High-throughput sequencing: de weg naar virusgetoetst en virusvrij
uitgangsmateriaal in de containerteelt
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Plantengezondheid
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Plantenvirussen

e Mozalek

* Mottling — vlekken

* Misvormingen en dwerggroei

* Kringvlekken
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Plantenvirussen
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Huidige virusdetectie

* ELISA
 PCR
* Plant testen (indicator planten)
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 High-throughput sequencing (HTS)

—> 1 test tegen alle gekende virussen

—> Ontdekking van nieuwe virussen

—> Minder arbeidsintensief

—> Meerdere stalen poolen

—> Kostenbesparend en sneller voor grote screenings

Waar nuttig?

* Virusvrij uitgangsmateriaal/certificering/import-export
* Voor niet doelgerichte, brede testen

 Ongewone symptomen

(Paddock; 2017)
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Staalname:

 Blad
* Wortel
* Nerven
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Staalname; RNA extractie

 Blad
* Wortel
* Nerven
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Staalname: RNA extractie RNA sequencing
* Blad

 Wortel

* Nerven
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lllumina sequencing

1.  Fragmentatie \/—> ||| —> d I |
— /I{.". . /

2. Am pl ifi catie Fragments Add adaptors Attach to flowcell

Bind to primer PCR extension Dissociation

3. Sequencing

M ?:":
Clusterformaton [ ®e

Sequencing Signal scaaning
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RNA extractie

Staalname:

Wortel
Nerven

I’| hhThTCP\ {:_P“TG
"CARATATCATGCGL

RNA sequencing
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Data analyse

* Fragmenten vergelijken met database virussen

Apple stem grooving virus Dahlia common mosaic virus

Mavigation owverview: Chromosome JX0E80201.1 ASGW

Navigation overview: Chromosome 0R494328.1
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Staalname: RNA extractie RNA sequencing Data analyse PCR/ELISA

 Blad
* Wortel
* Nerven
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Blauwe bes

RNA sequencing

Locatie 1

* Blueberry latent virus (symptoomloos)

* Blueberry mosaic associated virus (chloroses & mozaiek) (RNQP)
* Blueberry virus A (brons/roodverkleuring & bladkrulling)

Reference Length Coverage #contig Depth Depth %ldentity %lden %lden Genus Description
(%6) (Norm) Max Min
ABBDS991 3434 3217 2 57 0.3 99 91 9996 9951 amalgavirus Blueberry latent virus genomic RNA,
(93.7) complete genome, Japanese isolate.
LCOB6299 7944 7521 3 6.1 0.3 99.71 9983 9960 ophiovirus  Blueberry mosaic associated virus
(94.7) viral cRNA, segment RNA1, complete
sequence, strain: JATS isolate.
KJ704366 7963 7195 16 7.0 04 9957 100 9918 ophiovirus  Blueberry mosaic associated virus
(90.4) segment RNA1, complete sequence.
LC086301 1570 1540 4 310 1.8 99.03 9990 9485 ophiovirus | Blueberry mosaic associated virus
(98.1) viral cRNA, segment RNA3, complete
sequence, strain: JATS isolate.
KJ849173 1200 1200 5 205 1.2 96.75 100 9475  ophiovirus  Blueberry mosaic associated virus
(100) isolate Oregon15 nucleocapsid

protein gene, partial cds.

KJ849092 1200 1199 2 122 07 96.47 100 9533  ophiovirus  Blueberry mosaic associated virus
(99.9) isolate Michigan1 58kDa Movement
protein gene, partial cds. — ‘
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Blauwe bes

RNA sequencing

Locatie 2
* Blueberry scorch virus (verwelking) (RNQP)

Reference Length Coverage #contig Depth Depth “%ldentity %lden %lden Genus Description
(%) (Norm) Max Min

AY941199 8525 8437 (99) 5 6178 386 91.46 96.77 8965 carlavirus Bluebemry scorch virus isolate BC-2,
complete genome.
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Hydrangea

RNA sequencing

e Geen virussen
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RNA sequencing

* Cherry virus A (symptooml|oos)

* Prunus necrotic ringspot virus (kringvlekken, chloroses, mozaiek...)
* Prunus virus F (bladvervormingen)

€ Run6_Admera lllumina mNGS Pipeline v8.3 | NCBI Index Date: 2024-02-06 | processed 4 months ago | SAMPLE DETAILS

Prunus trimmec ~ L YerEple

Metagenomic

Q, Name Type: Scientific v Background: None v Categories: 2 W Threshold filters: 1 Read Specificity: All v Annotation W Pathogen Flags v

Report values are computed from 3.503.056 reads (2.000.000 unique reads) subsampled randomly from the reads that passed host and quality filters.

