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HTS and pest detection
The big five !
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1. DNA shotgun sequencing for identification of a
microbe (pure culture) or isolated nematode

1em _____|#sequences

Generated reads 5,000,000
On target 4,950,000
DOUBT ? Genomic databases ( )

2. RNA shotgun sequencing: plant sample
(metagenome)

# sequences

Generated reads 5,000,000
Virus 1 200,000
Virus 2 15
Phytoplasma (16s) 500
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2. RNA shotgun sequencing: plant sample

(metagenome)

Generated reads 5,000,000
Virus 1 200,000
Virus 2 15

artide

500 Looking beyond Virus Detection in RNA Sequencing Data:
Lessons Learned from a Community-Based Effort to Detect
Cellular Plant Pathogens and Pests

Phytoplasma (16s)
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How reliable is HTS detection ? |
pest
Phytoplasmas .
Nematodes
ites e o0
Insects . o .
o

Bacteria 4o o e

Considering the 37 selected datasets, in total
67 pathogens (39 different taxa) were detected
(2100 rpm) from 29 of the datasets (78%).
Confirmation by PCR in >70% of the cases

Ok but really preliminary: many
pending issues: what about
sensitivity and selectivity ?

&
matters

The hunting trophy bias in research

Virus discovery

First author Pl Co-authors

Diagnostics (or virus ecology)

A new virus at high abundance

) Other viruses/organisms ? If low abundance ?
(complete genome & high coverage)
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How reliable is HTS detection ? [ Single L
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2. RNA shotgun sequencing: plant sample

(metagenome)
Generated reads 5,000,000
Virus 1 200,000
Virus 2 15 ?
Phytoplasma (16s) 500
DOUBT? genomic databases ( )

15 reads are enough ? (analytical sensitivity)

How reliable is HTS detection ? L Sin;Ia‘ 5
read

2. RNA shotgun sequencing: plant sample

item | _#sequences | #sequences -sample2

Generated reads 5,000,000 5,000,000
Virus 1 200,000 0
Virus 2 15 ? (o 500,000
Phytoplasma (16s) 500
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Faclfaing the adoption of igh throughput ssquencing &
technologies as a plant pest diagnostic test in laboratories: .
A step-by-step description g
= e Process complexity
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In results we trust: bioinformatics ' b In results we trust: bioinformatics S
. 12 viruses/viroids in 10 -~ Diagnostic sensitivity '
oD o> | 55000 750000 | 2500580  veras
datasets ~ e - 70% Al il
s dat tto 21 - Variable between labs o | i i e
~ Same data sent to . s B
e = eXima® - 6 3% 7%
laboratories - o Depending on : C—
b sstou a7 ol sequencing depth M s P
» Each participant had to o
identify viruses present ~ Bioinformatics really e -
in the datasets matters T e
15 16
. . o i . ) .
In results we trust: bioinformatics b In results we trust: bioinformatics S
Bioinformatic analysis was carried out :
« according to default parameters »
~ « The holy trinity » from
. i Roublev (XV centur
Will you do it in ( V)
the laboratory ?
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In results we trust: bioinformatics

~ The « bioinformatics trinity »

» Algorithms, their parameters
and the database can create }!
bias

Summary of key elements

ANY ALL Single [ MAN
pest matters read | steps
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The contamination swamp

« Under the carpet » story

Under the carpet .... the cross-contamination & the &
analytical sensitivity

» Analytical sensitivity
- 10-100M reads

- 10- 100 reads on
target (1 ppm)

» Low level infection
or contamination ?

21 22
%o Y e®o v
@‘ 4. Alien by 4. Alien
e . 0‘ invasion e . .. invasion
EY ) L)

~ About controls: before HTS

~ With HTS, a positive control for a virus is also a
negative control for any other virus
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The new type of control: alien control

For pest detection by HTS, an
alien control corresponds to a
matrix containing one or several
pests (called alien pests) that
cannot be present in the samples
to be tested.

It is processed with the samples
as an external control

What is an alien control ?

‘yénest $¢ Rl

... SO the detection of reads
from an alien pests in a
sample or another control
can be unequivocally
considered as a
contamination from the
alien control.

Alien control can also be
used as a negative control
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totalRNA on Musa
samples

Indexed previously (GHU)
5 batches of sequencing

Wheat sample with BYDV
as alien control

/alitest v5 | SROP.
/\/ s 2 'm’ TRUST

Using an alien to monitor contamination

BoyvioFrontiers™ T =

Research

Validation of High-Throughput Sequencing as Virus Indexing Test for Musa

Using an Alien Control

Using an alien to monitor contamination

~ totalRNA on Musa
samples

~ Indexed previously (GHU)
~ 5 batches of sequencing
» Wheat sample with BYDV

as alien control
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Using an alien to monitor contamination Using an alien to mogitor contamination
~ 125k reads in the alien control
totalRNA on Musa v )
| : ~ Every banana sample has alien
samples : contamination
Indexed previously (GHU) : ~ Max: 288 (another with 184)
3 batches of sequencing e
Wheat sample with BYDV ~ Sample EM4 has.BBrMV ? New
. - record on a continent...
as alien control L E——
29 30




4/3/2024

-~

CMV : infected or false

positive ?

