Characterization and detection of Phytophthora fragariae in plant,
water and soil by molecular methods*
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Phytophthora fragariae var. fragariae is pathogenic to strawberry only and is an EPPO A2
quarantine pest. Seventy-five isolates of P. fragariae from all over the world have been
characterized by amplified fragment length polymorphism (AFLP) analysis. However, a
sensitive, specific and fast method of detection is now needed, and polymerase chain reaction
(PCR)-based methods have now been set up. Based upon sequences of the ITS (internal
transcribed spacer) regions of rDNA of several Phytophthora species, PCR primers specific for
P. fragariae have been developed together with SCRI (Dundee, GB). These primers were tested
on DNA extracted from water. soil and plant material. A nested PCR procedure has been
included in the currently used bait test to improve sensitivity and reliability. Also several
methods have been studied to detect the amplicon of the PCR reaction: gel electrophoresis,
DIAPOPS (detection of immobilized amplified products in a one-phase system), PCR-ELISA,
TagMan and molecular beacon. With the last two methods, using the ABI 7700 detection

system, quantification of target DNA is possible.

Introduction

Identification and detection of plant pathogens is an important
issue, especially when quarantine pests are involved. A zero
tolerance is required for these organisms. Sensitivity and
specificity are the main issues in this field. Fast and reliable
measures are needed, because export of plant material cannot
tolerate long waiting periods before the results are known.

Phytophthora fragariae var. fragariae, which is pathogenic
only to strawberry, is an EU and EPPO quarantine pest (A2
status). The DNA fingerprinting method AFLP (amplified
fragment length polymorphism) (Vos er al., 1995) has been
used for correct identification of the fungus. Generation of the
AFLP DNA fingerprinting patterns of different isolates of the
fungus gave the possibility of constructing a dendrogram in
which genetic relatedness can be derived.

However, the method nowadays used for detection
(Duncan test) is a bait test with several drawbacks. The
interval between the start of the test and the results
(5-6 weeks) is too long and experience of morphological
characterization is needed. A much faster method has been
developed based upon polymerase chain reaction (PCR).
Sequences of the internal transcribed spacer (ITS) regions
of rDNA have been shown to differentiate Phytophthora
species efficiently (Lee & Taylor, 1992; Cooke & Duncan,
1997). Based upon these ITS sequences, primers specific for
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P. fragariae have been developed. Previous research has
shown that the fungus can specifically and sensitively be
detected in roots with nested PCR (Bonants er al., 1996,
1997), as well as in water samples. This nested PCR proce-
dure was used to screen many root and water samples from
bait tests.

Different methods to detect the PCR amplicons have been
developed to avoid traditional gel electrophoresis. In this
study, the following methods have been compared: gel
clectrophoresis, DIAPOPS (detection of immobilized ampli-
fied products in a one-phase system), PCR-ELISA, Tagman
and Molecular Beacon. The last two methods were developed
to detect PCR amplicons by fluorescence in real time. The
principle of these methods are summarized in Figs 1-4.

Materials and methods

Fungus

Several isolates of P. fragariae were kindly supplied by E. van
de Weg (Plant Research International, Wageningen, NL) and
D. Cooke (SCRI, Invergowrie, Dundee, GB). Zoospore sus-
pensions were prepared as previously described (Bonants
et al., 1997).

DNA isolation

DNA isolations from mycelium, water samples, zoospore
suspensions and from strawberry root samples were
performed as described before (Bonants ef al., 1997).
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Fig. 1 Principle of DIAPOPS: (1) covalent

binding of one PCR primer to the wall of a
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microtitre plate well; (2-4) second round of
PCR in a microtitre plate (amplification,
elongation of bound primer, generation of
bound and unbound amplicons): (5) hybridization
of biotinylated detection probe (CPB2) to bound
amplicon; and (6) binding of streptavidin
alkaline phosphatase conjugate to biotinylated
-' probe and finally measurement of coloration

AFLP

AFLP analysis was performed as previously described
(Bonants er al., 1999). AFLP patterns were analysed with
ImageMaster software (Amersham Pharmacia Biotech). Only
reproducible bands were incorporated in the analysis. A
similarity matrix was constructed using the method of Nei
& Li (1979). veama cluster analysis of binary data was
performed with Treecon software (van de Peer & de Wachter,
1994).

DIG i DIG i
——— I
E> //;4—)
g Biotin
DIG-labeled Hybridization to
PCR product after biotin-labeled
denaturation capture probe

Fig. 2 Principle of PCR-ELISA: incorporation of DIGAUTP in the second
round of PCR: denaturation of the dsPCR product: capture of DIG-
labelled PCR products with biotinylated capture probe (CPB2); binding

with alkaline phosphatase substrate (4-MUP).