23] 14
6 rows passing the above filters, out of 9119 total rows CLEAR FILTERS
NT
v Taxon Score Z Score rPM r con... con... %id L Ev.. NR
v B G P 13,569.2 51,917 25 51,271 99.2 4,104.4 10291
SO ({1 /TR B : 13,569.2 51,917 24 51,246 99.3 1,208.1 10-249
o ch U A 13,569.2 51,917 25 51,271 99.2 4,104.4 10291
BTy virus 13,569.2 51,917 24 51,246 99.3 1,298.1 10242
« D Narvirus ( 1 viraf species ) 4,609.1 17.635 10 17.626 98.6 1,885.1 P
P 4,540.9 17,374 9 17,366 087 3880 10305
D Prunus necrotic rinespot virus 4,609.1 17,635 10 17,626 98.6 1,885.1 10304
&3P 4,540.9 17,374 9 17,366 98.7 388.9 103
v D Fabavirus ( 1 viral species ) 582.1 2,227 4 2,227 96.5 3,259.1 10308
P 582.1 2,227 4 2,227 95.2 1,015.2 107304
D Fabavirus pruni 582.1 2,227 4 2,227 96.5 3,259.1 10308
P 582.1 2,227 4 2,227 95.2 1,015.2 10304
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In vitro therapieéen

* Meristeemcultuur
- Afzonderen meristeemtopjes
- Virus in lage concentratie aanwezig/ niet aanwezig

« Warmtetherapie f'\

- Met hitte 4
* Cryotherapie

- Met koude |
 Chemoherapie

- Met antiviraal middel: ribavirine

- stress
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e HTS detecteerde:
* Cherry virus A
* Prunus necrotic ringspot virus
 Prunus virus F

 Viruseliminatie (Review (Szabd et al., 2023))
* Thermotherapie
* Chemotherapie (ribavirine)
* Shoot tip culture
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* Chrysanthemum stunt viroide

* Viruseliminatie:
* Meristeemcultuur
* Chemotherapie
- 30 mg/L ribavirine voor 4 weken
- 40 mg/L ribavirine voor 4 weken
- 40 mg/L ribavirine voor 4 weken

e (CSVvd verwijderd
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Andere pathogenen

RNA sequencing data:

Bacteria

Viruses

Pathogens

Aphids Nematodes
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Bacteria

NT rPM == 10 X

Report values are computed from 5.584.020 reads (2.000.000 unique reads) subsampled randomly from the reads that passed host and quality filters.

436 rows passing the above filters, out of 3809 total rows CLEAR FILTERS

Geraniaceae

. Geranium
Geraniales
Magnoliopsida

(4

Viridiplantae Streptophyta

Francoaceae

Eukaryota

(2]

Mycobacterium

Actinocbacteria Actinocbacteria Corynebacteriales Mycobacteriaceae

) iS5
Nt A
Mycolicibacteriom
all
Bacteria taxa with neither family
nor genus classification
_\_‘—i—\_,_‘_‘_ .
G 0 uncultured bacterium
Viruses
rotecbacteria Alphaproteobacteria Sphingomonadales Sphingomonadaceas
O O O {0 Sphingomonas
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Bevestigd:
* Sphingomonas

Mycobacterium

CECN<N<N<B<NN<N<N<

10

Amplification Plot

0.1

ARN

0.01

0.001

Description
w

Uncultured alpha protecbacterium gene for 16S ribosomal RNA, partial sequence, clone: B24

Scientific Name
-

uncultured Alphaproteobacte. ..

Uncultured bacterium clone A3 16S ribosomal RNA gene, partial sequence

Uncultured Sphingomonas sp. clone 9759 16S nbosomal RNA gene, partial sequence

Sphingomonas pokkalii strain MMS22-ER13 16S ribosomal RNA gene,_partial sequence

Sphingomonas pokkalii strain L 1A4 165 ribosomal RNA gene,_partial sequence

Sphingomonas pokkalii strain 3ICNBAF 165 ribosomal RNA gene _partial sequence

Sphingomonas sp. WG 16S ribosomal RNA gene,_partial sequence

Sphingomonas cannabina strain DM2-R-1 B4 chromosome,_ complete genome

Sphingomonas cannabina 165 ribosomal RNA gene, partial sequence

uncultured bacterium

uncultured Sphingomonas sp.

