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SUMMARY

Diagnosis and detection are key aspects related to
plant health status. A critical review of the available di-
agnostic methods utilised for Agrobacterium rhizogenes
and A. tumefaciens, Pseudomonas amygdali, P. syringae
pv. mors-prunorum, P. syringae pv. persicae, P. syringae
pv. syringae and Xanthomonas arboricola pv. pruni, the
main pathogens of the stone fruit trees, is presented. As
there is a general lack of updated standardized proto-
cols for the detection of most of these bacteria, the most
appropriate media for their isolation are reported along
with serological reagents, PCR and real-time PCR pro-
tocols with comments on their accuracy for the analysis
of these pathogens in plant samples. There are many se-
lective media for isolation, especially for Agrobacterium
spp., but fewer for Pseudomonas spp. and X. arboricola
pv. pruni. Serological techniques are not very useful for
these pathogens due to the current lack of specific anti-
bodies commercially available. As to molecular meth-
ods, it is surprising to find so many PCR protocols for
Agrobacterium species, very few and unspecific for the
Pseudomonas species pathogenic to stone fruit trees,
and several recent PCR protocols for X. arboricola pv.
pruni. The new advances in genomics and proteomics
will provide information for selecting new targets to de-
velop specific and sensitive techniques for the diagnosis
and detection of these bacterial pathogens in plant ma-
terial.
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INTRODUCTION

The main bacterial pathogens of stone fruit and al-
mond trees in the European Union (EU), taking into ac-
count their incidence, economic damages to these
crops, and the threat that they represent for the Euro-

pean agriculture are: Agrobacterium rhizogenes and A.
tumefaciens, causal agents of tumours in roots, crown
and aerial parts of the trees (Scortichini, 1995; López,
2000; Janse, 2006), Pseudomonas amygdali, P. syringae
pv. mors-prunorum, P. syringae pv. persicae, and P. sy-
ringae pv. syringae, responsible for shoot necrosis, fruit
and leaf spots and cankers on trunks and branches
(Scortichini, 1995; López, 2000; Janse, 2006), and final-
ly Xanthomonas arboricola pv. pruni, the agent of bacter-
ial spot disease of stone fruits (Civerolo and Hatting,
1993; Scortichini, 1995; Janse, 2006), recently reported
also on almond (Palacio-Bielsa et al., 2010).

The main methods for their diagnosis have recently
been reviewed by Janse (2010) in a compilation of the
different techniques utilised or developed for these and
other bacterial pathogens in the framework of the EU-
COST Action 873. Moreover, a recent publication by
Palacio-Bielsa et al. (2009a), reviewed the PCR protocols
designed for all species, subspecies and pathovars of
plant pathogenic bacteria designed up to 2007. Conse-
quently, as this information is already available, in this mi-
ni review we intend to critically analyse the most utilised
methods for the diagnosis and detection of Agrobacteri-
um spp., Pseudomonas spp. and X. arboricola pv. pruni.

According to López et al. (2006) the term “diagno-
sis” is reserved for identifying the nature and cause of a
disease in plants showing symptoms, whereas “detec-
tion” is referred to tracing the presence of a target or-
ganism in symptomless plant tissues, or in other envi-
ronmental samples. We will not provide the reader with
an exhaustive list of methods and references, but will
advise on the most robust techniques, based on our ex-
perience and the available literature, indicating also the
gaps and the near future perspectives. For each bacteri-
al species (or group of species with similar characteris-
tics) a selection of the available media for isolation,
reagents for serological techniques and protocols for
PCR and real-time PCR are reported. Comments about
their accuracy for diagnosis and detection in stone fruit
and almond are added in each case.

Identification methods are not exhaustively reviewed
because they should require an entire review by them-
selves, but some key common aspects are discussed af-
ter the diagnostic and detection methods.
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GENERAL ASPECTS AND TECHNIQUES UTILIZED

Diagnostic and detection techniques for plant patho-
genic bacteria have traditionally used microscopic ob-
servation, isolation on culture media, serological testing,
bioassays and more recently, molecular assays. Standard
protocols, especially those of the European and
Mediterranean Plant Protection Organization (EPPO)
rely, in addition to other methods, on the isolation of
the target organism followed by its identification and
verification of its pathogenicity. This whole process may
take several weeks for final confirmation and may be
difficult for processing large number of samples when a
high number of positives are expected. Another draw-
back is related to the lack of growth on solid media of
the injured, or viable but not culturable bacteria (VB-
NC). As this state is sometimes reversible (López et al.,
2006), the direct isolation, apart from problems with its
detection threshold, could therefore give false negative
results. However, plating efficiency can be improved by
a preceding enrichment step through cultivation in liq-
uid medium or by a bioassay in planta.

