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Abstract

Introns are generally highly polymorphic regions within genes and were proven to be of great interest for
discriminating among phylogenetically-close Phytophthora species. Phytophthora ramorum and P. fragariae
are considered as quarantine pathogens by the European Union and accurate detection tools are therefore
necessary for their monitoring. From introns located in different single copy genes (GPA1, RAS-like, and
TRP1), we developed a series of PCR primers specific to P. ramorum and P. fragariae. The specificity of
these primers was successfully checked with a wide collection of Phytophthora isolates and a protocol was
developed to detect both pathogens directly in infected plant tissues. These genes should be of particular
interest for the development of additional species-specific detection tools within the Phytophthora genus.

Introduction

The genus Phytophthora includes major plant
pathogens causing severe losses throughout the
world. Some of them are ancient and well known
devastating organisms, (e.g. P. infestans on potato
crops), but this genus also harbours emergent and
aggressive new species, such as P. alni, responsible
for alder disease in Europe (Brasier et al., 2004) or
P. ramorum causing Sudden Oak Death in North
America (Rizzo et al., 2002). In addition, some
species such as P. ramorum or P. fragariae var.
fragariae (causing the root rot disease on straw-
berry) are regulated or quarantine registered
pathogens for the European Union (Anon., 2000,
2002). Specific and sensitive detection tools are
therefore needed for the monitoring of these par-
ticular species. Recently, a set of nuclear single
copy genes containing intron(s) were studied for

the genetic characterization of the hybrid species
complex Phytophthora alni (Ioos et al., 2006). The
four genes studied, namely ASF-like, GPA1, RAS-
like, and TRP1, proved to be appropriate for the
discrimination among the different subspecies of
P. alni, and the phylogenetically close species
P. cambivora and the two varieties of P. fragariae
(var. fragariae and var. rubi). In order to isolate
and clone these genes, Ioos et al. (2006) developed
a set of four gene-specific degenerate primers. The
design of the primers was based on sequence
alignment conducted with original sequences of
these genes deposited in GenBank, with orthologous
sequences retrieved from the genome sequence
project of P. ramorum and P. sojae (http://genome.
jgi-psf.org/) and from the P. infestans EST data-
base (http://www.pfgd.org/pfgd/filter.html).
In the present study, we successfully designed a

set of P. ramorum-specific primers (Table 1) based
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on species-specific polymorphisms revealed by
multiple alignments using all the orthologous se-
quences available for different Phytophthora spe-
cies. Polymorphism was mainly located within the
intronic regions of two of these genes (GPA1 and
TRP1). Similar species-specific polymorphisms
have already been exploited by Ioos et al. (2006) in
RAS-like and TRP1 genes to develop a set of two
P. fragariae-specific PCR primer pairs (Table 1).
In this study, the P. ramorum and P. fragariae-
specific PCR primers were assessed for their
specificity and for their ability to detect both
pathogens directly in planta.
Oomycete DNA was extracted from pure cul-

ture using a commercial plant DNA extraction kit
(DNeasy plant mini kit�, Qiagen, Courtaboeuf,
France) and as previously described (Ioos et al.,
2005). Plant DNA was extracted as follows.
Approximately 200 mg of fresh plant tissue (either
Fragaria� ananassa or Rubus idaeus roots, or
symptomatic tissues of P. ramorum potential
hosts) were collected and first roughly cut using a
sterile scalpel blade. Then the sample was trans-
ferred into a 2 ml micro-centrifuge tube and
ground for 2 min with two 3 mm tungsten carbide
beads at a frequency of 30 Hz with a mixermill
grinder (Tissuelyser�, Qiagen). Genomic DNA
was subsequently extracted using DNeasy plant
mini kit� (Qiagen) following the manufacturer’s
instructions, except that after incubation with the
lysis buffer, the microtubes were centrifuged for
4 min at 14,000g to pellet the cellular debris.
PCR was conducted using a GeneAmp 9700

thermocycler (Applied Biosystems, Foster City,
California, USA) in 20 ll reaction mixtures con-
sisting of 2 ll of template DNA (30–80 ng), 1�
Taq polymerase buffer (Sigma-Aldrich, L’Isle
d’Abeau, France), 2 mM MgCl2, 0.6 lg ll)1 Bo-
vine Serum Albumin (Sigma-Aldrich), 0.45 lM of
each forward and reverse primer, 200 lM dNTPs,
0.5 unit of Taq DNA Polymerase (Sigma-Aldrich),
and molecular biology grade water was added to
20 ll. The PCR conditions included an initial
denaturation step at 95 �C for 3 min, followed by
35 cycles of denaturation for 30 s at 94 �C,
annealing for 30 s at 58 �C and elongation for
1 min at 72 �C, and a final extension step at 72 �C
for 7 min.
The specificity of the four primer pairs was

successfully checked with a wide collection of
Phytophthora spp. and Pythium spp. (Table 2).T
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Both P. ramorum-specific primer pairs yielded a
positive signal of the expected size only when tes-
ted with P. ramorum isolates, regardless of their
natural host, geographical origin and mating type
(A1 or A2). Likewise, only the two varieties of
P. fragariae yielded a positive signal with the two
P. fragariae-specific primer pairs. However,
P. fragariae var. fragariae and P. fragariae var.
rubi, occurring on strawberry and on Rubus spp.,
respectively, could not be distinguished with these
PCR tests.

