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Introduction

Erwinia amylovorais the causal agent of fire blight in most specitthe subfamilyMaloideae
of the family Rosaceae The most economically important hosts &grus spp., Malus spp.,
Cydonia spp., Eriobotrya japonica Cotoneasterspp., Crataegusspp., Pyracanthaspp. and
Sorbusspp. Other hosts includehaenomelesMespilusand Photinia. A forma specialiswas
described fronRubusspp. (Starret al, 1951; Bradbury, 1986). An exhaustive list of afésl
plants, including those susceptible only after iratton, was reported by van der Zwet & Keil
(1979). It includes more than 180 species from &%ga of thdRosaceaeE. amylovorawas the

first bacterium described as a causal agent ot plisease by Burrill (1883). It was reported in

North America and was later detected in New Zealand920. In Europe, fire blight was

reported in 1957 in the United Kingdom and has esibeen identified in most areas where
susceptible hosts are cultivatégl. amylovorais now present in more than forty countries (van
der Zwet, 2002; CABI/EPPO, 2007), but it has narbescorded either in South America, Asia
or in sub Saharan African countries. It has beeorted in some North African countries and
only once in Australia (Bonn & van der Zwet, 200@)represents a threat to the pome fruit
industry of all the countries. Details on geographilistribution can be found in the EPPO Plant

Quarantine data Retrieval system (PQR, 2012).
Fire blight is probably the most serious diseadectihg pear or apple cultivars in many
countries. Although the life cycle of the bacteriigstill not fully understood, it is known that it

can survive as endophyte or epiphyte for varialdeods of time depending of environmental

! Use of names of chemicals or equipment in these EPPO &iards implies no approval of them to the
exclusion of others that may also be suitable.



factors (Thomson, 2000). The development of fiighilsymptoms follows the seasonal growth
development of the host plant. It begins in théngpwith production of primary inoculum and
infection of flowers, continues in summer with icfien of shoots and fruits, and ends in autumn
with the development of cankers. The pathogen ma@mtly quiescent through the dormant
period of the host (van der Zwet & Beer, 1995).

Flow diagrams describing the diagnostic procedwe E. amylovorain symptomatic and
asymptomatic material are presented in Fig. 1 and 2

Identity

Name Erwinia amylovora(Burrill) Winslow et al.

Synonyms Micrococcus amylovoruBurrill

Bacillus amylovorugBurrill) Trevisan

Bacterium amylovoru@Burrill) Chester

Erwinia amylovoraf.sp.rubi Starr, Cardona & Falson _ -~ { con formato: ttaliano (1talia) ]
Taxonomic positiont Bacteria, ProteobacterigSubdivision Enterobacteriales _ - {_con formato: Italiano (1talia)
Enterobacteriaceae

EPPO code ERWIAM

Phytosanitary categorization EPPO A2 list no. 52, EU Annex designation Il /A2

Detection

Disease symptoms

Symptoms of fire blight on the principal hosts eskatively similar and easily recognized (Figs.
3, 4 and 5). The name of the disease is descripfiits major characteristic: the brownish aspect
of twigs, flowers and leaves as though burned ke fihe typical symptoms on pome fruit trees
are the brown to black colour of leaves on affedimhches, the production of exudates under
humid conditions and the typical ‘shepherd’s crook'the shoots. Depending on the affected
plant part, the disease causes blossom blight,t sirotwig blight, leaf blight, fruit blight, limb
and trunk blight, collar or rootstock blight (vaerdzwet & Keil, 1979; van der Zwet & Beer,
1995).

In apple and pear, the first symptoms usually appea&arly spring, during warm and humid
weather and can progress very fast under favouradmeitions. Flowers appear to be water-
soaked, then wilt, shrivel, and turn pale browblack. Peduncles may also appear water-soaked,
become dark green, and finally brown or black, simes oozing droplets of sticky bacterial
exudates. Leaves wilt, shrivel and entire spums hrown in most hosts, or dark brown to black
in pear, but remain attached to the tree for same.timmature fruits (or less frequently mature
fruits) have infected parts which appear oily otevasoaked, becoming brown to black and often
exuding droplets of bacterial ooze. They also renadiached to the tree. Characteristic reddish-
brown streaks are often found in the subcorticaugs when the bark is peeled from the infected
twigs, branches or trunks (van der Zwet & Keil, @97Brown to black, slightly depressed
cankers can develop in the bark of twigs or brasdbreeven the trunk, in autumn and winter.
These cankers may later become defined by craclstine margin of diseased and healthy tissue
(Dye, 1983).

Confusion between fire blight and blight or blael symptoms especially in blossoms and
shoots may occur with diseases/disorders causeoth®r bacteria, fungi, insect damage and
physiological disorders and consequently, laboyadmralysis is always necessary. Other bacteria
can cause blight-like symptoms includiig pyrifoliag causal agent of bacterial shoot blight of
Asian pear Ryrus pyrifolig (Kim et al, 1999),Erwinia piriflorinigrans isolated from necrotic



pear blossoms in Spain (Lopet al, 2011),Erwinia sp. andE. uzenensishat causes different
types of pear symptoms in Japan (Tatiial, 1981; Matsuurat al, 2012) andPseudomonas
syringaepv. syringaethe causal agent of blossom blast.

Detection from symptomatic samples

Sampling

Symptomatic samples can be processed individualiy small batches combining material from

several samples (see Appendix 1). Precautions @&id asross contamination should be taken
when collecting the samples and during the extvagirocess. The samples with symptoms for
diagnosis of fire blight should preferably be cowmgm of flowers, shoots or twigs, leaves,

fruitlets (all with necrosis and with exudates dsgible) or the discoloured subcortical tissues
(after peeling the bark from cankers in twig, birees; trunk or collar). The samples should be
processed as soon as possible after being collectédstored at 4-8 °C before analysis. The
samples can be cold-stored after processing fotoupvo weeks in case further testing is

required.

Isolation

Fresh sample extracts are necessary for succéssfation. Details on extraction procedure from
plant material are given in Appendix 1. IsolatiBg amylovorafrom symptomatic samples is
relatively easy because the number of culturabletelia in such samples is usually high.
However, when symptoms are very advanced or whenetivironmental conditions are not
favourable for fire blight symptoms expression, thenber ofE. amylovoraculturable cells can
be very low. When plates are overcrowded by plaictahiota, the sample should be re-tested
and enrichment according to Appendix 4 performefdrgeisolation, as described in Appendix 5.
Enrichment is also recommended when the presen@mtafjonistic bacteria in the sample is
suspected.

For direct isolation, plating on three media isiadg for maximum recovery &. amylovoran
particular when samples are in poor conditions. &ffieiency of the different media depends on
the number and composition of the microbiota ofghmple. Three media: King's B, Levan and
CCT (Appendix 2) have been validated in a testggerénce study. Fig 6 shows the typical
aspect oE. amylovorabacterial cultures in the three media.

Rapid screening tests

These tests facilitate presumptive diagnosis ontplaith symptoms in samples with more than
10°-10° CFU/g, (these are the minimum concentrations dnatusually present in symptomatic
samples). Several tests are described in Appenttixld and at least two tests, based on different
biological principles, should be performed. Ond temn be a serological test preferably using
specific monoclonal antibodies and another PCR<¢baBest performance studies were organized
and results are indicated. As differences in ai@llysensitivity were observed in such studies the
decision on the tests selected should be basedcomparative analysis of the sensitivity and
specificity of the different techniques in eachdediory, the number of samples to analyze, etc.
In areas where the disease is endemic these t@mstbec used without further confirmation in
routine analyses of samples

» Serological tests
Indirect immunofluorescence (IF), enrichment DASIKEA, and lateral flow devices are
described for analyses of organs with symptoms.liQuaf the antibodies is critical for the



performance of the tests. Several commercial aatiaed monoclonal antibodies were compared
for IF (polyclonal antiserum from Loewe, BiochemicambH, Sauerlach, Germany) and
monoclonal antibodies from Plant Print Diagnost&sL., Spain). For ELISA a complete kit
based on a combination of specific monoclonal awlilbs from Plant Print Diagnostics S. L.,
Spain, was also evaluated.

Two lateral flow devices commercialised by BioreBaginach, Switzerland (Ea AgriStrip) and
Forsite Diagnostics, York, UK (Pocket Diagnostiagke available for the rapid analysis of
symptomatic plant material (Braun-Kievniekal, 2011).

Details on the tests are given in Appendix 3.

e Molecular tests

Conventional PCR, real-time PCR and LAMP (Loop-rat¢sti isothermal amplification) were
evaluated in a test performance study in 2010 am@lao advised for the analyses of organs with
symptoms after a DNA extraction step. The DNA extfom protocols that were evaluated in a
test performance study in 2009 (Drebal, 2009) are indicated in Appendix 3. Some other
commercial kits for extracting DNA are availablet have not yet been validated. Amplification
protocols for PCR and real-time PCR are indicatedppendix 6 to 13 and a LAMP protocol is
included in Appendix 14.

Detection from asymptomatic samples

Sampling and sample preparation

Perform the analyses of asymptomatic plants in seimon early autumn in order to increase the
likelihood of detectingE. amylovora Asymptomatic samples can be processed preferably
individually, or in groups of up to 100 samples @HEPPO, 1992). Precautions to avoid cross
contamination should be taken when collecting #ma@es and during the extraction process.
Sampling and sample preparation can be performdidwiog one of the methods for
asymptomatic samples described in Appendix 1.

Direct analysis of asymptomatic samples is usuadlgative forE. amylovoradue to the low
bacterial population. Consequently, an enrichmtagt s advised (Appendix 4).

Screening tests
Enrichment-isolation, enrichment-DASI ELISA, andriehment followed by conventional PCR

or real-time PCR can be used as screening testarandescribed in Appendix 4 to 13. At least
two screening tests should be performed.

Confirmation of positive results of screening tests

If these screening tests are positive, an atteimptld be made to isolate the pathogen directly
from the extract of non-enriched samples (Apperidi2 and 3), or from the enriched samples
(Appendix 4 and 5). As little is usually known abdiie microbiota present in the samples, the
three media (CCT, King's B, Levan) indicated in Appix 2 should be used to maximize the
likelihood of successful direct isolation Bf amylovoraHowever, plating only on CCT medium
is advised after enrichment of the samples in Kdrig)'or in CCT. If the isolation is still negative
and cross reactions or non-desired amplificati@rshe disregarded as the controls were correct,
it is reasonable to consid&. amylovorapresumptively detected in the sample. Confirmation
requires isolation and identification of the baitter. If necessary, the extract conserved at —80
°C under glycerol (Appendix 2) can also be platadie three media.




