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Specific scope: This Standard describes a diagnostic
protocol for Xanthomonas fragariae.

This Standard should be used in conjunction with PM
7176 Use of EPPO diagnostic protocols.

Specific approval and amendment: First approved in
2005-09. Revision approved in 2023-01. Authors and
contributors are given in the Acknowledgements section.

1 | INTRODUCTION

Xanthomonas fragariae Kennedy & King, 1962 is the
causal agent of bacterial angular leaf spot disease of
Fragaria x ananassa (strawberry). Other Fragaria species
have been shown to be susceptible through artificial in-
oculation (CABI, 2021) but Fragaria moschata and some
other variable ploidy species, have exhibited at least par-
tial resistance (Bestfleisch et al., 2015; Kennedy, 1965;
Kennedy & King, 1962; Maas, 1998). Bacterial angular
leaf spot disease is an insidious and potentially serious
disease, which was first reported in the USA (Kennedy
& King, 1962). It was later described in New Zealand
and Australia from where it was subsequently eradi-
cated, and has been reported in some other countries
around the world but also in most European countries
where strawberry is cultivated. More information on
the geographical distribution of X. fragariae is available
from EPPO Global Database.

Xanthomonas fragariae is readily transmitted via as-
ymptomatic plants with latent infections and interna-
tional movement of latently infected plants is blamed
for the introduction of X. fragariae in many countries
(Lopez et al., 1985). Symptoms appear under favourable
conditions (see section 3.1) as well as after cold storage
(Rat, 1993). X. fragariae is widespread in nurseries in
many countries and has been responsible for important
production losses in Europe (Bosshard & Schwind, 1997,
Lopez et al., 1985; Mazzucchi et al., 1973). Analyses of
X. fragariae strains isolated at different times in diverse
locations around the world indicate some genetic and
phenotypic diversity among these strains (Opgenorth
et al., 1996; Pooler et al., 1996; Roberts et al., 1996). In
addition, some differential pathogenicity has been noted
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among X. fragariae strains (Maas et al., 2000). However,
there is no correlation between these variations and the
geographic origin of the isolates.

This Standard describes different methodologies for
the diagnosis of X. fragariae in symptomatic and asymp-
tomatic plants of Fragaria spp. A flow diagram describ-
ing the diagnostic procedure for X. fragariae is presented
in Figure 1.

2 | IDENTITY

Name: Xanthomonas fragariae Kennedy & King, 1962.
Synonyms: None.

Taxonomic position: Bacteria, Gammaproteobacteria,
Lysobacterales, Lysobacteraceae.

EPPO Code: XANTFR.

Phytosanitary categorization: EPPO A2 list n°135, EU
RNQP (Annex IV).

3 | DETECTION

3.1 | Symptoms

Small (I-4mm diameter) angular water-soaked spots
(lesions) bounded by the smallest leaf veins appear ini-
tially on the lower leaf surface. In the early stages of
infection, these spots are barely visible in the field and
appear translucent yellow when viewed under transmit-
ted light (Figures 2 and 5a).

The lesions enlarge and coalesce, eventually appear-
ing on the lower leaf surface as angular water-soaked
spots that become reddish brown (Figure 3). Viscous
bacterial exudates that are white, milky, cream or yellow
in colour develop from lesions under wet conditions or
when the relative humidity is high. The exudates become
dry scale-like masses that are opaque and whitish or sil-
very at first, then turn brown (Figure 4) (Janse, 2005).

As the disease progresses, coalesced reddish-brown
lesions become necrotic. Necrotic lesion tissue may tear
or break off the leaf, and diseased leaves may appear
blighted or ragged. Leaf infections often develop and
form long lesions along major veins. In advanced stages
of disease development, the foliar tissue around old
coalesced reddish-brown lesions is generally chlorotic
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FIGURE 1 Flow diagram describing the detection and identification of Xanthomonas fragariae in samples of symptomatic or

asymptomatic Fragaria spp.

FIGURE 2 Early-stage symptoms of angular leaf spot of
strawberry. Courtesy Elphinstone J (Fera Science Ltd, GB) © Crown
Copyright.

(Figures 5 and 6) (EPPO, 1997; Kennedy & King, 1962;
Maas, 1998; Rat, 1993).

Severe infections of X. fragariae may spread from the
leaves to the crown, where discrete water-soaked areas
develop (Hildebrand et al., 1967). Severe crown infec-
tion can result in plants with decreased vigour that may
collapse and eventually die. Leaves that develop from
infected crowns are often systemically infected, with le-
sions that appear along the veins at the base of the leaves

FIGURE 3 Angular water-soaked spots on the lower leaf
surface. Courtesy Aspin A (Fera Science Ltd) © Crown Copyright.

(Figure 7). Bacterial exudate may ooze from vascular
bundles when the crown is cut transversely.

In severe cases of disease, X. fragariae may attack
flowers and cause blossom blight, but it does not di-
rectly infect fruits (Gubler et al., 1999). Water-soaked le-
sions on infected calyx tissue are similar in appearance
to foliar lesions.

Xanthomonas fragariae can move systemically into
the roots, crowns and runners without exhibiting
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FIGURE 4 Angular spots with dried slime. Courtesy Cruz L
(INIAV, PT).

FIGURE 6 Lesions on the lower surface of a leaf. Courtesy
Olivier V (ANSES, FR).

FIGURE 5 Early (a) and late (b, ¢c) symptoms on the upper
surface of a leaf. (a, ¢) Courtesy van Vaerenbergh J (ILVO, BE), (b)
Courtesy Olivier V (ANSES, FR).

FIGURE 7 Vascular lesions caused by Xanthomonas fragariae.
Courtesy Cruz L (INIAV, PT).
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FIGURE 8 Crown infection pocket symptoms. Courtesy Feng J (Northwest A&F University, CN).

obvious symptoms (Bestfleisch et al., 2015; Mahuku
& Goodwin, 1997, Milholland et al.,, 1996; Stefani
et al., 1989). Although only rarely seen, this infection
may result in the appearance of water-soaked areas at
the base of newly emerged leaves rapidly followed by
sudden plant collapse and death. One strain was also
shown recently to form crown infection pockets in
strawberry in China (Figure 8) (Li et al., 2021).

3.1.1 | Possible confusion

In contrast to angular leaf spot disease of straw-
berry, bacterial leaf blight of strawberry caused by
Xanthomonas arboricola pv. fragariae is characterized
by small reddish-brown lesions on the lower leaf surface
that are neither water-soaked nor translucent; reddish
spots on the upper leaf surface (Figure 9); lesions coa-
lescing into large, dry brown spots surrounded by a chlo-
rotic halo; and large brown V-shaped lesions along the
leaf margin, midrib and major veins (Janse et al., 2001).
In addition, no bacterial exudation is associated with
bacterial leaf blight lesions (Janse et al., 2001). In ad-
vanced stages, bacterial angular leaf spot is difficult
to distinguish from fungal leaf-spotting diseases such
as common leaf spot (Ramularia grevilleana) and leaf
scorch (Diplocarpon fragariae) (Janse et al., 2001).

3.2 | Test sample requirements

3.2.1 | Sample collection
For plants with symptoms, leaves with initial water-
soaked spots should be sampled as this facilitates suc-
cessful isolation of X. fragariae. Alternatively, leaves
with dry spots and with or without exudates can be
used. Crown tissue should also be examined.

For symptomless plants, statistically representa-
tive samples of leaves, petioles and crowns of several

FIGURE 9 Symptoms on the upper surface of strawberry leaves
caused by Xanthomonas arboricola pv. fragariae. Courtesy Olivier V
(ANSES, FR).

plants should be taken. In the Netherlands, five sam-
ples per ha are collected. Each sample consists of 30
complete leaves including the petiole and the leaf base.
In Portugal, the field sample is composed of 20 straw-
berry runners. In the United Kingdom up to 300 peti-
oles are taken.

After collection, samples are wrapped in paper,
placed in polythene bags, kept cool and stored at 4°C
upon arrival at their destination and processed as soon
as possible.

3.2.2 | Sample preparation in the laboratory
For symptomatic plants, the surfaces of leaf and stem
plant tissue can be surface sterilized by wiping with
70% ethanol. If the plants show vascular symptoms, it
is recommended that the roots and the leaves are re-
moved, keeping the crown and petioles. The sample is
rinsed in tap water to remove excess soil and surface
sterilized by immersing for 1 min in 70% ethanol fol-
lowed by rinsing three times in sterile distilled water.

5UB017 SUOWILLIOD SAIERID 3]0 ke a1 Ad PaULBAC 8.2 S YO ‘95N J0 SB[ J0J A1 UIUO AB1IM U0 (SUO1IPUOO-PUE-SLLLBILICO"AB| W ARG UL [UO//'Sc1IY) SUOIIPUOD P SWS 13U 95 *[£202/60/70] U0 ARIGIT8UIIIO AB]1M ‘90U URIGI0D AQ 9T6ZT ddB/TTTT 0T/10p/LI0 5| 1M ARIGIRUIUO//StNY WO1) PAPe0|umMOq ‘Z *EZ0Z ‘8EE2S9ET



188 |

PM 7/65 (2) XANTHOMONAS FRAGARIAE

Approximately 0.1 g of leaf or crown and petiole tis-
sue per sample are added to approximately 9 mL
phosphate-buffered saline (PBS) (Appendix 1) or water.
The plant tissue is homogenized and incubated at room
temperature for 15min.

