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1 | INTRODUCTION

Bursaphelenchus Fuchs, 1937 is a large genus currently compris-
ing over 100 valid species, most of which are wood-inhabiting and
fungal-feeding nematodes colonizing mainly conifer trees (Hunt,
2008). Because of the detection of Bursaphelenchus xylophilus, the
pinewood nematode (PWN), in Portugal in 1999, the national forest-
ry authority has carried out intensive annual monitoring surveys in
pine forests, with several thousands of wood samples collected per
year. To date, these surveys have enabled the identification of elev-
en Bursaphelenchus species in the country (B. antoniae, B. fungivorus,
B. hellenicus, B. leoni, B. minutus, B. mucronatus, B. pinasteri, B. pino-
philus, B. sexdentati, B.tusciae and B. xylophilus) (Fonseca, Cardoso,
Moron-Lopez, & Abrantes, 2014; Fonseca, Moron-Lopez, & Abrantes,
2012; Mota et al., 1999; Penas, Bravo, Naves, Bonifacio, & Mota, 2006;
Penas, Correia, Bravo, Mota, & Tenreiro, 2004; Penas, Metge, Mota,
& Valadas, 2006; Vieira & Mota, 2013), mainly associated with mari-
time pine trees (Pinus pinaster), with only two in the xylophilus-group,
namely B. xylophilus and B. mucronatus (Mota et al., 1999; Penas et al.,
2004). More recently, B. xylophilus was also detected for the first time
in Austrian pine (Pinus nigra) in Portugal (Inacio et al., 2015).

During a field survey carried out in 2014 for the study of the myco-

flora associated with symptomatic maritime pine trees (symptoms

During a field survey carried out on symptomatic maritime pine trees (Pinus pinaster) in
Gois, central Portugal, Bursaphelenchus luxuriosae was isolated for the first time in Por-
tugal, and in Europe. Identification of the nematodes was based on morphological
characters and molecular analyses for this species. The general morphology of both
females and males is in agreement with the original description for B. luxuriosae,
namely the typical morphology of the male spicules and the conspicuous morphology
of female tail. Species identification was confirmed through sequencing of the ITS
rDNA region and the fragment spanning the D2/D3 domain of the 28S rDNA gene.
This species belongs to the xylophilus-group and is the third species in this group
known in Portugal. The nematodes were retrieved in small numbers (<100 nema-

todes/100 g dry wood), and no insect vector association could be established.

included needle discoloration or wilting) in the central area of Portugal
where the pinewood nematode is known to occur (Gois, Coimbra),
specimens of B. luxuriosae Kanzaki & Futai, 2003; a species of the
xylophilus-group, were isolated and characterized morphologically.
Phylogenetic analysis based on ITS sequences (Burgermeister, Metge,
Braasch, & Buchbach, 2005) and D2/D3 expansion region of the large
subunit (LSU) rRNA gene (Kanzaki & Futai, 2003) confirmed this spe-
cies identification. Therefore, we report herein for the first time the
occurrence of B. luxuriosae associated with Pinus pinaster in Portugal,

and to our knowledge in Europe.

2 | MATERIAL AND METHODS

2.1 | Wood sampling and nematode extraction

In April/May 2014, a survey was carried out in a stand of Pinus pin-
aster in Gois (Coimbra, Portugal), with the objective of studying
the mycoflora associated with trees infected with Bursaphelenchus
xylophilus. For that purpose, thirteen trees (approximately 35-years
old) were selected and felled. From each tree, three wood discs
(30-35 cm diameter; 5 cm thick) were collected from two different
heights (breast height and top of the trunk) of the main trunk and
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cut in 1 cm?® squares for both fungal isolation and nematode extrac-
tion. Wood pieces for nematode extraction were kept in plastic bags
until processed. Nematodes were extracted using the “tray” method
(Whitehead & Hemming, 1965) and processed within 48 hr. All nema-
tode stages of Bursaphelenchus species isolated from individual wood
discs/trees were cultured on mycelia of a non-sporulating strain of
Botrytis cinerea on potato dextrose agar (PDA), at 25°C. After 3 weeks,
nematodes were washed from the fungal culture with sterilized dis-
tilled water and collected for morphological and molecular studies.
Morphological identification was based on the main diagnostic fea-
tures for the genus Bursaphelenchus (Braasch, Burgermeister, & Gu,
2009; Braasch & Schonfeld, 2015; Ryss, Vieira, Mota, & Kulinich,
2005;): shape of the spicules, presence of vulval flap, female tail shape
and number of incisures in the lateral field. At least, 10 specimens
were heat-killed and placed in a drop of water on a glass slide for mor-
phological characterization using an Olympus BX-51 bright field light
microscope (Hamburg, Germany) and photographed with an Olympus
DP10 digital camera.