Identification

Pure cultures of presumptite amylovorasolates should be identified with at least twdges
based on different characteristics of the pathqgen combinations of biochemical, serological
or molecular tests) and when necessary a pathatyetgist. Two molecular tests may be used if
they are based on different DNA sequence targdtseigenome and provided that the specificity
of the primers has been evaluated. Kndwmamylovoraeference strains should be included for
each test performed (Appendix 2).

Biochemical tests

The genusErwinia was defined for Gram-negative bacteria, facultativaerobes, motile by
peritrichous flagella, rod-shaped and acid proddoaa glucose, fructose, galactose and sucrose.
The phenotypic properties of Table 1 (Paulin, 20883t are universally present or absenEin
amylovora should be determined according to the methodlooés & Geider (2001). The tests
in Table 2, based mainly on results in API 50 Gtips allow differentiation oE. amylovora
from E. pyrifoliag causal agent of Asian pear blightByrus pyrifolia(Kim et al, 1999; Kimet
al., 2001) and a nerwinia speciesE. piriflorinigrans, isolated from necrotic pear blossoms in
Spain (Lépezet al, 2011). However certain physiological and biocherhicharacteristics can
vary for some strains. For APl 50 CH, a suspensib@D = 1.0 should be prepared in PBS
(Appendix 2), and 1 mL added to 20 mL of Ayers medi(Appendix 2). The manufacturer's
instructions should be followed for inoculation thfe strip. After incubation at 25-26 °C in
aerobiosis, the strip should be read after 24 &nl. 4Jtilization of the different carbohydrates is
indicated by a yellow colour in the wells.

Table 1Biochemical tests for identification

Test Result
Gram staining -
Levan productioh +
Fluorescent pigment production in King's B (undér)u -
Oxidation / Fermentation (O/ F) test @+

Kovac's oxidase test -
Reduction of nitrate -
Utilization of citrate +
Growth at 39 °C -
Gelatine liquefaction +
Urease -
Indole -
Reducing substances from sucrose +
Acetoin +

'=Spontaneous mutants found in nature can be lesgative.



Table 2 Differences betweenErwinia amylovora Erwinia pyrifoliae and Erwinia
piriflorinigrans.

Microbiological tests Erwinia Erwinia Erwinia
amylovora pyrifoliae piriflorinigrans

Gelatine hydrolysis + - -
Inositof* - ND? *
Sorbitof + + -
Esculint V4 - +
Melibiose - - +
D-Raffinosé - - +
B-Gentibiosé + - +

1 = Oxidation of substrates in APl 50 CH (BioMérig¢with a modified protocol from
Rosell6et al. (2003). More than 90% of strains give the resuoltécated in the Table.
2 = ND: Not determined.

3 =V: Variable.

Biochemical characterization by API system (BioMén, France)

Biochemical identification oE. amylovoracan be obtained by specific profile in API 20 E and
API 50 CH strips. For API 20 E, the manufacturém'structions should be followed for preparing
the suspension and inoculating the strip. Afteubation at 25—-26 °C, the strips should be read
after 24 and 48 h (Table 3).

Table 3 Typical results oErwinia amylovoran AP| 20E tests after 48 h

Test' Reaction (48 h)
ONPG Variable
ADH — (or weak +)
LDC -

oDC -

CIT -

SH2 -

URE -

TDA -

IND -

VP + (or variable)
GEL Variable
GLU +

MAN Variable

INO Variable
SOR Variable
RHA -

SAC +

MEL — (or weak +)
AMY -

ARA Variable




= Abbreviations used in API 20 E strips
%= More than 90% of the strains give the resultsciateéd in the Table.

Automated Biolog identification system

The new version (third generation) Biolog GENIII &6croplate, allows rapid identification of
isolated bacteria both Gram-negative and Gramidgesitising the same microplate. The
identification system is based on 94 phenotypitsteéal carbon source utilization tests and 23
tests including biochemical and physiological pmipe such as pH, salt, lactic acid tolerance
and antibiotics. Every species tested creates anitpphenotypic fingerprint" which is
automatically compared to 1200 aerobic specieldrdatabase.

The microplate and the program are commerciallyilavie (Biolog, Omnilog, USA). The
manufacturer’'s instructions should be followed éotomatic identification of suspected strains
of E. amylovora

Fatty acid profiling (FAP)

E. amylovoralike colonies should be grown on trypticase soy agadfh at 28 °C, and an
appropriate FAP procedure applied. A positive FARBt tis achieved if the profile of the
presumptive culture is identical to that of the ipes control (Sasser, 1990). Commercial
software from the MIDI system (Newark, USA) allovepid identification ofE. amylovoralike
colonies. The manufacturer’s instructions shoulddiiewed for automatic identification. Fatty
acid composition can be affected by growth mediyshysiological age of cells, and
chromatograph sensitivity, but in geneEal amylovorastrains have a similarity index between
0.6 and 0.9 in this system.

Serological tests

Performing two serological tests only is not adegdiar identification; at least two tests based on
different biological principles are needed. Differeources of antibodies should be used for
detection (or diagnosis) and identification to reglthe risk of false positive.

Adglutination test

Suspectedt. amylovoracolonies can be tested for agglutination by miximgm in a drop of PBS
(Appendix 2) with a drop oE. amylovoraspecific antiserum (not diluted, or 5 or 10 fold
dilution) on a slide. Monoclonal antibodies canused only if they agglutinate with the reference
strains.

IF test

The immunofluorescence test is described in PM:1fiirect immunofluorescence test for plant
pathogenic bacteria For identification, IF can be performed using fie monoclonal
antibodies from Plant Print Diagnostics S. L. (8pair antiserum from Loewe, Biochemica
GmbH, Sauerlach, Germany.

ELISA tests

ELISA tests are described in PM 7/101ELISA tests for plant pathogenic bacteria
DASI-ELISA for isolate identification can be perfoed using the same specific monoclonal
antibodies as used for analysis of plant sampliedr@dm Plant Print Diagnostics S. L., Spain).
For DASI-ELISA, a suspension of approximately’ B2lls per mL from suspected colonies is




prepared in PBS (Appendix 2). The DASI-ELISA proged (Appendix 3) can be followed
without prior enrichment for isolate’s identificati.

Lateral flow immunoassays.

A suspension of approximately ®16ells per mL prepared in PBS (Appendix 2) frompsused
colonies should be used following the instructiohthe manufacturers. The two kits evaluated in
a test performance study (Agri-strip, from BioreBa&jnach, Switzerland and Pocket Diagnostic,
York, UK) and recommended for analyses of symptaonants can be used for identification of
isolates.

Molecular tests
Conventional and/or real-time PCR and LAMP are isommended molecular tests for rapid
identification, but other available techniques @s® indicated.

Conventional PCR

A suspension of approximately ®l@ells per mL in molecular-grade sterile water $ticbe
prepared fromE. amylovoralike colonies. Appropriate PCR procedures should be iegpl
following Appendix 7 to 11, without DNA extractiojust after treatment at 100°C for 10 min.

Real-time PCR
Two real-time PCR tests have has been selectedasndiescribed in Appendix 12 and 13.
Colonies can be prepared as for conventional PCR.

Macrorestriction with Xba | and Pulse Field Gel &tephoresis (PFGE)

PFGE analysis of genomic DNA after Xba | digestimtording to Jockt al. (2002) shows six
patterns folE. amylovoraEuropean strains. This method can provide inforomatiseful for strain
differentiation and has been used to analyse treadf fire blight in Europe.

DNA sequencing methods

Comparisons of commercially sequenced PCR prodarciglified from selected housekeeping
genes allow differentiation ofErwinia amylovora isolates from other members of the
Enterobacteriaceae (see EPPO standard on DNA bagyodFor example, all isolates &.
amylovoraso far tested are clonally related according tdigdarecA gene sequence using the
method described by Parkinsenal. (2009).

Hypersensitivity and pathogenicity tests

When necessary, suspecteédamylovoracolonies from the isolation and/or enrichment date
may be inoculated to test plants to confirm thathpgenicity.

The hypersensitive reaction in tobacco leaves ¢am @n indication of the presence of tg
pathogenicity genes, but is also positive for mather plant pathogenic bacteria. Tobacco plants
of cv. Xanthi or Samsun with more than 5-6 leavesuaed. Bacterial suspensions of-10° cfu
mL™* (OD at 620 nm = 1.0) are injected into the intButar space of adult leaves with a 25 GA
5/8 0.5 x 16 needle and syringe. Complete collayfsthe infiltrated tissue after 24 h at room
temperature is recorded as positive.

To verify the pathogenicity of suspectéd amylovoracolonies, a fire blight host should be
inoculated (Appendix 15).




Reference material

The following E. amylovoraisolates are recommended for use as positive dentiCPPB683
(type strain) and CFBP 1430he following collections can provide differeBt amylovora
reference strains: (1) National Collection of Pl&#thogenic Bacteria (NCPPB), Fera, Sand
Hutton, York (GB); (2) Culture Collection of thedPit Protection Service (PD), Wageningen
(NL); (3) Collection Francaise de Bactéries Phytbpgénes (CFBP), EmerSys - IRHS - INRA
Beaucouzé,, France. Authenticity of the strains lmamuaranteed only if directly obtained from
the culture collections.

Reporting and documentation
Guidelines on reporting and documentation are giwenEPPO Standard PM7/77 (1)
Documentation and reporting on a diagnosis

Further information

Further information on this organism can be obtifnem:

M. M. Loépez (mlopez@ivia.es), Bacteriologia, Centi® Proteccion Vegetal y Biotecnologia,
Instituto Valenciano de Investigaciones Agrariagl4l), Carretera Moncada-Naquera km 5,
46113 Moncada (Valencia), Spain.

Tanja Dreo (tanja.dreo@nib.si), National Instituté Biology, Vecna pot 111, SL-1000,
Ljubljana, Slovenia.