Alternatively, leaf pieces with up to 25 typical (water-
soaked angular) leaf spots, suspect for Xanthomonas
fragariae, are cut out. The dissected leaf pieces are
placed in a beaker and covered with 1 cm of tap water
and five drops (e.g. 5% 10 pL) Tween-20. The leaf pieces
are washed thoroughly in the liquid, rubbing off any air
bubbles and dirt when present. The sample is incubated
at room temperature for up to 10 minutes and then
rubbed again. The washing fluid is discarded. The leaf
pieces are covered in excess clean tap water, rubbed as
before and left for 1 minute. The step is repeated twice
more with clean tap water.

The leaf pieces are blotted dry on tissue paper then
placed in a beaker and covered with ethanol (70%). The
leaf pieces are stirred for up to 5 seconds before being
removed and immediately blotted dry and the ethanol is
allowed to evaporate completely.

Leaf fragments are cut into very small pieces
(1-4mm?) and placed in a tube with 5 mL 0.0l M PBS.
They are mixed and incubated for 30 min at room tem-
perature to extract the bacterium from the plant tissue.
A 1:100 dilution of the original extract in 0.0l M PB is
prepared. Both extracts are used for dilution plating on
nutrient media, as for Method 1.

For asymptomatic plants, the protocol used in
the Netherlands consists of soaking the sample over-
night at 4°C in 500mL PBS supplemented with 0.02%
Tween-20 (Appendix 1). The next day the sample is
homogenized for 2 min at maximum setting in a bag-
mixer (e.g., Interscience JumboMix). Ten mL of plant
extract are transferred into a 15mL centrifuge tube
and centrifuged at 3 400g for 20min. The supernatant
is discarded, and the pellet is resuspended in Lysismix
buffer (Appendix 1) with two steel ball bearings
(2.778 mm ). The pellet is resuspended by putting the
tubes in a Geno/Grinder for 3 min at 1 500rpm and
is then incubated for 1 hour at 55°C (homogenized by
shaking a couple of times). The sample is cooled on ice
and centrifuged for 20 min at 3 400g. Four hundred pL
of supernatant are used for DNA extraction via the
Kingfisher platform using the Sbeadex maxi plant kit
(LGC Genomics).

In Portugal, a slice of the basal part of each crown
of the field sample is taken above the roots to prepare
the laboratory sample. Crown areas are excised and
surface cleaned with paper soaked with 70% ethanol.
The epidermis tissues are removed with a sterile scal-
pel and the inner crown tissues collected are macer-
ated overnight at 4°C in SCPAP buffer (Appendix 1).
The maceration extract is centrifuged at 13 500g and
4°C for 10 min and the pellet is resuspended in | mL

SCPAP buffer (Appendix ). Dilutions are prepared for
further testing.

In the United Kingdom, the sample of up to 300
petioles is divided into 50 petiole or micro-propagated
plant batches, covered in PBS (Appendix 1) and ag-
itated on an orbital shaker for 30min at room tem-
perature, before the supernatant is removed and
concentrated by centrifugation at 10 000g, for 10 min at
4-10°C, and the pellets from each batch of the sample
are combined in 1 mL of buffer.

3.3 | Screening tests

Symptomatic and asymptomatic plant samples may be
screened using indirect immunofluorescence (IF), and
molecular methods. Isolation can be used for screening
symptomatic plant samples. At least two screening tests
(isolation, immunofluorescence and/or molecular tests)
should be positive to confirm detection of X. fragariae.

3.3.1 | Serological tests

Instructions for performing an IF are provided in EPPO
Standard PM 7/97 Indirect immunofluorescence test for
plant pathogenic bacteria (EPPO, 2009). Recommended
antisera and validation data are given in Appendix 2.

3.3.2 | Molecular tests

33.2.1 | Conventional PCR

Several conventional PCR tests, each targeting different
loci in the X. fragariae genome, have been developed for
the detection of X. fragariae.

These tests can be used for the detection of X. fragariae
in symptomatic plant material, and several of them have
also been used for the detection of latent X. fragariae
infection).

The following conventional PCR tests are recommended
for the detection of X. fragariae:

The semi-nested PCR from Roberts et al. (1996), de-
scribed in Appendix 4.

The multiplex PCR from Hartung and Pooler (1997), de-
scribed in Appendix 5.

Other conventional PCR tests that can be used for
the detection of X. fragariae are the Zimmermann
et al. (2004); Moltmann and Zimmermann (2005)
and the conventional PCR from Vermunt and van
Beuningen (2008). Nested PCR protocols have been re-
ported to increase sensitivity up to 100 times compared
with conventional PCR protocols, but they present a
higher risk of contamination.
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3.3.2.2 | Real-time PCR

The following real-time PCR tests are recommended for
the detection of X. fragariae:

The real-time PCR from Weller et al. (2007), described
in Appendix 6.

The real-time PCR from Vandroemme et al. (2008), de-
scribed in Appendix 7.

These tests are potentially useful for detecting low levels
of X. fragariae in asymptomatic or latent infections.

Other real-time PCR tests that can be used for the detec-
tion of X. fragariae are the real-time PCR from Turechek
et al. (2008) and the propidium monoazide (PMA) real-
time PCR from Wang and Turechek (2020).

3323 | LAMP

The LAMP from Gétaz et al. (2017) is described in
Appendix 8.

The LAMP from Wang and Turechk (2016) can also
be used for the detection of X. fragariae.

3.4 | Isolation

Direct isolation of X. fragariae is difficult, even in
the presence of symptoms and exudates, because
X. fragariae grows very slowly on artificial nutrient
media and is rapidly overgrown by saprophytic or-
ganisms (Hazel & Civerolo, 1980; Lopez et al., 1985;
Schaad et al., 2001; Saddler & Bradbury, 2005).
Therefore, isolation is recommended from sympto-
matic plant material only. Specific procedures for
direct isolation of X. fragariae are given in Lopez
et al. (2005). Three media are recommended for isola-
tion: Sucrose Peptone Agar (SPA), Wilbrink's medium
with nitrate (Wilbrink-N) or without nitrate, and Yeast
extract Peptone Glycerol Agar with cycloheximide
(YPGA+C) (Appendix 1). Isolation on YPGA+C me-
dium is less successful than on the other two media but
it is still recommended. Streaking can improve the suc-
cess of isolation (L. Cruz IVIA, PT and T. Dreo NIB,
SI personal communication).

341 | Isolation method

Isolation of X. fragariae from tissue may be performed
from aliquots of fresh exudates from lesions directly
onto Wilbrink(-N), YPGA+C and/or SPA media
(Appendix 1). Alternatively, 10-100 pL aliquots (depend-
ing on the plating technique used) of lesion tissue su-
pernatant or homogenate (see 3.2.2), as well as dilutions
(1:10, 1:100, 1:1 000 and 1:10 000) are plated out onto the
surface of Wilbrink(-N), YPGA+C and/or SPA media
(Appendix 1). Similar aliquots of X. fragariae cell sus-
pensions (10%, 10° and 10°cfu/mL) should also be plated
out to verify the quality of the media and to compare
the cultural characteristics of any bacterial colonies that
develop. The plates are incubated at 24°C for 7days.
Colonies appearing after 2-3 days should be disregarded
as these will not be X. fragariae. Final reading is per-
formed after seven to 10days of incubation at 24°C.
Xanthomonas  fragariae colonies on Wilbrink(-N)
(Appendix 1) medium are initially off-white, becoming
pale yellow, circular, slightly convex, smooth and mucoid
after 4-6days (Figure 10). On YPGA+C and SPA media
(Appendix 1), the colonies are similar in morphology to
those on Wilbrink(-N), but they have a more intense yel-
low colour.

3.4.2 | Interpretation of isolation results

The isolation is negative if no bacterial colonies with
morphology characteristic of X. fragariae colonies are
observed after seven to 10days on any of the three media
(provided no growth inhibition due to competition or
antagonism has occurred) and typical X. fragariae colo-
nies are found in the positive controls.

Detection based on isolation is considered positive if
presumptive X. fragariae colonies are isolated on at least
one of the media used.

Considering that isolation of this bacterium frequently
fails, if immunofluorescence and PCR tests are positive,
the sample should be considered as X. fragariae detected
but not identified. The best isolation results are expected
when using freshly prepared sample extracts from young
lesions.

FIGURE 10 Colonies of Xanthomonas fragariae on Wilbrink's medium with nitrate after five (a) and ten (b) days incubation at 24°C.

Courtesy Olivier V (ANSES, FR).
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4 | IDENTIFICATION

Identification is recommended in critical cases only.
At least two tests based on different biological princi-
ples or targeting different parts of the genome should be
performed.