Serological techniques utilised for bacterial
pathogens are mainly indirect immunofluorescence
staining (IF), several types of enzyme-linked im-
munosorbent assay (ELISA) and the recent so-called
lateral flow devices. Their accuracy is correlated with
the quality of the antibodies utilised and when possible,
the use of monoclonal antibodies is advisable. In gener-
al, serological methods are robust, cheap and appropri-
ate for a first screening and for massive analyses.

The use of DNA-based methods has exponentially
increased in the last twenty years, but it has not yet
completely replaced traditional methods. Conventional
PCR has replaced DNA hybridization very fast, but in
the more recent years, real-time PCR is leading to faster
and more accurate detection protocols, of high sensitivi-
ty and relatively easy to perform. Other DNA or RNA-
based methods like Nucleic Acid Sequence Based Am-
plification (NASBA) or Loop Mediated Isothermal Am-
plification (LAMP) have also been applied to few bacte-
rial pathogens (López et al., 2009) but, till now, not for
those affecting stone fruit and almond.

In the diagnosis of these pathogens, the sensitivity for
isolation is generally from 1-103 CFU ml-1, for IF is
about 103-104 CFU ml-1, for ELISA and lateral flow de-
vices about 105-106 CFU ml-1, (but can be improved
with a previous enrichment step), for conventional PCR
is 102-104 CFU ml-1 and from 1-103 CFU ml-1 for real
time PCR. In addition to the sensitivity of the tech-
niques, other important factors to evaluate are specifici-
ty and accuracy, which should be compared for the dif-
ferent techniques before designing a protocol. Such
evaluation has, to our knowledge, not yet been done for
bacterial pathogens of stone fruits. In the absence of
enough data about the accuracy of each technique in

different types of plant material, there is a tendency to
use integrated approaches including conventional, sero-
logical and molecular assays (Alvarez, 2004; López et
al., 2003). This is especially required for quarantine
pathogens, like P. syringae pv. persicae or X. arboricola
pv. pruni, where the use of more than one technique
based on different biological principles is advised for
maximum accuracy.

For the analysis of symptomless plants, environmen-
tal samples, or for detecting latent infections, the maxi-
mum sensitivity is required because we intend to detect
very low populations of the target bacteria. Consequent-
ly, a previous enrichment step is generally advisable be-
fore isolation, enrichment or conventional PCR. Real-
time PCR can often be used directly with high sensitivi-
ty protocols (López et al., 2006, 2009). 

Microarrays are one of the most promising tools for si-
multaneous detection of a wide-range of organisms in a
single assay and their versatility has been recently ex-
plored also for rapid diagnosis. A prototype DNA mi-
croarray for diagnosis has been developed for the rapid
and simple identification of 22 European quarantine phy-
topathogenic bacteria (Pelludat et al., 2009). The mi-
croarray has 38 probes targeted to the 16S rDNA and the
housekeeping genes rpoB, groEL and ftsZ, enabling dif-
ferentiation of quarantine bacteria down to the species
and, in some cases, subspecies level. This work was con-
ducted within the European research networking frame-
works of EU-COST Action 853 (Agricultural Biomarkers
for Array Technology) and EU-COST Action 873 (Bacte-
rial diseases of stone fruits and nuts). Once improved and
validated, these chips would be optimal tools to identify
quarantine plant pathogenic bacteria and to prevent their
dissemination (López et al., 2009).