Sphingomonas pokkalii
Sphingomonas pokkalii
Sphingomonas pokkalii
Sphingomonas pokkalii
Sphingomonas sp. WG

Sphingomonas cannabina

Sphingomonas cannabina

Max Total Query
Score Score Cover
v v v
686 686 22%
675 675 22%
630 630 22%
627 627 22%
625 625 22%
625 625 22%
625 625 22%
625 625 22%
625 625 22%
625 625 22%

value
w

0.0
0.0
Je-175
4e-174
2e-173
2e-173
2e-173
2e-173
2e-173

2e-173

Per.
Ident

99.47%
98.44%
96.13%
96.58%
96.09%
96.09%
96.09%
96.09%
96.09%

96.09%
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Bacteria

Helleborus

Report values are computed from 3.976.454 reads (2.000.000 unique reads) subsampled randomly from the reads that passed host and quality filters.
145 rows passing the above filters, out of 6830 total rows CLEAR FILTERS

Rhodanobacteraceae ap) Luteibacter

. . A+ Dyella
&> Rhodanobacter

Xanthomonadale Aerosticca
I () () Aerosticca soli
_F.—-—-ﬂ Stenotrophomonas
¥anthomao nadaoeai_d_,,,f"'/
() () Xanthomonas

() Lysobacter

Gammaproteobagteria
Pseudomonadaceae

. . Pseudomonadales ‘} P d

Moraxellaceas

. L¥ Acinetobacter
Chr i Ec iorhodospiraceas Thioalkalivibrio
O O {0 Thioalkalivibrio versutus
Oceanospirillales Alcanivoracaceae Alcanivorax
O O O Alcani an
Proteobacte
Hyphomicrobiaceae
. a k icrobium
A
&» Rhizobium
Rhizohbiaceae
Sinorhizobi
Rhizobiales
() Agrobacterium
Eradyrhizobiaceae
- () Bradyrhizobium
Alphaproteobacteria
9
Phyllobacteriaceae
¢y Betaprotepbacteria {0 Mesorhi:
Bacteria
Caulobacterales Caulobacteraceae
O O Brevundimonas
Firmicutes Bacilli Bacillales Paenibacillaceas
G c G 9 Paenibacillus

all
3 taxa with neither family
nor genus classification

Micrococcales Micrococcaceae

o 3 Kocuria
inobacteria Actinobacteria
Corynebacteriales Mycobacteriaceae
c o Mycobacterium
Flavobacteriia Flavobacteriales Flavobacteriaceae
O O O 43 Flavobacterium
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Bacteria

Helleborus

* Bevestigd:
e [uteibacter
o Paenibacillus
e Pseudomonas
 Kocuria
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NT rPM >= 100 X

Report values are computed from 1.000.000 unique reads subsampled randomly from the 13.424.100 reads passing host and quality filters.

113 rows passing the above filters, out of 10801 total rows CLEAR FILTERS

Eukaryota

Viridiplantae Streptophyta

Eacteri\

Rosales
Magnoliopsida

Rosaceae

T ——ﬂ Cannabaceaes

Malus

all
taxa with neither family
nor genus classification

O—

Sordariomycetes Hypocreales
'

Nectriaceae

i

N S

Fusarium

Malus sylvestris

8}

——) uncultured fungus

_——™=0

'“'--LHH Dactylonectria

@sarium DWSFDM

o Dactylonectria torresensis

—-O Stemphylium vesicarium

mmﬂha sidium pullulans

_——0
e
Ascomycota ,/ )
Alternaria /
-,
Pleosporales Fleosporaceae -
..—-""—_F_ __-_-\-H'--._
- S Stemphylium
\Q‘t_:nthidenrnycetesa__/ _H_—O'—
\\‘
.
“~._ Dothideales Saccotheciaceae Avreocbasidium
S — : m m
- - \
ilg\linromycuta Glomeromycetes Glomerales Glomeraceae
~0O O O O ) Rhizophagus

PCR A. pullulans
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TrPM >=100 X

Report values are computed from 1.000.000 unique reads subsampled randomly from the 14.441.988 reads passing host and quality filters.

113 rows passing the above filters, out of 9904 total rows CLEAR FILTERS

Vitales
Magnoliopsida

Viridiplantae Streptophyta

Vitaceae Vitis

Vitis vinifera

(1)

Filobasidium

Tremellomycetes.