Feedback on this Diagnostic Protocol

If you have any feedback concerning this DiagnoBtiatocol, or any of the tests included, or if
you can provide additional validation data for ¢estcluded in this protocol that you wish to
share please diagnostics@eppo.int

Protocol revision

An annual review process is in place to identifg tieed for revision of diagnostic protocols.
Protocols identified as needing revision are markgduch on the EPPO website. When errata
and corrigenda are in press, this will also be mddn the website.
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Appendix 1
Extraction procedures

Samples from symptomatic material

The samples may be processed in different buffecerding to the techniques used. Sample
processing in an antioxidant maceration buffer @mix 2), that should be prepared
immediately before the analysis, and that is avi®r all techniques and required for optimal
enrichment ofE. amylovorain plant material (Gorriset al, 1996b). This buffer has been
evaluated in a test performance study. Sterilesphate-buffered saline, pH 7.2 10 mM (PBS)
(Appendix 2) or sterile water, can also be usedifarct isolation, immunofluorescence or PCR.
Carefully select the plant parts showing the freslsymptoms, with exudates if possible. The
leading edge of lesions should be selected on eaghn to analyse. The exudates can be
processed separately, in 1 to 4.5 mL of sterileewatr buffer. For shoots, take pieces of
symptomatic shoots, including leaves, at the malgitween the necrotic and healthy tissue.
Take one or several flowers, with peduncles. Take ar several leaves and petioles, preferably
select leaves with vein necrosis, but not fullymseed. Take one or several fruits. For stems or
trunk, peel off the external bark of stems with pyoms using a sterile scalpel and take pieces
underneath with typical subcortical discoloratigmptoms.

The protocol evaluated in a test performance stualy the following: cut 0.1g of shoots, flowers,
leaves, stems, trunks or fruits into pieces androtplastic bags with a heavy net. Add to each
bag 4.5 mL of the antioxidant maceration bufferadiéed by Gorriet al. (1996a) (Appendix 2).
Let the samples macerate for at least 5 min. Sjigitush the plant material in the plastic bag
with a rubber hammer, or with a Bioreba homogenaesimilar equipment, avoiding droplets
splashing out of the bag. Hold the samples ondcddw minutes and transfer approximately 2
mL, 1 mL and 1 mL of each macerate into three Ist&ppendorf tubes by decantation. Use the
tube containing 2 mL for the analysis. Store orteetwith 1 mL of each sample at —20 °C for
subsequent analysis or confirmation and add 30%egty (Difco) to the other and store it at —-80
°C.

The isolation should be done on the same day am#eeration of the samples, as well as the
enrichment and the fixation of the slides for immflmorescence. PCR analysis can be
performed at earliest convenience, using the lmotedtat —20 °C.

Samples from asymptomatic material

Collect flowers, shoots, fruitlets or stem segmentsterile bags or containers, after favourable
conditions for multiplication of the causal ageiftfioe blight have been confirmed or at least
when the average temperature is higher than 1886 ¢er Zwet & Beer, 1995). For nursery
plants: cut young shoots about 20 cm long fromntwest susceptible hosts available, disinfect
scissors or pruning shears between plants. Foitsplgowing in the field, cut flowers when
available and/or young shoots about 20 cm longnfaist between plants. Take flowers or
peduncle and the base of the limb of mature leasestem segments, of the selected plants. If
analyses need to be performed in winter, colleot 5 buds per plant.

Direct analysis of asymptomatic samples is usuadlgative forE. amylovoradue to the low
bacterial population. Consequently it is recommentte enrich the samples (Appendix 4) in
antioxidant buffer (Gorrigt al, 1996a) (Appendix 2). When analysing asymptomatiterial,
the enrichment should be done for 72 h at appraeip25 °C.
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Weigh 0.1 to 1 g of plant material and use for maigen in antioxidant buffer (Appendix 2) (not
in PBS or water), in the same amount as for symatiommaterial (above). It is not advised to
analyse larger amounts of plant material in onepsanProcess the samples immediately by
enrichment, followed by DASI-ELISA and/or PCR arat Isolation, following the protocols
described in the Appendix 3 to 13. At the same tidieect isolation can also been performed
using the extract, or later with the sample kep28¢C with glycerol, for short time.

The EPPO phytosanitary procedure (OEPP/ EPPO, lféRdes a sampling procedure for the
analysis of twigs of asymptomatic woody materiahurseries. A sample consisted of 100 twigs
about 10 cm in length from 100 plants. If there saeeral plant genera in the lot, these should be
equally represented in the sample (with a maximdnthee genera per sample). From each
sample, randomly take 30 cut twigs and cut them fiotir pieces (120 stem pieces). Place them
for 1.5 h in a rotary shaker at room temperaturgténile PBS (Appendix 2) with 0.1% Tween 20
in Erlenmeyer flasks. Filter with a paper held isitered glass filter (n°2 = 40 —100 um) using a
vacuum pump and collect the filtrate. Use thedtkrdirectly for analysis or centrifuge it for 20
min at 10 00@. Suspend the pellet in 4.5 mL sterile PBS (Appe2)i A similar procedure may
be applied for leaves, shoots, flowers or buds.

Depending on the season of survey the expectedencof E. amylovorawill vary, being high

in summer (provided weather conditions are favoerttE. amylovoraand low in winter.

Whichever procedure is followed, prepare for earhie 3 Eppendorf tubes with about 2 mL, 1
mL and 1 mL of macerate and use them as for symgtiommaterial (see above).
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Appendix 2
Preparation of media and buffers

Buffers

Phosphate buffered saline 10 mM, pH 7.2 (PB&)CI 8 g; KCI 0.2 g; N&PO,-12H0 2.9 g;
KH_PQ,0.2 g; distilled water to 1 L. Sterilize by filtran.

Antioxidant maceration buffe(Gorris et al, 1996a): polyvinylpyrrolidone (PVP-10) 20 g;
mannitol 10 g; ascorbic acid 1.76 g; reduced dghivat 3 g; PBS 10 mm pH 7.2-1 L. Adjust pH
to 7. Sterilize by filtration. This buffer shoule Iprepared immediately before use.

Extraction buffer(Llop et al, 1999): Tris HCI 31.52 g; NaCl 14.6 g; EDTA 9.39DS 5 g;
polyvinylpyrrolidone (PVP-10) 20 g; distilled watéo 1 L. Adjust pH to 7.5. Sterilize by
filtration.

50X TAE buffer Tris 242 g; 0.5 m NEDTA pH 8.0 100 mL; glacial acetic acid 57.1 mL,;
distilled water to 1 L. Adjust pH to 7.5-7.8.

Loading buffer Bromophenol blue 0.025 g; glycerol 3 g; distill@dter 10 mL.

Media

Ayers MediunfAyerset al, 1919): NHH,PO, 1 g; KCI 0.2 g; MgSQ0.2 g; bromothymol blue
75 mL (solution 0.2%); distilled water to 1 L. AdjupH to 7. Sterilize by autoclaving at 120 °C
for 15 min.

CCT medium(Ishimaru & Klos, 1984): sucrose 100 g; sorbitol ¢;ONiaproof 1.2 mL; crystal
violet 2 mL (sol. 0.1% ethanol); nutrient agar 23igtilled water to 1 L. Adjust pH to 7.0-7.2;
sterilize by autoclaving at 115 °C for 10 min. Therepare: thallium nitrate 2 mL (1% wl/v
aqueous solution); cycloheximide 0.05 g. Steriligefiltration (0.45 um). Add to 1 L of the
sterile medium (at about 45 °C).

Enrichment media: use CCT medium and King’s B mmedprepared in liquid form, without
agar, for enrichment described in Appendix 4. Tulifest least 5 mL should be used and 0.9 mL
of medium added.

King’s B mediun{King et al, 1954): Proteose peptone N°3 20 g; glycerol 10 KyHPO, 1.5 g;
MgSQO,- 7HO 1.5 g; agar 15 g; distilled water to 1 L. Adjystl to 7.0 —7.2. Sterilize by
autoclaving at 120 °C for 15 min.

Levan mediumyeast extract 2 g; Bactopeptone 5 g; NaCl 5 grase 50 g; agar 20 g; distilled
water to 1 L. Adjust pH to 7-7.2. Sterilize by atlaving at 120 °C for 15 min.
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Appendix 3
Rapid serological screening tests

1- Immunofluorescence (IF)

Follow the standard instructions described in PM7f@lirect immunofluorescence test for plant
pathogenic bacteria

Antibodies toE. amylovoracurrently used in detection and identification gest

. E. amylovora polyclonal antibodies, for detection using IF tt€galidated in test
performance studies), Loewe Biochemica GmbH, (Sacier Germany).

. IVIA EPS 1430, polyclonal antibodies, for detectioging IF test (validated in test
performance studies), Plant Print Diagnostics,,%.5pain).

. IVIA Mab 7 A, monoclonal antibodies, for detectiarsing IF test (validated in test
performance studies), Plant Print Diagnostics §3pain).

Use undiluted macerates and 1: 10 and 1: 100 aliistin PBS (Appendix 2) to spot windows of
the IF slides. Prepare one slide for each samptk itendilutions. Use the monoclonal or
polyclonal antibodies at the appropriate dilutions®?BS (Appendix 2). Determination of the
contamination level is usually not required. IFnist recommended after enrichment of the
samples.

Performance criteria
1 Analytical sensitivity data (in the performantedy in 2002)
10°-10* CFU/mL plant extract

2 Analytical specificity data
Not tested for polyclonal antibodies.
For monoclonal antibody 7A:
Target organisms tested: EOamylovorastrains. All positive in the test conditions.
Non-target organisms tested: 123 unidentified ssréiomE. amylovorahosts, 121
negative and tw&rwinia-related bacteria positiv&(winia persicina & Dickeyasp.).

3 Data on Repeatability
In IVIA: 100%

4 Data on Reproducibility
In IVIA: 60%

2- Enrichment DASI-ELISA

After the enrichment step the use of validated i§pemonoclonal antibodies is recommended to
avoid cross reactions. A complete kit based onglahal and monoclonal antibodies (3B + 5H
IVIA), including extraction buffer, semi selectivenedia, ELISA plates and reagents is
commercially available from Plant Print Diagnost®&4&. (Faura, Spain). This commercial kit for
Enrichment DASI-ELISA (Gorriset al, 1996b) has been validated in two test performance
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studies. It is based on the monoclonal antibodied &chnique described in Gorrég al.
(1996a,b). As positive controls, use aliquots shmple extract that previously gave a negative
result on testing, mixed with i@ells of E. amylovoraper mL. As negative controls, include a
sample extract that has previously given a negaésalt forE. amylovoraand a suspension of a
nonE. amylovorastrain in PBS (Appendix 2).

Treat the ELISA necessary amount of the enricherhets and controls in a water bath (or in a
thermoblock) at 100°C for 10 min before ELISA, makisure that the tubes are not opened.
Keep the remaining enriched samples for isolatiwh/ar PCR. Process the boiled samples (once
at room temperature) by ELISA on the same dayaeshem at —20 °C for subsequent analysis.
This heat treatment is necessary for optimum geitgitand specificity using the monoclonal
antibodies obtained by Gorrég al. (1996a). Then, follow the instructions for DASI-EA given

in PM 7/101(1)ELISA tests for plant pathogenic bacteigPPO, 2010) and those of the
manufacturers of the commercial kit.