DIAGNOSIS AND DETECTION 
OF AGROBACTERIUM TUMEFACIENS
AND AGROBACTERIUM RHIZOGENES, CAUSING
TUMOURS IN STONE FRUIT AND ALMOND

A. tumefaciens and A. rhizogenes are current names
corresponding to biovar 1 and biovar 2 strains of patho-
genic and non-pathogenic Agrobacterium. Strains of
both species can cause the typical tumours on roots,
crown and, sometimes, on stems or trunks, due to the
transfer of the T-DNA of the Ti plasmid from the bacte-
ria to the plant cell. Although several taxonomic studies
propose other nomenclature for these species, the above
names will be used in this review according to Sawada
et al. (1993) and with the modification suggested by
Bouzar (1994). Both bacterial species can produce tu-
mours in most stone fruit and almond cultivars, several
rootstocks being very susceptible. Although the pres-
ence of tumours can directly affect the plant growth,
losses are primarily related with the prohibition of com-
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mercialization of plants with tumours. For these rea-
sons, these bacteria are considered as quality pathogens
according the EU legislation (Anonymous, 1993). There
is currently a lack of standardized protocols for diagno-
sis and detection of these pathogens. Disease diagnosis
can fail if it is only based on the isolation of Agrobacteri-
um-like colonies on selective or non-selective media, fol-
lowed by identification and confirmation of pathogenic-
ity. This may happen because of the low populations of
pathogenic cells in the tumours (Cubero et al., 1999), or
the possible presence of bacterial cells in the VBNC
state, for example when excessive copper chemicals are
used for its control (Alexander et al., 1999). Conse-
quently, the use of PCR or another DNA-based comple-
mentary approach is advisable.

Isolation. The literature reports many media de-
signed for specific Agrobacterium isolation, but there
are frequent problems in succeeding the isolation, due
to the difficulties in obtaining pathogenic strains from
tumours, from latent infections and especially from soil
(Moore et al., 2001), the mentioned low bacterial popu-
lations in tumours (and the even lower levels in the
plants outside them) and the slow development of the
colonies in several of the semi-selective media. Although
there is a general lack of true selective media, those de-
scribed by Schroth et al. (1965) for A. tumefaciens and
New and Kerr (1971) for A. rhizogenes, are still among
the most useful for isolations and perform very well
when compared with those more recently developed
(Moore et al., 2001). For isolations from soil a tellurite-
amended medium is advised (Mougel et al., 2001). The
isolations must always be followed by the identification
of the colonies as pathogenic Agrobacterium spp. by
biochemical tests, 16S rRNA sequencing, PCR, and in-
oculation to herbaceous or homologous hosts.

Serological techniques. The serological approach has
failed for detection and identification of pathogenic
agrobacteria because of the large serological variability
of A. tumefaciens and A. rhizogenes strains and the lack
of specific antibodies for pathogenic strains of both
species. Alarcón et al. (1987) and Benjama et al. (1995)
raised and evaluated different antisera and used them in
IF, ELISA, electrophoresis and other methods, but
could not find any species-specific reagent among the
studied ones. There are no validated commercial anti-
bodies available.

Molecular techniques. Although a number of PCR
protocols have been described for identification and/or
detection of tumourigenic Agrobacterium, the present
work focuses only on those related to stone fruits. An
extensive review of PCR protocols for detection and
identification of Agrobacterium is available in Palacio-
Bielsa et al. (2009a).

One of the major limitations to the routine use of
PCR for Agrobacterium detection and diagnosis is the
presence of inhibitory compounds in the template, such
as polyphenols, which should be eliminated, preferably
with a DNA extraction step (Cubero et al., 1999). Some
PCR protocols include an internal control in order to
recognize false negatives due to inhibitors from the
hosts of A. tumefaciens or soil, thus improving the relia-
bility of PCR for searching for pathogenic Agrobacteri-
um in plants (Cubero et al., 2002). 

Choice of primers is another important factor in the
optimisation of PCR. For conventional PCR, Nesme et
al. (1989) designed several sets of primers within differ-
ent regions of the Ti plasmid involved in Agrobacterium
pathogenicity. The most utilised were those from the T-
DNA region (FGPtmr530/FGPtmr701), and the inter-
cistronic region between virB and virG, in the virulence
region of the pTi (FGPvirB11+12/FGPvirB15). The tmr
primers were designed to amplify both nopaline and oc-
topine type pTi, whereas virB-G primers were reported
for specific amplification of nopaline, but not octopine
pTi type. However, as indicated by Cubero et al. (1999),
amplification was also obtained using these primers
from A. tumefaciens strains with an octopine Ti-plas-
mid. Both sets of primers have been successfully used
for detection of Agrobacterium spp. from Prunus materi-
al following a simple DNA extraction with isopropanol
(Cubero et al., 1999). In a comparison of techniques
performed by Cubero et al. (1999), these PCR protocols
were more efficient for Agrobacterium detection than
isolation on selective and non-selective media with or
without previous enrichment.