4.1 | Serological tests

4.1.1 | Immunofluorescence
Immunofluorescence (IF) can be used for the identifica-
tion of suspect X. fragariae strains.

Instructions for performing an IF are provided in
EPPO Standard PM 7/97 Indirect immunofluores-
cence test for plant pathogenic bacteria (EPPO, 2009).
Recommended antisera and validation data are given
in Appendix 2.

4.2 | Molecular tests

421 | Conventional PCR

Suspect X. fragariae cultures can be identified using the
semi-nested PCR of Roberts et al. (1996) described in
Appendix 4 and the multiplex PCR from Hartung and
Pooler (1997) described in Appendix 5.

Other conventional PCR tests that can be used
for the identification of X. fragariae are the conven-
tional PCR from Pooler et al. (1996); the conventional
PCR from Zimmermann et al. (2004); the nested
PCR from Moltmann and Zimmermann (2005)
and the conventional PCR from Vermunt and van
Beuningen (2008).

4.2.2 | Real-time PCR

The following real-time PCR tests can be used for the
identification of X. fragariae.

The real-time PCR from Weller et al. (2007), described
in Appendix 6.

The real-time PCR from Vandroemme et al. (2008), de-
scribed in Appendix 7.

Other real-time PCR tests that can be used for the
identification of X. fragariae are the real-time PCR
from Turechek et al. (2008), and the the propidium
monoazide (PMA) real-time PCR from Wang and
Turechek (2020).

423 | LAMP

The LAMP from Gétaz et al. (2017) described in
Appendix 8 can be used for the identification of
X. fragariae.

The LAMP from Wang and Turechk (2016) can also be
used for the identification of X. fragariae.

4.3 | Pathogenicity tests

The identity of bacterial strains suspected of being
X. fragariae can be confirmed by a pathogenicity test.
Several procedures are available: Hazel and Civerolo
(1980), Civerolo et al., 1997 and Hildebrand et al. (2005).
Pathogenicity tests are described in Appendix 9.

4.4 | Other tests

441 | Rep-PCR
The Rep-PCR from Opgenorth et al. (1996) can be used
for the identification of X. fragariae. Guidelines on how
to perform Rep-PCR are provided in the EPPO Standard
PM 7/100 Rep-PCR tests for identification of bacteria.

44.2 | DNA barcoding methods

Single locus sequence typing of the partial gyrB gene can
be used for the identification of X. fragariae. Sequence
analysis should follow the guidelines described in the
EPPO Standard PM 7/129 on DNA barcoding as an iden-
tification tool for plant pests.

44.3 | Biochemical and physiological tests

X. fragariae has the common cultural characteristics
of all xanthomonads. Cells are Gram-negative, aerobic
rods with a single polar flagellum. Different biochemi-
cal characteristics can be used for the identification of
X. fragariae as described in Schaad et al. (2001), and
Janse et al. (2001). The tests differentiate between X.
fragariae and X. arboricola pv. fragariae.

444 | MALDI-TOF mass spectrometry

A MALDI-TOF mass spectrometry method for prot-
eomic analysis has been described by Vandroemme
et al., 2013 (see also Catara et al., 2021) which allows
rapid, reliable and robust identification of strains.

445 |
(MLSA)

Multilocus sequence typing/analysis

A multilocus sequence analysis (MLSA) approach
(Almeida et al., 2010; Gétaz et al., 2018; Young et al., 2008)
based on the sequencing of 4-8 housekeeping genes can
be used to support the identification of X. fragariae.

85US017 SUOLILLIOD BAITER1D 3|qedljdde auy Aq pausenob afe 9l VO ‘88N JOSa|nI o Axeiq1T 8U1|UO A1 U (SUORIPUOO-PpUR-SLLLBHWD" A3 | 1M Afe.q1)BU1 |UO//SANY) SUORIPUOD PUe Swiis | 84} 35S *[£202/60/0] UO Aig1TauljuO AB|IM ‘Soueid aUeI400D Aq 9T6ZT dde/TTTT OT/I0p/W00 A3 1M Afeiq 1 pUI|UO//SONY W04 PAPROIUMOQ ‘2 ‘€20 ‘8EEZSIET



EPPO STANDARD ON DIAGNOSTICS

| 191

However, it should be noted that this methodology has not
yet been validated for the identification of X. fragariae.

5 | REFERENCE MATERIAL

Type strain: NCPPB 1469" = CFBP 21577 = LMG
708" = DSM 3587" = PD 885", PD 2905, PD 5202,
NCPPB 1822,
CFBP 2510, LMG 25863.
Xanthomonas fragariae strains are commercially avail-
able from:
National Collection of Plant Pathogenic Bacteria
(NCPPB), Fera Science Ltd, York (GB).
International Center for Microbial Resources-French
Collection for Plant-associated Bacteria (CIRM-CFBP),
IRHS-INRAE, Beaucouzé (FR).
Belgian Co-ordinated Collections of Microorganisms /
Laboratorium voor Microbiologie (BCCM/LMG), Gent
(BE).
German Collection of Microorganisms and Cell
Cultures (DSMZ), Braunschweig (DE).
EPPO-Q-bank (https:/gbank.eppo.int/) includes se-
quences for gyrB for properly documented species and
strains present in collections.

The authenticity of the strains can be guaranteed
only if they are directly obtained from one of the indi-
cated culture collections.

6 | REPORTING
AND DOCUMENTATION

Guidelines on reporting and documentation are given in
EPPO Standard PM 7/77 Documentation and reporting
on a diagnosis.

7 | PERFORMANCE
CHARACTERISTICS

When performance characteristics are available, these are
provided with the description of the test. Validation data
are also available in the EPPO Database on Diagnostic
Expertise (http://dc.eppo.int), and it is recommended to
consult this database as additional information may be
available there (e.g., more detailed information on ana-
lytical specificity, full validation reports, etc.).

8 | FURTHER INFORMATION

Further information on this organism can be obtained
from:

Pothier JF, Zurich University of Applied Sciences
ZHAW, Einsiedlerstrasse 31, Waiadenswil 8820
(Switzerland). E-mail: joel.pothier@zhaw.ch

Aspin A and Cole J, Fera Science Ltd, Sand Hutton,
YO41 1ILZ (United Kingdom). E-mails: andrew.aspin@
fera.co.uk and jennifer.cole@fera.co.uk

Cottyn B, Flanders research institute for agriculture,
fisheries and food, Burg. Van Gansberghelaan 96,
Merelbeke (Belgium). E-mail: bart.cottyn@ilvo.vlaan-
deren.be

van der Wolf JM, Wageningen University, PO Box 16,
6700 AA Wageningen (the Netherlands). E-mail: jan.
vanderwolf@wur.nl

9 | FEEDBACK ON THIS
DIAGNOSTIC STANDARD

If you have any feedback concerning this Diagnostic
Standard, or any of the tests included, or if you can pro-
vide additional validation data for tests included in this
protocol that you wish to share please contact diagnos-
tics@eppo.int.

10 | PROTOCOL REVISION

An annual review process is in place to identify the need
for revision of diagnostic protocols. Protocols identified as
needing revision are marked as such on the EPPO website.
When errata and corrigenda are in press, this will also
be marked on the website.
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APPENDIX 1 - BUFFERS AND MEDIA

The use of bacteriological grade agar (eg., Oxoid, BD
Difco) is recommended for all media as impurities
in other commercial agars can inhibit the growth of
X. fragariae.

Because X. fragariae grows very slowly on artificial
nutrient media and is rapidly overgrown by saprophytic
organisms, cycloheximide can be added to all media
used for isolation to reduce the growth of saprophytic
fungi (e.g., 250mg/L by using 5 mL/L of medium of a
stock solution with 5 g cycloheximide? per 100mL abso-
lute ethanol).

PBS (phosphate saline buffer 10mM, pH 7.2).

NaCl 8¢

KCl 02¢g
Na,HPO,12H,0 29¢g
KH,PO, 02¢g

Distilled water to 1 L; adjust pH to 7.2 before autoclaving.

Lysismix (per sample):

Lysis buffer PVP (LGC genomics) 400pL
Protease solution (LGC Genomics) 44uL
DTT5M 16pL

Succinate citrate phosphate supplemented with ascor-
bic acid and polyvinylpyrrolidone (SCPAP) (Minsavage
et al., 1994)

Disodium succinate 10g

Trisodium citrate 1.0g

“Nystatin may be used as an alternative to cycloheximide. In the United
Kingdom, 35mg/L are used (A. Aspin, personal communication)

detection of Xanthomonas fragariae in strawberry. PLoS ONE
11(1): e0147122. https://doi.org/10.1371/journal.pone.0147122.

Weller SA, Beresford-Jones NJ, Hall J, Thwaites R, Parkinson N
& Elphinstone JG (2007) Detection of Xanthomonas fragariae
and presumptive detection of Xanthomonas arboricola pv.
fragariae, from strawberry leaves, by real-time PCR. Journal of
Microbiological Methods, 70, 379-383.