Positive ELISA readings in negative control welidlicate cross-contaminations or non-specific
antibody binding. In either case, the test sho@ddpeated or a second test based on a different
biological principle should be performed.

Performance criteria

1.1 Analytical sensitivity data (in the performarstady in 2002)
- 10 CFU/mL plant extract in King’s B and in CG3q(riset al,1996b).
- 10-1¢ CFU/mL plant extract in King’s B and 300" CFU/mL plant extract in CCT (in
the performance study in 2010).

1.2 Analytical specificity data

For monoclonal antibodies 3B+5H
- Target organisms tested: 2B0amylovorastrains. All positive in the test conditions
(Gorriset al, 1996 and IVIA tests).
- Non-target organisms tested: 258 unidentifiedistr fromE. amylovorahosts and 45
strains of other plant pathogenic bacteria. Thesevedl negative (Gorrist al,1996).

1.3 Data on Repeatability
In IVIA: 100%

1.4. Data on Reproducibility
In IVIA: 98%

3- Lateral flow devices

Two lateral flow devices were evaluated in perfang&studies in 2009 and 2010 and showed
similar results. They were appropriate for the gsialof symptomatic plants only and are based
on Erwinia amylovorapolyclonal antibodies that are non-specific. Follthe manufacturers’
instructions when performing the analysis.

Performance criteria for Ea Agri-strip (Bioreba, Rach, Switzerland)
1 Analytical sensitivity data (in the performantedy performed in 2010):
10°- 1¢° CFU/mL plant extract

2 Analytical specificity data
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According to Braun-Kiewniclet al. (2011)
- Target organisms tested: 39 strains all positive.
- Non-target organisms tested: 61 strains (all treg@xcepE. pirifoliae, E. tasmaniensis
andE. piriflorinigrans). False positive results wit. pirifoliae, E. tasmanienssndE.
piriflorinigrans are reported in AGES (AT) as well.

3 Data on Repeatability
In IVIA: 94%

4 Data on Reproducibility
In IVIA: 96%

Performance criteria for Pocket Diagnostics (Foesi2iagnostics, York, UK)
1 Analytical sensitivity data (in the performant¢edy performed in 2010):
- 10°-10° CFU/mL plant extract

2 Analytical specificity data
Not evaluated

3 Data on Repeatability
In IVIA: 94%

4 Data on Reproducibility
In IVIA: 96%
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Appendix 4

Enrichment

Enrichment is used to multiply the initial poputatiof culturableE. amylovoran the sample. It

is needed before detection by ELISA, because ofdhelevel of sensitivity of this technique
when using specific monoclonal antibodies. It sHalso be used before isolation or before PCR
(even in symptomatic samples) when a low numbecuwfurable E. amylovorais expected
(copper-treated samples, old symptoms, unfavounabkgher conditions for fire blight, winter,
etc.) or when a high amount of inhibitor organismexpected. After preparation of the samples
in the freshly prepared antioxidant buffer, usévad validated media, one non-selective (King's
B) and one semi-selective (CCT) (Appendix 2), isised because the composition and number
of the microbiota is unknown.

As soon as the macerates have been made (Appéendisfdense at least 0.9 mL of each sample
into two sterile 5 mL tubes prepared in advancehwite same volume of each enrichment
medium. Do not use Eppendorf tubes, for maximunata®r. Prepare, as additional negative
controls, three tubes with 0.9 mL of maceratiorféufAppendix 2) and add the same volume of
the same buffer and of each enrichment medium (AgiEe2). Incubate at 25 °C for 48 h without
shaking. Incubate for 72 h when very low number& ofimylovoraare expected, as indicated
above for asymptomatic samples.
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Appendix 5 Isolation

Direct isolation

Use CCT, King's B and Levan (or Nutrient Agar SieapNAS or NSA) media (Appendix 2).
Plating on three media is advised for maximum recpwof E. amylovorain particular when
samples are in poor conditions. Prepare 1: 10 ad@Q dilutions of each macerate (Appendix 1)
in PBS (Appendix 2). Pipette 50 pL of the dilutedlaindiluted macerates onto separate plates of
each medium. Start with the 1: 100 dilution andcpen to the undiluted macerate. Use sterile
loops, or spreader or dip a glass spreader in dethtethanol, flame and allow cooling.
Carefully spread the pipetted volumes by tripleaking. Plate a £p1¢* and 16 CFU mL™*
dilution of a pure culture dt. amylovoraas a quality control of the media. Incubate théeslat
about 25 °C for 48 =72 h. Final reading is at 72k96

Colonies ofE. amylovoraon CCT appear at about 48 h and are pale-violetuleir, highly
convex to domed, smooth and mucoid after 72 h, sigpwslower growth than on King's B or
Levan. CCT medium inhibits most pseudomonads btiPaotoea agglomeran€olonies ofE.
amylovoraon King's B appear at 24 h and are creamy whiteptr, tending to spread and non-
fluorescent under UV light at 366 nm after 48 h.sThllows distinction from fluorescent
pseudomonads. Colonies Bf amylovoraon Levan medium appear at 24 h and are whitish,
circular, domed, smooth and mucoid after 48 h.lédan-negative colonies &. amylovorehave
also been reported (Bereswdt al, 1997). Figure 3 shows the aspect of cultureshinthree
media.

Obtain pure cultures from individual suspect codsnof each sample by plating on King's B
medium. Identify presumptive coloniesBf amylovoraas indicated in the Identification section.
Store cultures in Nutrient agar slants covered witbeline oil at 10 °C or for long-term in 30%
glycerol at =80 °C or lyophilized.

The isolation is negative if no bacterial colonigitsh morphology similar tde. amylovoraare
observed after 96 h in any of the three media (peal that no inhibition is suspected due to
competition or antagonism) and that typi&l amylovoracolonies are found in the positive
controls. The isolation is positive if presumptizeamylovoracolonies are isolated in at least one
of the media used and the identification is condidnby one of the methods indicated.

Performance criteria
1 Analytical sensitivity data (in the performantedy in 2010):
10° CFU/mL in King’s B ; 10-18CFU/mL in Levan and CCT

2 Analytical specificity data
Not evaluated

3 Data on Repeatability
In IVIA: 100%

4 Data on Reproducibility
In IVIA: 100%
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Enrichment- isolation

Plate the enrichments only on CCT plates (Appe@jixSpread 50 uL of each enriched extract
and of the 1 : 10, 1 : 100 and 1 : 1000 dilutioreppred in PBS (Appendix 2) by triple streaking
(as for isolations) to obtain isolated coloniesulpate at about 25 °C for 72—-96 h. The use of
only this semi-selective medium and dilutions isviseld because of the possible abundant
multiplication of different bacteria during the aivment step.

Performance criteria
1Analytical sensitivity data (in the performancedst in 2010)
- 10 CFU/mL after enrichment in CCT
-10-1¢ CFU/mL after enrichment in King’s B

2 Analytical specificity data
Not evaluated

3 Data on Repeatability
In IVIA: 100%

4 Data on Reproducibility
In IVIA: 100%
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Appendix 6 DNA extraction and conventional PCR

DNA extraction

Two protocols for DNA extraction from plant samp{&op et al.,1999; Tayloret al. (2001) and
one commercial kit have been validated in thepgesiormance studies. Other commercial kits
for extracting DNA are available, but they have been evaluated.

1 - DNA extraction according to Llogt al.(1999)

Use 1 mL of each macerate and/or 1 mL of the eadchacerates prepared according to
Appendix 1 and 4. Centrifuge the macerates at 1@0f@® 5 min at room temperature. Discard
the supernatant, and resuspend the pellet in 506f gktraction buffer (Tris HCI, 31.52 g; NaCl
14.6 g; EDTA 9.3 g; SDS 5 g; polyvinylpyrrolidonB\(P-10) 20g; distilled water 1 L, pH 7.5;
sterilised by filtration) and shake for 1 h at rot@mperature. Centrifuge at 40§0for 5 min.
Take 450 pL of the supernatant and add the saneneobf isopropanol, invert and leave for 30
min- 1 h at room temperature. Centrifuge at 109®@ 5 min, discard the supernatant and dry. If
there is still a coloured precipitate (brown oregrgat the bottom of the tubes, carefully take it
while discarding the supernatant to obtain a cle@A. Resuspend the pellet in 200 pL of
water. Use for PCR reaction or store at —20°C.

2 - DNA extraction based on the procedure describgdrayloret al. (2001) but with minor
modifications €limination of Gene Releaser which was consideretkoessaly

Add 200 uL of each macerate and/or of the enriahederates in 500 uL of buffer (140 mM
NaCl; 50 mM KCI; 0.05% Tween 20; 2% polyvinylpyriddne (PVP) 10; 0.4% BSA, distilled
water 1 litre) for 15 minutes at room temperatUiee resultant suspension can be used for PCR
reaction or stored at —20°C.

3 - DNA extraction using RED-Extract N-Amp T Plrin{(Sigma-Aldrich,USA)

Take 100 pL of each macerate and/or the enrichexbrages, into an Eppendorf tube. Add 150
pL of extraction solution (kit) (supplemented wlltl % (v/v) Triton X-100 and 0.05 % (v/v)
Nonidet NP-40 Igepal. Incubate at 95°C for 30 mirheating block. Transfer 50 uL of extract to
a new tube and dilute it with 50 pL of the dilutibaffer (kit). Use for PCR reaction or store at —
20°C.

The three DNA extraction protocols were validatedtiie 2009 and 2010 test performance
studies with four PCR protocols, showing comparaesailts. Their efficiency was not improved
after diluting the extracts 1:10, suggesting that ar few inhibitors were present. The PCR
protocols are detailed in the following appendices.

Performance criteria
Performance criteria are provided together withdiferent PCR tests.
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Conventional PCR protocols

Many PCR primers and tests for conventional PCRtédrir E. amylovoradiagnosis, detection
and identification. Some of them can reliably bedu§Guilfordet al, 1996; Tayloret al, 2001)
but, others have shown specificity problems. Thithe case for the test described by Metes.
(1996) which also amplifie€rwinia piriflorinigrans, isolated from necrotic pear blossoms
(Lopezet al, 2011). Tests described by Bereswillal. (1992), Mc Manus and Jones (1995) and
Llop et al. (2000) are based in sequences of the plasmid pEA29is not universal irkE.
amylovorastrains (Llopet al, 2006; Llopet al, 2011).