RT-PCR & new HTS

Check on other projects

CMV+ samples (>500k reads)

100% identity

-~

Impossible to

avoid

Monitoring is needed (preferably by alien control)

31 32
R\ A R\ oy
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Negative Positive Negative Positive
The grey zone How can | reduce my grey zone while maintaining reliability ?
35 36
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&
Fine, | monitor it but... which threshold to apply ? Fine, | monitor it but... which threshold to apply ?
1. Afixed absolute value 2. Afixed relative value (%) to the maximum
. plants Wort in a sample
. biology (MbPy)
sokingbeyond VieusDetcion i RNA Sequencng D s
Lessons Learned from a Community-Based Effort to Detect -
res Side-by-Side Comparison of Post-Entry Quarantine and High
Throughput Sequencing Methods for Virus and Viroid Diagnosis

37 38
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Fine, | monitor it but... which threshold to apply ? Fine, | monitor it but... which threshold to apply ?
» Adaptative depending on run’s contamination - Analytical sensitivity
monitored by Alien control A=

» 3 levels evaluated :
- no filter (fixed)
- 10 reads filter (fixed)

- Maximum of alien contamination in a sample: c
adaptative between batches: from 7 to 288

39 40

¥
Fine, | monitor it but... which threshold to apply ? Fine, | monitor it but... which threshold to apply ?

. e . . ?
- Analytical sensitivity -> accuracy Absolute number of reads or rpm

BBTV: low abundance virus (380 reads on average and maximum
2,397 reads per sample vs. 25,000 to 120,000 reads for alien virus)

Sample

Batch |

» Batch with 282 alien contaminating reads -> many false negative for
BBTV

Baich 2

Baich 3

Batch 4 (wi

Relative value is needed

Baich §
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Using an alien to monitor contamination

~ Cont-ID pipeline:
automatic analysis with
expert interpretation

Rolinetol SMCBoogy (202321217
epsidolary 101186451 2915025017080

SOl

Cont-ID: detection of sample
cross-contamination in viral metagenomic data

Johan Rollin', Wei Rong'" and Sébastien Massart”'®

Using an alien to monitor contamination -

ContID: detection o sample.
((((( contamination i

Parameter for Alien — background quantification (ELISA-like)

v
Control 1

rage (No 6368 magoed) Ko 3ken contaminion (ndexing = Asbent)
(N5 v N o NB)

NBun

Normalization
(Using Total read nd)

inviral metagenomic data
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Using an alien to monitor contamination

Parameter for Alien —number in Alien control

Contrel 2
M (12l upae) or ke s i slien conkol
maz(NBa, NBu, ... NBaa)

sorruane p—

ContID: detection of sample. 2

Pl 2
cross-contamination in viral metagenomic data

Using an alien to monitor contamination

ContID: detection of samy

Parameter for Alien —number in Alien control

Control 3
Average (Dasuntaton 3 for sien
(Do + Dy .- +Dgr)
w

ple. 2
cross-contamination in viral metagenomic data

¥
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Using an alien to monitor contamination

Reads mapped on each target (virus) in each sample:
RATIO

.
Mapping ratio
on avirus m relatively HNormalztion
(Using Total read nb

Hpaads manned

10 the most abundant sample for that vinus -
__NBu

ar(NBer) NBam

— —
ContD:dtection of sample 0
i oo v et gencr daa

Using an alien to monitor contamination

ContID: detection of samy

Reads mapped on each target (virus) in each sample:
NUMBER

NB read
lib.1eags manged on m virus
NBew

¥

ple. 2
cross-contamination in viral metagenomic data
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Using an alien to monitor contamination -

‘ContID: detection of sample 2
cross-contamination in viral metagenoric data

Reads mapped on each target (virus) in each sample:
DEDUPLICATION

Deguplication ratio
Cormespond 10 Degolication % (o of
reads identcal to reads from the most
abundant sampie for hat vinis)

D Data
Metrics

For virus n in sample m

Using an alien to monitor contamination -

Cont-ID: detection of sample. 2
cross-contamination i viral metagenomic data

Rule 1:
Mapping_ratio > (Control_1/ X)

Rule 2: Adaptability
NB_read > (Control_2/Y) Metrics

Rule 3:
Deduplication_ratio <= (Control_3/ Z)
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But still a long way to go... April 2022
FASRN

nature
COMMUNICATIONS

ARTICLE

YT
The pollen virome of wild plants and its association

with variation in floral traits and land use Supplementary material

Rogfont et
Evsrt el

) e ser i
Eosst o e}

Investigating contamination from Impatiens

Genome identity between samples ?

