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Short Communication

Ramorum Blight of Rhododendron sp. Caused by Phytophthora ramorum
Intercepted in Plant Quarantine Inspection in Japan
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Hirakawa®, Yoshinari Nakanishi® and Takashi Hirata”

Research Division, Yokohama Plant Protection Station,
1-16-10, Shin-yamashita, Naka-ku, Yokohama, 231-0801 Japan.

Abstract: A new disease of Rhododendron sp. (cv. Loch Lomond) causing leaf blight was intercepted in a plant
quarantine inspection at Tokyo International Post Office in Japan. The isolated fungus was pathogenic to the original

host, and identified as Phytophthora ramorum Werres De Cock & Man in't Veld, based on the morphology and the

phylogenetic analysis of the rDNA-ITS region.
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The genus Rhododendron (Ericaceae) is mainly distributed in
temperate areas of the northern hemisphere, and includes the
shrubs commonly called azaleas and rhododendrons, which are
important horticultural crops (Farr et al., 1996; Roane, M.K.,
2014). In February 2015, discolored leaves were found on
Rhododendron sp. cultivar ‘Loch Lomond’ (Rhododendrons)
imported from Scotland, the United Kingdom (UK), in a plant
quarantine inspection at Tokyo International Post Office in Japan.
In this study, we aimed to diagnose the disease and identify the
causal organisms. Preliminary results have been reported elsewhere
(Goto et al., 2016).

Symptoms

Dark-brown irregular shaped spots with water-soaked margins
were observed at the tip or margin to center of the leaves (Fig.
1-A), where sporulation of sporangia was observed on the
undersurface of some leaves under stereo microscope (Fig. 1-B
and 1-C). The symptoms with no sporangia-like sign also tested

positive by ImmunoStrip® for Phytophthora (Agdia Ltd., U.S.A.).

Isolation of the causal fungus

Lesions on the leaves were cut into small pieces of about 5X5
mm, which were surface-sterilized for 10-20 sec with 70% ethanol,
and then washed in sterilized distilled water. After removing
excess moisture, the pieces were incubated on synthetic low
nutrient agar (SNA) (Nirenberg, 1976) at 25T in the dark for 10

days. A single sporangium was isolated from the colony and

transferred to V8 juice agar (V8A). Two isolates (To15, To18) were
used for morphological observation, pathogenicity tests, and
molecular phylogenetic analyses as well as mating tests. P.
ramorum CBS101553 (A1 mating type) = ex type, ATCCMYA3239
(A2 mating type) and P. cryptogea TFO31622 (A2 mating type)
were used for respective experiments. This study was performed at

licensed quarantine laboratories and in closed chambers.

Cultural characteristics

Cultural characteristics of the isolates were examined on carrot
piece agar (CPA) (Werres et al., 2001) in the dark at 5C, 10C ,
15C, 20C, 25°C and 30C for 10 days. The aerial mycelia were
sparse or absent in the isolates (Fig. 1-D), and grew at between
5C and 25C. The optimum temperature for mycelial growth was
20C (3.0-3.2 mm/day), whereas there was no growth at 30C .
Similar results were shown in P. ramorum CBS101553 and
ATCCMYA3239 (Fig. 2).

Pathogenicity test

Three plant species, Rhododendron sp. ‘Purple dome’, Pieris
Jjaponica (Ericaceae) and Camellia sp. (Theaceae), were used for
the pathogenicity test. Inoculation was conducted by placing VSA
pieces (8 mm in diam.) including hyphae on bundled needle-
wounded leaves and non-wounded healthy ones of potted plants,
respectively. The aseptic V8A pieces were used as negative
controls. Each inoculated leaf including V8A pieces was wrapped

with Parafilm® (Bemis Company, Inc., U.S.A.) and the whole
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Fig. 1 Symptoms on Rhododendron sp. intercepted in Feb. 2015 and pathogenicity and morphology of isolate To15.