Young JM, Park DC, Shearman HM & Fargier E (2008) A multilocus se-
quence analysis of the genus Xanthomonas. Systematic and Applied
Microbiology, 31, 366-377. doi: 10.1016/j.syapm.2008.06.004.

Zimmermann C, Hinrichs-Gerger J, Moltmann E & Buchenauer H
(2004) Nested PCR for detection of Xanthomonas fragariae in
symptomless strawberry plants. Journal of Plant Diseases and
Protection, 111, 39-51.
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K,HPO, 1.5¢g
KH,PO, 1.0g
Sodium ascorbate 0.02M
Acid-washed insoluble polyvinylpyrrolidone 5%
Distilled water to 1 L; adjust pH to 7 before autoclaving.

Cetyl trimethylammonium bromide (CTAB)
1 M Tris—HCl 50mL
5 M ethylenediaminetetraacetic acid (EDTA) 50mL
NacCl 409 ¢
Polyvinylpyrrolidone (PVP)-40 Sg
CTAB 125¢g

Distilled water to 500mL.

Wilbrink with nitrate (Wilbrink-N) (Koike, 1965).

Sucrose 10¢g
Proteose peptone (L85; Oxoid) Sg
K,HPO, 05g
MgSO,7H,0 0.25¢g
NaNO; (can be omitted for Wilbrink's medium 0.25¢

without nitrate)

Bacteriological grade agar I5¢g

Distilled water to 1 L; adjust pH to 7.0-7.2 before autoclaving.

Yeast extract Peptone Glycerol Agar (YPGA) (Lelliott &
Stead, 1987)

Yeast extract Sg
Bacto-Peptone Sg
Glucose 10g
Bacteriological grade agar 15¢g

Distilled water to 1 L; adjust pH to 7.0-7.2 before autoclaving.
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Sucrose Peptone Agar (SPA) (Hayward, 1960)

Sucrose 20¢g
Bacto-Peptone 5S¢
K,HPO, 0.5¢
MgSO,7H,0 0.25¢g
Bacteriological grade agar 15¢g

Distilled water to 1 L; adjust pH to 7.2-7.4.

APPENDIX 2 - SEROLOGICAL TESTS

The following polyclonal antibodies to X. fragariae are
recommended for use in serological tests:

Polyclonal antibodies from Plant Research International
(Wageningen UR, NL) catalogue reference:

SKU Xf_I (https://shop.wur.nl/primediagnostics/xf-i.
html) were validated for use in immunofluorescence.

Analytical sensitivity is 1 000cfu/mL. Inclusivity
is 100%, calculated on 30 isolates of X. fragariae.
Exclusivity is 100%, calculated on 20 isolates (5 isolates
per species) of Ralstonia solancearum, Rhodococcus
fascians, Xanthomonas axonopodis pv. vesicatoria and
Xanthomonas campestris pv. campestris.

1PO9534 BCDI1, SWAR-FITC antiserum/conjugate,
validated on sixty-three isolates of X. fragariae and a
number of related bacteria among which X. arboricola pv.
fragariae.

One commercially available polyclonal anti-
X. fragariae serum has been validated using fluorescein
isothiocyanate (FITC)-conjugated anti-rabbit immu-
noglobulins (Lopez et al., 2005). Immunofluorescence
with these antibodies allows the detection of 10°-
10*cfu/mL X. fragariae in strawberry tissue (Calzolari
and Mazzucchi, 1989). Instructions for performing im-
munofluorescence are provided in EPPO Standard PM
71097 Indirect immunofluorescence test for plant patho-
genic bacteria (EPPO, 2009).

Itcanbenoted that Loewe (DE), Catalogue No.07332/01
(https://www.loewe-info.com/categories/immuno-
fluorescence/antisera-and-controls.html) has not been
validated.

APPENDIX 3 - DNA EXTRACTION

Protocols for DNA extraction from plant samples and
PCR described in Pooler et al. (1996) and Hartung and
Pooler (1997) have been validated (Lopez et al., 2005).
A modified protocol using the REDExtract-N-Amp
Plant PCR Kit (Sigma) has also been reported to be
suitable for DNA extraction before amplification for
testing large numbers of samples of asymptomatic
leaves (Stoger & Ruppitsch, 2004). Other commer-
cial kits for extracting DNA and for nested PCR and
PCR using other primers (Roberts et al., 1996) are
available; however, these have not yet been validated
(Lopez et al., 2005).

Plant material

The DNeasy Plant Mini Kit (Qiagen), as modified for
mycoplasma like organism (MLO) DNA extraction,
provided the best results during the European Union
DIAGPRO project (SMT-4-CT98-2252).

Two-hundred and fifty pL of tissue macerate prepared
as described in section 3.2.2 is used for DNA extrac-
tion, by adding 250 pL. CTAB extraction buffer and 4 pL
RNase A (100mg/mL). The sample is mixed by inverting
gently five times and incubated at 65°C for 10 min with
occasional mixing by inversion. The manufacturer's in-
structions are followed until the DNA elution step.

To elute the DNA, 100pL of 10mM Tris—HCI, pH 9
(preheated to 65°C) are added to the column and cen-
trifuged at 26 000g for I min. An additional 100pL
Tris—HCI is added and the centrifugation step is re-
peated. The DNA solution is adjusted to a total vol-
ume of 300 L with Tris-EDTA (TE) buffer and 200 pL
of 5 M ammonium acetate and 1 mL absolute ethanol
are added. The sample is mixed well and incubated at
—20°C for 1 h to overnight. After incubation, it is cen-
trifuged at 17 000 g for 10 min. The supernatant is dis-
carded and the DNA pellet washed in 1 mL absolute
ethanol and centrifuged at 16 000 g for 5 min. Washing
is repeated by substituting the absolute ethanol with
500pL of 80% ethanol. The supernatant is discarded.
After the pellet has dried, it is resuspended in 50 pL
sterile distilled water.

Cell cultures

Forcrude DNA extraction from presumptive X. fragariae
cultures and from cultures of reference strains, sus-
pend approximately 1 pL of cell material (e.g., using
a 1 pL disposable inoculating loop) or one colony in
100 pL of sterile distilled water. Heat in closed microvi-
als at approximately 95-100°C for 5-10 min. A freezing
step after the heating may be performed.

Alternatively, a cell suspension in 0.05mM NaOH can
be prepared. One hundred pL of the cell suspension in
closed tubes is heated at approximately 95°C for 5 min.

The lysate can be stored at approximately —20°C.

APPENDIX 4 - SEMI-NESTED PCR (ROBERTS
ET AL., 1996)

The test below is described as it was carried out to generate
the validation data provided in section 4. Other equipment,
kits or reagents may be used provided that a verification
(see PM 7198) is carried out.

1. General Information

1.1. This test is suitable for the detection and identifica-
tion of X. fragariae in symptomatic and asympto-
matic plant material and cell cultures.
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1.2. The test is based on Roberts et al., 1996. Volume per
1.3. The test targets the hrp gene of X. fragariae. Working reaction  Final
1.4. Oli gonucle otides: Reagent concentration (pL) concentration
Primer Sequence Amplicon size (bp) Forward primer XF9 10 pM 10 0.2pM
- R i XF12 10 uM 1.0 0.2 pM
Forward 5-TGG GCC ATG CCG 537 or 438, depending everse primer . "
primer XF9 GTG GAA CTG TGT on the reverse Tag DNA polymerase® 5 U/uL 0.25 0.025 U/ pL
GG-3 primer used Subtotal 47
Reverse primer 5-TAC CCA GCC GTC 537 First round PCR 3
XF11 GCA GAC GAC product
_ €G3 Total 50
Reverse primer  5-TCC CAG CAA CCC 458 # The manufacturer of the Tag polymerase was not given in the original
XF12 AGA TCC G-3'

1.5. Cycler or real-time PCR system DNA Thermal
Controller PT-100 (MJ Research Watertown, MA)

2. Methods
2.1. Nucleic Acid Extraction and Purification

2.1.1. Matrices: plant material and cell cultures

2.1.2.See Appendix 3 for extraction procedures from
plant material and cell cultures

2.1.3. DNA should preferably be stored at approximately
—20°C

2.2. Conventional PCR

2.2.1. Master Mix round 1

Working Volume per  Final

Reagent concentration reaction (pL) concentration
Molecular grade N.A. 39.25 N.A.

water
PCR buffer with 10 x 5.0 1 x

MgCl, (Promega)
dNTPs (Promega) 10mM 0.5 0.1mM
Forward primer XF9 10 uM 1.0 0.2 uM
Reverse primer XF11 10 pM 1.0 0.2 uM
Tag DNA polymerase® 5 U/uL 0.25 0.025 U/uL
Subtotal 47
Nucleic acid extract 3
Total 50

* The manufacturer of the 7ag polymerase was not given in the original
paper.

