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The effect of different parameters, including the type of nutrients, the quality of the gelling
agent, and the genotype of the strain, were evaluated in the production of gametangia by
Phytophthora ramorum in vitro. By comparing different agar sources on a carrot-based me-
dium, a delay or a failure in the production of oospores was observed in pairings carried
out on media supplemented with technical agar. In contrast, oospores were produced on
other agar types, the production on media supplemented with agarose being slightly
higher. The formation of gametangia was also influenced by the genotype of the strains in-
volved in the pairing. A European A1l strain producing very few chlamydospores was found
to be a better mating partner than other Al strains. Using a carrot-agarose medium and
selected genotypes, all European isolates were characterized in terms of mating type.
A macroscopic experiment highlighted a particular spatial distribution of P. ramorum
oospores in vitro. A method using polycarbonate membrane was evaluated to assess the
selfing ability of P. ramorum.

© 2008 The British Mycological Society. Published by Elsevier Ltd. All rights reserved.

Introduction

Considering there is a theoretical possibility that isolates of
opposite mating types may come into contact, it is important

Phytophthora ramorum, the causal agent of ‘sudden oak death’
in the USA (Rizzo et al. 2002), and of dieback and foliar necro-
ses in several nursery plants in Europe, notably Rhododendron
and Viburnum (Werres et al. 2001) is a heterothallic species,
meaning that the sexual recombination process involves the
pairing between strains of two compatibility types, termed
A1 and A2. Initial pairing studies revealed that all European
isolates were of Al type, whereas all the American isolates
were of A2 type (Brasier 2003; Werres & Zielke 2003). In 2003,
a Belgian isolate was designated as a putative European A2
(Werres & De Merlier 2003), while some Al isolates were
reported in American nurseries (Hansen et al. 2003), therefore,
suggesting a possible crossing between both mating types.

* Corresponding author. Tel.:4+32 81620320; fax: +32 816203409.
E-mail address: chandelier@cra.wallonie.be

to determine the mating efficiency and the proportion of via-
ble progenies from such mating. Furthermore, in order to eval-
uate the risk of recombination, it is essential to determine the
mating type of an isolate, and to produce a lot of oospores.
Two methods have been described for the production of oo-
spores in vitro. The first was developed by Werres & Zielke
(2003) and consists in pairing the unknown P. ramorum strain
with tester strains of other heterothallic Phytophthora species.
Oospores are observed microscopically after ca 40-60 d. Al-
though of great interest, this in vitro method is time-consum-
ing and was not applicable in intraspecific pairings. Also, the
origin of the oospore is uncertain due to potential selfing of
the tester strain. A second method developed by Brasier &
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Kirk (2004) relies on the mixing of juvenile mycelia of comple-
mentary P. ramorum strains directly on a carrot agar (CA) me-
dium. Oospores are observed within 10d. This method is
faster and does not require the use of tester strains from other
Phytophthora species. However, it has proven to be sometimes
unpredictable and is unsuccessful with some ‘recalcitrant’ P.
ramorum isolates. The objective of this study was to enhance
the production of oospores of P. ramorum in vitro by evaluating
the influence of the medium-solidifying agent with different
nutrient sources.

Materials and methods
Isolates

The origins of the Phytophthora isolates used in this study are
listed in Table 1. The European isolates of P. ramorum origi-
nated mainly from Wallonia and were from Rhododendron
and Viburnum. The infected plants came from nurseries and
were analysed in the frame of the survey organized by the Bel-
gian Plant Protection Service. American isolates (only A2) were
provided by Dr. De Gruyter (Plantenziektenkundige Dienst,
The Netherlands). Tester strains from other heterothallic

Phytophthora species were provided by Dr. Werres (Julius
Kuehn Institute, Germany). All isolates were hyphal tip cul-
tures and were stored at 13 °C under sterilized water. The or-
igin of the P. ramorum isolates (American or European) was
determined using the molecular method of Kroon et al.
(2004). All the P. ramorum isolates used in our study are perma-
nently preserved in our collection (Walloon Agricultural Re-
search Centre, Department Biocontrol and Plant Genetic
Resources, laboratory of mycology).