A: Natural symptoms (arrow), B: Undersurface of diseased leaf (Fig. 1-A, left) and produced sporangia (arrow), C: Close-up of
sporangia of Fig. 1-B, D: Colony of the isolate To15 on CPA at 20C in the dark for 10 days, E, F, G: Symptoms on the leaf of
Rhododendron sp. (E), Pieris japonica (F) and Camellia sp. (G) 3 to 5 days after inoculation with isolate Tol5, respectively, H-K:
Morphology of isolate To15 and sexual structure by isolate Tol5 X P cryptogea IFO31622 on CPA [H: sporangia arranged sympodially,
I: sporangia, J: chlamydospores, K: amphigynous antheridium (arrow), oogonium, and plerotic oospore].

plants were incubated under moist conditions in a growth
chamber at 20°C /15C with 12 h fluorescent light/dark for 3-5
days. As a result, dark brown spots appeared on wounded leaves
of each plant (Fig. 1-E, 1-F and 1-G), but not on non-wounded
ones (Table 1). The inoculated isolates were readily re-isolated
from the lesions, thereby completing Koch’s postulates. The

isolates were strongly pathogenic to both Rhododendron sp. ‘Purple

dome’ and P. japonica, but weakly to Camellia sp. Similar results
were shown in P. ramorum CBS101553 and ATCCMYA3239,
whereas no symptoms were observed on negative controls (Table

1).

Morphology

For morphological observation, the isolates as well as P.



March. 2017

Sakoda et al., Ramorum blight Caused by Phytophthora ramorum 77

- o--Tol5
R

—e— ATCCMYA3239
—s— CBS101553

©w
o
t

N
2
t

Mycelial growth rate (mm/day)
- N
o o

0.0

5 10 15 20 25 30

Temperature (°C)

Fig. 2 Mycelial growth rate of four isolates at six different
temperatures (° C) on CPA in the dark for one day.

ramorum CBS101553 and ATCCMYA3239 as controls were
incubated on CPA under darkness at 20°C for 20 days, and the
resulting anamorph was observed under light microscope. In the
isolates, sporangia were sympodial, hyaline, ellipsoid or elongated-
ovoid and caducous with a short pedicel (<5 pm), and semi-
papillate; the total size of the isolates was 30-85 X 18-36 (av. 54—
56 X 27-28)um, length/width ratio 1.7-2.5 (av. 1.9-2.0) (Fig. 1-H
and 1-I). In addition, sporangia germinated directly or released
motile zoospores upon flooding with pond water. The isolates also

produced numerous chlamydospores intercalarily and terminally,

Table 1
plant species

which were globose, hyaline to slightly pigmented; the total size
was 26-78 (av. 52-56) um in diameter (Fig. 1-J). The dimensions
of anamorph produced by each isolate were compared with two
controls and the original description (Werres et al., 2001) shown
in Table 2.

Mating tests

As no sexual structures were observed in single cultures, the
isolates were paired with the tester isolates of P. ramorum
CBS101553 (A1), ATCCMYA3239 (A2) and P. cryptogea
1IF0O31622 (A2) on CPA at 10C for 5 days followed by at 20C for
10 days in the dark. As a result, sexual structures were only
induced by P. cryptogea IFO31622 (A2) (Fig. 1-K), which proved
the isolates to be heterothallic and mating type Al. Oogonia were
terminal, smooth and spherical; the total size was 33-45 (av. 37—
38) um in diam. Oospores were plerotic and 28-41 (av. 34-35) pum
in diam. Antheridia were amphigynous and barrel-shaped, 9-18 X
10-18 (av. 13 X 15) um. The dimension of each sexual structure
was compared with that of CBS101553 X P. cryptogea IFO31622
and the original description (Werres et al., 2001) in Table 3.