PCR methods

Nested PCR, gelelectrophoresis

Nested PCR experiments were performed as previously
described (Bonants et al., 1997). Primers DC6/14 (Lee &
Taylor, 1992) and DCL/BS (Bonants et al., 1997) are
described in Fig. 5. PCR buffer: 10mM Tris-HCl, 50 mM
KCI, 1.5mM MgCl, (Boehringer); dNTP 60 uM; 0.6 uM of
each primer; 1U Taq polymerase (Boehringer). Conditions
for the first PCR: 2 min 94°C, 35 cycles of 30's at 94°C, 30 s at

anti-DIG-POD | A

7\

1. binding of the hybrid
to streptavidin-coated
microtitre plate

2. detection of the DIG label
with anti-DIG-POD

of captured products onto streptavidin-coated microtitre plates: treatment
with anti-DIG-conjugate labelled with peroxidase (POD); enzymatic
coloration with ABTS (peroxidase substrate).
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Fig. 3 Principle of TagMan: real-time monitoring of fluorescence during
PCR in which a TagMan probe, which also binds to the target amplicon, is
degraded during PCR. The probe contains a Auorescent group and a
quencher molecule on both ends of an oligonucleotide. The Auorescence is
quenched due to the close proximity of both groups. The TagMan probe is
added to the PCR reaction mix and binds to the PCR amplicon and is
degraded by 5'-exonuclease activity of the Tag polymerase. Then the
fluorescent group comes into solution and fluorescence is no longer
quenched which results in increase of fluorescence. Real-time measure-
ment of the Huorescence is possible during PCR in an ABI Prism 7700
Sequence Detection system (Perkin-Elmer). In this way quantification is
possible.

57°C. 60's at 72°C and a final 10 min at 72°C. For the second
PCR reaction, 5pl. 1:20 diluted amplicon was used as a
template. Conditions for the second PCR: 2 min at 94°C, 35
cycles of 30s at 94°C, 30s at 65°C, 60s at 72°C and a final
10min at 72°C. Next, 5pL was run on 1.0% agarose gel.
Bands were visualized by ethidium-bromide staining.

DIAPOPS

NucleoLink microtitreplates (Nunc A/S) were coated with
primer PIOT-B5 as recommended by NUNC A/S. Then,
45 pL. of PCR mix and 5 pL of template were added to each
well, The final concentration was: 10 mM Tris-HCI (pH 8.3),
50mM KCI, 2.5mM MgCl,, 0.1% gelatine, 0.1% Tween 20,
5% DMSO, 200 pM of each dNTP, 0.5 pM primer DCI and
0.06 uM primer B3, 1 U Tag polymerase (Boehringer). Pri-
mers are described in Fig. 5. Conditions for PCR: 3 min at
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94°C, 40 cycles of 10's at 94°C, 155 at 65°C, 10s at 72°C and a
final 5min at 72°C. PCR reactions were run in a PE 9600.
PCR amplicon was detected by hybridization with biotiny-
lated probes (S0nM Biot-B5 and 50nM CPB2). Alkaline
phosphatase-conjugated streptavidin (1:3000) was added
and finally 100 L 1 mM 4-MUP substrate in 1 M diethano-
lamine pH 9.8, 1 mM MgCl,. Fluorescence was measured
after 30 min incubation at 50°C in a fluorescence plate reader
(excitation 355 nm, emission 460 nm).

PCR-ELISA

DIG-dUTP (Boehringer) was added to PCR reactions. PCR-
ELISA experiments were performed as previously described
(Bonants er al., 1997). Primers and probe are described in
Fig. 5.

TagMan

Next, 45 uL. of PCR mix and 5 L. of template were added to
each tube. The final concentration in this 50-pL mix was:
TagMan-buffer (10 mM Tris-HCI pH 8.3, 50 mM KCl, 4 mM
MgCl,), 60 uM dNTP, 0.6 uM of each primer (DCI1/MP5),
0.2uM of TagMan-probe (Perkin-Elmer); 2.5U AmpliTaq
Gold (Perkin-Elmer); Conditions for PCR: 10 min 95°C, 35
cycles of 155 at 95°C, 1.5min at 60°C. TagMan probe and
primers are described in Fig. 5. PCR experiments were
performed and fluorescence was measured in an ABI 7700
(Perkin-Elmer).

