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SUMMARY

Phytophthora fragariae var. rubi (Wilcox & Duncan), a causal agent of raspberry root rot, is
a serious soil-borne pathogen listed by EPPO as an A2 quarantine pest. Root samples were
collected from badly diseased raspberry plants showing a variety of characteristic and often
dramatic symptoms during surveys carried out in western Serbia in 2002. Identification of
the causal agent was performed in collaboration work with the Scottish Crop Research
Institute (S.C.R.1), Dundee, UK. Necrotic roots were plated on selective French bean agar
(incorporating ampicilin, ryfamicin, bavistin and hymexasol). Detection of isolates was
based on cultural and morphological features compared with referent cultures.

DNA was extracted directly from the sampled roots using extraction buffer (200 mM
Tris- HCI pH 8.5, 250 mM NaCl, 25 mM EDTA, 0.5% SDS), purified by multi spin separation
columns [Thistle Scientific (Axygen)] or in 24:1 mixture of chlorophorm- iso-amy! alcohol
and amplified by nested PCR (ITS 4 and DC 6 for first round, DC 1 and DC 5 for second
round). Diluted DNA extracts were also amplified by conventional PCR with modified "uni-
versal” Phytophthora primers (ITS 6, ITS 7 and ITS 8, Cooke et al,, 2000) and digested with
Msp1. Digestion patterns of the universal primers PCR product from infected roots matched
those of Scottish strains.

P.fragariae var. rubi occured on 8 out of 14 sites. Our results indicate that nested PCR (ITS
4 and DC 6 for first round, DC 1 and DC 5 for second round) or digestion of the "universal”
Phytophthora primers PCR product for detection of P. fragariae var. rubi are more sensitive
and less time-consuming and therefore recommended for use.
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INTRODUCTION

Raspberry root rot caused by species from the ge-
nus Phytophtora is known since 1937, but it was not
considered an important disease of raspberries until
mid-1980s. Several epiphytotics have been reported
since then in central and eastern United States, Great
Britain and Australia (Wilcox, 1997). It is considered
that species of the genus Phytophtora are primary caus-
es of raspberry decline in all production areas in the
world (Figure 1).

Eight different Phytophthora species have been isolat-
ed from raspberry roots: Phytophtora fragariae var. ru-
bi, P. megasperma, P. erytroseptica, P. cactorum, P. cit-
ricola, P. cryptogea, P. drechsleri and P. cambivora, but
there is still a number of species isolated but not yet
identified (Wilcox, 1989).

Diagnostics of Phytophthora species is often based
on a combination of microscopic examination of rasp-
berry roots, isolation of selective media and exposure of
susceptible plants ("bait plants”) to infection by mate-
rial under examination (Hughes et al., 2000). The first
two methods are unreliable and the third requires 5-6
weeks of experiment and different bait plants for detec-
tion of different Phyrophthora species.

A range of quick, sensitive and very specific diagnos-
tic methods based on polimerase chain reaction have
been developed owing to an extensive DNA database
of several thousands isolates of Phytophthora, which are
almost all species described (Bonants etal., 1997). ITS
sequences (Internal Transcribed Spacers) present parts
of genes that code ribosomal DNA (tDNA) and are
variable between species. Simple extraction of DNA,
followed by nested PCR, is a quick and reliable meth-
od for identification of Phytophthora species (Duncan,
personal communication). Generic primers ITS 4 and
DC 6in the 13 round of PCR amplify a part of I'TS se-
quence of any Phytophtora including other Qomycetes
in sample, while in the 2" round primers DC 1 and
DC 5 amplify a product specific only for P. fragari-
ae. ”Universal” Phytophthora primers amplify ITS se-
quences of almost all Phytophthora and none other ge-
nus. Primers I'TS 6, ITS 7, and I'TS 8 are versions of the
universal” I'TS primers ITS 5, ITS 2 and ITS 3, re-
spectively, of White et al. (1990), modified by D.E.L.
Cooke to improve the amplification of tDNA from
Oomycetes. Restriction digestion with frequent cutter
enzyme enables detection down to species level based
on the number and size of bands in gel when compared
with known species.
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This paper reports on detection of P. fragariae in
raspberry samples showing root rot using isolation and
molecular techniques.

