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Background

» The molecular biological group supports organism specific
groups in diagnostics of plant pests and vectors

e For mycology, identification of fungal strains is supported
with sequencing analysis

e Traditionally, PCR sequencing of ITS barcode with one or
more extra loci

Challenges for regulated fung:

> The ITS barcode often lacks resolution

> Additional loci are only limited standardized

: . : : INV
> Often primers for additional loci are not implemented
or known
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Buletin OEPREPPO Bullerin (2021) 51 (1), 100-143 155N 0250-8052. DO 1001111 /epp. 12724

European and Mediterranean Plant Protection Organization
Organisation Européenne et Méditerranéenne pour la Prolection des Planies PM 74129 (2)

Project aims _—

PM 7/129 (2) DNA barcoding as an identification tool for a number of
regulated pests

EPPO-Q-bank 2

Q,  Search by name or EPPO code... | Go! ¥ Register

@ Documentation

A database to support plant

» Development of a generic high throughput
sequencing (HTS) test for culturable fungi e

o Molecular Decision Scheme

METHODOLOGY The regulated species listed below have been successfully identified using the mentioned protocols. It is
very likely that other fungi species can successfully be identified using these protocols, but validation

e Extract frequently used barcodes from the whole otecar eciton [ e S s e T o

Scheme
Included sequences DNA extraction —— 1§ ——| Ceratocystis fagacearum
e n O | I l e r a Ceratocystis fimbriata ——  TEF1 Ceratocystis fimbriata f. platani
Y ) ) ) Y Primer list with details Ceratocystis virescens

PM 7/129 Lecanostica spp. TUB2 Lecanostica acicola
Phytophthora spp. coi Phytophthora ramorum

Tests published in Stagonosporopsis spp. ACT Stagonosporopsis chrysanthemi

PM7/129 - i
Verticillium spp. CALM Verticillium albo-atrum

DNA extraction Verticillium dahlice

15 Phyllosticta spp. TEF1 Phyllosticta citricarpa

» Broad implementation for culturable regulated fungi |

TEF1 (Ceratocystis)

DO 10,111 fepp. 12884

EPPO STANDARD ON DIAGNOSTICS

» Replace Sanger sequencing for identification purposes
PM 7/151 (1) Considerations for the use of high throughput

sequencing in plant health diagnostics'
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The test — from sample to sequence report

Outsourced at 15017025 accredited sequence provider
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Diagnostic sample

Harvesting liquid
culture

&

Document observations
and context, and
determine diagnostic/
research question

DNA extraction

Positive Process
Control (PPC) batch

Library preparation

Should pass entry quality
control (DNA concentration
and DIN values)

Should pass library quality
control (prep concentration
and fragment size)

...
=

lllumina Sequencing

Should pass PhiX
sequencing run control

Data yield should be
22 Gbases

Data quality should be
>80 % PHRED 30

Bioinformatics pipeline

Should contain rDNA
sequences

rDNA contig should be
annotated with 185, 5.85
and 285

Should contain annotated
fungal barcode loci of
external contral sample

Should not contain
control sample sequences
(contamination control)

Should contain annotated
rDNA

should contain annotated
barcode loci

Sequence analysis
and reporting

Selection of barcode
contigs

Select barcodes based on the diagnostic/research question

Visually assess contig quality by examining read mapping
and structural annotation

Verify if MRD of barcode contig is as expected

Check for presence of barcode contigs that are potentially the
result of contamination

Assess clustering of blast hits in public databases

e Liguid monosporic or hyphal tip
cultures serve as input

 Fusarium venenatum serves as
external control sample (Alien
control)

e Samples and alien control are
used to monitor positive and
negative control steps

 Visual assessment of consensus
sequences and clustering prior to
reporting

NVWA - NIVIP

Intern gebrui

k




Bio-informatic output
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-2 MUSTI workflow v1 log
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_(trimmed_pairs)_

» Whole genome assembly with contigs
containing barcodes

e In-silico verification of barcodes with oligo’s

e Extraction for downstream analysis (PM7/129)
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Output is recorded on a standardized form

Title

Analysis of Illumina sequence data in support of fungal species identification

code

F-MOL-137-001

\ version 01

[08-09-2025

|p.10f5

Date:

12-9-2025

1. PPC control used:

1%t assessor: Bart van de Vossenberg

2nd assessor: Tijs van den Bosch

Digitly signed
TJM.van Jeie

contamination control: X Pass [] Fail: follow-up: % den Bosch den sosen gy

2. nreads mapped to cat mtDNA: 32 blast based ID: no hits f Senoech (08,
(Tijs) 165836 40200
Table 1. Illumina sequence data information and the obtained barcedes for analysis.