Phylogenetic analysis

The sequence of the internal transcribed spacer of ribosomal

Pathogenicity of isolate Tol5 causing leaf blight of Rhododendron sp. to three

) Isolate (To15) Control™
Plant species
Wounded Non-wounded Wounded Non-wounded
Rhododendron sp. 6/6” 0/6 0/6 0/6
Pieris japonica 10/11 0/11 0/6 0/4
Camellia sp. 718 0/8 0/5 0/5

! The aseptic VA pieces were used as negative controls.
2 Number of diseased leaves / total number of inoculated ones.

Table 2 Comparison of dimensions of anamorph produced by isolates causing leaf blight of Rhododendron sp.

with those of Phytophthora ramorum

Sporangia (n=40)

Chlamydospores (n=40)

length X width (¢m) L/B ratio width (m)
Isolates No.

Tol5™" 30.0-73.0 x 17.5-33.8 1.7-2.3 37.5-72.5
(av. 54.2 x 28.2) (av. 1.9) (av. 55.9)
To18™ 35.5-85.0 x 18.8-35.5 1.7-2.5 26.3-77.5
(av. 56.0 x 27.4) (av. 2.0) (av. 51.8)

Phytophthora ramorum
ATCCMYA3239" 35.0-67.5 X 17.5-33.8 1.7-2.3 18.0-72.5
(av. 54.0 x 27.3) (av. 2.0) (av. 42.3)
CBS101553™ 28.0-82.5 x 15.5-36.3 1.7-2.8 22.5-50.5
(av. 50.8 x 25.3) (av. 2.0) (av. 37.3)
Weress et al.”” (2001) 40-80.0 x 20.0-32.0 1.8-24 22.0-72.0
(av. 52.0 x 24.0) (av. 2.2) (av. 53.8)

! Data in this study.

" Data taken from Werres et al. (2001).
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Table 3 Comparison of dimensions of sexual structures produced by pairing each isolate causing leaf blight of
Rhododendron sp. and P. ramorum CBS101553 (A1) with P. cryptogea IFO31622 (A2)

Mating partner Oogonia Antheridia Oospores
P cryptogea IFO31622 (A2) X
Tol5" 32.5-42.5 8.8-17.5 x 10.0-18.0 27.5-40.0
(av. 38.2) (av. 13.3 x 14.7) (av. 34.1)
To18™ 30.0-45.0 10.0-17.5 x 12.5-17.5 28.0-41.3
(av. 37.3) (av. 13.7 x 15.1) (av. 34.8)
CBS101553™ 33.0-45.0 11.3-17.5 x 13.8-17.5 30.0-42.0
(av. 38.9) (av. 14.4 x 15.5) (av. 35.8)
P cryptogea BBA62660 (A2) X
CBS101553" 28-38 10-18 x 14-16 28-38
(av. 31.2)
" Data in this study. Dimensions: range and mean values (um). n=19-24.
 Data taken from Werres e? al. (2001).
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Fig. 3 A neighbor-joining phylogenetic tree of the 9 Phytophthora taxa, including two isolates from Rhododendron sp. based

on the sequence of the ITS+5.8S rDNA sequences.

Numbers on the branches are bootstrap values in 1000 bootstrap replicates. The bootstrap values greater than 70 are shown.
The accession numbers in the DNA Data Bank of Japan (DDBJ) are shown in parentheses. Pyhium aphanidermatum is an
outgroup. *The species belonging to clade 1, 4 and 8a, 8b, 8¢ based on Blair et al. (2008).

DNA (rDNA-ITS) including 5.8S, ITS1, and ITS2 regions was
analyzed to confirm the species identification. These regions were
amplified with the primers ITS1/4 (White et al., 1990), and
directly sequenced. The sequences were aligned using ClustalX
v2.0.7 (Larkin et al., 2007). Phylogenies were generated using
distance methods. The distance matrix for the aligned sequences
was calculated using Kimura's two-parameter method (Kimura,
M., 1980) and was analyzed with the neighbor-joining method
(Saitou & Nei, 1987) using ClustalX v2.0.7 (Larkin et al., 2007).
The isolates tested had 99.8% (796/797bp) similarity with P.
ramorum CBS101553 (DDBJ accession No. HQ643339) and
ATCC MYA3679 (DDBJ accession No. DQ219821), respectively.
Blair et al. (2008) reported that the genus Phytophthora
phylogenetically could be divided into 10 clades based on seven of
the most informative loci, and P. ramorum belonged to clade 8c.