Media

Isolates were cultured on standard CA as described by Erwin &
Ribeiro (1996). Briefly, 200 g washed carrots blended in 500 ml dis-
tilled water were filtered through four layers of cheesecloth and
added to 500 ml distilled water with 15 g gelling agent. The me-
dium was sterilized at 121 °C for 20 min and then poured in
9 cm Petri dishes (7.5 ml plate ). For pairing studies, mycelial
plugs from complementary strains were taken from the margin
of actively growing CA cultures and mixed together onto CA me-
dium as described by Brasier & Kirk (2004). Two different pairing
media were evaluated: CA and tomato juice agar medium (TJA).
The latter medium was prepared by mixing 300 ml tomato juice

Table 1 - Characteristics of the Phytophthora isolates used in this study

Strain no. Species Original host Collection Mating type Origin/lineage®
2299 Phytophthora ramorum Viburnum sp. CBSP 101330 (PD98/5233) Al EU/1
2301 P. ramorum Rhododendron sp. CBSP 101332 (PD94/844) Al EU/na
3237 P. ramorum V. bodnantense CBS€ 110901 A2 EU/1
2386 P. ramorum Rhododendron sp. CBS€ 110900 Al EU/1
2387 P. ramorum Rhododendron sp. CRAW? Al EU/na
2530 P. ramorum V. farreri CRAW! Al EU/na
3196 P. ramorum Rhododendron sp. CRAW? Al EU/na
3197 P. ramorum Rhododendron sp. CRAW? Al EU/na
3206 P. ramorum Rhododendron sp. CRAW? Al EU/na
3207 P. ramorum Rhododendron sp. CRAWA Al EU/na
3208 P. ramorum V. farreri CRAW? Al EU/na
3209 P. ramorum Rhododendron CRAW? Al EU/na
3211 P. ramorum V. bodnantense CRAW! Al EU/na
3528 P. ramorum Quercus sp. PD€ 20017608 (USA014) A2 US/na
3529 P. ramorum Lithocarpus sp. PD® 20018928 (USA13) A2 US/na
3530 P. ramorum Rhododendron sp. PD® 20018930 (USA217, Pr52) A2 Us/1
3531 P. ramorum Vaccinium sp. PD€ 20018931 (USA240, Pr58) A2 US/na
3532 P. ramorum Arbutus sp. PD® 20018932 (USA351, Pr87) A2 Us/1
3533 P. ramorum Umbellularia sp. PD€ 20018933 (USA354, Pr88) A2 US/na
3229 P. cambivora Chamaecyparis lawsoniana BBAf 21/95-K2 Al -
3230 P. cambivora Soil (Q. robur) BBA' 20/95-2b3 A2 -
3231 P. cinnamomi Camellia sp. BBAT 69094 Al -
3232 P. cinnamomi R. simsii BBA' 62660 A2 -
3233 P. cryptogea Lewisia sp. BBAT 65909 Al -
3234 P. cryptogea Begonia sp. BBAf 63651 A2 -
2542 P. cactorum Fragaria ananassa CRAWY Homothallic =

EU, European; na, not available; US, American isolate.

a Origin of the Phytopthora ramorum isolate (EU or US) determined by PCR-RFLP according to Kroon et al. (2004) and genetic lineage according to

Ivors et al. (2006).
b CBS Collection, Utrecht, The Netherlands.