2.2 | Molecular analysis

Total genomic DNA was isolated from six hand-picked nematode
specimens. Nematodes were transferred to an Eppendorf tube with
10 ul of sterilized water, frozen in liquid nitrogen and homogenised
with a micropestle (Eppendorf, Hamburg, Germany). The homogenate
was incubated at 56°C in lysis buffer and 100 ug ml™ proteinase K for
1 hr. After incubation, total genomic DNA extraction was performed
using the DNeasy Blood & Tissue Kit (Qiagen, Hilden, Germany) fol-
lowing the manufacturer’s instructions. DNA quantity and purity were
checked using a NanoDrop 2000 UV-Vis Spectrophotometer (Thermo
Fisher Scientific, MA, USA). Two DNA regions were amplified by
Polymerase Chain Reaction (PCR): the ITS region, amplified using the
forward primer ITS-5 (5'-GGAAGTAAAAGTCGTAACAAGG-3') and
reverse primer ITS-4 (5'-TCCTCCGCTTATTGATATGC-3') (White,
Bruns, Lee, & Taylor, 1990), and the D2/D3 region, amplified using
the primers D2A (5'-ACAAGTACCGTGGGGAAAGTTG-3') and D3B
(5'-TCGGAAGGAACCAGCTACTA-3') (De Ley etal, 2005). PCR
reactions were performed in a 25 pl final volume using the Promega
GoTaq Flexi DNA Polymerase kit (Promega, Madison), containing

(a) T

1 pl template DNA, 5 ul GoTaq Flexi PCR buffer (Promega, Madison),
1.5 mmol L™ MgCl,, 0.20 mmol L™ each dNTPs, 1.25 U GoTaq Flexi
DNA Polymerase (Promega, Madison) and 0.4 umol L™* of each
primer in a Biometra TGradient thermocycler (Biometra, Gottingen,
Germany). Thermal cycling conditions were as follows: initial dena-
turation at 94°C for 5 min, followed by 35 cycles of 2 min at 94°C,
annealing at 55°C for 1 min and extension at 72°C for 1 min, followed
by a final elongation for 10 min at 72°C. The amplified products
were loaded onto a 1.5% agarose gel containing 0.5 pg ml™ ethidium
bromide and 0.5x Tris-borate-EDTA (TBE) running buffer and elec-
trophoresed at 5V cm™. Amplifications were visualized using the
VersaDoc Gel Imaging System (Bio-Rad, USA). PCR products were
cleaned using the GeneJET PCR Purification Kit (Fermentas, Germany)
according to the manufacturer’s protocol. Amplicons were sequenced
in forward direction at STABVida Sequencing Laboratory (Lisbon,
Portugal) on a DNA analyzer ABI PRISM 3730xI (Applied Biosystems).
Nucleotide sequences were edited and analyzed using BioEdit v7.2.0
(Hall, 2007). The resulting ITS and D2-D3 rDNA sequences were
compared against a set of reference sequences from different species
of Bursaphelenchus selected from GenBank (NCBI) to cover a range
of species that comprise the xylophilus-group. The tree topology was
obtained by neighbour-joining (NJ) analysis with 1000 bootstrap rep-
lications using CLC Main Workbench v. 7 software.

3 | RESULTS AND DISCUSSION

From a total of 13 symptomatic maritime pine trees sampled from
a pine stand in Gois, Coimbra, Portugal, six trees were positive for
the pinewood nematode, Bursaphelenchus xylophilus (data not shown),
while one of the trees exhibiting slight discoloration of the needles
produced nematodes of an unreported species in the xylophilus-group
for Portugal and Europe, and herein characterized. The nematodes
were retrieved in small numbers (<100 nematodes/100 g wood, dry
weight). No nematodes or free-living nematodes only were recovered
from the remaining six trees (data not shown).