Tremellales

o o O Fi jum magnum
non-genus-specific reads
Tremellaceae in family Tremellaceae

o © uncultured Fil

Vishniacozyma

K O victoriae

Dioszegia
Hannaella
—0 O oryzae

Bulleribasidiaceaes
—

ryptococcaceas
Cryptococcus

&3 Rhodotorula
 Spon

Sporobolomyces

Dothideomyces

Microbotryomycetes Sporidi Sporidi e O O spor: y roseus
J— . 0O T
— O
Basidiomyc f_/
- Sporidiobolus
— O spori
Cystobasidiales Cysto iaceas C
O o
— O O Q C laryngis
T
\ Symmetrosporaceae Symmetrospora ) Symmetrospora oryzicola
— O
~ o o Symmetrospora
coprosmae
Agaricostilbomycetes Agaricostilbales Kondoaceae D Kondoa
Bensingtonia ) i
\ —
\ O p. oD 6ER 2
ricomycetes Cantharellales Ceratobasidiaceas Rhizoctonia
O o] O © Rhizoctonia sp. AG-Bo
Epicoccum

A0 Epicoccum layuense

Heterophoma
Heterophoma

— o O \erbasci-densifiori

Didymellaceae.” Didymella

O o O Didymelia pinodes

\ Phoma

~—
) Phomasp. 1 0OB-2014

acroventuria

anomochaeta

o o Macroventuria
ernaria

Al
— Alternaria alternata

Known Pathogen )

Pleosporaceae /
—
—
~_F

Pyrenophora

—0O———— Pyrenophora teres

Phasosphasriaceas

o 2

PCR A. pullulans

. . . Cladosporium
. Cladosporiales Cladosporiaceas Cladosporium —20
. thedese P P — cladosporioides
— 0 —
0 Cladosporium sp.
_Dothideales Saccotheciaceae Aureobasidium
—O (o] Auresbasidium pullulans
My erellaceae Septoria
~o0 O ot O seproria cucubali
Leotiomycetes Helotiales Sclerotiniaceas Eotrytis
— O O O ) Botrytis cinerea
\ rotiomycetes Chaetothyriales Herpotrichiellaceae Exophiala
\ - O O O iala lecanii-corni

\ -0 O

) uncultured fungus
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Bamboe

NT rPM >= 1000 X Eukaryota X

Report values are computed from 6.413.034 reads (2.000.000 unique reads) subsampled randomly from the reads that passed host and quality filters.

90 rows passing the above filters, out of 8678 total rows CLEAR FILTERS

Sarocladiaceae

rocladium gamsii

Acremonium
)

o Acremonium

S

Beauveria

Cordycipitaceas

Fusarium

— llyonectria

sp. 11665 DLW-2010

Beauwveria bassiana

— —o Fusarium vanettenii

o e .
Mectriaceae _— ———) Fusarium solani [Glely} Pathogen

B

h@ccrdycipitaceae Purpureocillium

\ N\
X \H_vpocreacea =
\ -

—0O——————————D Trichoderma

Eiqnectriaceae Mycocitrus
.

- 0 Purpureocillium

—— o Purpureocillium lilacinum

PCR Sarocladium spp. — ITSIF/ITS4

o llyenectria robusta

takamizusanense

')
L%

Glomerellaceae

_o_

AN
\Glomerellales

-o— —o Colletotrichum

Exophiala

o Mycocitrus zonatus

—() Exophiala lecanii-corni

Herpotrichiellaceas

— Cladophialophora

Chaetothyriales

Eurotiomycetes

Cyphellophoraceae Cyphellophora
O

o Cladophialophora
bantiana

Known Pathogen

—O Cyphellophora eurcpaea

Devriesia

Mycosphaerellales

othideomycetes

Devriesia sp. ZWY-2014b

=) Devriesia sp. CPC 11876

o Septoria linicola

o Debaryomyces hansenii

Meyerozyma
guilliermondii

© Pichia sp. N02-2.3

o Podosphaera xanthii

'-""‘--.____Mycnsphaerellaceae Septoria
T P
b
Debaryomyces
Debaryomycetaceae ____..-""F_-
Eukaryota o
-~ N Meyerozyma
haromycetes Saccharomycetales —
— ~
Pichiaceae Pichia
— C ~
\ QO
\
\\.
Lé tiomycetes Erysiphales Erysiphaceae Podosphaera
0 o o o

Sporidicbolales

L Wt
Zporidicbolaceae /
C \ﬂ} Rhodotorula

Microbotryomycetes

—

>

Phenoliferia
-t =

Kriegeriales Kriegeriaceas

'O Phenoliferia sp.

i Y=
s S
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' progew CONTACT:
B e d a n kt o | Ine Dewitte — ine.dewitte@ilvo.vlaanderen.be

Kris De Jonghe — kris.dejonghe@ilvo.vlaanderen.be
Stefaan Werbrouck — stefaan.werbrouck@ugent.be
VRAGEN? Dominique Van Haecke - dominique.vanhaecke@viaverda.be

Institute for-Agricultural
and-Fisheries Research (ILVO)
Burg. Van Gansberghelaan 96

9820 Merelbeke — Belgium
g\ AGENTSCHAP T +32(0)9 272 24 00
(¥ \ INNOVEREN &

( ONDERNEMEN

plant@ilvo.vlaanderen.be
www.ilvo.viaanderen.be
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