¢ These strains come from our collection and were deposited in the CBS Collection.

d Our collection.

e Plantenziektenkundige Dienst (PD) Geertjesweg 15, Wageningen, The Netherlands (De Gruyter).
f JKI (Julius Kuehn Institute), Messeweg 11/12, Braunschweig, Germany (Werres).
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(Carrefour, Bruxelles, Belgium) with 5.6 g CaCOs. The preparation
was clarified by centrifugation, and diluted in 1.2 1 demineralized
water with 15 g gelling agent. Four agar sources were tested as
gelling agent: technical agar (Difco BD, Erembodegem-Aalst,
Belgium; two batches used, nos 5061698 and 5200597), bacto-
agar (Difco BD, Erembodegem-Aalst, Belgium; batch no.
6080255), noble agar (Difco BD, Erembodegem-Aalst, Belgium,;
batch no. 6058031), and agarose (Invitrogen, Paisley, United-
Kingdom batch no. 3102950). Incubation of the Petri dishes was
carried out in the dark at 20 °C.

Evaluation of the quantity of gametangia

In order to evaluate the number of gametangia produced, the
Petri dishes were observed microscopically (x125 magnifica-
tion) after 6 and 20 d. Five classes were established according
to the number of gametangia observed: 0 (no gametangia), 1
(less than ten gametangia per pairing), 2 (up to five gametan-
gia per field), 3 (5-25 gametangia per field) and 4 (more than
25 gametangia per field). Pairings between the mating type
Al and A2 of other heterothallic Phytophthora species, and
a pure culture of P. cactorum, a homothallic species, were
used as experimental controls.

Selfing ability

A modified polycarbonate technique initially described by Ko
(1978) was used to assess the selfing ability of Phytophthora
ramorum isolates. A sterilized polycarbonate membrane (Iso-
pore net filters 0.1 um; Millipore) was sandwiched between hy-
phal plugs (15 x 10 x 3 mm?®) of complementary isolates taken
from the margin of an actively growing carrot-agarose (CAose)
culture. Four heterothallic Phytophthora species (P. ramorum, P.
cinnamomi, P. cambivora, P. cryptogea) were compared and two
replicates were considered for each intraspecific pairing. A
control consisting of putting the complementary hyphal plugs
in contact without membrane was also introduced in the as-
say. The plates were incubated for at least 10 d in the dark at
20°C in a moist chamber. The number of gametangia was
evaluated according to the scale previously described.

Results
Preliminary tests to select efficient ‘mating partners’

As a preliminary experiment, eleven European Phytophthora
ramorum isolates of A1l type were paired with the six American
isolates, as well as the European A2 isolate, using the method
of Brasier & Kirk (2004) without any modification. Technical
agar was used as the gelling agent and carrot as the nutrient
source. As shown in Table 2, isolate 3528 was found to be
the best American A2 partner in all the tests carried out. In-
deed, pairings between isolates 3528 and five European strains
produced oospores. The pairings involving isolates 3531, 3532,
and 3533 failed to produce any oogonia, whereas isolates 3529
and 3530 produced very few oospores with only one or two Al
strains. The European A2 isolate (3237) produced gametangia
with isolates 2299 and 3196. When sexual reproduction oc-
curred, the number of gametangia was generally very low in
all crossings (less than ten oospores per pairing) and they

Table 2 - Intraspecific pairings between complementary
strains of Phytophthora ramorum using the inoculum

mixing method developed by Brasier & Kirk (2004) on
a carrot agar medium (technical agar used as the gelling
agent, batch 1, no. 5061698)

Al A2

5528 3529 3530 3531 3532 3533 3237

2299 2 0 2 0 0 0 8
2301 0 0 0 0 0 0 0
2386 0 0 0 0 0 0 0
2387 0 0 0 0 0 0 0
2530 1 0 0 0 0 0 0
3196 0 0 0 0 0 0 1
3206 1 0 0 0 0 0 0
3207 0 0 0 0 0 0 0
3208 0 1 0 0 0 0 0
3209 1 0 0 0 0 0 0
3211 1 0 1 0 0 0 0

Observations were carried out after 10 d. The amount of oogonia
was evaluated according to a 0-4 scale (three repetitions
considered).

were localized directly beneath the mixing point. When the
experiment was repeated, the same results were observed ex-
cept for some pairings that gave rise to one or two oospore(s)
per mixing while they did not produce oospore in the first ex-
periment (data not shown).