PCR performed with virB-G primers was also effec-
tive for detecting the systemic movement of Agrobacteri-
um spp. in cherry and other hosts (Cubero et al., 2006).
Pathogenic agrobacteria were detected even in symp-
tomless stem fragments of the inoculated plants (be-
tween the primary and secondary tumours), and in
stems, crown and roots of naturally infected walnut
plants showing tumours at the graft union. A modified
protocol using virB-G primers has been developed to
improve the efficiency in detecting the target sequence
from peach roots (Puopolo et al., 2007).

Amplification with primers designed from sequences
within Ti plasmid regions involved in pathogenicity will
be only obtained if DNA from pathogenic Agrobacteri-
um is present in the sample. Conversely, with primers
from the tmr region, the amplified sequence is a frag-
ment inside the T-DNA which is integrated in the plant
genome during infection and therefore, amplification
could be probably obtained also from the transformed
plant cells (Cubero et al., 1999).

Primer set VCF/VCR was designed to amplify frag-
ments of the Ti and Ri plasmid-encoded virC1 and
virC2 regions from all pathogenic Agrobacterium strains
(Sawada et al., 1995). The specificity of the original
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primer set was improved by designing a new set of
primers (VCF3/VCR3) for amplifying tumourigenic
Agrobacterium strains isolated from apple seedlings
(Sawada et al., 2004). Their usefulness for detecting the
target in stone fruit has not been tested.

Two sets of primers, based on the virD2 and ipt
genes, were designed for specific detection of pathogen-
ic Agrobacterium strains (Haas et al., 1995). The former
set detects different Agrobacterium species, whereas the
primer pair corresponding to conserved sequences in ipt
gene detects only A. tumefaciens and distinguishes it
from A. rhizogenes. Both primer pairs can also be used
together in the same PCR amplification, thus allowing
simultaneous detection of both genes in a single reac-
tion, but there are no available data about their efficien-
cy in the analysis of plant material.

A multiplex PCR has been designed to aid in identifi-
cation and differentiation of A. tumefaciens, A. rhizo-
genes, A. rubi and A. vitis (Pulawska et al., 2006). Five
primer pairs were designed on the basis of the nu-
cleotide sequence of the 23S rDNA. One of them is uni-
versal for all agrobacteria, whereas the remaining four
are species-specific. Differentiation between biovar 2
and the others requires the use of restriction analysis of
the PCR product and the protocol has only been used
for strain identification.

Determination of whether a soil is free from tumouri-
genic Agrobacterium could be a crucial aspect for fields
selected for establishing a nursery. A semi-nested PCR,
using three primer pairs based on the tms2 gene, was
designed for detection of tumour-inducing Agrobacteri-
um from naturally infected soils (Pulawska and So-
biczewski, 2005). Primers from Haas et al. (1995) have
also been used in both conventional and real-time PCR
for detection of A. tumefaciens in soil (Sudarshana et al.,
2006), achieving a sensitivity of 200 and 20 CFU g-1 soil,
respectively.

A comparative study and validation of different PCR
protocols would be advisable for improving the reliabil-
ity of PCR for detection of pathogenic Agrobacterium
occurring on stone fruit. This is important because the
various DNA amplification-based assays have been de-
veloped separately and, in some cases, validated only
with a limited number of strains and/or with strains of
limited geographical origins. A systematic comparison
of the existing assays, on a uniform and representative
set of plant samples, will provide the required data to
enable a deliberate choice for regulatory and manage-
ment programs and also to check for Agrobacterium-
free plant material.

Information about the sequences of the genome of A.
tumefaciens strain C58 (Wood et al., 2001; Goodner et
al., 2001) and of the biological control agent A. rhizo-
genes K84 (available, but still unpublished) should pro-
vide more targets for designing specific PCR protocols,
or for developing microarrays or other tools.