The sensitivity threshold for each primer pair
was determined experimentally using pure
oomycete DNA (Table 1). Several molecular
detection tools have already been developed for
P. fragariae detection and many of them were
extensively compared by Bonants et al. (2004). In
this respect, the two P. fragariae PCR tests
described here seem to be equally or even more
sensitive than other published single-round PCR
tests, except for those using Molecular Beacons�
which were able to detect down to 0.1 pg of
P. fragariae DNA (Bonants et al., 2004). Likewise,
the two P. ramorum primer PCR tests described
here appear more sensitive than previously pub-
lished P. ramorum-specific single-round PCR tests
(Kroon et al., 2004), despite being less sensitive
than the real-time PCR-based assay described by
Tomlinson et al. (2005) or the nested PCR proto-
cols developed to detect this pathogen (e.g. Martin
et al., 2004; Hayden et al., 2004).

Our species-specific primer pairs were also suc-
cessfully used to detect P. ramorum or P. fragariae

in naturally infected plant tissues (Figures 1 and
2). In addition, during a 2-year survey of
P. ramorum, the French Plant Protection Labo-
ratory (LNPV-UMAF) carried out a comparative
assessment of one of the P. ramorum PCR tests
described here (TRP-PRAM-F/R) vs. isolation on
the Phytophthora selective medium PARBHY
(Robin et al., 1998). Total of 448 plant samples
were simultaneously analysed using both methods.
The results showed that for 86.7% of the samples,
both techniques yielded identical results, whereas
for 12.1% of the samples the PCR test detected the
presence of P. ramorum while the isolation tech-
nique failed to do so. The 12.1% positive samples
were further successfully confirmed using the
alternative P. ramorum-specific primer pair GPA-
PRAM-F/R. In the remnant 1.2%, PCR failed to
detect P. ramorum, while it was successfully
isolated on the selective medium. For these sam-
ples, the P. ramorum isolates recovered reacted
positively with the TRP-PRAM-F/R PCR test.
Therefore, this suggests that for these samples the
biomass of P. ramorum was probably heteroge-
neously present between the respective PCR or
isolation sub-samples.
The PCR primer pairs developed in this study

should be of great interest for quarantine survey
purposes. In addition, the use of at least two
independent PCR tests for both pathogens may

Figure 1. PCR products obtained with the two P. ramorum

primer pairs developed in this study: GPA-PRAM-F/R and

TRP-PRAM-F/R, respectively. Lanes 1, 6, 8 and 13: 100 bp

DNA ladder (Sigma-Aldrich); lanes 2 and 9: DNA extracted

from a naturally P. ramorum-infected Rhododendron spp. leaf;

Lanes 3 and 10: DNA extracted from a naturally P. ramo-

rum-infected Viburnum spp. leaf, Lanes 4 and 11: P. ramorum

isolate 2N0983 DNA extract (positive control); Lanes 5 and

12: negative control (water). Lane 7 was not used.

Figure 2. PCR products obtained with the two P. fragariae

primer pairs tested in this study: RAS-PFR109h1-F/R and

TRP-PFF309a9-F/R, respectively. Lanes 1, 7, 9 and 15:

100 bp DNA ladder (Sigma-Aldrich); lanes 2 and 10: DNA

extracted from naturally P. fragariae var. fragariae-infected

strawberry root sample PV35; Lanes 3 and 11: DNA ex-

tracted from naturally P. fragariae var. fragariae-infected

strawberry root sample PV62; Lanes 4 and 12: P. fragariae

var. rubi isolate CBS109.892 DNA extract (positive control);

Lanes 5 and 13: P. fragariae var. fragariae isolate CBS309.62

DNA extract (positive control); Lanes 6 and 14: negative con-

trol (water). Lane 8 was not used. Using the RAS-

PFR109h1F/R primer pair, a shadow aspecific band of ca

300 bp was systematically co-amplified with the DNA target

but did not interfere with the sensitivity of the test.
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strengthen the diagnosis. Such confirmation tests
targeting independent loci might prevent the
occurrence of ‘false-positive’ samples (Garbelotto,
2003).

Finally, the intronic regions from which these
PCR primers were designed could also be poten-
tially used for the development of detection tools
for other economically important Phytophthora
species.
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