Identification of different parameters involved in the oospores
production

In order to increase the oospore production rate, different me-
dia were tested with different Phytophthora ramorum isolates
selected as ‘efficient mating partners’ according to the first ex-
periment (2299 as A1 type paired with either 3528 or 3237, the
American and European A2 types, respectively). The strains
introduced in the pairing were taken from CA or TJA plates
in order to evaluate the influence of the original medium on
the pairing efficiency.

As shown on Table 3, after 6 d the production of gametan-
gia from P. ramorum on carrot-based media was found to be
high on medium complemented with agarose. In contrast,
a weak production of gametangia appeared on medium com-
plemented with technical agar for the combination
2299 x 3237 while no oospore was observed for the combina-
tion 2299 x 3528. After 20 d, the combination 2299 x 3528 pro-
duced some gametangia that were mainly in a development
stage. On carrot-based media, the production of gametangia
was not influenced by the origin of the mycelial plugs (TJA
or CA) used as inoculum.

On tomato juice-based media, there were differences
according to the origin of the mycelial plug as no gametangia
were found when the mycelium plugs originated from TJA
medium. In contrast, when the mycelial plugs were taken
from a CA subculture, gametangia were produced on TJAose
only. In this case, the gametangia were observed directly adja-
cent to the mycelial plugs used as inoculum. No gametangia
were observed deeper in the medium. All the other Phytoph-
thora species used as experimental controls produced a lot of
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Table 3 - Production of gametangia from four

heterothallic and a homothallic Phytophthora species on
different pairing media

Species Pairing Pairing medium

(A1xA2) CA CAose TJA TJAose
Phytophthora 2299 (TJA)® x 3528 (TJA)® 0 4 0 0
ramorum

2299 (TJA)® x 3237 (TJA)® 2
.ramorum 2299 (CA)® x 3528 (CA)® 0
.ramorum 2299 (CA)® x 3237 (CA)> 2
( 4

4

P. ramorum

P

P

P. cambivora 3229 (TJA)® x 3230 (TJA)®
P

P

P

. cinnamomi 3231 (TJA)® x 3232 (TJA)®
. cryptogea 3233 (TJA)® x 3234 (TJA)®> 42
. cactorum 2542 (TJA)° 4

NN NN NN NN NS
A A D WO oo
BB DN WN RO

Observations carried out after 6 d. The amount of gametangia was
evaluated according to a 0—4 scale (three repetitions considered).
CA, carrot agar: batch 1 no. 5061698; CAose, carrot agarose; TJA, to-
mato juice agar: batch 1 no. 5061698, TJAose, tomato juice agarose.
a All oospores were immature.

b Media in brackets correspond to the origin of the mycelium plug.

Table 4 - Production of gametangia from four
heterothallic and a homothallic Phytophthora species on

a carrot-based medium (C) complemented with different
gelling agents

Species Pairing Pairing media
Al x A2 CBA CA CAN CAose

Phytophthora ramorum 2299 x 3528 4 2 4 4
P. ramorum 2299 x 3237 4 2 4 4
P. ramorum 2387 x 3528 2 0 2 3
P. ramorum 2387 x 3237 2 1 2 3
P. ramorum 3206 x 3528 2 1 2 2
P. ramorum 3206 x 3237 3 2 2 2
P. cambivora 3229 x 3230 4 4 4 4
P. cinnamomi 3231 x 3232 4 4 4 4
P. cryptogea 3233 x 3234 4 0 4 4
P. cactorum 2542 (homothall) 4 4 4 4

Observations were made after 6 d. The amount of gametangia was
evaluated according to a 04 scale (three repetitions considered).
BA, Bacto-agar; A, technical agar (batch 2, no. 5200597); AN, noble
agar; Aose, agarose.

gametangia (equal or more than 50 gametangia per field) re-
gardless of the medium used except for P. cambivora, which
produced five to ten oogonia per field on tomato juice-based
medium. For pairings of P. cryptogea carried out on CA
(3233 x 3234), all the gametangia were in the granular stage
of development.