Two protocols for conventional PCR were validate@itest performance study in 2002 and four
in test performance studies conducted in 2009 &id).2The primers and protocols validated in
2002 were those of Bereswit al. (1992) and Llopet al. (2000), with or without previous
enrichment. The primers and protocols validate@@9 and 2010 were those of Llep al.
(2000), Tayloret al. (2001), Stégeet al. (2006) and Obradoviet al. (2007). Taking into account
the discovery of fully virulenE. amylovorastrains without pEA29 (Llogt al, 2006) and the
experience from different countries (Powretyal, 2007) using two PCR tests (one with primers
based on pEA29 sequences and the second basedramosbmal sequences) is necessary.
Conventional PCR can be applied using the primedscanditions validated in test performance
studies. Precautions should be taken to avoid otntdion of samples. Prepare positive controls
in a laboratory separate from the one where thekenwill be tested.
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Appendix 7- PCR according to Bereswilkt al. (1992).

1. General information

1.1. This test was widely utilised for many yedrse sequences of the primers are based
in the plasmid pEA29 and it has been discoveretitlis. not universal for alE. amylovora
strains (Llopet al, 2006; Llopet al, 2011). In addition it shows frequently non-sfieci
banding (see below).

1.2. The test can be applied to any kind of plaatemal after a DNA extraction as
indicated in Appendix 6 and to bacterial colonies.

1.3. The targeted sequences are in pEA29.

1.4. Oligonucleotides:

A:5CGG TTTTTAACG CTG GG 3’

B: 5 GGG CAAATACTCGGATT 3 - ‘{Con formato: Inglés (Reino

1.5. The amplicon size is about 900 bp. accordn@ereswill et al. (2002) although  (Unido)

variations can occur between 900 and 1100 bp (Lezetal, 1997), due to the number of 8
bp repeats sequences within the fragment (Jone§aiudr, 2001).
1.6. Enzyme: The test performance study was pegdrwith a DNA polymerase from
Biotools.

2. Methods
Nucleic acid extraction and purification: the thr&NA extraction methods were
evaluated in a test performance study. The seigitof the tests increases after the
enrichment of the samples in King's B and CCT, eesipely (Lopezt al, 2006).

2.1. Polymerase Chain Reaction — PCR

Final Working Volume per

concentration concentration | reaction (uL)
Total reaction volume 50
of a single PCR
reaction in uL
PCR buffer 1X 10X 5
MgCl, 3mM 50mM 3
dNTPs 0.2 mM of each 10 mM 1

dNTP

Taq polymerase 1U 5U/ uL 0.2
primer A 0.1 uM 10 uM 0.5
primer B 0.1 uM 10 uM 0.5
DNA 5
PCR gradevater 34.8

2.2PCR cycling conditions: 5 min at 93°C, 40 cycles3@s at 93°C, 30s at 52°C and 1 min
15 s at 72°C and a final step of 10 min at 72°C.

25



2.3. Observations: if the expected target concBotras high, i.e. in enriched samples it is
highly recommended to carry out a tenfold dilutafrthe purified DNA solution in water or
TE buffer before amplification in order to dilutahibitor compounds. Amplification is
performed on stock solution and the dilution.

3. Essential Procedural Information
3.1. Controls:

For a reliable test result to be obtained, theofwithg (external) controls should be included
for each series of nucleic acid isolation and aficplion of the target organism and target
nucleic acid, respectively.
- Negative isolation control (NIC) to monitor cressactions with the host tissue and/or
contamination during nucleic acid extraction: niclacid extraction and subsequent
amplification of a sample of uninfected host tissuelean extraction buffer.
- Positive isolation control (PIC) to ensure thatleic acid of sufficient quantity and
quality is isolated: nucleic acid extraction andseguent amplification of the target
organism or a sample that contains the target @ga(e.g. naturally infected host tissue
or host tissue spiked with the target organism).
- Negative amplification control (NAC) to rule ofglse positives due to contamination
during the preparation of the reaction mix: ampéfion of PCR grade water that was
used to prepare the reaction mix.
- Positive amplification control (PAC) to monitonet efficiency of the amplification:
amplification of nucleic acid of the target orgamisThis can include nucleic acid
extracted from the target organism, total nucleiicl xtracted from infected host tissue,
whole genome amplified DNA or a synthetic conteb( cloned PCR product).

As alternative (or in addition to) to the exterpakitive controls (PIC and PAC), internal
positive controls can be used to monitor each idd&l sample separately. These can
include: co-amplification of endogenous nucleicdaciising conserved primers that
amplify conserved non-target nucleic acid thatlso gresent in the sample (e.g. plant
cytochrome oxidase gene or bacterial 18S rDNA) dioglion of samples spiked with
exogeneous nucleic acid that has no relation wi¢ghtarget nucleic acid (e.g. synthetic
internal amplification controls) or amplificatiorf @ duplicate sample spiked with the
target nucleic acid.

3.2. Interpretation of results: in order to assigniesults from PCR-based test the following
criteria should be followed:
- A sample will be considered positive if it proésche amplicon of 900 bp and provided
that the NIC and NAC are negative.
- A sample will be considered negative, if it prods no band or a band of a different size
and provided that PIC and PAC are positive,
- Tests should be repeated if any contradictorynatear results are obtained.

26



4. Performance criteria available
When available performance criteria are providedtfte PCR test after enrichment.
4.1. Analytical sensitivity data (in the performarstudy in 2002, after DNA extraction
according to Llopet al. 1999)

- 10°-10° CFU/mL plant extract

- 10>-10° CFU/mL plant extract after enrichment of the sagaph King’s B or CCT.

4.2. Analytical specificity data
According to Bereswilet al. (1992)
- Target organisms tested: 5 strains all positive.
- Non-target organisms tested: 5 strains all negati

4.3. Data on Repeatability
In IVIA: 92%

4.4. Data on Reproducibility
In IVIA: 84%
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Appendix 8- PCR according to Tayloret al. (2001).

1. General Information

1.1. This test is universal for all knowl. amylovorastrains to date. The protocol was
validated in a test performance study in 2010.
1.2. The test can be applied to any kind of plaatemal after a DNA extraction as indicated

in Appendix 6 and to bacterial colonies.

1.3. The targeted sequences are chromosomal (Tetyddy 2001).

1.4. Oligonucleotides:

G1-F 5CCT GCA TAA ATC ACC GCT GAC AGC TCA ATG3;
G2-R 5'GCT ACC ACT GAT CGC TCG AAT CAA ATC GGC3
1.5. The amplicon size is about 187 bp.
1.6. Enzyme: The test performance study was peddrmith a DNA polymerase from

Biotools.

2. Methods

Nucleic acid extraction and purification: The thr@NA extraction methods were
evaluated in a test performance study.

2.1.Polymerase Chain Reaction — PCR

Final
concentration

Working
concentration

Volume per
reaction (uL)

Total reaction volume o
a single PCR reaction ir

25

L

PCR buffer 1X 10X 2.5

MgCl, 1.5mM 50 mM 0.75

dNTPs 0.1 mM of each 10 mM 0.25
dNTP

Taq polymerase 1U 5U/ uL 0.2

G1-F primer 0.4 uM 10 uM 1

G2-F primer 0.4 uM 10 uM 1

DNA 5

PCR gradevater 14.3

2.2 PCR cycling conditions: 3 min at 95 °C, 40 egobf 30s at 94 °C, 30s at 60 °C and

1min at 72°C, a final step of 5 min at 72°C andingaat 15 °C.

2.3. If the expected target concentration is high in enriched samples it is highly
recommended to carry out a tenfold dilution of theified DNA solution in water or TE
buffer before amplification in order to dilute ibfitor compounds. Amplification is
performed on stock solution and the dilution.

3. Essential Procedural Information
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3.1. Controls:

For a reliable test result to be obtained, theofwithg (external) controls should be included
for each series of nucleic acid isolation and aficplion of the target organism and target
nucleic acid, respectively.
- Negative isolation control (NIC) to monitor cressactions with the host tissue and/or
contamination during nucleic acid extraction: niwlacid extraction and subsequent
amplification of a sample of uninfected host tissuelean extraction buffer.
- Positive isolation control (PIC) to ensure thatleic acid of sufficient quantity and
quality is isolated: nucleic acid extraction ancdbseguent amplification of the target
organism or a sample that contains the target @gafe.g. naturally infected host tissue
or host tissue spiked with the target organism).
- Negative amplification control (NAC) to rule ofglse positives due to contamination
during the preparation of the reaction mix: ampéifion of PCR grade water that was
used to prepare the reaction mix.
- Positive amplification control (PAC) to monitonet efficiency of the amplification:
amplification of nucleic acid of the target organisThis can include nucleic acid
extracted from the target organism, total nucleiicl xtracted from infected host tissue,
whole genome amplified DNA or a synthetic conteby( cloned PCR product).

As alternative (or in addition to) to the exterpakitive controls (PIC and PAC), internal
positive controls can be used to monitor each iddal sample separately. These can
include: co-amplification of endogenous nucleicdaciising conserved primers that
amplify conserved non-target nucleic acid thatlso gresent in the sample (e.g. plant
cytochrome oxidase gene or bacterial 18S rDNA) #mation of samples spiked with
exogeneous nucleic acid that has no relation vhightarget nucleic acid (e.g. synthetic
internal amplification controls) or amplificatiorf @ duplicate sample spiked with the
target nucleic acid.

3.2. Interpretation of results: in order to assignresults from PCR-based test the following
criteria should be followed:
- A sample will be considered positive if it proésche amplicon of 187 bp and provided
that the NIC and NAC negative.
- A sample will be considered negative, if it prods no band or a band of a different size
and provided that the PIC and PAC are positive,
- Tests should be repeated if any contradictonynmtear results are obtained.

4. Performance criteria available

Performance criteria are provided for the PCR tw#hout enrichment

4.1. Analytical sensitivity data (in the performargtudy in 2010)
- 10°-10° CFU/mL plant extract after DNA extraction followirdop et al. (1999)
- 10*-10° CFU/mL plant extract after DNA extraction modifiatter Tayloret al. (2001)
and 16-10° CFU/mL plant extract after DNA extraction using RERract-N-AmpT kit
(Sigma-Aldrich,USA)

4.2. Analytical specificity data
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According to Tayloet al.(2001)
- Target organisms tested: 69 strains all positiegative reaction with strains from
Rubussp.
- Non-target organisms tested: 49 strains all negat

4.3. Data on Repeatability
In IVIA: 100%

4.4. Data on Reproducibility
In IVIA: 100%
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Appendix 9- PCR according to Stdgeet al. (2006)
1. General Information

1.1. This method utilises the same primers of tiestdd PCR from Llogt al. (2000), see

below:

1.2. The test can be applied to any kind of plaatemal after a DNA extraction as indicated
in Appendix 6 and to bacterial colonies, without ®iixtraction.
1.3. The target sequences are located in the pdgsBEA29.