MATERIAL AND METHODS
Visual examination and sampling

A survey for P. fragariae var. rubi was conducted car-
ly in the spring, while plants were still low and patch-
es of wilting or individual wilted plants in plantation
were easy to observe (Figure 1). A number of plants were
taken during sampling, which was not standardized by
EPPO in that moment and depended on the sampler’s
personal judgement.

Raspberry samples with root rot symptoms were col-
lected from several locations in western Serbia during
the survey and are presented in Table 1.

During visual inspection, plants were examined for
a reduction in the number of smaller roots, change of
their colour from white to dark, and appearance of red-
dish discoloration after removal of bark on older root
parts (Figure 2).

Isolation

Selective French Bean Agar (FBA, French bean —
30 g, agar — 15 g, water up to 1 1) was used for isolation
from roots. After autoclaving and cooling near melt-
ing temperature FBA was amended with fungicides
(bavistin, 0.6% of final concentration, and hymexasol,
0.6% of final concentration) and antibiotics (rifamycin,
0.3% of final concentration, and piramycin, 0.1% of fi-

Figure 1. Wilting of raspberry plants in commercial
plantations caused by Phytophthora fragariae var. rubi
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Table 1. Root rot symptoms in raspberry samples

Sample N° Region Location Raspberry root rot (+ or -)
1 Ljubovija Kosica -
2 Valjevo Ostruzanj 1 +
3 Valjevo Ostruzanj 1 +
4 Valjevo Ostruzanj 1 +
S Valjevo Ostruzanj 2 +
6 Catak Krstac

7 Arilje Pridvorica -
8 Arilje Cerova -
9 Arilje Gruda -
10 Arilje Vigoste +
11 Arilje Vigoste +
12 Arilje Vigoste +
13 Arilje Virovo +
14 Cacak Vica -

Figure 2. Symptoms of raspberry root rot, small roots-
reduction of number and change of colour from white to
dark and apperance of reddish discoloration after removal of

bark

nal concentration). Small raspberry roots, 1.5-2.0 cm
in size, were sterilized in a 10% solution of NaOHCI,
washed with sterile distilled water and, after dryingon
filter paper, put into media. Plates were incubated at

14°C for 3-4 weeks.
Extraction of DNA
Small raspberry roots were washed under tap water,

dryed on filter paper and ground in liquid nitrogen.
An amount of 0.03 g of ground sample was placed in-

to 1.5 ml eppendorf tubes, and an equivalent volume
of insoluble polyvinilpirrolidon (PolyclarSB100) and
1 ml of extraction buffer (200 mM Tris HCI, 250 mM
NaCl, 25 mM EDTA, 0.5% SDS) were added to each.
The tubes were placed onto a rotary shaker for 10 min,
centrifuged at 10000 g for 5 min and 400 pl of super-
natant was transferred to new 1.5 ml eppendorf tubes,
then 400 pl of i-propanol was added and centrifuged
again at 10000 g for 5 min. Supernatant was poured out
and the pellet resuspended in 70% ethanol, and centri-
fuged at 10000 g for 5 min. The pellet was resuspend-
ed in 100 pl of sterile distilled water.

Mini spin columns (Thistle Scientific (Axygen) were
filled up to 1 cm from top with polyvinilpirolidon
(PVP), 250 pl of sterile distilled water was added and
centrifuged at 4000 g for 5 min to allow collection of
water at the bottom of tube. Columns were put in new
eppendorf tubes with flat bottoms, 100 pl of extract-
ed DNA was added and the tubes were centrifuged at
4000 g for 5 min. Pufiried DNA was stored at -20°C.