All the pairings between P. ramorum complementary
strains carried out on TJA or TJAose showed no increase in 0o-
gonia production after 20 d of incubation (data not shown).

Comparison between different medium-solidifying agents

Four different gelling agents (technical agar, bacto-agar, noble
agar, and agarose) were added to a carrot-based medium. The
European isolates 2299, 2387, and 3206 were selected as the Al
types and isolates 3528 (US) and 3237 (European) as the A2
types. The control species were the same as those used in
the first experiment.

As shown on Table 4, gametangia were observed in all but
one pairing (2387 x 3528 on CA). On CA, the production of
gametangia from Phytophthora ramorum was very low (less
than five gametangia per field). Moreover, the gametangia (oo-
gonia and antheridia) displayed a granular appearance for all
the combinations of genotypes, demonstrating a delay in the
gametangia formation (Fig 1A). On the other media, the an-
theridia were not granular and the oospores were clearly vis-
ible in the oogonia (presence of a clear periplasmic space
between the oogonium and the oospore), indicating a more
advanced state in the maturation process (Fig 1B). The produc-
tion of gametangia was also influenced by the strains used in
the pairing. Strain 2299 was the best A1l partner, giving rise to
many oogonia (more than 25 gametangia per field) except on
CA. In the CAose medium, a high density of oospores was
found in carrot aggregates, which appeared after the steriliza-
tion (up to 3040 oospores per aggregate with the combination
2299 x 3237). These aggregates, which are composed of carrot
micro-fragments, were not observed in the other media. All
the other heterothallic Phytophthora species used as

experimental controls produced many gametangia in all me-
dia except P. cryptogea. This species showed a delay in the pro-
duction of oospores on CA (i.e. no gametangia after 6d,
gametangia in a development stage after 8 d, and a production
of oospores similar to that of the other Phytophthora experi-
mental control after 20 d).

Spatial distribution of Phytophthora ramorum oospores in
intraspecific pairings

In the mating studies, Phytophthora ramorum gametangia were
not evenly distributed in the plate, some sectors containing
higher proportion of gametangia than others. This heteroge-
neous distribution was not observed for the other Phytophthora
species. In order to visualize more easily the specific behav-
iour of both mating partners during the pairing, small agar
plugs (ca 1 mm? of inoculum were placed linearly in close
proximity to simulate the mixing point. Inoculum plugs
from strains 2299 and 3237 were alternated in the middle of
a CAose plate (Fig 2). Many gametangia and very few chla-
mydospores were produced mainly in the growth sector of
strain 2299. In contrast, very few oospores and many chla-
mydospores appeared in the growth sector of strain 3237.
This particular spatial distribution suggested further tests of
the selfing ability of strain 2299. To this end, isolates 2299
(A1) and 3237 (A2) were paired across a polycarbonate mem-
brane. Whereas oospores were produced for three other het-
erothallic Phytophthora species used as experimental
controls, the P. ramorum isolates failed to produce oospores,
even when opposite hyphal plugs were paired without mem-
brane (data not shown).

Discussion

In this paper, we examined the influence of different parame-
ters, including the agar type, the nutrient source, and the iso-
late on the production of oospores by Phytophthora ramorum.
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Fig 1 - Oogonium and antheridium of Phytophthora ramorum
from intraspecific pairing: (A) in a granular stage; (B) with
individualized oospore. Bar = 20 um.

Agar is a generic term used to designate a mixture of galac-
tose polymers produced by several species of algae. It is com-
monly used as a setting agent for nutrient media in many
fields of microbiology and pairing studies are typically con-
ducted on agar media. However, a critical effect of the agar
source during in vitro experiments has already been reported
by Ho & Ko (1980) working on the effect of antimicrobial sub-
stances on the germination of spores, by Borden et al. (1970)
studying the capacity of some viruses to infect animal cells
or by Beruto (1997) studying the influence of agar type on the
in vitro growing of Ranunculus species. The results obtained
in this study highlight the impact of the agar quality on the
production of gametangia by P. ramorum. There are different
types of agar proposed for microbiological purposes, those
products differing notably by their chemical purity and their
adsorption capacity linked to their molecular polarity. More-
over, as agar is a natural product, its quality can also vary be-
tween products from different brands or between batches
from the same manufacturer (Beruto 1997; Perez 1993). In