1.4. Oligonucleotides:

PEANT 1: 5- TAT CCC TAA AAA CCT CAG TGC-3}
PEANT 2: 5'- GCAACC TTG TGC CCT TTA-3
1.5. The amplicon size is about 391 bp.
1.6. Enzyme: Included in the RED-Extract-N-Amp PR&ady mix (Sigma).

2. Methods

Nucleic acid extraction and purification. Stogetr al. (2006) recommended that this

method should be used with DNA extracted with tlORExtract-N-AmpT kit.

2.1. Polymerase Chain Reaction — PCR

Final Working Volume per
concentration | concentration | reaction (uL)
Total reaction volume of 20
a single PCR reaction in
L
RED-Extract-N-Amp 10
PCR Ready Mix (Sigma)
MgCl, Included in Included in
Master Mix Master Mix
dNTPs Included in Included in
Master Mix Master Mix
Taq polymerase Included in Included in
Master Mix Master Mix
PEANT 1 0.25 uM 10 uM 0.5
PEANT 2 0.25 uM 10 uM 0.5
DNA 4
PCR gradevater 5

2.2. PCR cycling conditions: 95°C for 5 min; 35 legcof: 95°C for 15 s, 58°C for 30 s,
and 72°C for 45 s; and a final step of 72°C, 5 rairg cooling at 15°C.

2.3. Observations: if the expected target conctaitras high i.e. in enriched samples it is
highly recommended to carry out a tenfold dilutadrthe purified DNA solution in water or
TE buffer before amplification, in order to dilubehibitor compounds. Amplification is
performed on stock solution and the dilution.

3. Essential Procedural Information
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3.1. Controls:

For a reliable test result to be obtained, theofwithg (external) controls should be included

for each series of nucleic acid isolation and afiggliion of the target organism and target

nucleic acid, respectively.
- Negative isolation control (NIC) to monitor cressactions with the host tissue and/or
contamination during nucleic acid extraction: niclacid extraction and subsequent
amplification of a sample of uninfected host tissuelean extraction buffer.
- Positive isolation control (PIC) to ensure thatleic acid of sufficient quantity and
quality is isolated: nucleic acid extraction andseguent amplification of the target
organism or a sample that contains the target @ga(e.g. naturally infected host tissue
or host tissue spiked with the target organism).
- Negative amplification control (NAC) to rule ofdlse positives due to contamination
during the preparation of the reaction mix: ampdifion of PCR grade water that was
used to prepare the reaction mix.
- Positive amplification control (PAC) to monitonet efficiency of the amplification:
amplification of nucleic acid of the target orgamisThis can include nucleic acid
extracted from the target organism, total nucleid &xtracted from infected host tissue,
whole genome amplified DNA or a synthetic conteby cloned PCR product).

As alternative (or in addition to) to the exterpakitive controls (PIC and PAC), internal
positive controls can be used to monitor each idd&l sample separately. These can
include: co-amplification of endogenous nucleicdacusing conserved primers that
amplify conserved non-target nucleic acid thatlso gresent in the sample (e.g. plant
cytochrome oxidase gene or bacterial 18S rDNA) dioglion of samples spiked with
exogeneous nucleic acid that has no relation wi¢ghtarget nucleic acid (e.g. synthetic
internal amplification controls) or amplificatiorf @ duplicate sample spiked with the
target nucleic acid.

3.2. Interpretation of results: in order to assigniesults from PCR-based test the following
criteria should be followed:
- A sample will be considered positive if it progscthe amplicon of 391 bp and provided
that the NIC and NAC are negative.
- A sample will be considered negative, if it prods no band or a band of a different size
and provided PIC and PAC are positive,
- Tests should be repeated if any contradictorynatear results are obtained.

4. Performance criteria available
Performance criteria are provided for the PCR tegthout enrichment
4.1. Analytical sensitivity data (in the performarstudy in 2003)
- 10*-10° CFU/mL plant extract after DNA extraction using BRExtract-N-AmpT kit

4.2. Analytical specificity data
- Not evaluated

4.3. Data on Repeatability
In IVIA: 92%
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4.4. Data on Reproducibility
In IVIA: 80%
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Appendix 10- PCR according to Gottsberger adapteddém Obradovic et al. (2007).

1. General Information
1.1. The original protocol and primers from Obradoet al. (2007) was modified for
optimized specificity and maximum sensitivity inapt samples by Gottsberger. The
protocol was validated in the 2010 test performastady.
1.2. The test can be applied to any kind of plaatemal after a DNA extraction as
indicated in Appendix 6 and to bacterial colonigighout DNA extraction.
1.3. The targeted sequences are chromosomal.
1.4. Oligonucleotides:
FER1-F: 5-AGC AGC AAT TAA TGG CAA GTA TAG TCA-3';
rgER2R: 5-AAA AGA GAC ATC TGG ATT CAG ACA AT-3.
1.5. The amplicon size is about 458 bp.
1.6. Enzyme: Enzyme: The test performance study pasormed with a DNA
polymerase from Biotools.

2. Methods
Nucleic acid extraction and purification: three DMAtraction methods were evaluated in
a test performance study for plant material.

2.1. Polymerase Chain Reaction — PCR

Final Working Volume per
concentration concentration | reaction (uL)
Total reaction volume o 25
a single PCR reaction ir
puL
1X PCR buffer 1X 10X 2.5
MgCl; (or alternatives, 1.5mM 50 mM 0.75
specify)
dNTPs 0.1 mM of each 10 mM 0.25
of the dNTP
Taq polymerase 1U 5U/ uL 0.2
FER1-F 0.4 uM 10 uM 1
rgER2R 0.4 uM 10 uM 1
DNA 5
PCR gradevater 14.3

2.2 PCR cycling conditions: 3 min at 94 °C, 41 egodbf 10 s at 94 °C, 10 s at 60 °C and 30
s at 72°C, a final step for 5 min at 72°C and cgpét 15°C.

2.3. Observations: if the expected target concBatras high i.e. in enriched samples it is
highly recommended to carry out a tenfold dilutafrthe purified DNA solution in water or
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TE buffer before amplification, in order to dilubehibitor compounds. Amplification is
performed on stock solution and the dilution.

3. Essential Procedural Information
3.1. Controls:

For a reliable test result to be obtained, theofaithg (external) controls should be included
for each series of nucleic acid isolation and afiggliion of the target organism and target
nucleic acid, respectively.
- Negative isolation control (NIC) to monitor cressactions with the host tissue (or other
matrix) and/or contamination during nucleic acidragtion: nucleic acid extraction and
subsequent amplification of a sample of uninfettest tissue or clean extraction buffer
- Positive isolation control (PIC) to ensure thatleic acid of sufficient quantity and
quality is isolated: nucleic acid extraction andseguent amplification of the target
organism or a sample that contains the target @ga(e.g. naturally infected host tissue
or host tissue spiked with the target organism).
- Negative amplification control (NAC) to rule ofdlse positives due to contamination
during the preparation of the reaction mix: ampéifion of PCR grade water that was
used to prepare the reaction mix.
- Positive amplification control (PAC) to monitonet efficiency of the amplification:
amplification of nucleic acid of the target orgamisThis can include nucleic acid
extracted from the target organism, total nucleid &xtracted from infected host tissue,
whole genome amplified DNA or a synthetic conteby cloned PCR product).

As alternative (or in addition to) to the exterpakitive controls (PIC and PAC), internal
positive controls can be used to monitor each idd&l sample separately. These can
include: co-amplification of endogenous nucleicdacusing conserved primers that
amplify conserved non-target nucleic acid thatlso gresent in the sample (e.g. plant
cytochrome oxidase gene or bacterial 18S rDNA) dioglion of samples spiked with
exogeneous nucleic acid that has no relation wi¢ghtarget nucleic acid (e.g. synthetic
internal amplification controls) or amplificatiorf @ duplicate sample spiked with the
target nucleic acid.

3.2. Interpretation of results: in order to assigniresults from PCR-based test the following
criteria should be followed:
- A sample will be considered positive if it progiscthe amplicon of 458 bp and provided
that the NIC and NAC are negative.
- A sample will be considered negative, if it prods no band or a band of a different size
and provided that PIC and PAC are positive,
- Tests should be repeated if any contradictorynatear results are obtained.

4 Performance criteria available
Performance criteria without enrichment.
4.1. Analytical sensitivity data (according to tlest performance study in 2010):
- 10*-10° CFU/mL plant extract after DNA extraction followiridop et al. (1999).
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- 10~-10° CFU/mL plant extract after DNA extraction follovgTayloret al. (2001)
modified and REDExtract-N-AmpT kit

4.2. Analytical specificity data
According to Obradoviet al. (2007)
- Target organisms tested: 44 strains all positive.
- Non-target organisms tested: 30 strains all negat

4.3. Data on Repeatability
In IVIA: 92%

4.4. Data on Reproducibility
In IVIA: 90%
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Appendix 11. Nested PCR (Llopet al, 2000)

1. General Information
1.1. The Nested-PCR in a single tube (Lé@l, 2000) uses two sets of primers placed at the
same time, and due to the different annealing teatpees the two PCR reactions are
performed consecutively. The external primers laeesame designed by McManus and Jones
(1995), whilst the internal are the ones descrimgdllop et al. (2000) and both are based in
sequences from pEA29.
1.2. The test can be applied to any kind of plaatemal after a DNA extraction as indicated
in Appendix 6 and to bacterial colonies, without ®Bixtraction.
1.3. The targeted sequences are in pEA29.
1.4. Oligonucleotides:
External primers AJ75: 5 CGT ATT CAC GGC TTC GCAAE and AJ76: 5 ACC
CGC CAG GAT AGT CGC ATA.
Internal primers PEANT1: 5 TAT CCC TAA AAA CCT CAGGC and PEANT2:
5" GCAACCTTG TGC CCT TTA
1.5. The amplicon size is 391bp.
1.6. Enzyme: Enzyme: The test performance study peaformed with a DNA polymerase
from Biotools.

2. Methods
Nucleic acid extraction and purification: three DMNAtraction methods were evaluated in
a test performance study for plant material.

2.1. Polymerase Chain Reaction — PCR

Final Working Volume per
concentration concentration | reaction (L)
Total reaction volume 50
of a single PCR
reaction in puL
PCR buffer 1X 10X 5
MgCl, 3mM 50 mM 3
dNTPs 0.1 mM of each 10 mM 0.5
dNTP
Taq polymerase 3U 5U/ uL 0.6
PEANT1 0.2 uM 10 uM 1
PEANT2 0.2 uM 10 uM 1
AJ75 0.00064 uM 0.1 uM 0.32
AJ76 0.00064 uM 0.1 uM 0.32
DNA 2
PCR gradevater 36.25

2.2. PCR conditions : 94°C for 4 min followed by@&les of 94°C for 60 s and 72°C for
90 s. This first round PCR is followed in the saimermocycler by a second denaturation
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step of 94°C for 4 min and 40 cycles of 94°C fos686°C for 60 s, and 72°C for 60 s, a
final step of 72°C for 10 min and cooling at 15° C.