DIAGNOSIS AND DETECTION 
OF PSEUDOMONAS spp. AFFECTING STONE
FRUITS AND ALMOND 

The main pseudomonads causing diseases worldwide
and producing severe yield losses are Pseudomonas sy-
ringae pv. syringae (Pss), Pseudomonas syringae pv. mors-
prunorum (Psm) and Pseudomonas syringae pv. persicae
(Psp) on stone fruit, and Pseudomonas amygdali (Pa) on
almond trees. Some other Pseudomonas spp. described
as causal agents of different diseases observed in stone
fruits are Pseudomonas marginalis pv. marginalis,
Pseudomonas syringae pv. avii and Pseudomonas viridi-
flava (Bradbury, 1986; Takanashi and Shimizu, 1989).
Information of these pathogens and others affecting
stone fruits has been reviewed by Janse (2010), a mem-
ber of the EU-COST 873 group of investigators. 

Psp is considered a quarantine organism (Annex II,
Part A-Sect. II) in the European Union (Anonymous,
2000 and amendments). EPPO includes it in the A2
quarantine organism list and published a specific Data
Sheet [http://www.eppo.org/QUARANTINE/bacteria/
Pseudomonas_persicae/PSDMPE_ds.pdf]. For this rea-
son, there is a protocol for sampling, which includes
some testing methods, and a more recent one for diag-
nosis recommended by EPPO (Anonymous, 1992,
2005). Although Pss, Psm and Pa are not considered
quarantine organisms, the damages caused by them to
fruit crops worldwide are severe enough to consider
here the main aspects of their diagnosis and detection.
Pss and Pa are the only described phytopathogenic
pseudomonads reported on almond trees. 

Isolation. Selecting the right material in the most
favourable sampling conditions for recovering a given
pathogen is especially important in the case of stone
fruit-infecting Pseudomonas species. Only in some
months of the year, during the most convenient period
(usually early spring), these bacteria are active in infect-
ed tissues or occur as epiphytes in large populations.
Several semi-selective media have been described, such
as D-4 (Kado and Heskett, 1970), Hildebrands’ media
A, B, C, D and E (Hildebrand, 1971), PSM (Burr and
Katz, 1982), KBC (Mohan and Schaad, 1987), SPS
(Miyoshi and Tachibana, 1994) and mP3 and MS3 (Vi-
cente et al., 2004). The most commonly used medium
however, with less toxicity for the target pathogens is
still King’s medium B (King et al., 1954). This medium
could be supplemented with cycloheximide to avoid
fungal growth (Whitesides and Spotts, 1991). Pss and
some strains of Psm produce a fluorescent pigment on
King’s B under UV light, while Pa, Psp and some
strains of Psm do not. Some other media, i.e. CSGA
(Luisetti et al., 1972) or CSGM (Lelliot and Stead,
1987) have been described for observing this pigment
in Psp, but still 20% of the strains failed to produce it
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on CSGA medium (Luisetti, 1988).
Isolation must be followed by identification of the

isolates. In the case of Pa identification could be per-
formed by biochemical and physiological tests, fatty
acids methyl-ester profiles (FAME), 16S rRNA sequenc-
ing, rpoB gene sequences and pathogenicity assays. Such
verification is required for confirmatory diagnosis. In
the case of Pseudomonas syringae pathovars, and due to
their phenotypic and genomic heterogeneity, an inte-
grated approach should be used to identify the isolates,
selecting among the different techniques available, such
as biochemical and physiological tests, toxins and
siderophores production, fatty acids methyl-ester pro-
files (FAME), protein profiling analysis (SDS-PAGE),
serological tests, rep-PCR profiles, RFLP, gyrB and
rpoD sequences, 16S rDNA sequences, multilocus se-
quence analysis (MLSA), and others.

Pathogenicity assays in plants are essential in addi-
tion to the well known procedures for HR in tobacco
leaves or bioassays on detached organs (small pear and
cherry fruits, yellow lemon fruits, lilac leaves or shoots).
For a recent overview of these tests, see Bultreys and
Kaluzna (2010) and Janse (2010). Another recent publi-
cation compares some inoculation procedures for prov-
ing pathogenicity (Gilbert et al., 2010).