Fig 2 - Linear arrangement of inoculum plugs of Phytoph-
thora ramorum. Plugs marked in black come from 2299
subculture (A1). Unmarked plug come from 3237 subculture
(A2).

our experiments, we tested four agar types including technical
agar (two batches), bacto-agar, noble agar, and agarose. When
compatible genotypes were paired on a carrot-based medium,
the production of oospores was low on a medium supple-
mented with technical agar regardless of the batch used. In
contrast, the production was higher on the other media, espe-
cially on medium with agarose, a highly purified agar type.
This suggests that failure of P. ramorum to produce oospores
on technical agar might be due either to impurities inhibiting
the production of gametangia or to the agar characteristics in-
terfering with the diffusion of molecules involved in the sex-
ual process. These molecules might be produced by the
pathogen or present in the medium (plant extracts). The delay
(rather than the absence) in gametangia production observed
in CA suggests that a chemical adsorption of specific sub-
stances cannot be ruled out. In this context, Ko (1978) demon-
strated a chemical regulation of the sexual reproduction in
heterothallic Phytophthora. After placing complementary mat-
ing types on opposite sides of a polycarbonate membrane, he
still observed gametangia in each side. He showed the exis-
tence of diffusible substances (or ‘hormones’) called alpha 1
(produced by A1 strains) and alpha 2 (produced by A2 strains)
involved in the differentiation of vegetative hyphae in gam-
etangia. The alpha 1 hormone has recently been isolated
and characterized and seems conserved in the Phytophthora
genus (Qi et al. 2005). Moreover, an isomeric mixture that could
contain all possible stereoisomers of alpha 1 has been synthe-
sized and its hormonal activity demonstrated (Yajima et al.
2007). The production of these hormones might be very low
for P. ramorum, therefore, disturbing its sexual behaviour. In
this way, any environmental condition interfering with the
production or the diffusion of these hormones could result
in a decrease in the production of gametangia. The hypothesis
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of a deficient hormonal system in P. ramorum is reinforced by
the fact that other heterothallic species introduced in the
study are generally not affected by the agar source and display
a normal sexual behaviour. The delay observed for P. cryptogea
on CA is intriguing. This species was the most efficient in in-
terspecific pairing with P. ramorum (Werres & Zielke 2003), sug-
gesting a similarity in the sexual reproduction pathway of
both Phytophthora species.

Besides the agar quality, the type of nutrients also seems to
influence the production of gametangia by P. ramorum in vitro.
As already observed with the agar source, P. ramorum seems
more sensitive than other heterothallic species to the type of
nutrient. The absence of oospores on a tomato juice-based
medium except in close proximity of an agar plug that was
taken from a carrot-based medium, as well as the high density
of gametangia in carrot aggregates from a CAose medium
demonstrate the influence of carrot extracts on the reproduc-
tion process. The influence of carrot pieces on the production
of gametangia by P. ramorum has already been described by
Werres & Kaminski (2005). The carrot aggregates that
appeared in agarose medium could concentrate nutrients,
which promote the sexual process. In this context, sterols
are often described as critical nutrients for sexual reproduc-
tion (Elliott 1983; Sharma 1991). However, the addition of B-si-
tosterol (a plant sterol source) or cholesterol to the different
media evaluated in this study did not improve the rate or fre-
quency of gametangial production (data not shown).These re-
sults are in agreement with other studies demonstrating that
most of the species of Phytophthora, which produce oospores
in response to sterols, are homothallic (Hendrix 1970).