2.3. Observations: if the expected target concBatras high i.e. in enriched samples it is
highly recommended to carry out a tenfold dilutadrthe purified DNA solution in water or
TE buffer before amplification, in order to dilutehibitor compounds. Amplification is
performed on stock solution and the dilution.

3. Essential Procedural Information
3.1. Controls:

For a reliable test result to be obtained, theofwithg (external) controls should be included
for each series of nucleic acid isolation and afiggliion of the target organism and target
nucleic acid, respectively.
- Negative isolation control (NIC) to monitor cressactions with the host tissue and/or
contamination during nucleic acid extraction: niwlacid extraction and subsequent
amplification of a sample of uninfected host tissuelean extraction buffer.
- Positive isolation control (PIC) to ensure thatleic acid of sufficient quantity and
quality is isolated: nucleic acid extraction ancdbseguent amplification of the target
organism or a sample that contains the target @gafe.g. naturally infected host tissue
or host tissue spiked with the target organism).
- Negative amplification control (NAC) to rule ofglse positives due to contamination
during the preparation of the reaction mix: ampéifion of PCR grade water that was
used to prepare the reaction mix.
- Positive amplification control (PAC) to monitonet efficiency of the amplification:
amplification of nucleic acid of the target orgamisThis can include nucleic acid
extracted from the target organism, total nucleiicl xtracted from infected host tissue,
whole genome amplified DNA or a synthetic conteby( cloned PCR product).

As alternative (or in addition to) to the exterpakitive controls (PIC and PAC), internal
positive controls can be used to monitor each iddal sample separately. These can
include: co-amplification of endogenous nucleicdacusing conserved primers that
amplify conserved non-target nucleic acid thatlso gresent in the sample (e.g. plant
cytochrome oxidase gene or bacterial 18S rDNA) #mation of samples spiked with
exogeneous nucleic acid that has no relation vhightarget nucleic acid (e.g. synthetic
internal amplification controls) or amplificatiorf @ duplicate sample spiked with the
target nucleic acid.

3.2. Interpretation of results: in order to assignresults from PCR-based test the following
criteria should be followed:
- A sample will be considered positive if it proésche amplicon of 391 bp and provided
that the NIC and NAC are negative.
- A sample will be considered negative, if it prods no band or a band of a different size
and provided that PIC and PAC are positive,
- Tests should be repeated if any contradictonynmtear results are obtained.
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4. Performance criteria available
Performance criteria are provided for the PCR tw@#hout enrichment
4.1. Analytical sensitivity data (according to ferformance study in 2010) :
- 10*-10° CFU/mL plant extract after DNA extraction follovgrLlop et al. (1999) and
following Tayloret al. (2001) modified.

4.2. Analytical specificity data
According to Llopet al. (2000)
- Target organisms tested: 71 strains all positive.
- Non-target organisms tested: 40 strains all negat

4.3. Data on Repeatability
In IVIA: 98%

10.4.4. Data on Reproducibility
In IVIA: 96%
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Appendix 12 -Real-time PCR (Pircet al 2009)

1. General information
1.1. The first protocol for the detectionBf amylovoraby real-time PCR was described by Salm
and Geider (2004) and used primers based on segpiehthe pEA29 plasmid but the sensitivity
and specificity were similar to that of the convenal PCRs. For these reasons and based on a
preliminary evaluation, PCR protocols designed linc Bt al. (2009) were selected for test
performance study evaluation in 2009 and 2010, useréhe primers were based in chromosomal
sequences. The one indicated based on primersdegurences frormmsgene was evaluated in
2009 and 2010 in performance studies.
1.2. The test can be applied to any kind of plaatemial after a DNA extraction as indicated in
Appendix 6 and to bacterial colonies, without DNMraction.
1.3. The targeted genes am< (Ams assay) and 16S-23S rRNA intergenic spaagomeg(ITS
assay). Only primers frommsC gene were evaluated in the tests performancg.stud
1.4 Oligonucleotides:

Ams116F (5- TCCCACATACTGTGAATCATCCA -3)

Ams189R (5'- GGGTATTTGCGCTAATTTTATTCG -3)

Ams141T (FAM-CCAGAATCTGGCCCGCGTATACCG-TAMRA)

ITS15F (5- TGAGTAATGAGCGAGCTAAGTGAAG - 3)
ITS93R (5'- CGCAATGCTCATGGACTCAA -3))
ITS43T (5" - FAM-AGGCGTCAGCGCGCAGCAAC-TAMRA - 3)
1.5 Amplicon size in base pairs (including primegusences): Ams primers 74 bp; ITS primers
79 bp.
1.6Real-time PCR system i.e. ABlI PRISM 7900 HT Seqeebetection System (Applied
Biosystems) using the universal cycling conditiémsall amplicons (2 min at 50 °C, 10 min
at 95 °C, 40 cycles of 15 s at 95 °C and 1 min0at®)

2. Methods

2.1 Nucleic acid extraction and purification: three DNAtraction methods were used: (i)
the silica-column based DNeasy Plant Mini Kit (QGa} (i) the magnetic bead based
QuickPick™ SML Plant DNA Kit (Bio-Nobile, Turku, Rland) with KingFisherR
mL system (Thermo Labsystem); and (iii) a simplérantion method (Lloget al,
1999). The DNeasy Plant Mini Kit was used accordmthe manufacturer’'s protocol
for purification of total DNA from plant tissue witfinal DNA elution into 2 x 50 pL
of AE buffer. The protocol for extraction using QkiPick™ SML Plant DNA Kit was
as follows: 100 puL of sample was mixed with 400 lykis buffer and 25 uL of
proteinase K, incubated for 30 minutes at 65 °C eewtrifuged at 6000 g for 1
minute. 300 pL of lysate was transferred to tubef & KingFisher mL tube strip.
Strips contained 20 puL of MagaZorb™ Magnetic Plticand 500 pL of binding
buffer (tube 1), 800 pL of wash buffer (tubes 2 &nd100 pL of elution buffer (tube
4) and 100 pL of water (tube 5). Instrument progrdmtal RNA mL 1 in
KingFisherR mL was used with minor modificationnthing time in well A, 3 x 1 min
release plus 2 min binding; wash in well B 15s; lwaswell C, 15s; elution in well D,
10 min. The simple extraction procedure was peréarraccording to the protocol
given by Llopet al.,(1999) explained in Appendix 3, except that or® L aliquots
of crude sample extract were used (Riral, 2009).
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2.2 Polymerase Chain Reaction — PCR (for protoswlgi/Ams primers)

Final Working Volume per
concentration | concentration | reaction (uL)
Total reaction volume of 10
a single PCR reaction in
puL
TagMan Universal 1x 2X 5
Master Mix (Applied
Biosystems)
Ams116F 0.9 uM 10 pM 0,9
Ams189R 0,9 uM 10 pM 0,9
Ams141T 0,2 uM 10 uM 0,2
DNA 2
PCR gradevater 1

2.3. PCR cycling conditions: 2 min at 50 °C, 10 mafr®5 °C, 40 cycles of 15 s at 95 °C
and 1 min at 60 °C)

2.4. Note: if the expected target concentratiohigh i.e. in enriched samples it is highly
recommended to carry out a tenfold dilution of plugified DNA solution in water or TE
buffer before amplification, in order to dilute iblior compounds. Amplification is
performed on stock solution and the dilution.

3. Essential Procedural Information

3.1. Controls:

For a reliable test result to be obtained, theofwithg (external) controls should be included

for each series of nucleic acid isolation and aficplion of the target organism and target

nucleic acid, respectively.
- Negative isolation control (NIC) to monitor cressactions with the host tissue and/or
contamination during nucleic acid extraction: niwlacid extraction and subsequent
amplification of a sample of uninfected host tissuelean extraction buffer.
- Positive isolation control (PIC) to ensure thatleic acid of sufficient quantity and
quality is isolated: nucleic acid extraction ancdbseguent amplification of the target
organism or a sample that contains the target @gafe.g. naturally infected host tissue
or host tissue spiked with the target organism).
- Negative amplification control (NAC) to rule ofglse positives due to contamination
during the preparation of the reaction mix: ampéfion of PCR grade water that was
used to prepare the reaction mix.
- Positive amplification control (PAC) to monitonet efficiency of the amplification:
amplification of nucleic acid of the target orgamisThis can include nucleic acid
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extracted from the target organism, total nucleid @xtracted from infected host tissue,
whole genome amplified DNA or a synthetic conteby cloned PCR product).

As alternative (or in addition to) to the exterpakitive controls (PIC and PAC), internal
positive controls can be used to monitor each iddal sample separately. These can
include: co-amplification of endogenous nucleicdacusing conserved primers that
amplify conserved non-target nucleic acid thatlso gresent in the sample (e.g. plant
cytochrome oxidase gene or bacterial 18S rDNA) #mation of samples spiked with
exogeneous nucleic acid that has no relation vhightarget nucleic acid (e.g. synthetic
internal amplification controls) or amplificatiorf @ duplicate sample spiked with the
target nucleic acid.

3.2. Interpretation of results:
The cycle cut off value indicated below was obtdinsing the equipment/materials and
chemistry used as described in this appendix.

- A sample will be considered positive if it produ@e<t value of <38 and provided
that the contamination controls are negative.
- A sample will be considered negative, if it prodsieeCt of 40 or more and provided
that the extraction inhibition controls are postiv
- Tests should be repeated if any contradictory ateam results are obtained, or if the
Ct value is between 38 and 40.
The cycle cut off value needs to be verified intelaboratory when implementing the test for the
first time.

4. Performance criteria available
Performance criteria are provided for the PCR tw#hout enrichment
4.1. Analytical sensitivity data (according to tiesults obtained in the performance study in
2010)
- 10°-10* CFU/mL plant extract after DNA extraction followirdop et al. (1999), Tayloret
al. (2001) modified and RED-Extract-N-AmpTkit.