Molecular beacon

Next, 20 pL. of PCR mix and S uL of template were added to
each tube. The final concentration was: PCR buffer (10 mM
Tris-HCI pH 8.3, 50 mM KCI, 1.5 mM MgCl,), 60 uM dNTP,
0.6uM of each primer (DCI/MP3), 02uM Molecular
Beacon; 0.75uM ROX; 1 U Taq polymerase (Boehringer).
Conditions for PCR: 2 min at 95°C, 35 cycles of 30s at 95°C,
I min at 60°C. I min at 72°C. Molecular beacon and primers
are described in Fig. 5. PCR experiments were performed and
fluorescence was measured in an ABI 7700 (Perkin-Elmer).

Results

The relatively new molecular method AFLP was used for
identification of P. fragariae (Fig. 6). The AFLP patterns for
several isolates using a fluorescent sequencing system are
shown in Fig. 7. The patterns showed great homology
between isolates. Many products were the same. This
should be indeed the case because all isolates were
P. fragariae. However, some fragments appeared for some
isolates and not others. After preparation of a similarity
matrix, a dendrogram was constructed in which genetic
relatedness could be seen (Fig. 8).

For detection purposes, PCR primers were developed
together with SCRI (D. Cooke and J. Duncan) which can
be used to amplify the fungus in infected material in a
specific and very sensitive way. Figure 5 shows the primers
and probes which were developed from ITS sequences of
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Fig. 4 Principle of Molecular Beacon: 4 fluorescence-labelled circular
probe which binds during PCR to the target amplicon causes an increase of
fluorescence. The molecular beacon contains & loop structure and a stem
structure. The loop contains the complementary sequence of the target (in
this case Phyiophthora fragariae). The stem consists of a 6-7-base dsDNA
sequence. At the 5’ end and at the 3 end, Auorogenic groups are attached.

rDNA. Single-round PCR can be performed but the more
sensitive nested procedure can also be used. In this way,
two sets of primers are used in two separate and successive
PCR reactions.

The currently used detection test is a bait test in which
infected material is incubated in soil or tap water with a bait
plant on top of it. After incubation for a long period, the bait
plant is tested for the presence of oospores. We investigated
the presence of zoospores (which infect the strawberry roots)
in the baiting system with water as a substrate by a nested
PCR procedure. A dilution series of zoospores from 20000 to

1st PCR
DCo/14
DC6/14

DIAPOPS
PCR-ELISA
TAQMAN DCe/14
Mol. Beacon DC6/14

Fig. 5 Scheme of an rDNA unit with primers and probes used in this study.

2nd PCR
DC1/B5
DC1/B5
DC1/MP5
DC1/MP3

In its closed form, the molecular beacon does not fluorescence because of
quenching. When the molecular beacon binds to its target it opens and the
fluorescence increases. When included in the PCR reaction, the MB binds
during the annealing step to the target sequence and the MB starts 1o
tluoresce. This probe can also be used for guantification of a template
DNA concentration using the AB1 7700 (Perkin-Elmer).

2 zoospores was made and DNA isolated from this series was
tested with nested PCR. As many as 20 zoospores could be
detected (Bonants er al., 1997) using gel electrophoresis to
detect the PCR amplicon.

Fluorescence measurements with a TagMan PCR are
shown in Fig. 9. From these amplification curves, one can
calculate the C-value, which is the number of PCR cycles
necessary to increase fluorescence above background.
Figure 10 shows C,-values represented vs. template DNA
concentration, The Cp-value increases with decreasing
amounts of template DNA. More PCR cycles are needed to

ITS-2

Probe
CPB2, Biot-B5
CPB2
FTAQ1
Mbfrag
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¢ digestion DNA with 2 restrictionenzymes

i ligation with 2 adapters

' nonselective POR amplification
with 2 primers
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selective PCR amplification with
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¢ denaturing gel electropharesis
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increase fluorescence above background values. In this way I ' 1 o
quantification of target DNA is possible. It was also e m
observed that nested PCR was far more sensitive than a e 1l FVF8
single PCR. [7 - :\1';-‘:0
The alternative detection methods were tested on the same [ ———— FVP
dilution series of P. fragariae DNA with single and with l —%{ - m“
nested PCR. Using gel electrophoresis, we detected 100 ag of [j 4|_ | xrw
DNA with nested PCR. The same amount of DNA was 4‘ a9
detected with PCR-ELISA and TagMan. DIAPOPS was less ——— NS2
sensitive, only detecting 10 fg, With single PCR., the detection S :g?
limit was 1pg DNA. Again, nested PCR was far more L ’ . :}}
sensitive than a single PCR. Comparison between TagMan ‘ k= AS
and molecular beacon for nested PCR of P. fragariae showed \\ — :i
equal sensitivity. PCR experiments were performed with the 4{ —— X3
molecular beacon included in single and nested PCR reactions _[A,‘ —

with DNA samples from roots, zoospore suspensions and
water. C,-values of these PCR reactions are shown in
Table 1.
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Fig. 8 Dendrogram of AFLP analysis of several Phytophthora fragariae
isolates.
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Table 1 Cevalues of molecular beacon experiments with single and

nested PCR with different DNA templates (DNA, zoospores, water

samples, root samples)

