polerovirus 347 381
Novel unclassified virus 1220 735
Novel dsRNA virus RNA1 2847 656
Novel dsRNA virus RNA2 24280 5943
Novel Totivirus RNA1 2619 2056
Novel Totivirus RNA2 146 375
Novel Totivirus RNA3 211 291




MInION realtime analysis(WIMP) fera

« Still early days

all NCBI Taxonomy (2] Y Filter by classification score (2]

o o 0 0 @ 7—7——!'_
0.0104 0.0108 0.0108 0.0110 0.0112 0.0114 0.0118 0.0118 0.0120/
Score
all What's in my Pot (2] iE Selection (2}
: Polerovirus
. MNCBI Taxanomy ID: 119164
Ome@——O——O——O——4 Polerovirus
Rank genus
Score: 0.0120
= Arc angle is propertionsl to its read count Read Count: 1
i= Taxonomic lineage (NCBI)
root
- Viruses
— ssRNA viruses
— ssRNA postive-strand viruses, no DNA stage
O O O o —- Luteoviridae
Om. —— Polerovirus
OColllpnd Node

Detects: 1 know and 1 novel virus, misses 3 other novel viruses)



Better sample prep? fera

Current method requires couple of hours in the lab. cDNA method even
longer.

VoITRAX-automated sample
preparation

VolTRAX, currently in development, is a cartnidge
designed to convert a complex sample to a form
ready for a nanopore sensor, without the need for
human intervention. This miniaturised laboratory
will use technology common to consumer
electronics, adapted for molecular biology.

Vol TRAX will have the capacity to process
multiple samples at a time



Conclusion

 MinlON now works (most of the time)

* Error Rate still problem

* Possible to sequence plant viruses
 Real time analysis is under development
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