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Abstract
Xanthomonas arboricola pv. pruni, causal agent of bacterial spot disease of stone fruit, is a quarantine organism for the European 
Union (EU) and the European and Mediterranean Plant Protection Organization (EPPO). The bacterium can undergo an epiphytic 
phase and/or be latent and can be transmitted by plantmaterial but currently, only visual inspections are used to certify plants as X. 
arboricola pv. pruni-free. A novel and highly sensitive real-time TaqMan PCR detection protocol was designed based on a sequence 
of a gene for a putative protein related to an ABC transporter ATP-binding system in X. arboricola pv. pruni. Pathogen detection can 
be completed within a few hours with a sensitivity of 102 CFU ml-1 thus surpassing the sensitivity of the existing conventional PCR. 
Specificity was assessed for X. arboricola pv. pruni strains from different origins, as well as for closely related Xanthomonas species,
non-Xanthomonas, saprophytic bacteria and healthy Prunus samples. The efficiency of the developed protocol was evaluated in field
samples of 14 Prunus species and rootstocks. In symptomatic leaf samples, the protocol was very efficient even when washates of 
the leaves were directly amplified, without any previous DNA extraction. In samples of 117 asymptomatic leaves and 285 buds, the 
protocol was more efficient after a simple DNA extraction and X. arboricola pv. pruni was detected, respectively in 9.4 and 9.1% of 
the 402 samples analyzed, demonstrating its frequent epiphytic or endophytic phase. This newly developed real-time PCR protocol 
can be used as quantitative and offers a reliable and sensitive test for X. arboricola pv. pruni, and is suitable as a screening test in 
symptomatic as well as asymptomatic plantmaterial.



GRACIAS POR SU ATENCIGRACIAS POR SU ATENCI ÓÓNN

I V I ANSTI T UT O AL ENCI A NO DE NV ESTI GA CI ONES GRA RI A S

•• Xanthomonas arboricola pv. pruni, causal agent of
bacterial spot disease in Prunus spp., is considered a 
quarantine organism in the EU, and an A2 pathogen by the
EPPO

• The bacterium has recently been reported in new
countries in the EU



•• Currently, only visual inspections of symptoms are 
performed to certify plants as free of X. arboricola pv. 
pruni in nurseries (EU, phytosanitary passport)

• The bacterium can have an epiphytic phase and/or be 
latent and transmitted by the whole plants or budwoods

• Asymptomatic plant propagation material can introduce 
the pathogen in areas or countries previously free of the
disease



InspectionInspection in in nurseriesnurseries
((AsymptomaticAsymptomatic , May, May-- July)July)



InspectionInspection in in nurseriesnurseries
((SymptomsSymptoms , , SeptemberSeptember ))
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DiagnosticDiagnostic andand detectiondetection ofof
XanthomonasXanthomonas arboricolaarboricola pvpv . . prunipruni

2006 2006 BulletinBulletin OEPPOEPP 36, 12936, 129--133133

European European andand MediterraneanMediterranean PlantPlant ProtectionProtection OrganizationOrganization PM 7/64 (1)PM 7/64 (1)



EPPO 2006

Conventional identification of X. arboricola pv. pruni :

• Isolation on common media
• Biochemical, nutritional and pathogenicity tests
• Serological tests (IF)

Another methods:

• Protein profiling (SDS-PAGE)
• Fatty acid profiling
• Molecular typing (rep-PCR)



RAPID IDENTIFICATION AND DETECTION BY PCRRAPID IDENTIFICATION AND DETECTION BY PCR

•• Improvement of a conventional PCR for specific detect ion of a Improvement of a conventional PCR for specific detect ion of a 
943943--bp DNA fragment of a gene sequence for a putative prot ein bp DNA fragment of a gene sequence for a putative prot ein 
related to an ABC transporter ATPrelated to an ABC transporter ATP --binding system in binding system in X. arboricolaX. arboricola
pv. pv. pruni pruni (Pagani, PhD thesis, 2004) (Pagani, PhD thesis, 2004) 

Laboratories involved (PeLaboratories involved (Pe ññalver alver et al.et al., 2009. COST 873), 2009. COST 873)

IVIA, Valencia, Spain (PeIVIA, Valencia, Spain (Pe ññalver J., Llop P., Lalver J., Llop P., L óópez M.M.)pez M.M.)