’R_NA] [kx834010_Impatiens [kX834010_Oenothera [kX834010 Lotus [Consensus [kx834010 Solidago
(0(8 34010 BCRV_contiz & I | q
KX834010 _BCRV_contig_722_Oenothera (reversed| 0|

KX834010 BCRV_contig 154 Lotus (reversed)
|consensus

ig_1293 Solidago (reversed)
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Investigating contamination from Impatiens

SNP analysis ?

TR ® | TR 000 0§ 1 T W R
T T i
[ T TR TR T NN TN TR [N
[ TR T T TV T T T R T T T S TR T TN T
[0 [

Lotus RNA1 of BCRV has 20 mutations absent in Impatiens g r ‘

Investigating contamination from Impatiens

SNP analysis ?

N T O
[} T Il
[ [T WY T TR TR} I T T [T
[T TR T I TR T T T T I TR N N T A TR T
[0 [Tl T

All the SNPs in Oenothera (73), Convulvus (9) and Vernonia (7)
are present in Impatiens
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SCIENTIFIC OPINION eJ EFshiours

~ADOPTED: 21 Noverber 2019

o 1029031202058

Pest categorisation of non-EU viruses of Rubus L.

EFSA Panel on Plant Health (PLH),
il Brgerd, Klfron Pl Setumat,Pock Gl b Mgk S,
s Joto s Ml nonare Fejer steen
oo, Fanssots o, uan A Nowas-Cortes, Sephon o Poting,
Pilope s Koot R e Tholke, Wopte i e Werk ot Viean Svers,
Jonathan Yuen, Lucia Zappala, Thierry Candresse, Elisavet Chatzivassiiou, Franco Finell
Stephan Winter, Domenico Bosco, Michela Chiument, Francesco Di Serio, Franco Ferill,
“Tomase Kalus, Angelantoio Minairs and Luisa Rubio

The path toward diagnostics use

Guidelines for reliable HTS diagnostics

For BCRY, ......, due to the insufficient information available the Panel was unable to conclude on the
potential consequences in the EU territory.

55 56
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Valitest project: guidelines for any pest %“est Valitest project: a follow-up for any pest

» Writing guidelines for . “
using HTS in
diagnostics setting

First publication: building
the foundations

B0 @l Bulletin OEPP
*, ) EPPO Bulletin

ORGIVALARTICLE ) re

~ Two scientific
publications and one
EPPO standard

Facilitating the adoption of high-throughput sequ ___..,
technologies as a plant pest diagnostic test in laboratories:
A step-by-step description

technology

57 58

Soo fewer authors ~

1108 August 2022 | tps:/dolorg/10.1111/epp 12863

@S i
Valitest project: a follow-up for any pest Valitest project: guidelines for any pest alitest

Running it: from adoption
to validation

Peer Community Journal

Section: Infections

Guidelines for the reliable use of high throughput
sequencing technologies to detect plant pathogens.
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» The risk analysis (+ table on mitigation)

e

Hagrevsion

Library preparation

~ Quality management & Risk analysis

- 5.;
Valitest project: guidelines for any pest %“est

Adaptation toward official standard

DOE: 10.111Vepp. 2834

EPPO STANDARD ON DIAGNOSTICS

PM 7/151 (1) Considerations for the use of high throughput

sequencing in plant health dlagnostlcsl ;
Specific scope: This Standard describes elements to take
into consideration for the use of high throughput se-
quencing (HTS) tests, including validation, quality con-
trol measures and interpretation and reporting of results
to ensure HTS test results are robust and accurate, have
biological significance in a phytosanitary context, and
are implemented in a harmonized way. This Standard
applies to all plant pest groups and HTS technologies.
This Standard should be used in conjunction with PM
176 Use of EPPO diagnostic protocols.
Specific approval and amendment: Approved in 2022-09.
Authors and contributors are given in the
Acknowledgements section.
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Conclusion

Conclusion: technical challenges

~ Super hype and high potential but ...

« All that glitters is not gold »

ANY AL | Ssingle | MANY
pest v matters . read steps

64

Conclusion: technical challenges

» Each step can create bias

» Double check results of any publication

Conclusion: my experience

... the supplementary material of
any publication !
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Conclusion: toward larger scale application

~ More complex process than previous tests

~ Guidelines and official standard

:EE@O v

Conclusion : toward larger scale application
~ New pests (viruses) uncharacterized
» New hosts (and pathways)

~ New countries

~ Biology and risk management as rising
epicenters of HTS earthquake...
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Special thanks to hundreds of plant pathologists collaborating on
disseminating HTS and making it more reliable
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Johan Rollin

»

Gladys Rufflard

Nuria Fontdevila

A team work in the lab
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Chantal
Nyirakanani

Rong Wei

Frangois Maclot

Bénédicte Lebas
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Thanks for the invitation & for your attention

Prof. Sebastien Massart
sebastien.massart@uliege.be

, @Be_Phytopath
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