In our study, the neighbor-joining tree based on the sequence of

rDNA-ITS showed that the isolates fell into a monophyletic group
with P. ramorum (100% bootstrap value) and were clearly
separated from allied species (e.g. P. lateralis, P. hibernalis) other
than P. ramorum within the same clade (Fig. 3). The sequences of
isolate Tol5 was registered in DNA Data Bank of Japan (DDBJ)
as LC193524.

Identification

Based on the morphology of sporangia and zoospores, all
isolates were considered to belong to the genus Phytophthora. The
isolates were compared with the given descriptions of species (ca.
30) of Phytophthora reported for Rhododendron (Farr and
Rossman, 2016), and similar to the morphology or molecular
phylogeny of P. ramorum, P. lateralis and P. hibernalis. The
morphological and cultural characteristics of isolates were very
close to those of P. ramorum CBS101553, ATCCMYA3239 tested
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in our study and the original description of P. ramorum (Werres et
al., 2001), i.e. slow-growth, numerous and large chlamydospores,
as well as semi-papillate, deciduous and sympodial sporangia with
a short pedicel. Furthermore, the isolates could be distinguished
from P. lateralis and P. hibernalis based on the morphology of
sporangia, which were non-papillate in P. lateralis (Erwin &
Ribeiro, 1996; Braiser et al., 2010), and long pedicel (23-73 um) in
P. hibernalis (Erwin & Ribeiro, 1996). The isolates were pathogenic
to Rhododendron sp. (original host), Pieris japonica and Camellia
sp., which have been reported as host plants of P. ramorum in the
UK and France (Inman et al., 2003; Husson et al., 2007; Beales et
al., 2004). The mating types were determined as Al, commonly
found in the UK, due to the formation of sexual structures when
crossed with known A2 mating type of P. cryptogea. The
formation did not occur when crossed with P. ramorum
ATCCMYA3239 (A2), which was also reported by Werres et al.
(2001), Werres and Kaminskii (2005) and Bultaji¢ et al. (2010).
Moreover, the sequence of isolates was closely related to that of P.
ramorum (HQ643339 and DQ219821) with 99.8% identity and
distant from other species. In conclusion, the isolates (To15, To18)
were identified as Phytophthora ramorum Werres De Cock & Man
in't Veld.

In 2011, Japan regarded P. ramorum as an important quarantine
pathogen, and required exporting countries to carry out ‘growing
site inspection’ for this pathogen, a newly phytosanitary measure
(World Trade Organization, 2011). However, an imported
Rhododendron plant was found to be infected with this pathogen
by import inspection in Japan. Though it is not clear how and why
the pathogen was not detected in inspections in the exporting
country (UK), the detection at entry suggests that careful import
inspections are needed even if a phytosanitary certificate is

attached to imported plants.

Name of the disease

P. ramorum is a severe pathogen on hardy ornamentals and
various trees in North America and Europe (Werres and
Kaminskii, 2005). This is the first report of P. ramorum causing
leaf blight of Rhododendron sp. in Japan. We propose to name this
new disease ‘ramorum blight’ of Rhododendrons (Japanese name:
eki-byo). On Rhododendron, symptoms of ‘ramorum blight' may
appear anywhere on leaf surfaces and are indistinguishable from
those caused by other leaf-infecting species of Phytophthora
(Parke and Lucas, 2008). Similar symptoms with ‘ramorum blight’
caused by P. hibernalis (Blomquist, et al., 2005) and P. foliorum
(Schlenzig, et al., 2016) were also reported. Therefore, it is
necessary to isolate the causal fungus to distinguish ‘ramorum

blight’ from similar diseases.
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