2.3. Conventional PCR
2.3.1. Master Mix round 2

Volume per
Working reaction Final
Reagent concentration (pL) concentration
Molecular grade water N.A. 39.25 N.A.
PCR buffer with 10 x 5.0 1 x
MgCl, (Promega)
dNTPs (Promega) 10mM 0.5 0.ImM

paper.

2.3.2.PCR conditions first round: 95°C for 2 min fol-
lowed by 30cycles of (95°C for 30s, 65°C for 30s
and 72°C for 455) followed by a final extension step
of Smin at 72°C

2.3.3. PCR conditions second round: 95°C for 2 min fol-
lowed by 30cycles of (95°C for 30s, 58°C for 30s
and 72°C for 455) followed by a final extension step
of S min at 72°C

3. Essential Procedural Information

Controls:

For a reliable test result to be obtained, the following
(external) controls should be included for each series of
nucleic acid extraction and amplification of the target
organism and target nucleic acid, respectively

e Negative isolation control (NIC) to monitor contami-
nation during nucleic acid extraction: nucleic acid ex-
traction and subsequent amplification preferably of a
sample of uninfected matrix or if not available clean
extraction buffer.

* Positive isolation control (PIC) to ensure that nucleic
acid of sufficient quantity and quality is isolated:
nucleic acid extraction and subsequent amplifica-
tion of the target organism or a matrix sample that
contains the target organism (e.g. naturally infected
host tissue or host tissue extract spiked with the tar-
get organism).

e Negative amplification control (NAC) to rule out false
positives due to contamination during the preparation
of the reaction mix: application of the amplification
procedure to molecular grade water that was used to
prepare the reaction mix.

e Positive amplification control (PAC) to monitor the
efficiency of the amplification: amplification of nu-
cleic acid of the target organism. This can include
nucleic acid extracted from the target organism, total
nucleic acid extracted from infected host tissue, whole
genome amplified DNA or a synthetic control (e.g.
cloned PCR product). For PCRs not performed on
isolated organisms, the PAC should preferably be near
to the limit of detection.
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As an alternative (or in addition) to the PIC,
internal positive controls (IPC) can be used to monitor
each individual sample separately. Internal positive con-
trols can either be (transcripts of) genes present in the
matrix nucleic acids or added to the nucleic acid extracts.

Alternative internal positive controls can include:

* Specific amplification or co-amplification of endoge-
nous nucleic acid, using conserved primers that am-
plify conserved non-pest target nucleic acid that is
also present in the sample (e.g. plant cytochrome ox-
idase gene or eukaryotic 18 S rDNA)

e amplification of samples spiked with exogenous nu-
cleic acid (control sequence) that has no relation with
the target nucleic acid (e.g. synthetic internal amplifi-
cation controls).

When generic primers are used on isolated specimens,
this could be considered as an alternative to the Positive
Isolation Control.

Other possible controls

Inhibition control (IC) to monitor inhibitory effects
introduced by the nucleic acid extract. Same matrix
spiked with nucleic acid from the target organism.

3.2. Interpretation of results

In order to assign results from PCR-based test the fol-
lowing criteria should be followed:

Verification of the controls

e NIC and NAC: no band is visualized.
* PIC, PAC (and if relevant IC) a band of the expected
size (458 and 537 bp) is visualized.

When these conditions are met:

* A test will be considered positive if a band of the
expected size is visualized. A product of 458 bp is ex-
pected in the second round of amplification.

* A test will be considered negative, if no band or a
band of a different size than expected is visualized.
 Tests should be repeated if any contradictory or un-

clear results are obtained.

4. Performance characteristics available

The test may have been adapted further and validated
or verified using other critical reagents, instruments and/
or further modifications. If so, the corresponding test de-
scriptions and validation data can be found in the EPPO
database on diagnostic expertise (section validation data
http://dc.eppo.int/validationlist.php).

Validation data from Roberts et al. (1996).
4.1. Analytical sensitivity data
Approximately 18 cells in plant tissue.
4.2. Analytical specificity data

Inclusivity

100% validated on 49 isolates of X. fragariae.

Exclusivity

100% validated on 17 isolates of X. campestris (repre-
senting 16 pathovars) and 9 isolates of non-pathogenic
Xanthomonads isolated from strawberry.

APPENDIX 5 - MULTIPLEX PCR (HARTUNG
& POOLER, 1997)

The test below is described as it was carried out to gen-
erate the validation data provided in section 4. Other
equipment, kits or reagents may be used provided that a
verification (see PM 7/98) is carried out.

1. General information

1.1. This test is suitable for the detection and identifica-
tion of X. fragariae in symptomatic and asympto-
matic plant material and cell cultures.

1.2. The test is based on Hartung & Pooler, 1997.

1.3. The test targets the Random Amplified Polymorphic
DNA region.

1.4. Oligonucleotides:

Amplicon
Primer Sequence size (bp)
Forward primer 241A  5-GCC CGA CGC GAG 550
TTG AAT C-3¥
Reverse primer 241B 5-GCC CGA CGC GCT
ACA GACTC-¥
Forward primer 245A  5'-CGC GTG CCA GTG 300
GAG ATC C-3'
Reverse primer 245B 5-CGC GTG CCA GAA
CTA GCA G-3'
Forward primer 295A  5-CGT TCC TGG CCG 615
ATT AAT AG-3
Reverse primer 295B 5-CGC GTT CCT GCG
TTTTTT CG-3

2. Methods

2.1. Nucleic Acid Extraction and Purification

2.1.1. Matrices: symptomatic and asymptomatic plant
material and cell cultures

2.1.2.See Appendix 3 for extraction procedures from
plant material and cell cultures
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2.1.3. DNA should preferably be stored at approximately
-20°C
2.2. Conventional PCR

2.2.1. Master Mix

Volume per
Working reaction Final
Reagent concentration (pL) concentration
PCR buffer (Perkin 10 x 2.5 1 x
Elmer)*
dNTPs ImM 5 0.2mM
Forward primer 241A 0.4 pM 2 0.032pM
Reverse primer 241B 0.4 uM 2 0.032pM
Forward primer 245A 0.4 pM 2 0.032pM
Reverse primer 245B 0.4 uM 2 0.032uM
Forward primer 295A 0.4 pM 2 0.032pM
Reverse primer 295B 0.4 uM 2 0.032pM
Taq DNA Polymerase® 2 U/uL 0.5 0.04 U/uL
Subtotal 20
Nucleic acid extract 5
Total 25

“Provider as indicated in the publication, but this company does not exist
anymore. Further optimization is recommended for use with other PCR
buffers.

"The manufacturer of the Tag polymerase was not given in the original paper.

2.2.2.PCR conditions

Initial denaturation at 95°C for 15min, followed by
35cycles of (95°C for 1 min, 57°C for 1 min, 72°C for
1 min), and 72°C for 7 min.

3. Essential Procedural Information

Controls:

For a reliable test result to be obtained, the following
(external) controls should be included for each series of
nucleic acid extraction and amplification of the target
organism and target nucleic acid, respectively

e Negative isolation control (NIC) to monitor contami-
nation during nucleic acid extraction: nucleic acid ex-
traction and subsequent amplification preferably of a
sample of uninfected matrix or if not available clean
extraction buffer.

* Positive isolation control (PIC) to ensure that nucleic
acid of sufficient quantity and quality is isolated: nu-
cleic acid extraction and subsequent amplification of
the target organism or a matrix sample that contains
the target organism (e.g., naturally infected host tissue
or host tissue extract spiked with the target organism).

* Negative amplification control (NAC) to rule out false
positives due to contamination during the preparation
of the reaction mix: application of the amplification

procedure to molecular grade water that was used to
prepare the reaction mix.

e Positive amplification control (PAC) to monitor the
efficiency of the amplification: amplification of nu-
cleic acid of the target organism. This can include
nucleic acid extracted from the target organism, total
nucleic acid extracted from infected host tissue, whole
genome amplified DNA or a synthetic control (e.g.,
cloned PCR product). For PCRs not performed on
isolated organisms, the PAC should preferably be near
to the limit of detection.

As an alternative (or in addition) to the PIC, internal
positive controls (IPC) can be used to monitor each indi-
vidual sample separately. Internal positive controls can
either be (transcripts of) genes present in the matrix nu-
cleic acids or added to the nucleic acid extracts.

Alternative internal positive controls can include:

e Specific amplification or co-amplification of endog-
enous nucleic acid, using conserved primers that am-
plify conserved non-pest target nucleic acid that is also
present in the sample (e.g., plant cytochrome oxidase
gene)

e Amplification of samples spiked with exogenous nu-
cleic acid (control sequence) that has no relation with
the target nucleic acid (e.g., synthetic internal amplifi-
cation controls).

When generic primers are used on isolated specimens,
this could be considered as an alternative to the Positive
Isolation Control.

Other possible controls
* Inhibition control (IC) to monitor inhibitory effects

introduced by the nucleic acid extract. Same matrix

spiked with nucleic acid from the target organism.

3.2. Interpretation of results

In order to assign results from PCR-based tests the fol-
lowing criteria should be followed:

Verification of the controls
e NIC and NAC: no band is visualized.