Serological tests. For IF and ELISA, commercial antis-
era are only available for Pss (Neogen Europe, UK).
However, some Psp strains show common antigens main-
ly with Pss and P. syringae pv. papulans [http://www.ep-
po.org/QUARANTINE/bacteria/ Pseudomonas_ persi-
cae/PSDMPE_ds.pdf]. Polyclonal antisera enabled dis-
crimination of 23 O-serogroups among the P. syringae
pathovars (Saunier et al., 1996) and a study with mono-
clonal antibodies (Ovod et al., 1999) revealed that strains
belonging to a broad group of pathovars showed cross-re-
activity with a panel of core-specific monoclonal antibod-
ies. So, it is necessary to check carefully the available com-
mercial antibodies and to know the possible cross-reac-
tions with other pathovars of P. syringae or even with oth-
er Pseudomonas spp. Due to the lack of specific polyclon-
al or monoclonal antibodies, serological techniques can-
not be advised for diagnosis or detection in these cases. 

Molecular techniques. Some PCR protocols have been
developed for detecting genes responsible for the pro-
duction of toxins or siderophores by different
Pseudomonas species, e.g. for syrB and/or syrD genes, in-
volved in the synthesis and export of these lipodepsipep-
tides and conserved among Pss strains (Bultreys and
Gheysen, 1999; Sorensen et al., 1998). Although the tox-
ins syringomycin, syringotoxin, syringostatin and sy-
ringopeptin are produced by some Pss strains, they are
not restricted to this pathovar (since they are also pro-
duced by pathovars aptata and atrofaciens) or this species
(because syringotoxin is also produced by P.

fuscovaginae). PCR assays using the primer pair syD1 and
syD2 were positive with almost all the Pss strains tested,
except for one, and also for strains of P. syringae pv. atro-
faciens and P. syringae pv. aptata but not for P. fuscovagi-
nae (Bultreys and Gheysen, 1999). Another PCR proto-
col was developed by Bereswill et al. (1994) for detecting
a region of the coronatine biosynthetic gene cluster re-
sponsible for coronatine production (cfl gene). This toxin
is produced by strains belonging to the P. syringae patho-
vars alisalensis, atropurpurea, glycinea, maculicola, mors-
prunorum, porri and tomato (Braun et al., 2008). The cfl
gene sequences were also detected in P. syringae patho-
vars aesculi, berberidis, ulmi, spinaceae and zizaniae, and
in P. cannabina (Bultreys et al., 2008). It is also necessary
to consider the possible existence of non-toxin producing
strains, as shown for those of P. syringae pathovars
glycinea, maculicola, mors-prunorum and tomato, which
do no synthesize coronatine (Bereswill et al., 1994).

The development of a PCR protocol for detecting the
gene irp1 involved in the production of the siderophore
yersiniabactin (Bultreys and Gheysen, 2008; Bultreys et
al., 2006), failed because the assay proved not to be spe-
cific enough, being the yersiniabactin locus present in
many species of enterobacteria (Bultreys and Gheysen,
2008). 

The conclusion is that, until now, PCR protocols for
toxins and siderophores produced by Pseudomonas are
not yet specific enough to be used for their diagnosis or
detection in plant material. However, they can be used
combined with other tests for identification purposes.

As mentioned above, a DNA microarray, has been de-
veloped for the identification of 22 European quarantine
phytopathogenic bacteria. In the case of Psp an accurate
discrimination to the pathovar level was not achieved, be-
cause the same pattern was obtained for P. syringae pv.
pisi. For its direct identification in plant material further
improvement could be necessary to avoid cross-hybridis-
ation with closely related pathovars (Pelludat et al., 2009)
or to select other housekeeping genes with pathovar-spe-
cific sequences.

XANTHOMONAS ARBORICOLA pv. PRUNI, CAU-
SING BACTERIAL SPOT DISEASE OF STONE
FRUIT AND ALMOND 

Xanthomonas arboricola pv. pruni (Xap) is the causal
agent of bacterial spot disease of stone fruit and al-
mond (Young, 1977; Civerolo and Hatting, 1993; Pala-
cio-Bielsa et al., 2010). It causes severe losses on sus-
ceptible Prunus spp. cultivars in several of the major
stone fruit producing areas of the world. Because of its
economic importance, Xap is considered a quarantine
organism by the phytosanitary legislation of the Euro-
pean Union, (EU) (Anonymous, 2000 and amend-
ments) and by EPPO (A2 List of pest recommended
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for regulation, Anonymous, 2003).
Xap can have an epiphytic phase and/or be latent

and, consequently, it can be transmitted by different
types of plant material (Goodman and Hattingh, 1986;
Dhanvantari, 1971; Zaccardelli et al., 1998). For setting
up effective quarantine measures, a specific, sensitive
and rapid detection protocol for this target is required.
Currently, only visual inspections for symptoms once a
year are required to certify plants as free of Xap in nurs-
eries, which is clearly insufficient to prevent dissemina-
tion of the pathogen. The only recently published diag-
nostic protocol is the EPPO Standard PM 7/64 (Anony-
mous, 2006) which includes isolation and IF, but no
molecular methods.