Beside this method of purification, another one was
also amended for raspberry samples by adding 500 pl of
sterile distilled water instead of 100 pul after the extrac-
tion of DNA. In tubes with 500 pl of extracted DNA,
400 pl of 24:1 mixture of chlorophorm: isoamyl alcohol
was added and centrifuged at 10000 g for 5 min; 400
ul of the upper liquid phase was pippeted into new ep-
pendorf tubes and 200 pl of SM NaCl, 600 pl i-propa-
nol was added, and the tubes were put at -20°C for 15
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min to allow DNA to precipitate. The pellet was resus-
pended in 70% ethanol after centrifugation at 10000 g
for 2 min and centrifuged again at 10000 g for 5 min.
Purified DNA was resuspended in 100 pl of sterile dis-
tilled water and stored at -20°C before use.

The success of DNA extraction was checked by run-
ning on 1% agarose gel for 30 min.

PCR amplification

DNA was amplified by nested PCR using I'TS 4 and
DC 6 set of primers in the first round and DC 1 and
DC 5 in the second. Besides this one, extracted DNA
was amplified by a conventional PCR using "universal”
Phytophthora primers.

Forward primer DC 6 (5-GAGGGACTTTT-
GGGTAATCA- 3’, Bonnants et al., 1997) was de-
signed based on sequences of 18S rDNA from a number
of plants and fungi. When used with the reverse prim-
er ITS 4 (5“TCCTCCGCTTATTGATATGC - 3/,
White et al., 1990), DC 6 gives 1310bp product spe-
cific for all Oomycetes.

Primers DC 1 (5- ACTTAGTTGGGGGCCT-
GTCT- 3’, Bonnants et al., 1997) and DC 5 (5’ -
CGCCGACTGGCCACACAG- 3/, Bonnants et al.,
1997) were used in the second round to amplify 533 bp
product only for Phyrophthora fragariae.

Master mix for the first and second rounds of PCR
was the same containing: 19 pl of sterile distilled water,
0.5 pl of each forward and reverse primer (10 uM), 5 pl
of extracted DNA from sample (10 times diluted) and
1 Ready to Go TM PCR bead (Amersham pharmacia
biotech). The first round of PCR was performed in a
thermal cycler under the following conditions: initial
denaturation at 94°C for 2 min, followed by 35 cycles
of denaturation at 95°C for 305, annealing at 56°C for
30 sand elongation at 72°C for 60 s and final extension
at72°C for 10 min, while temperature was 66°C in the
second round of PCR annealing.

Besides nested PCR, the samples were test-
ed using conventional PCR with modified "univer-
sal” Phytophthora primers. ITS 6 (5-GAAGGT-
GAAGTCGTAACAAGG-3’, Cooke et al., 2000) is a
forward primer which, together with two reverse prim-
ers, [ITS 7 (5-AGCGTTCTTCATCGATGTGC-3,,
Cooke et al., 2000) and ITS 8 (5-GCACATCGAT-
GAAGAACGCT-3, Cooke et al., 2000), gives the 820
bp product specific only for Phytophthoras. Master mix
for conventional PCR with "universal” Phytophthora
primers contained: 18 ul of sterile distilled water, 1
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ul of ITS 6 primer (10 pM), 0.5 pl of each ITS 7 (10
uM) and ITS 8 (10 pM) primer, 5 pl of extracted DNA
(10 times diluted) and 1 Ready to Go TM PCR bead.
Amplification was performed under the following con-
ditions: initial denaturation at 94°C for 2 min, followed
by 35 cycles of denaturation at 95°C for 30's, annealing
at 59°C for 30 s, elongation at 72°C for 60 s and final
elongation at 72°C for 10 min.

The products of nested PCR were visualized after
running on 1% agarose gel (60V) for 30 min. The gel
was stained in 0.05% solution of ethidium bromide.