Laboratorio de DiagnLaboratorio de Diagn óóstico, Valencia, Spain (Rosellstico, Valencia, Spain (Rosell óó M.)M.)

C.R.A., Roma, Italy (Ferrante P., Scortichini M.)C.R.A., Roma, Italy (Ferrante P., Scortichini M.)

DetectionDetection limitlimit withwith differentdifferent PrunusPrunus spp. material: 10spp. material: 10 33--101066 CFU/mlCFU/ml

•• A more A more sensitivesensitive TaqManTaqMan realreal --time PCR time PCR forfor detection in detection in 
both symptomatic and asymptomatic plant material ha s both symptomatic and asymptomatic plant material ha s 
been developed and used for diagnosis as well as fo r been developed and used for diagnosis as well as fo r in in 
plantaplanta screening screening 



TaqManTaqMan REALREAL --TIME PCR PROTOCOL DESIGNTIME PCR PROTOCOL DESIGN

•• PrimersPrimers andand TaqManTaqMan probeprobe

•• ReactionReaction optimizationoptimization

DesignedDesigned fromfrom thethe sequence of a putative protein related to an ABC sequence of a putative protein related to an ABC 
transporter ATPtransporter ATP --binding system in binding system in X. arboricolaX. arboricola pv. pv. pruni pruni used for used for 
conventional PCR (Pagani, PhD thesis, 2004) conventional PCR (Pagani, PhD thesis, 2004) 

PrimersPrimers andand probeprobe concentrationsconcentrations
DenaturationDenaturation andand annealingannealing stepssteps ((temperaturetemperature andand time)time)
SmartCyclerSmartCycler : 45 : 45 twotwo --stepstep cyclescycles ofof 9595ooC C andand 5959ooCC



• 50 strains of other 20 plant pathogenic bacterial specie s: 
Xanthomonas arboricola pv. corylina, X. arboricola pv. fragariae, X. 
arboricola pv. juglandis, X. arboricola pv. populi, X. axonopodis pv. 
vesicatoria, X. citri subsp. citri, X. campestris pv. c ampestris, 
Pseudomonas syringae pv. syringae, P. syringae pv. tomato, P. syringae
pv. mori, P. savastanoi pv. savastanoi, P. corrugata, Agrobacterium
tumefaciens, A. vitis, Brenneria quercina, Erwinia amylovora, E. billingiae, 
E. pyrifoliae, E. tasmaniensis, Clavibacter michiganensis subsp. 
michiganensis, C. michiganensis subsp. sepedonicus

• 2 strains of saprophytic bacteria: Pseudomonas fluorescens, 
Pantoea agglomerans

• 159 X. arboricola pv. pruni strains: differentdifferent hostshosts andand
geographicallgeographicall originsorigins ((Italy, Spain, Argentina, Brazil, Canada, USA, South
Africa and New Zealand)

TaqMan REAL-TIME SPECIFICITY EVALUATION
(Bacterial pure cultures)



�� HealthyHealthy PrunusPrunus samplessamples ((peachpeach , , almondalmond , , JapaneseJapanese
plum plum andand GFGF--677 677 rootstockrootstock ))

�� PrunusPrunus samplessamples spikedspiked withwith X. X. arboricolaarboricola pvpv . . prunipruni

TaqManTaqMan REALREAL --TIME PCR SPECIFICITY EVALUATION TIME PCR SPECIFICITY EVALUATION 
((PlantPlant material)material)



TaqManTaqMan REALREAL --TIME PCR SENSITIVITY EVALUATIONTIME PCR SENSITIVITY EVALUATION

HeatHeat treatedtreated DNA DNA extractionextraction
((LlopLlop et alet al., 1999)., 1999)

X. X. arboricolaarboricola pvpv . . prunipruni ((ISPaVeISPaVe--B4)B4)** 101033 CFU/mlCFU/ml 101022 CFU/mlCFU/ml

PrunusPrunus sppspp . . 
leavesleaves spikedspiked
withwith XapXap

((ISPaVeISPaVe--B4)B4)