1 LIMS or collection ID CPC18535 CPC18535

2 | Sequence data generated by < In-house [] GenomeScan

3 Batch + sequence 1D 210608_VH00147_12

4 | nreads: average length After read trimming: 32240498 reads; 117.41 bp (3.79 Gb)

5a | De nove assembled scaffolds 192

5b | Optional remarks de novo Estimated median ARC: 25.42; Assembly size = 138 Mb
assembly (e.g. ~median ARC;
assembly size)

6 | MUSTI workflow version Vi

7 | Target rDNA EFia RPB2 CALM TuB2 ACT

7a | n (target) blast hits 2 1 2 1 1 1

7b | Barcode recovered B yes [ ne Myes [no K yes [no DI yes [Tno B yes [Tno X yes [Tno

7c | Primers used (Terminal I 1154; K 1TSS B EFcF1; X EFCF2 < fRPB2-5F; B cLic; I cLac B T1; [ Bt-2b ACT2Rd;
primers that define the X fRPB2-7R X ACT-512F
extracted barcode. Frequently
observed terminal primers are Orrs1 [ EF1-728F; [ fRPB2-414R O cAL-228F; O cL1 [ TuB4Rd; [0 ACT-783R
listed first in this table) [ TEF1-983F; [ [0 caL-235F; [ TuB2rd; X 12;

EF1-986R;[] EF-2; [ CAL-737R; [ Btub_F1
[0 cL2a;[ CAL2Rd;

7d | Barcode length 655 809 1178 695 593 613

7e | Remarks mapping and
assembly barcodes (optional)

Note that when more than 1 barcode sequence is obtained per locus, the sample could have contained multiple specimens and species. For this reason it is important to analyze
the datasets in the context of the batch in which they were generated. When the blast-based putative identity clearly indicates these are environmental contaminants (e.g. human),

these do not need to be further analyzed.

Title

Analysis of Illumina sequence data in support of fungal species identification

code

F-MOL-137-001

[ version 01 [ 08-09-2025

[p.20f5

Table 2. Information regarding the analysis and consulted (on-line) resources

Source Analysis parameters Settings Explanation, reference to analysis
results and conclusions per database*
Fi 1. FME clust f the rDNA blast hits result: lust: th |
NCBI Database consulted Core_nt [ nt/nr collection [ other* \ure 1. FME clustering of the ast its results In clustering with several
Elsinoé species
Blast type [ Megablast [ Discont. Megablast ~ [] blastn | Figure 2-4. FME clustering of the ACT/CALM/EF1a blast hits do not result in
meaningful clustering
Tree method [ Fast Minimum Evelution (FME) (] NJ Figure 5. FME clustering of the rpb2 blast hit results in clustering with the
Elsinoé citricola type species
jsm* -
Organism BJ ot used O used Figure 6. FME clustering of the TUB blast hits does not result in meaningful
clustering
Exclude taxon* [ not used [ used
Exclude uncultured* not used [ used
Types only* X not used [ used
. not used
BOLD Database consulted [ Fungi Library
Operating Mode [ Rapid Species [] Genus and Species
[ Exhaustive (standard)
not used
Q-bank Analysis method [ single locus [ Multi locus®
Settings adjusted Ono [Oyes®
Tree method When applicable*
t used
Data Dataset used Blast file: ot use
NVWA

# Provide details in the last column of the table; * Optional; $ e.g. number of nucleotides in analysis, % overlap, % similarity with 1st and/or specific match, E-value, clustering

with taxon Z

» Assembly and barcode statistics and analysis of obtained barcodes

e Four-eyes principle

NVWA - NIVIP
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Liquid cultures outperform cultures from plates

» Higher DNA concentration facilitates more robust library preparation and sequencing

» Monosporic or hyphal tip ensures purity of fungal cultures making data interpretation easier

A DNA Concentration per Culture/Kit Combination
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Validation according to PM7/98(6)

identification of
axenically cultured fungal

e Scope

Ascomycetes

Basidiomycetes
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Bionectriaceae
Botryosphaeriaceae
Ceratocystidaceae