Digestion of products amplified with
"universal” Phytophthora primers

Mspl enzyme was used for digestion of products am-
plified with "universal” Phyrophthora primers. Master
mix for digestion was: 10 ul of PCR products, 2 pl of 10
xenzyme buffer, 1 pl of Mspl and 7 pl of sterile distilled
water. Products were digested overnight at 37°C.

Products were visualized by runningon 2.5% NuSieve
agarose gel (30V) for 3 hours and 30 min. The gel was
stained with 0.05% solution of ethidium bromide.

RESULTS
Isolation

Only 2 of 200 potential isolates were obtained after
4 weceks. Colony was observed after 14 days of incuba-
tion (Figure 3). It was white coloured, mostly immersed
in media and partly aerial. Nonseptate mycelia were ob-
served during microscopic examination (40x) which
got some septac as the culture became older (Figure 4).
Sympodial branching was not observed. Individual spo-
rangia were not observed directly in the culture, but
they were observed when mycelial discs were exposed
to soil solution and +4°C temperature, and zoospores
were observed directly. This was an indication that
some Phyrophthora was isolated.

DNA extraction

Extraction from samples originated from the local-
ities Kogice and Krstac (samples 1 and 6) was not per-
formed because of an insufficient quantity of roots, but
it was successful from the other samples (Figure 5).
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Figure 3. Phytophthora spp. culture
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Figure 4. Sporangia of Phytophthora spp.

Figure S. Extracted DNA from samples

DNA amplification

The product specific only for Oomycetes, obtained
after amplification with ITS 4 and DC 6 primers, was
found only in samples originating from the locations
Ostruzanj (samples 4 and 5) and Vigoste (sample 10)
(Figure 6). Althougth DNA was successfully extract-
ed from all except samples 1 and 6 (Figure S), prod-

Figure 6. Products amplified with ITS 4 and DC 6 primers
in the first round of PCR
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Figure 7. Products amplified with DC 1 and DC 5 primers
in the second round of PCR

ucts from samples originating from Virovo, KoSica,
Pridvorica, Gruda and Vi¢a were not observed.

In the second round, when DC 1 and DC 5 prim-
ers were used, 533 bp product specific for P. fragari-
ae was not only observed in samples from Ostruzanj
and Vigoste (product of 1310 bp observed in the first
round) butalso in samples from Pridvorica, Grudaand
Vi¢a (Figure 7).

Afteramplification with the "universal” Phytophthora
primers, products were observed in samples from
Ostruzanj, Vigoste, Pridvorica, Gruda and Vica, but
also in suspected samples (Ostruzanj 2 and Gruda) in
which the expected product was not detected by nest-
ed PCR (Figure 8). The "universal” Phytophthora prim-
ers provided better sensitivity and new bands were ob-
verved (samples from Ostruzanj 2 and Gruda) (Figure

).
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Figure 8. Products amplified with "universal” Phytophthora
primers

Digestion of products amplified with
"universal” Phytophthora primers

After digestion with Mspl, bands specific for P. fra-
gariae were detected, which was confirmed by a cor-
responding number and size of bands, compared with
the DNA extracted from a pure culture of P. fragari-
ae (Figure 9). None of the other Phytophthoras was de-
tected in tested samples (Table 2).

Figure 9. Digestion with Msp,

DISCUSSION

Althought symptoms can be observed at almost any
time of the year, the best time for visual inspection and
sampling is springtime. In the summer, fungi are in-
active and in the form of oospores because of higher
temperatures. When the weather is cooler during sum-

Table 2. Samples with or without root rot symptoms from different locations and results of the first and second round
of PCR, conventional PCR using "universal” Phytophthora primers and digestion with Msp,

First round

Second round

. Root rot Conventional PCR Digestion
No. Location PCR PCR
symptoms (ITS4&DC6) (DC1&DCS) (ITSS & ITS7 & ITS 8) Msp,