PeachPeach
((cvcv . Catherine). Catherine)

ComminutedComminuted 101044 CFU/mlCFU/ml 101022 CFU/mlCFU/ml

WashedWashed 101022 CFU/mlCFU/ml 101022 CFU/mlCFU/ml

AlmondAlmond
((cvcv . Guara). Guara)

ComminutedComminuted 101033 CFU/mlCFU/ml 101022 CFU/mlCFU/ml

WashedWashed 101022 CFU/mlCFU/ml 101022 CFU/mlCFU/ml

JapaneseJapanese plumplum
((cvcv . Golden . Golden JapanJapan ))

ComminutedComminuted -- 101022 CFU/mlCFU/ml

WashedWashed 101055 CFU/mlCFU/ml 101022 CFU/mlCFU/ml

GFGF--677 677 rootstockrootstock
ComminutedComminuted 101033 CFU/mlCFU/ml 101022 CFU/mlCFU/ml

WashedWashed 101022 CFU/mlCFU/ml 101022 CFU/mlCFU/ml

**IstitutoIstituto SperimentaleSperimentale perper la la PatologiaPatologia VegetaleVegetale , Roma, , Roma, ItalyItaly



Peach Almond

GF-677 Japanese plum

Ct Ct

Ct Ct

Bacterial concentration (log10) Bacterial concentration (log10)

Bacterial concentration (log10) Bacterial concentration (log10)

Calibration curves of different samples treatments

DNA (W)
Heat (C)

Heat(W)

ADN (M)

ADN (L)
Herv (M)

Herv (L)

DNA (C)
DNA (W)

Heat (W)

DNA (C) DNA (C)
DNA (W)

Heat (C)

Heat(W)

DNA (C)

DNA (W)

Heat (C)

Heat(W)



TaqMan real-time and conventional PCR sample
processing methods assayed on plants

with symptoms

TaqManTaqMan realreal --time time andand conventionalconventional PCR PCR sample
processing methods assayed on plants

with symptoms

• Sterile distilled water tissue washes

• Comminuted tissues

• Five serial dilutions of comminuted tissues

• Comminuted tissues with DNA extraction

•• SterileSterile distilleddistilled waterwater tissuetissue washeswashes

•• ComminutedComminuted tissuestissues

•• FiveFive serial serial dilutionsdilutions ofof comminutedcomminuted tissuestissues

•• ComminutedComminuted tissuestissues withwith DNA DNA extractionextraction

FIVE SYMPTOMATIC PEACH LEAVES (M1 to M5)FIVE SYMPTOMATIC PEACH LEAVES (M1 FIVE SYMPTOMATIC PEACH LEAVES (M1 toto M5)M5)



W
C 

(ADN) C
Comminuted serial dilutions

- 1 - 2 - 3 - 4 - 5

M1 + + - + - - - -

M2 + + + + - - - -

M3 + + - + - - - -

M4 + + + + - - - -

M5 + + + + - - - -

W C 
(ADN)

C
Comminuted serial dilutions

- 1 - 2 - 3 - 4 - 5

M1 20 16 - 21 25 28 31 33

M2 21 17 18 22 26 29 31 36

M3 19 16 17 21 24 27 30 34

M4 21 18 19 22 27 30 32 36

M5 22 19 20 23 27 30 32 45

Convencional PCRConvencional PCRTaqManTaqMan realreal --time PCRtime PCR

TaqManTaqMan realreal --time PCR time PCR higherhigher sensitivitysensitivity levellevel



Asymptomatic samples (orchards and nurseries)AsymptomaticAsymptomatic samplessamples ((orchardsorchards andand nurseriesnurseries ))

NNºº positive positive TaqManTaqMan PCR / TotalPCR / Total

33 / 28033 / 280

ComminutedComminuted withwith DNA DNA extractionextraction ((dormantdormant budsbuds ))

WashedWashed tissuestissues ((leavesleaves ))