Finally, the genotype of the isolates involved in the pairings
also has an impact on the reproduction. In this context, all
pairings involving the Al strain 2299 resulted in a higher
quantity of oospores than with other European Al strains.
This strain produced very few chlamydospores compared
with other P. ramorum strains, and this feature may enable
the strain to allocate more energy to the production of sexual
spores, as previously suggested by Brasier & Kirk (2004). It is
interesting to notice that this strain was integrated in the ge-
netic study carried out by Ivors et al. (2006) and classified
among the EU1 clonal lineage, which represents the most im-
portant group of European strains. As a consequence, it seems
that within a microsatellite clone, there is a phenotypic varia-
tion. As this variation is presumed to have arisen via asexual
genetic events, other strains similar to the strain 2299 could,
therefore, exist in the population of P. ramorum strains, in-
creasing the probability of oospore production.

Sexual reproduction in Phytophthora species has a signifi-
cant influence on the level of genetic diversity in the popula-
tion. Concerning heterothallic species, the introduction of
strains of the opposite mating type in geographic area where
they were not present can promote sexual recombination
with increased genetic diversity. This situation occurred
with the introduction in Europe of new strains of P. infestans
of the A2 mating type (Drenth et al. 1994). The mating of two
isolates of opposite mating type results in either hybrid or
selfed oospores. Although the crossing represents the main
risk to generate new genotypes with a change in pathogenic
fitness, selfed oospores could also lead to progenies with
new phenotypical characters due to recombination events

during meiosis. The recent report of a family of at least 350 in-
fection-associated genes and the identification of an unusu-
ally large number of heterozygotic sites through the
sequencing of the P. ramorum genome (Tyler et al. 2006) under-
lines the potential of this Phytophthora species for genetic rear-
rangements. Selfing could, therefore, represent an alternative
mechanism (in addition to mitotic recombination or muta-
tion) to generate diversity of the pathogen. In order to assess
the selfing ability of the P. ramorum isolates, the mating part-
ners were separated by a polycarbonate membrane as de-
scribed by Ko (1978). Three reference heterothallic strains
were introduced in the assay. A negative control, which con-
sisted of putting the complementary mycelium plugs on con-
tact without any membrane, was also considered. Oospores
were produced for the three reference species that displayed
a ‘normal’ breeding system, therefore, demonstrating that
the experiment was conducted correctly and that these spe-
cies were able to self under our experimental conditions. In
contrast, the P. ramorum isolates failed to produce oospores,
even without membrane (negative control). However, the con-
ditions of this particular experiment (consisting in stacking
complementary mycelium plugs) were very different from
those used in experiments dealing with pairing ability. The
addition of tryptophan, B-sitosterol, and CaCl, as proposed
by Sharma (1991) did not increase the frequency of selfed oo-
spores of P. ramorum (data not shown). These results suggest
that the mixing of isolates or the close contact of small inocu-
lum plugs before pairing is a prerequisite to the production of
oospores by P. ramorum as already demonstrated by Brasier &
Kirk (2004). The contact between strains could be required due
to the low production of alpha hormone by this species as al-
ready discussed. Furthermore, our results suggest that the
method using membrane is not suited to the evaluation of
the selfing ability of P. ramorum isolates. As shown in P. infes-
tans, the use of strains containing a B-glucuronidase (GUS)
transgene could enable the assessment of whether oospores
resulted from selfing (Judelson 1997). A genetic analysis of
oospore progenies could also be used to trace the origin of
oospores. However, this latest experiment requires the
extraction of oospores from the medium and the activation
of their germination. These experiments are in progress.

In conclusion, P. ramorum can generate oospores when spe-
cific strains are under suitable conditions. However, due to the
low production of oospores in vitro and to the specific require-
ments of P. ramorum in terms of sexual reproduction, the test
membrane generally used to assess the origin of oospores is
questionable and other techniques should be evaluated. Never-
theless, our results suggest that new strains with altered disease
potential could be generated. At an epidemiological level, oo-
spores are known to be particularly resistant spores (Turkens-
teen et al. 2000). They could, therefore, enable the pathogen to
survive more easily in unfavourable conditions. All these obser-
vations should be considered during pest risk analysis.
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