Isolation. Two media, YDC (Stolp and Starr, 1964)
and YPGA (Ridé, 1969; Lelliot and Stead, 1987) are cit-
ed in the EPPO Standard (Anonymous, 2006) for the
isolation of Xap from symptomatic samples. This re-
quires some experience, especially for isolation from
cankers, but is not really difficult when the symptoms
are relatively recent, because the morphology of the
Xanthomonas colonies is quite typical. However, low
concentration of Xap together with the presence of nat-
urally occurring, rapidly growing saprophytic bacteria
on the plates may hinder isolation from samples of
symptomless plant material or in testing for epiphytic
populations. In some cases, such difficulty could be sur-
passed by diluting the extracts to be assayed. To prevent
fungal growth, addition of cycloheximide (250 mg l-1) is
advisable.

For isolation from symptomless buds and leaf scars,
SP medium (Hayward, 1960), used by Zaccardelli et al.
(1995), is recommended by the EPPO protocol (Anony-
mous, 2006). This medium has been validated using
samples from peach and plum only but not from cherry,
almond or apricot (Anonymous, 2006). Selective media
XPS (Schaad and Stall, 1988) and XPSM (Civerolo et
al., 1982) have been described for isolation from symp-
tomless plant material (Shepard and Zehr, 1994). Nev-
ertheless, Zaccardelli et al. (1995) obtained better re-
sults from peach using SP medium than XPS. More-
over, XPSM medium may not be appropriate for all Xap
strains (Civerolo et al., 1982).

Isolation must be followed by identification of the
colonies as Xap by means of biochemical tests, protein
profiling analysis (SDS-PAGE), fatty acids methyl-ester
profile (FAME), IF, REP-PCR analysis, sequencing of
house keeping genes and confirmed by a pathogenicity
test (Anonymous, 2006).

Serological tests. According to the EPPO Standard
for Xap (Anonymous, 2006), symptomless plant materi-
al can be screened using IF. Samples of 100 pieces of tis-
sue containing buds and leaf scars were analyzed by IF
and isolation on SP agar (Zaccardelli et al., 1995) with

good results. However, as before, these techniques were
validated on peach and plum but not on cherry, almond
or apricot, although satisfactory results are likely to be
achieved also on those species.

Currently, IF and ELISA commercial kits for Xap are
available (ADGEN, UK; SEDIAG, France; AGDIA,
USA). However, none of these polyclonal antibodies is
specific for Xap since, in our experience, reactions are
also obtained with other Xanthomonas species such as
X. campestris pv. campestris, X. hortorum pv. pelargonii,
X. axonopodis pv. vitians, X. vesicatoria and X. cynarae,
and then probably with other Xanthomonas. Conse-
quently, they could be advised for a rapid screening of
the samples or to detect the presence of Xanthomonas-
like bacteria, but not for accurate identification of Xap.

Molecular techniques. No PCR protocol, neither for
detection nor for identification of Xap pure cultures, is
included in the EPPO Standard (Anonymous, 2006). A
special task force of the EU-COST Action 873 is en-
trusted with developing and validating molecular diag-
nostic methods for Xap in the framework of this Action.
Methods that are being evaluated include PCR, quanti-
tative PCR, and proteomics.

A conventional PCR protocol for specific detection
of a fragment of a gene sequence from a putative pro-
tein related to an ABC transporter ATP-binding system
in Xap was designed by Pagani (2004), using primers
Y17CoF/Y17CoR. This protocol has been optimized
and evaluated for EU-COST 873 participants from
Spain and Italy (Peñalver et al., 2008; Scortichini, 2008).
However, although this method proved to be appropri-
ate for both diagnosis and identification of the
pathogen, it is not sufficiently sensitive to allow its reli-
able detection from symptomless plants. For the devel-
opment of a specific duplex-PCR, the primers suggested
by Pagani (2004) were also chosen by Dallai et al.
(2009). Other primers designed on the gyrB sequences
did not give satisfactory results, but could be taken into
account in designing probes to be used in real-time
PCR.