4.2. Analytical specificity data
According to Pircet al. (2009)
- Target organisms tested: 235 strains all positive
- Non-target organisms tested: 37 strains all negat

4.3. Data on Repeatability
In IVIA: 98%

4.4. Data on Reproducibility
In IVIA: 94%
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Appendix 13-Real-time PCR (Gottsberger, 2010)

1 General Information
1.1 Real-time PCR targeting a hypothetical protaiding gene was designed (Gottsberger
2010). The accuracy in the 2010 test performanegystould not be tested with this real-time
PCR, however it was tested in parallel with thd-tiae PCR described in Piret al. (2009) by
one lab and gave the same qualitative results ththDNA extraction from Llopet al. (1999)
protocol.
1.2. The test can be applied to any kind of plaatemal after a DNA extraction as indicated in
Appendix 6 and to bacterial colonies, without DNMraction.
1.3 The target sequences are located in the chimas
1.4 Oligonucleotides:

hpEaF (5- CCGTGGAGACCGATCTTTTA -3)

hpEaR (5'- AAGTTTCTCCGCCCTACGAT -3

hpEaP (FAM- TCGTCGAATGCTGCCTCTCT-MGB)
1.5 Amplicon size in base pairs (including primegeences): 138 bp
1.6 Real-time PCR system i.e. Eppendorf Reafplastercycler Epgradient S (Eppendorf,
Hamburg, Germany) using the universal cycling cthons (2 min at 50 °C, 10 min at 95 °C, 50
cycles of 15 s at 95 °C and 1 min at 60 °C)

2 Methods

2.1Nucleic Acid Extraction and Purification: SeveraNB extraction methods were tested:
(i) the silica-column based DNeasy Plant Mini Kgtiggen); (ii) the magnetic bead based
QuickPick™ SML Plant DNA Kit (Bio-Nobile, Turku, Rland) and (iii) a simple
extraction method (Llogt al, 1999). The DNeasy Plant Mini Kit was used acauydio
the manufacturer’'s protocol for purification of abtODNA from plant tissue with final
DNA elution into 1 x 10Qu of AE buffer. The protocol for extraction usingui@kPick™
SML Plant DNA Kit was performed according to thermtgacturer. The simple extraction
procedure was performed according to the proton@ngby Llopet al, (1999). Further
protocols used are described in Stogfeal. (2006) and Persest al. (2011).

2.2Polymerase Chain Reaction — PCR

Final Working Volume per
concentration | concentration | reaction (uL)
Total reaction volume of 20
a single PCR reaction in
L
TagMan Universal 1x 2X 10
Master Mix (Applied
Biosystems)
MgCl, Included in Included in
Master Mix Master Mix
dNTPs Included in Included in
Master Mix Master Mix

43



Taq polymerase Included ir Included in

Master Mix Master Mix
forward primer 0,5uM 10uM 1
reverse primer 0,5uM 10uM 1
probe 0,05uM 1uM 1
DNA 1
PCR gradevater 6

2.3. PCR cycling conditions: 3 min at 50 °C, 10 mafr®5 °C, 50 cycles of 15 s at 95 °C
and 1 min at 60 °C)

2.4. Observations: if the expected target concotras high i.e. in enriched samples it is
highly recommended to carry out a tenfold dilutadrthe purified DNA solution in water
or TE buffer before amplification, in order to déunhibitor compounds. Amplification is
performed on stock solution and the dilution.

3. Essential Procedural Information
3.1. Controls:

For a reliable test result to be obtained, theofwithg (external) controls should be included
for each series of nucleic acid isolation and aficplion of the target organism and target
nucleic acid, respectively.
- Negative isolation control (NIC) to monitor cressactions with the host tissue and/or
contamination during nucleic acid extraction: niclacid extraction and subsequent
amplification of a sample of uninfected host tissuelean extraction buffer.
- Positive isolation control (PIC) to ensure thatleic acid of sufficient quantity and
quality is isolated: nucleic acid extraction andseguent amplification of the target
organism or a sample that contains the target @ga(e.g. naturally infected host tissue
or host tissue spiked with the target organism).
- Negative amplification control (NAC) to rule ofglse positives due to contamination
during the preparation of the reaction mix: ampéfion of PCR grade water that was
used to prepare the reaction mix.
- Positive amplification control (PAC) to monitonet efficiency of the amplification:
amplification of nucleic acid of the target organism. This caclude nucleic acid
extracted from the target organism, total nucleiicl xtracted from infected host tissue,
whole genome amplified DNA or a synthetic conteb( cloned PCR product).

As alternative (or in addition to) to the exterpakitive controls (PIC and PAC), internal
positive controls can be used to monitor each iddal sample separately. These can
include: co-amplification of endogenous nucleicdaciising conserved primers that
amplify conserved non-target nucleic acid thatlso gresent in the sample (e.g. plant
cytochrome oxidase gene or bacterial 18S rDNA) dioglion of samples spiked with

exogeneous nucleic acid that has no relation wi¢ghtarget nucleic acid (e.g. synthetic
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internal amplification controls) or amplificatiorf @ duplicate sample spiked with the
target nucleic acid.

3.2. Interpretation of results: in order to assigniesults from Redime PCRtest the following
criteria should be followed:

The cycle cut off value indicated below was obtdingsing the equipment/materials and
chemistry used as described in this appendix.

- A sample will be considered positive if it produ@e<t value of <48 and provided
that the contamination controls are negative.

- A sample will be considered negative, if it prodsieeCt of 50 or more and provided
that the extraction inhibition controls are postiv

- Tests should be repeated if any contradictory ateam results are obtained, or if the
Ct value is 48-50.

- The cycle cut off value needs to be verified infekdboratory when implementing the test for thetfir
time.

4. Performance criteria available (from AGES, 2010)
This test was not evaluated in the test perforraatadies.
4.1. Analytical sensitivity data (according to Gbitrger, 2010)
2 CFU/uL

4.2. Analytical specificity data
According to Gottsberger (2010)
- Target organisms tested: 71 strains all positive.
- Non-target organisms tested: 41 strains all negat

4.3. Data on Repeatability
In AGES: 100%

4.4. Data on Reproducibility
In AGES: 100%

Appendix 14- Loop mediated isothermal amplification(LAMP)

The test was developed by Tempde al. (2007) and Temple & Johnson (2011), and was
evaluated in the 2010 test performance study, lsec#uwas considered very appropriate for
laboratories which do not have PCR equipment amslsimple and easy to perform for analysis
of symptomatic plants as well as for bacterial tifiation. However, the sequences are based on
those of the pEA29 plasmid and this test lacksappropriate sensitivity for the analysis of
samples with low bacterial populations, below @&U/mL plant extract.

LAMP primers to detect amsL B: ALB Fip 5-CTG CCTAG TAC GCA GCT GAT TGC
ACG TTT TAC AGC TCG CT-3'; ALB Bip: 5-TCG TCG GTAAAG TGA TGG GTG CCC
AGC TTA AGG GGC TGA AG-3’; ALB F: 5-GCC CAC ATT C& ATT TGA CC-3’; ALB B:
5- CGG TTA ATC ACC GGT GTC A-3'.
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Primers Fip and Bip were used at gM, primers F and B at 02M final concentrations.
Melting temperatures for primers were between 580RC.

LAMP Reaction Mix:

Final Working Volume per
concentration | concentration | reaction (uL)
Total reaction volume of 50
a single PCR reaction in
puL
10X ThermoPol buffer* 1x 10x 5
dNTPs 1.0 mM 10 mM 5puL
MgSQO, 4 mM ’100mM 2pL | - [ Comentario [U1]:
BSA 0.4 mg/ml 10 mg/mL 2 uL
ALB FIP 2.4uM 100uM 1.2 L
ALB BIP 2.4uM 100 uM 1.2 L
ALB F 0.2uM 10 uM 1puL
ALB B 0.2uM 10uM 1puL
BstDNA polymerase 16 8uU/uL 2 uL
U/reaction
DNA 5uL
PCR gradevater 24.6 pL

Prior to starting the LAMP reaction, put a watethbat 65°C or a thermal cycler at 65°C
for 55 minutes. Prepare the mix and pipette 24.®{IRCR grade water into each individual 0.2
ml PCR reaction tube, next pipette 1814 of the master mix into each individual PCR reaati
tube, and next pipette 2L of Bst DNA polymerase into each individual PCR reactiabet
Finally pipette 5 puL of template DNA. Spin tubesadoin a plate spinner (1000 rpm for 30 s).
Place tubes in water bath (65°C) in a holder soréaetion end is submerged, or place in a
thermocycler (65°C) for 55 min. Remove tubes amhohathem to cool for 10 s. Observe tubes
for the presence of visual precipitate, a cloudyetor a solid white precipitate at the bottom of
the tube (indicating a positive reaction). A clealution is a negative reaction.

4 Performance criteria available
4.1. Analytical sensitivity data (according to tiesults obtained in the performance study in
2010) :

- 10°-10° CFU/mL plant extract after DNA extraction followirigaylor et al. (2001).

4.2. Analytical specificity data

According to Templet al. (2011)
- Target organisms tested: 10 strains all posigxeept pEA29 free strains).
- Non-target organisms tested: 30 strains all negat

4.3. Data on Repeatability
In IVIA: 96%
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4.4. Data on Reproducibility
In IVIA: 90%
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Appendix 15 Pathogenicity tests

Inoculation of fruitlets (of susceptible cultivao$ pear, apple or loquat) can be performed on
whole disinfected immature fruits or on slicesém, using 10 pL of fafu mL™ suspensions
of colonies in PBS (Appendix 2). Include a positamed negative control as indicated below.
Incubate in a humid chamber at 25 °C for 3—7 dAysositive test on fruit is shown by browning
around the wounding site and oozing of bacteria #v days (provided that the negative control
gives no lesion or only a necrotic lesion).

For whole plant inoculation, use susceptible catlévof pear, apple or loquat, or susceptible
species ofCrataegus Cotoneasteior Pyracantha To inoculate a potted plant, cut a young leaf
from a young shoot to the main vein with scissopped into a 1®cfu mL™ suspension of each
test colony prepared in PBS (Appendix 1).

Detached young shoots from glasshouse-grown ptartsalso be inoculated in the same way,
after disinfection for 30 s with 70% ethanol an@&shings with sterile distilled water, and kept
in tubes with sterile 1% agar. Maintain the plamtshe tubes at 20 —25 °C at 80 —100% relative
humidity with 16 h light. Read results after 3, Mdal5 days. TypicaE. amylovorasymptoms
include wilting, discoloration, necrotic tissue amize.

E. amylovoralike colonies should be re-isolated from inocuateuitlets, plants or shoots
showing typical symptoms and their identity confiun
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Fig. 1 : Flow chart for the diagnosis of fire blight in pta with symptoms.
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Fig. 2: Flow chart for the analysis &rwinia amylovorain asymptomatic samples.
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