1 Kosica - - - - -

2 Ostruzanj 1 + - + + P. fragariae var. rubi
3 Ostruzanj 1 + + + P. fragariae var. rubi
4 Ostruzanj 1 + + + + P. fragariae var. rubi
5 Ostruzanj2 + - - + P. fragariae var. rubi
6 Krstac - - - - -

7 Pridvorica - - B, . -

8 Cerova - - - - -

9 Gruda - - - + P. fragariae var. rubi
10 Vigoste + + + + P. fragariae var. rubi
11 Vigoste + - + + P. fragariae var. rubi
12 Vigoste + - + + P. fragariae var. rubi
13 Virovo + - + + P. fragariae var. rubi
14 Vica - - + + P. fragariaevar. rubi
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mer fungi become active and can infect roots, but sam-
pling needs to be very careful because advanced infec-
tion cannot be detected even by PCR test (Dave Cooke,
personal communication). It is neccessary to take as
many samples as possible, but the number has not yet
been standardized.

Coinciding with the findings of Hughes et al.
(2000), this examination showed that diagnostics of
Phytophthoras based on a combination of microscope
examination of small raspberry roots and isolation on
selective media is unreliable and time consuming. This
is very important for production of planting materi-
al because different Phyrophthora can be detected that
way, while only Phyrophthora fragariae var. rubi is reg-
ulated for raspberries.

The most reliable PCR to be recommended is ei-
ther nested PCR using DC 1 and DC 5 in the sec-
ond round or conventional PCR using “universal”
Phytophthora primers followed by digestion with re-

striction ensymes.
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Metode za detekciju Phytophthora
fragariae var. rubi na malini

REZIME

Phytophthora fragariae var. rubi (Wilcox & Duncan), prouzrokovac trulezi korena mali-
ne, je veoma znacajan zemljisni patogen A2 karantinskog statusa u EPPO. Uzorci korena
su sakupljeni sa jako zarazenih biljaka maline koje su ispoljavale ¢itav niz karakteristi¢nih
i Cesto dramati¢nih simptoma tokom pregleda koji su vreni u zapadnoj Srbiji 2002. godi-
ne. Identifikacija prouzrokovaca je izvrsena u saradnji sa Scottish Crop Research Institute
(S.CR.I), Dundee, UK. Nekroti¢ni korencic¢i su unoseni u selektivnu French bean podlogu, ko-
ja je sadrzala ampicilin, rifamicin, bavistin i himeksazol. Detekcija dobijenih izolata je vrSena
posmatranjem kulture i morfoloskih karakteristika i poredenjem sa autenti¢nim kulturama.

DNK je ekstrahovana direktno iz uzorkovanih korenova pomocu ekstrakcionog pufera
(200 mM Tris-HCI pH 8,5, 250 mM NaCl, 25 mM EDTA, 0,5% SDS), precis¢ena Multi spin se-
paracionim kolonama (Thistle Scientific (Axygen) ili 24:1 mesavinom hloroforma i izoamil
alkohola i amplifikovana nested PCR (ITS 4 i DC 6 za prvi krug, DC 11 DC 5 za drugi krug).
Rastvoreni DNK ekstrakti su takode amplifikovani putem konvencionalnog PCR sa modifi-
kovanim ,univerzalnim” Phytophthora prajmerima (ITS 6, ITS 7 i ITS 8, Cooke i sar., 2000) i di-
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gestirani sa Msp1. Digestioni paterni proizvoda univerzalnih prajmera iz zaraZenih korenova
su se poklapali sa Skotskim izolatima.

P. fragariae var. rubi se javila na 8 od 14 lokaliteta. Nasi rezultati ukazuju da su nested
PCR (ITS 4 i DC 6 za prvi krug, DC 11 DC 5 za drugi krug) i digestija produkta univerzalnih
Phytophthora prajmera u cilju detekcije P. fragariae var. rubi senzitivnije i zahtevaju manje
vremena, pa ih stoga preporucujemo za koris¢enje.

Klju¢ne reci: Phytophthora fragariae var. rubi; trulez korena maline; PCR metode detekcije