PIC, PAC (and if relevant IC) a band of the expected
sizes (550, 300 and/or 615bp) are visualized.

When these conditions are met:
* A test will be considered positive if a band of the ex-

pected size (300, 550 and/or 615bp) is visualized. The
300bp band is usually present when the extracts are
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from plants infected with X. fragariae but the other
bands (550 and 615bp) may appear occasionally.

* A test will be considered negative, if no band or a
band of a different size than expected is visualized.
 Tests should be repeated if any contradictory or un-

clear results are obtained.

4. Performance characteristics available

The test may have been adapted further and validated
or verified using other critical reagents, instruments and/
or further modifications. If so, the corresponding test de-
scriptions and validation data can be found in the EPPO
database on diagnostic expertise (section validation data
http://dc.eppo.int/validationlist.php).

Validation data from Hartung and Pooler (1997).
4.1. Analytical sensitivity data

10* cfu/mL in plant tissue.
4.2. Analytical specificity data

Inclusivity: 100% validated on 30 isolates of X.
fragariae.

Exclusivity: 100% validated on 36 isolates of
X. campestris (representing 19 pathovars) and 56 isolates
of epiphytic bacteria commonly isolated from strawberry.

APPENDIX 6 - REAL-TIME PCR (WELLER
ET AL., 2007)

The test below is described as it was carried out to generate
the validation data provided in section 4. Other equipment,
kits or reagents may be used provided that a verification
(see PM 7198) is carried out.

1. General information

1.1. This test is suitable for the detection and identifica-
tion of X. fragariae in symptomatic and asympto-
matic plant material and cell cultures.

1.2. The test is based on Weller et al., 2007.

1.3. The test targets the gyrB gene.

1.4. Oligonucleotides:

Primer Sequence

Forward primer 5'-CCG CAG CGA CGCTGA TC

XF gyrB-F -3
Reverse primer 5'-ACG CCC ATT GGC AAC ACT
XF gyrB-R TGA-3'

5-JOE-TCC GCA GGC ACA TGG
GCG AAG AAT TC-TAMRA-3'

Probe XF gyrB-P

1.5. ABI Prism 7700 Sequence Detection system; PE
Biosystems, Foster City, California.

2. Methods

2.1. Nucleic Acid Extraction and Purification

2.1.1. Matrices: symptomatic and asymptomatic plant
material and cell cultures

2.1.2.See Appendix 3 for extraction procedures from
plant material and cell cultures

2.1.3. DNA should preferably be stored at approximately
-20 °C

2.2. Real-time Polymerase Chain Reaction — real-time

PCR
2.2.1. Master Mix

Working Volume per Final
Reagent concentration reaction (uL) concentration
Molecular grade N.A. 8.875 N.A.
water
TagMan Buffer 10 x 2.5 1x
A (Applied
Biosystems)
MgCl, 25mM 5.5 5.5mM
dNTPs Promega 25mM 2.0 2mM
Forward Primer XF 10 pM 0.75 300 nM
gyrB-F
Reverse Primer XF 10 upM 0.75 300 nM
gyrB-R
Probe 1 XF gyrB-P 5puM 0.5 100 nM
AmpliTaq Gold 5 UL 0.125 0.025 U/pL
DNA polymerase
(Applied
Biosystems)
Subtotal 21
Nucleic acid extract 4
Total 25

2.2.2.PCR conditions: 50°C for 2 min, 95°C for 15min,
followed by 40cycles of (95°C for 10 s and 60°C for
1 min)

3. Essential Procedural Information

Controls:

For a reliable test result to be obtained, the following
(external) controls should be included for each series of
nucleic acid extraction and amplification of the target
organism and target nucleic acid, respectively

e Negative isolation control (NIC) to monitor contami-
nation during nucleic acid extraction: nucleic acid ex-
traction and subsequent amplification preferably of a
sample of uninfected matrix or if not available clean
extraction buffer.

* Positive isolation control (PIC) to ensure that nucleic
acid of sufficient quantity and quality is isolated:
nucleic acid extraction and subsequent amplifica-
tion of the target organism or a matrix sample that
contains the target organism (e.g. naturally infected
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host tissue or host tissue extract spiked with the tar-
get organism).

* Negative amplification control (NAC) to rule out false
positives due to contamination during the preparation
of the reaction mix: application of the amplification
procedure to molecular grade water that was used to
prepare the reaction mix.

* Positive amplification control (PAC) to monitor the effi-
ciency of the amplification: amplification of nucleic acid
of the target organism. This can include nucleic acid ex -
tracted from the target organism, total nucleic acid
extracted from infected host tissue, whole genome am-
plified DNA or a synthetic control (e.g. cloned PCR prod-
uct). For PCRs not performed on isolated organisms, the
PAC should preferably be near to the limit of detection.

As an alternative (or in addition) to the PIC, internal
positive controls (IPC) can be used to monitor each in-
dividual sample separately. Internal positive controls can
either be (transcripts of) genes present in the matrix nu-
cleic acids or added to the nucleic acid extracts.

Alternative internal positive controls can include:

* Specific amplification or co-amplification of endoge-
nous nucleic acid, using conserved primers that am-
plify conserved non-pest target nucleic acid that is
also present in the sample (e.g. plant cytochrome ox-
idase gene or eukaryotic 18 S rDNA)

e Amplification of samples spiked with exogenous nu-
cleic acid (control sequence) that has no relation with
the target nucleic acid (e.g. synthetic internal amplifi-
cation controls).

When generic primers are used on isolated specimens,

this could be considered as an alternative to the Positive
Isolation Control.

Other possible controls

* Inhibition control (IC) to monitor inhibitory effects
introduced by the nucleic acid extract. Same matrix
spiked with nucleic acid from the target organism.

3.2. Interpretation of results

In order to assign results from PCR-based test the fol-
lowing criteria should be followed

Verification of the controls

o The PIC and PAC (as well as IC and IPC as
applicable) amplification curves should be
exponential.

o NIC and NAC should give no amplification.
When these conditions are met:

e A test will be considered positive if it produces an ex-
ponential amplification curve.

e A test will be considered negative, if it does not pro-
duce an amplification curve or if it produces a curve
which is not exponential.

e Tests should be repeated if any contradictory or un-
clear results are obtained.

4. Performance characteristics available

Validation was carried out in accordance with EPPO
Standard PM 7/98.

The test may have been adapted further and vali-
dated or verified using other critical reagents, in-
struments and/or further modifications. If so, the
corresponding test descriptions and validation data
can be found in the EPPO database on diagnostic ex-
pertise (section validation data http://dc.eppo.int/valid
ationlist.php).

Validation data from NVWA (NL).
4.1. Analytical sensitivity data

8.0 x 10* cfu/mL for detection in Fragaria spp. extract
and 7.8 x10* cfu/mL for pure cultures

4.2. Analytical specificity data

Inclusivity: 100% validated on 19 isolates of
X. fragariae.

Exclusivity: 100% validated on 6 non-target
organisms. The test allows to differentiate between
X. fragariae and X. arboricola pv. fragariae (IPPC, 2017).
4.3. Data on repeatability

100%.

4.4. Data on reproducibility

100%.

4.5. Diagnostic sensitivity

100%.

4.6. Diagnostic specificity

100%.
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APPENDIX 7 - REAL-TIME PCR
(VANDROEMME ET AL., 2008)

The test below is described as it was carried out to generate
the validation data provided in section 4. Other equipment,
kits or reagents may be used provided that a verification
(see PM 7/98) is carried out.

1. General information

1.1. This test is suitable for the detection and identifica-
tion of X. fragariae in symptomatic and asympto-
matic plant material and cell cultures.

1.2. The test is based on Vandroemme et al., 2008.

1.3. The test targets a 1 014bp gene coding for a hypo-
thetical protein that shows high homology with
PilW family proteins (type I'V pilus).

1.4. Oligonucleotides:

Primer Sequence

Forward primer 3-CTT GTTCCG CGCGCAT-5

Xfr-QPCR-241-f
Reverse primer

Xfr-QPCR-241-r

Probe Xfr-QPCR-241-p  3- FAM-AGT CCC AAT GAA CCA
ACG AGC AGC A-BHQI-5'

3'-TCG GTG ATT GCG AAT CTG C-5'

1.5. The real-time PCR systems used to generate the val-
idation data below is 7900HT Sequence Detection
System (Applied Biosystems)

1.6. Software and settings (automatic or manual) for
data analysis.

2. Methods

2.1. Nucleic Acid Extraction and Purification

2.1.1. Matrices: symptomatic and asymptomatic plant
material, and cell cultures

2.1.2.See Appendix 3 for extraction procedures from
plant material and cell cultures

2.1.3. DNA should preferably be stored at approximately
—20°C.

2.2. Real-time Polymerase Chain Reaction — real-time

PCR
2.2.1. Master Mix*

Working Volume per  Final

Reagent concentration reaction (uL) concentration
Molecular grade water N.A. 8.34 N.A.
Tagman PCR Core 10 x 2.5 1 x

Reagent Kit

(Thermofisher

Scientific)
MgCl, 25mM 4 4mM
dNTPs 25mM 0.16 0.16mM
T4 protein 32 GP 32 10 pg/pl 0.125 50 ng/pl

(New England

Biolabs)
Forward Primer 10 pM 0.75 300 nM

(Xfr-QPCR-241-f)

Working Volume per  Final
Reagent concentration reaction (pL) concentration
Reverse Primer 10 pM 0.75 300 nM
(Xfr-QPCR-241-r)
Probe 10 pM 0.25 100 nM
(Xfr-QPCR-241-p)
AmpliTaq Gold® 5 UL 0.125 0.025 U/pL
DNA polymerase
(Thermofisher
Scientific)
Subtotal 20
Nucleic acid extract 5
Total 25

“The Tagman PCR Core Reagent Kit (Applied Biosystems) was used for the
published work.