Sample PCR Nested PCR
| ng DNA Phytophthora fragariae 232 8.2
250 zoospores Phytophithora fragariae ND 20.8
Water sample | 18.0 ND
Water sample 2 16.1 ND
Root sample 1 27 11.8
Root sample 2 31.2 12.7

Conclusions

AFLP was confirmed as a suitable method for correct identi-
fication of P. fragariae isolates. It was also found that the
fungus could be detected in a sensitive and specific manner by

Fig. 9 Amplification plots with TagMan probe
(single-round PCR) for three different
Phytophthora fragariae DNA concentrations.

PCR, using several different methods for detection of the PCR
amplicon. Quantitative detection was possible by TagMan or
molecular beacon procedures.
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Caractérisation et détection de Phytophthora
fragariae dans les plantes, I'eau et le sol par
des méthodes moléculaires

Phytophthora fragariae var. fragariae est pathogéne seule-
ment sur fraisier et est un organisme de quarantaine A2 pour
I’OEPP. 75 isolats de P. f. fragariae du monde entier ont été
caractérisés par analyse AFLP. Cependant, une méthode
sensible, spécifique et rapide est désormais nécessaire et des
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méthodes de PCR ont été mises au point. D’apres les
séquences des régions ITS (internal transcribed spacer) de
1"ADNr de plusieurs espéces de Phytophthora, des amorces de
PCR spécifiques pour P. fragariae ont été préparées en
collaboration avec le SCRI (Dundee, Ecosse). Ces amorces
ont été testées sur de I'ADN extrait de 'eau, du sol et de
matériel végétal. Une procédure de PCR “‘emboitée’” a été
incorporée au test par appat utilisée actuellement pour amé-
liorer sa sensibilité et sa fiabilité. Plusieurs méthodes ont été
étudiées pour détecter I'amplicon de la réaction de PCR:
¢lectrophorése sur gel, DIAPOPS, PCR-ELISA, TAQMAN et
balise moléculaire. Ces deux derniéres méthodes permettent
la quantification de I’ADN cible a I'aide du systéme de
détection ABI 7700.

XapakTepu3sauus v Beiasnexnue Phytophthora
fragariae B pacTeHusax, B BOAe U B Noyse
MORNEeKynspHbIMKU METOOAMMW

Phytophthora fragariae var. fragariae natoreHH4eH TOJILKO
K 3CMASHHKE W 4HCAHTCH B cimMeke A2 KapaHTHHHBIX
speaureneil EO3P. 75 wsonaror P. [ fragariae co seero
mMupa ObiH oxXapakTepusoBadn metojom AFLP. Oanako
ceiyac HeoDXOAMMBI UYBCTBHTENLHBIC, CreuH(HYHbEe W
OTNEPaTHBHBIE  METOABI  BBIABICHMA, N03TOMY  Oblla
otpaborana meroadka Ha Gase PCR. Ha ocnose
nocnepopatensHocTeil  obnacreit  Buyrtpennnx  Tpanc-
kpubuposannnix  Cneiicepos  (ITS) p/IHK  Heckonbkux
supos  Phytophthora  cosmectHo ¢ SCRI (Hanam,
[Hotnauaus) Owian  paspaboransl  npaiimepst  PCR,
cneunduuneie kP fragariae. Dt npaiivepsl Ol
nposepenst Ha JIHK, w3snedenuoit w3 soasl, nouss M
pacTuTensHoro marepuana. «Berpoentasy npouenypa PCR
B HACTOSIIEE BPEMA BKIIOYECHA B MCMONB3YEMOE TECTH-
pOBaHHE TMpPHMAHKK, HTO [O3BOAAET  YAYHIWINTL — ee
UYBCTBHTENBHOCTL W HAgeKHoCTh., Mecnenyercs Taxke
HECKOJILKO METOJI0B, I03BONAIOWKX 00HAPYKHTE aMILITHKOH
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peakuun PCR: rene-anextpodopes, DIAPOPS, PCR-ELISA,
TAQMAN u Monekynspubiii Mask. [Isa nocheanux Metona
NpH  MCNONB3OBAHMH  CHCTeMbl  BoiaBaenns  ABI 7700
NO3BONAOT TAKKE NPOBOAMTHL KOJAMMECTBEHHbIH aHanu3
uenesoil JJHK.
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