NNºº positive positive TaqManTaqMan PCR / TotalPCR / Total

26 / 28526 / 285

GoodGood correlationcorrelation betweenbetween positive positive TaqManTaqMan rtrt PCR PCR analysisanalysis andand isolationisolation



WashedWashed / / ComminutedComminuted withwith DNA DNA extractionextraction

WashedWashed
NNºº positive / Totalpositive / Total

CominutedCominuted withwith DNA DNA extractionextraction
NNºº positive / Totalpositive / Total

0 /1170 /117 11 / 11711 / 117

9.4% positive 9.4% positive samplessamples ““ recoveredrecovered ”” after DNA extractionafter DNA extraction

Asymptomatic samples (orchards and nurseries)AsymptomaticAsymptomatic samplessamples ((orchardsorchards andand nurseriesnurseries ))

WASHED TISSUES:WASHED TISSUES:
•• LowerLower sensibilitysensibility ((highhigh inhibitorsinhibitors concentrationsconcentrations ))

•• OffersOffers hhigh-throughput potential
Suitable for large-scale screening ((nurseriesnurseries ))

COMMINUTED TISSUES AND DNA EXTRACTION:COMMINUTED TISSUES AND DNA EXTRACTION:
•• Reducing the likelihood of false-negative

•• Limits large-scale applications
SuitableSuitable forfor CertificationCertification ProgramsPrograms ((plantplant propagationpropagation material)material)



SAMPLES
symptomatic or asymptomatic

SAMPLESSAMPLES
symptomaticsymptomatic oror asymptomaticasymptomatic

TaqMan rt PCR from washed or comminuted DNA extracts
(“screening”) 

TaqManTaqMan rtrt PCR PCR fromfrom washedwashed oror comminutedcomminuted DNA DNA extractsextracts
((““ screeningscreening ”” ) ) 

Isolation
(LPGA+ cycloheximide) 

IsolationIsolation
(LPGA+ (LPGA+ cycloheximidecycloheximide ) ) 

+
-

SampleSampleSample

Typical colonies
TaqMan rt PCR
(“screening”)

TypicalTypical coloniescolonies
TaqManTaqMan rtrt PCRPCR
((““ screeningscreening ”” ))

-

Purification, 
characterization
and inoculation

PurificationPurification , , 
characterizationcharacterization
andand inoculationinoculation+ +

- -

XapXapXap

PROPOSED
PROTOCOL
PROPOSEDPROPOSED
PROTOCOLPROTOCOL



CONCLUSIONSCONCLUSIONSCONCLUSIONS

� A good correlation between results of TaqMan real-
time PCR analysis and isolation of the bacterium is
obtained.

�� A A goodgood correlationcorrelation betweenbetween resultsresults ofof TaqManTaqMan realreal --
time PCR time PCR analysisanalysis andand isolationisolation ofof thethe bacteriumbacterium isis
obtainedobtained ..

� Amplification is even achieved from washed tissues
without DNA extraction.
�� AmplificationAmplification isis even even achievedachieved fromfrom washedwashed tissuestissues
withoutwithout DNA DNA extractionextraction ..

� The TaqMan real-time PCR protocol developed is
specific for X. arboricola pv. pruni. A sensitivity of 10 2 

CFU/ml is achieved with plant material.

�� TheThe TaqManTaqMan realreal --time PCR time PCR protocolprotocol developeddeveloped isis
specificspecific forfor X. X. arboricolaarboricola pvpv . . prunipruni. A . A sensitivitysensitivity ofof 10102 2 

CFU/ml CFU/ml isis achievedachieved withwith plantplant material.material.

� The method has been tested for diagnosis and detection
of the pathogen in symptomatic and asymptomatic
naturally infected plant samples in orchards and nurserie s. 
It is proposed for the accurate screening of contaminated
nursery propagation material.

�� TheThe methodmethod has has beenbeen testedtested forfor diagnosis diagnosis andand detectiondetection
ofof thethe pathogenpathogen in in symptomaticsymptomatic andand asymptomaticasymptomatic
naturallynaturally infectedinfected plantplant samplessamples in in orchardsorchards andand nurseriesnurseries . . 
ItIt isis proposedproposed for the accurate screening of contaminated
nursery propagation material.
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