2.2.2.PCR conditions: 95°C for 10 min, followed by
40cycles of (95°C for 15s and 60°C for 1 min)

3. Essential Procedural Information
3.1. Controls

For a reliable test result to be obtained, the following
(external) controls should be included for each series of
nucleic acid extraction and amplification of the target
organism and target nucleic acid, respectively

* Negative isolation control (NIC) to monitor contami-
nation during nucleic acid extraction: nucleic acid ex-
traction and subsequent amplification preferably of a
sample of uninfected matrix or if not available clean
extraction buffer.

* Positive isolation control (PIC) to ensure that nucleic
acid of sufficient quantity and quality is isolated: nu-
cleic acid extraction and subsequent amplification of
the target organism or a matrix sample that contains
the target organism (e.g. naturally infected host tissue
or host tissue extract spiked with the target organism).

* Negative amplification control (NAC) to rule out false
positives due to contamination during the preparation
of the reaction mix: application of the amplification
procedure to molecular grade water that was used to
prepare the reaction mix.

* Positive amplification control (PAC) to monitor the effi-
ciency of the amplification: amplification of nucleic acid
of the target organism. This can include nucleic acid ex-
tracted from the target organism, total nucleic acid
extracted from infected host tissue, whole genome am-
plified DNA or a synthetic control (e.g. cloned PCR prod-
uct). For PCRs not performed on isolated organisms, the
PAC should preferably be near to the limit of detection.

As an alternative (or in addition) to the PIC, inter-
nal positive controls (IPC) can be used to monitor each
individual sample separately. Internal positive con-
trols can either be (transcripts of) genes present in the
matrix nucleic acids or added to the nucleic acid extracts.
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Alternative internal positive controls can include:

* Specific amplification or co-amplification of endoge-
nous nucleic acid, using conserved primers that am-
plify conserved non-pest target nucleic acid that is
also present in the sample (e.g. plant cytochrome ox-
idase gene or eukaryotic 18 S rDNA)

e amplification of samples spiked with exogenous nu-
cleic acid (control sequence) that has no relation with
the target nucleic acid (e.g. synthetic internal amplifi-
cation controls).

When generic primers are used on isolated specimens,
this could be considered as an alternative to the Positive
Isolation Control.

Other possible controls

* Inhibition control (IC) to monitor inhibitory effects
introduced by the nucleic acid extract. Same matrix
spiked with nucleic acid from the target organism.

3.2. Interpretation of results

In order to assign results from PCR-based test the fol-
lowing criteria should be followed:

Verification of the controls

e The PIC and PAC (as well as IC and IPC as applicable)
amplification curves should be exponential.
e NIC and NAC should give no amplification.

When these conditions are met:

e A test will be considered positive if it produces an ex-
ponential amplification curve.

e A test will be considered negative, if it does not pro-
duce an amplification curve or if it produces a curve
which is not exponential.

e Tests should be repeated if any contradictory or un-
clear results are obtained.

4. Performance characteristics available

The test may have been adapted further and validated
or verified using other critical reagents, instruments and/
or further modifications. If so, the corresponding test de-
scriptions and validation data can be found in the EPPO
database on diagnostic expertise (section validation data
http://dc.eppo.int/validationlist.php).

Validation data from Vandroemme et al. (2008).

4.1. Analytical sensitivity data
300cfu in 100mg strawberry leaf sample; 25fg (i.e. 5

cells) in water or in non-target DNA from strawberry
tissue or X. campestris pv. campestris culture.

4.2. Analytical specificity data

Inclusivity: 100%, validated on 27 bacterial reference
strains and isolates of X. fragariae from different geo-
graphical origins.

Exclusivity: 100%, validated on 40 bacterial strains:
Xanthomonas albilineans (1), Xanthomonas arboricola
pv. juglandis (1), pv. fragariae (5), Xanthomonas arboricola
pv. populi (1), Xanthomonas axonopodis pv. axonopodis
(), Xanthomonas axonopodis pv. begonia (1),
Xanthomonas bromi (1), Xanthomonas campestris pv.
campestris (1), Xanthomonas cassavae (1), Xanthomonas
citri (1), Xanthomonas codiaei (1), Xanthomonas cucurbitae
(1), Xanthomonas hortorum pv. hederae (1), pv. pelargonii
(1), Xanthomonas hyacinthi (1), Xanthomonas melonis (1),
Xanthomonas oryzae pv. oryzae (1), Xanthomonas pisi
(1), Xanthomonas populi (1), Xanthomonas sacchari (1),
Xanthomonas theicola (1), Xanthomonas translucens
(), Xanthomonas vasicola (1), Xanthomonas vesicatoria
(1), and 12 non identified bacterial isolates obtained from
healthy strawberry tissue in Belgium in 2006.

APPENDIX 8 - LAMP (GETAZ ET AL., 2017)

The test below is described as it was carried out to generate
the validation data provided in section 4. Other equipment,
kits or reagents may be used provided that a verification
(see PM 7198) is carried out.

1. General information

1.1. This test is suitable for the detection and identifica-
tion of X. fragariae in symptomatic and asympto-
matic plant material and cell cultures.

1.2. The test is based on Gétaz et al., 2017.

1.3. The test targets the S'end of a gene annotated as en-
coding a putative type IV secretion system protein
VirD4 (GenBank ENZ93874) located on contig 93 of
the draft genome of X. fragariae LMG 25863
(GenBank WGS AJRZ01000093).

1.4. Oligonucleotides:

Primer Sequence

5'- CGT CTC AGG TCA TGC CTT -3'
5'-CGA TCC TGA TCT TCA TCG C -3'

5'- CCT ACG TGT TGG AGT GTG GCT
ACC ATG AAC CGA GGC AA -3'

5'-TTA GGA ACC GCA CTG GCTTTG
CAA GGT GAT GTA ACCG -3'

Loop Primer loopF  5- CTC AAT CCA CCC AGG CAA -3'
Loop Primer loopB  5- TGC TTC TAC TCG CCG CAT -3'

Outer Primer F3
Outer Primer B3
Inner Primer FIP

Inner Primer BIP

1.5. The LAMP system used to generate the validation
data below is ABI 7900 HT (Applied Biosystems) or
Genie IT (OptiGene Ltd)

2. Methods

2.1. Nucleic Acid Extraction and Purification

2.1.1. Matrices: symptomatic and asymptomatic plant
material and cell cultures
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2.1.2.See Appendix 3 for extraction procedures from
plant material and cell cultures
2.1.3. DNA should preferably be stored at approximately

—20°C.
2.2. LAMP
2.2.1. Master Mix
Working Volume per Final
Reagent concentration reaction (LL) concentration
Molecular grade N.A. To adjust final N.A.
water volume to
20 uL
Isothermal 2 x 15 1.2 x
mastermix
(OptiGene Ltd)
Outer Primer F3 100 pM* 0.01* 0.16 uM
Outer Primer B3 100 pM*® 0.01* 0.16 uM
Inner Primer FIP 100 pM* 0.1* 1.6 pM
Inner Primer BIP 100 pM* 0.1 1.6 uM
Loop Primer loopF 100 uM* 0.05* 0.8 pM
Loop Primer loopR 100 uM* 0.05% 0.8 M
Subtotal 20
Nucleic acid extract 5
Total 25

* Although primer stocks are all at 100 uM, a primer master mix combining all
six primers is prepared to reach the final concentrations mentioned.

2.2.2.LAMP conditions: 65°C for 30 min
2.2.3.Melting curve analysis during cooling from 92°C to
82°C with a temperature decrease of 0.05°C s™'.

Specific melting temperature is observed at
88.2+0.2°C.

3. Essential Procedural Information
3.1. Controls

For a reliable test result to be obtained, the following
(external) controls should be included for each series of
nucleic acid extraction and amplification of the target
organism and target nucleic acid, respectively

e Negative isolation control (NIC) to monitor contami-
nation during nucleic acid extraction: nucleic acid ex-
traction and subsequent amplification preferably of a
sample of uninfected matrix or if not available clean
extraction buffer.