Cryphonectriaceae
Didymellaceae
Elsinoaceae

Glomerellaceae
Gremmeniellaceae
Mycosphaerellaceae

Nectriaceae

Phyllostictaceae

Pleosporaceae
Rhizinaceae
Rhytismataceae

Valsaceae
Venturiaceae

Xylariaceae
Coleosporiaceae
Glomosporiaceae
Hymenochaetaceae

Pucciniaceae

Tilletiaceae
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Geosmithia morbida - Walnut

Botryosphaeria kuwatsukai - Apple & pear
Bretziella fagacearum - Oak

Ceratocystis platani - Plane tree
Davidsoniella virescens - Sugar maple
Cryphonectria parasitica - Chestnuts
Stagonosporopsis andigena - Potato

Elsinoé australis - Citrus

Elsinoé citricola - Citrus

Elsinoé fawecettii - Citrus

Colletotrichum gossypii - Cotton
Gremmeniella abietina - Pines

Mycodiella laricis-leptolepidis - Larch
Pseudocercospora angolensis - Citrus
Pseudocercospora pini-densiflorae - Pines
Septoria malagutii - Potato

Sphaerulina musiva - Poplars

Fusarium circinatum - Pines

Fusarium oxysporum f. sp. albedinis - Date palm
Neocosmospora ambrosia - Various trees
Neocosmospora euwallaceae - Various trees
Phyllosticta citricarpa - Citrus

Phyllosticta solitaria - Apple

Alternaria macrospora - Cotton
Phymatotrichopsis omnivora - Many dicots
Atropellis apiculata - Pines

Atropellis pinicola - Pines

Atropellis piniphila - Pines

Atropellis spp. - Pines

Atropellis tingens - Pines

Anisogramma anomala - Hazelnut
Apiosporina morbosa - Prunus

Stegophora ulmea - Elm

Venturia nashicola - Asian pear

Entoleuca mammata - Aspen & poplar
Chrysomyxa arctostaphyli - Spruce & kinnikinnick
Thecaphora solani - Potato

Coniferiporia sulphurascens - Conifers
Coniferiporia weirii - Conifers

Cronartium coleosporioides - Two-needle pines
Cronartium comandrae - Pines & comandra
Cronartium comptoniae - Pines & sweet-fern
Cronartium fusiforme - Slash/loblolly pine & oak
Cronartium harknessii - Pines

Cronartium himalayense - Pines

Cronartium kamtschaticum - Pines
Cronartium quercuum - Southern pines & oak
Cronartium spp. (with exceptions) - Pines

Gymnosporangium asiaticum - Juniperus & Rosaceae

Gymnosporangium clavipes - Juniperus & Rosaceae
Gymnosporangium globosum - Juniperus & apple

Gymnosporangium juniperi-virginianae - Juniperus & apple

Gymnosporangium spp. - Juniperus & Rosaceae
Gymnosporangium unicorne - Juniperus & Rosaceae
Gymnosporangium yamadae - Juniperus & apple
Melampsora farlowii - Hemlock

Puccinia pittieriana - Potato & other Solanum
Puccinia sorghi (non-EU populations) - Maize
Tilletia indica - Wheat

* 100% repeatable results

- <P~ -3 -P-P P Tree/agricultural

PP

399999 IE

;1—7-0 0000000000000 OOO D Q10 Orbrbbo ) b BB P B B B Pt B Pt Pt Pt s B B B B Bt Bt B s B Pt s B s B B Culturable/obligate biotraph

3333399399999 93P IED 93P I I IR I IE

Accredited (Sanger)

i
o
=
= MUsTI

50 {8)
4ish
5o {5
4isH
L)
s
s
T3]

4
5o (i)
s
3
5o 450
150 {3

L)
s
49

L)

L)

4ish

T3]
(5]

NVWA - NIVIP
Intern gebruik



MUSTI in the context of plant health diagnostics

e Sanger sequencing (ITS) still has a
valuable place in the diagnostic proce
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Conclusions and Outlooks

« MUSTI overcomes challenges presented by traditional Sanger sequencing for culturable regulated fungi
« MUSTI was demonstrated fit for purpose for all regulated fungi tested (23 of 37 fungal species)
» Obtaining additional fungal species and test verification Is planned

» We will explore using the entire fungal genome (ANI based) for species identification. First experiences

with Neocosmospora spp. and Elsinoé spp. are very promising.

NVWA - NIVIP 10 mei 2026 10
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