Another PCR-based method was reported for the
rapid detection of Xap (Park et al., 2008) using se-
quences targeting DNA regions related to the hrp gene
cluster of Xap. Primer pair Xap5 and Xap3 directed the
amplification of a 548 bp and 246 bp DNA fragment,
respectively, from the genomic DNA of all known Xap
strains tested, but not from other pathovars or bacterial
species. The method was reported to be also useful for
diagnosis of Xap from naturally infected Prunus sam-
ples, although details are not yet available.

The development of another duplex-PCR for identi-
fication of Xap from isolated cultures and for direct de-
tection in plant samples has also been reported. One set
of primers target a gene involved in quinate metabolism,
and pathovar specific primers target a specific DNA se-
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quence conserved among Xap strains. Reliable applica-
tion was observed in preliminary tests for direct detec-
tion from symptomatic apricot fruit, leaf and wood sam-
ples (Pothier et al., 2009a)

For the development and validation of real-time PCR
assays, SYBR Green and TaqMan methodologies have
been employed using the ABC primers Y17CoF2/
Y17CoR (Pagani, 2004). Both methods have been useful
for identification of pure cultures of the pathogen. A real-
time PCR with SYBR Green was developed and the same
fragment was amplified from all Xap isolates. Specificity
of this protocol was quite good and it was applied for the
detection and diagnosis of Xap occurring on Prunus lau-
rocerasus (Bergsma-Vlami, 2010).

A real-time PCR protocol with a TaqMan probe to
be used for symptomatic as well as for symptomless
plant material has been developed using primers and a
probe based on the sequence of the transporter protein
previously reported (Pagani, 2004). It was specific for
Xap from different Prunus species and geographical ori-
gins, with a sensitivity of ca. 102 CFU ml-1 in leaves and
dormant buds using a simple DNA extraction proce-
dure (Llop et al., 1999). In some cases, amplification
was even possible using heat-treated leaf washes with-
out the need of a DNA extraction step prior to amplifi-
cation. The procedure has proved to be robust, rapid
and can be automated with high sample throughput po-
tential, permitting analysis of a large number of samples
in few hours. This real-time PCR is highly reliable, sen-
sitive and suitable as screening test for Xap detection
and can be used as a rapid method complementary to
isolation (Palacio-Bielsa et al., 2009b).

For the diverse PCR protocols mentioned, further
comparative tests, using symptomatic and symptomless
plant material of different hosts are necessary to evalu-
ate their sensitivity. The only remark is that all the PCR
protocols based on Pagani (2004) primers, as well as the
duplex-PCR developed by Pothier et al. (2009a) showed
undesirable specific amplifications with X. arboricola pv.
corylina, a hazelnut pathogen never reported from
Prunus species.

Currently, in the framework of the EU-COST 873,
the complete genome of Xap strain CFBP 5530 has been
sequenced, and is being mined to gain insight into the
virulence and ecological fitness mechanisms of this
pathogen (Pothier et al., 2009b). It is expected that in
the near future, the information from this and other
genomes of different Xanthomonas species and patho-
vars could provide new tools for designing a more spe-
cific and rapid detection and identification methodology.

GENERAL CONCLUSIONS

There are different methodologies available for de-
tection and diagnosis of bacteria pathogenic to stone

fruit and almond, ranging from conventional isolation
to real-time PCR. Many diagnostic tools have been de-
veloped for Agrobacterium species and for X. arboricola
pv. pruni, but there is a lack of updated methods and
protocols for most of the Pseudomonas species. There is
also a need of validated protocols for all of them, and
more standardization is required.

The advances in these topics will not only have a di-
rect effect in plant health but could be also applied to
environmental studies, to obtain new information on
the hidden life of these bacterial pathogens, that could
help in designing more appropriate sampling and con-
trol methods. Although the information provided by the
sequencing of several genomes of Agrobacterium strains
and of one strain of X. arboricola pv. pruni seems not yet
to have a direct effect on the development of new diag-
nosis and detection tools, it is expected to have a strong
impact in the near future. The comparative analysis of
plant pathogenic bacterial genomes will identify species-
specific sequences, and functional genomics will identi-
fy genes involved in pathogenesis and we hope that new
technologies will be developed for rapid high-through-
put, multiple pathogen detection in situ.
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