* Positive isolation control (PIC) to ensure that nucleic
acid of sufficient quantity and quality is isolated:
nucleic acid extraction and subsequent amplifica-
tion of the target organism or a matrix sample that
contains the target organism (e.g. naturally infected
host tissue or host tissue extract spiked with the tar-
get organism).

e Negative amplification control (NAC) to rule out false
positives due to contamination during the preparation

of the reaction mix: application of the amplification
procedure to molecular grade water that was used to
prepare the reaction mix.

e Positive amplification control (PAC) to monitor the
efficiency of the amplification: amplification of nu-
cleic acid of the target organism. This can include
nucleic acid extracted from the target organism, total
nucleic acid extracted from infected host tissue, whole
genome amplified DNA or a synthetic control (e.g.
cloned PCR product). For PCRs not performed on
isolated organisms, the PAC should preferably be near
to the limit of detection.

As an alternative (or in addition) to the PIC, internal
positive controls (IPC) can be used to monitor each indi-
vidual sample separately. Internal positive controls can
either be (transcripts of) genes present in the matrix nu-
cleic acids or added to the nucleic acid extracts.

Alternative internal positive controls can include:

e Specific amplification or co-amplification of endoge-
nous nucleic acid, using conserved primers that am-
plify conserved non-pest target nucleic acid that is
also present in the sample (e.g. plant cytochrome ox-
idase gene or eukaryotic 18 S rDNA)

e amplification of samples spiked with exogenous nu-
cleic acid (control sequence) that has no relation with
the target nucleic acid (e.g. synthetic internal amplifi-
cation controls).

When generic primers are used on isolated specimens,
this could be considered as an alternative to the Positive
Isolation Control.

Other possible controls

* Inhibition control (IC) to monitor inhibitory effects
introduced by the nucleic acid extract. Same matrix
spiked with nucleic acid from the target organism.

3.2. Interpretation of results

In order to assign results from PCR-based test the fol-
lowing criteria should be followed:

Verification of the controls

e NIC and NAC should produce no fluorescence

e PIC, PAC (and if relevant IC) should produce:
Fluorescence. For end point measurement a positive
reaction is defined by FU and/or 7, (°C+known vari-
ation). For real-time measurement a positive reaction
is defined by time of positivity (minutes) and/or T,
(°C+known variation).
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When these conditions are met:

¢ A test will be considered positive if it produces a posi-
tive reaction as defined for PIC and PAC (see above).

* A test will be considered negative, if it produces no
fluorescence.

e Tests should be repeated if any contradictory or un-
clear results are obtained.

4. Performance characteristics available

The test may have been adapted further and validated
or verified using other critical reagents, instruments
and/or further modifications. If so, the corresponding
test descriptions and validation data can be found in the
EPPO database on diagnostic expertise (section valida-
tion data http://dc.eppo.int/validationlist.php).

Validation data from Gétaz et al. (2017).
4.1. Analytical sensitivity data

Tested using strawberry crude leaf tissue extracts
spiked with serial dilutions of X. fragariae LMG 25863
using boiled cells ranging from 10° to 10'cfu/mL after
dilution in lysis and dilutions buffers: about 5-50 cfu per
reaction (10°cfu/mL).

4.2. Analytical specificity data

Inclusivity: 100% validated on 37 strains from a cul-
ture collection of X. fragariae.

Exclusivity: 100% validated on 81 strains of other
Xanthomonas species and pathovars Xanthomonas
arboricola pv. fragariae (15), Xanthomonas arboricola (4),
Xanthomonas arboricola pv. corylina (28), Xanthomonas
arboricola pv. juglandis (1), Xanthomonas albilineans (6),
Xanthomonas alfalfae subsp. alfalfae (1), Xanthomonas
alfalfae subsp. citrumelonis (1), Xanthomonas axonopodis
(), Xanthomonas axonopodis pv. aurantifolii (1),
Xanthomonas axonopodis pv. phaseoli var. fuscans (1),
Xanthomonas bromi (1), Xanthomonas campestris pv.
campestris (1), Xanthomonas campestris pv. vesicatoria
(1), Xanthomonas cassavae (1), Xanthomonas citri pv. citri
(1), Xanthomonas citri pv. malvacearum (1), Xanthomonas
codiaei (1), Xanthomonas cucurbitae (2), Xanthomonas
hortorum pv. cynarae (1), Xanthomonas hortorum pv.
gardneri (1), Xanthomonas hortorum pv. hederae (2),
Xanthomonas hyacinthi (1), Xanthomonas melonis (1),
Xanthomonas oryzae pv. oryzae (1), Xanthomonas
perforans (1), Xanthomonas pisi (1), Xanthomonas sacchari
(), Xanthomonas theicola (1), Xanthomonas translucens
pv. translucens (1), Xanthomonas vasicola pv. holcicola
(1) and 11 strains of other bacterial genera isolated from
strawberry leaves: Erwinia pyrifoliae (1), Kocuria kristinae
(), Microbacterium barkeri (1), Pantoea agglomerans (1),

Pseudomonas fluorescens (1), Pseudomonas syringae pv.
syringae (1), Rhizobium rubi (1), Rhodococcus fascians
(), Salmonella typhimurium (1), Staphylococcus cohnii
subsp. cohnii (1), Variovorax paradoxus (1).

APPENDIX 9 - PATHOGENICITY TEST

Pathogenicity test on detached leaf

Tissue sample preparations can be used for inoculat-
ing detached strawberry leaves as soon as they are pre-
pared in extraction buffer or distilled water (Civerolo
et al., 1997). Young (7-14days old) leaves of a cultivar
susceptible to X. fragariae (e.g. cvs. ‘Camarosa’, ‘Pajaro’,
‘Seascape’, ‘Selva’, ‘Korona’, ‘Elsanta’) from greenhouse-
grown, X. fragariae-free plants should be used.

Three leaves (each one with three leaflets) from the
greenhouse-grown plants are removed aseptically, the
basal portion of the petioles is cut off and the petioles im-
mediately placed in glass tubes containing sterile water.

Four sites on the abaxial surface of each leaflet (two
on each side of the main vein) are infiltrated using a
needleless syringe (3 mL plastic disposal BD, 2mm
orifice).

The excess inoculum is rinsed off with sterile water
I h after inoculation. The leaves with their petioles are
placed in the tubes in a humid chamber (relative humid-
ity 95-100%) and incubated at 18-20°C with a 12h pho-
toperiod for up to 21 days. The inoculated leaves should
not have visible injuries, and water-soaking caused by
the inoculum infiltration should disappear within 24 h.

Specific symptoms (i.e. angular dark water-soaked
lesions) similar to those observed on naturally infected
leaves begin to appear a few days after inoculation.
Symptoms are recorded every 2days for up to 21 days.

The detached leaf assay is negative if no typical
X. fragariae angular leaf spots (i.e. dark and water-
soaked when viewed with reflected light; translucent
yellow when viewed with transmitted light) and/or chlo-
rotic halos appear at any of the inoculated sites after
21 days. No water-soaked spots that appear translucent
yellow when viewed with transmitted light should ap-
pear within inoculation sites infiltrated with negative
controls (Civerolo et al., 1997).

Thedetached leafassayis positiveiftypical X. fragariae
angular leaf spots (i.e. dark and water-soaked when
viewed with reflected light; translucent yellow when
viewed with transmitted light) develop at the infil-
tration inoculation sites within 10 to 21days. These
should be similar in appearance to those that develop
at inoculation sites infiltrated with the positive control
suspensions.

Pathogenicity test on plants

For pathogenicity test on plants, X. fragariae-free
strawberry plants of a susceptible cultivar (e.g. cvs.
‘Camarosa’, ‘Seascape’, ‘Selva’, ‘Korona’, ‘Pajaro’,
‘Elsanta’) should be used. Plants should be kept over-
night in an environmental chamber at 20-25°C with
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high (>90%) relative humidity and exposed to light for
4 h before inoculation to induce stomatal opening.
Bacterial cell suspensions (106cfu/mL) in sterile dis-
tilled water or 10mM PBS are prepared. Each strain
is inoculated into the abaxial surfaces of three trifoli-
ate leaves on each of two or three plants with a low-
pressure spray gun, airbrush or similar device (e.g., from
DeVilbiss) so as not to induce water soaking. Infection
may be facilitated by wounding leaves (e.g., punctur-
ing the abaxial surface with a needle) before apply-
ing inoculum, although it is not necessary to do this.
After inoculation, plants are incubated in a chamber

maintained at 20-25°C with high humidity (>90%) and
a 12-14h photoperiod. Lesion development is evaluated
weekly for 21 days post-inoculation. The pathogen is re-
isolated from such lesions, and identified by immunoflu-
orescence or molecular tests.

If the bacterial cell suspension contains X. fragariae,
initial symptoms will be dark, water-soaked (when
viewed with reflected light) lesions on the lower leaf
surfaces. These lesions appear translucent yellow when
viewed with transmitted light. Later these lesions de-
velop into necrotic spots surrounded by a yellow halo or
marginal necrosis.
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