Morphologically, the specimens of the unreported species of the
xylophilus-group (Fig. 1), followed the main characters of the original

description of B. luxuriosae (Kanzaki & Futai, 2003), that is females
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FIGURE 1 Light microscope observations of Bursaphelenchus luxuriosae isolated from Pinus pinaster in Gois (Coimbra). (a) anterior region;
(b) vulva region (vf: vulval flap); (c) female tail; (d) male tail. Scale bars: 10 um
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with a long vulval flap (Fig. 1b); females (as well as juveniles) with a
very conspicuous and distinctive long tail, tapered and strongly ven-
trally recurved when heat-killed, with an irregular and roughened
dorsal contour approaching the tip and an irregular terminus (Fig. 1c);
males presented long spicules, large and arcuate with pointed rostrum
and terminal cucullus (Fig. 1d); male tails with the typical seven papil-
lae (one single ventral pre-anal papilla, one pre-anal pair just before
the cloacal slit, and two post-anal pairs of papillae, adjacent to each
other and localized immediately anterior to the bursa), and both males
and females presenting four lines in the lateral field. Although species
belonging to xylophilus-group present similar morphological features,
B. luxuriosae can be differentiated from B. xylophilus, as females of
B. xylophilus present a broad cylindrical-rounded tail without mucro,
or in some populations a broad cylindrical-rounded tail with mucro
(Braasch et al., 2009; Braasch & Schonfeld, 2015; Ryss et al., 2005),
versus the distinctive long, tapered and strongly recurved tail in
B. luxuriosae.

To validate and complement the morphological analyses, a molec-
ular analysis was performed by sequencing both the ITS and D2/D3
rDNA loci. The sequences obtained by each pair of primers were
deposited to GenBank database (NCBI) under the accession num-
bers KU341100 and KU341101, respectively. Amplification of the
ITS region of these specimens (using the ITS-5 and ITS-4) resulted
in a PCR product of 655 bp, containing partial ITS-1, 5.8S, ITS-2 and
partial 28S region of the ribosomal DNA. The molecular phylogenetic
status of the resulting ITS sequence is presented in Figure 2, show-
ing the cluster of the different populations of B. luxuriosae, including
the Portuguese isolate, among other species of the xylophilus-group.
Based upon the full-length D2/D3 LSU region a fragment of 741 bp
was obtained for the specimens collected in Portugal (Fig. S1), reveal-
ing 100% similarity with sequences deposited for B. luxuriosae isolated
in Japan (AB299228 and AM396571), and further confirming the spe-
cies identification of the Portuguese isolate.

Bursaphelenchus luxuriosae was previously identified and reportedin
Japan alone (Gose, Nara prefecture), associated with the cerambycidae
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beetle, Acalolepta luxuriosa (Bates) (Coleoptera: Cerambycidae) emerg-
ing from Aralia elata (Miq.) Seem. (Araliaceae) (Kanzaki & Futai, 2003).
The potential pathogenicity of B. luxuriosae was previously evaluated
on both Pinus densiflora and P. thunbergii using 3-year-old seedling
(Kanzaki, Aikawa, Maehara, & Ichihara, 2011). Although, B. luxuriosae
could induce some damage to tracheal tissue of P. thunbergii, none of
the seedlings tested died or displayed the wilting symptoms typical
of the PWN. Interestingly, B. luxuriosae and B. doui are species with-
in the xylophilus-group showing an entomoparasitic form, suggesting
that the parasitic adult stage of these two species might have occurred
independently as autapomorphy of each species (Kanzaki, Maehara,
Aikawa, & Nakamura, 2013).

The occurrence of this species in Portugal might be seen as unex-
pected, as the members of Acalolepta are all found in the Indomalaya
ecozone, distributed in Southeast Asia and in Australia, mainly associ-
ated with broad-leaved forests. However, other species in this genus,
such as A. sejuncta (Bat), are able to colonize both deciduous and
coniferous trees (Cherepanov, 1990). More recently, A. sejuncta was
detected associated with living plants of Taxus cuspidata imported from
Japan to Germany, which raised a quarantine alert and a pest risk anal-
ysis in Germany; this species is currently a focus of plant quarantine
by EPPO (EPPO, 2014). It is difficult to ascertain whether B. luxuriosae
was introduced, together with its insect vector, or already occurred
as a native species. However, the finding of B. luxuriosae could be an
indicator for introduction of the vector beetle as well in Portugal. It is
worth noting that the presence of suitable conditions will enable the
establishment of this particular beetle species in the EU, and coloniza-
tion of trees may be expected.

Finding B. luxuriosae demonstrates the wide dissemination of
Bursaphelenchus species, and their high plasticity, enabling estab-
lishment in different geographical areas and colonization of different
types of host trees. Following the several thousands of pine wood
samples processed since the detection of the PWN in Portugal, this
constitutes the first report and occurrence of B. luxuriosae in Portugal,
and in Europe, as well as its natural association with a conifer tree.

99 Bursaphelenchus luxuriosae AB097864
Bursaphelenchus luxuriosae*
Bursaphelenchus luxuriosae AM400245

Bursaphelenchus paraluxuriosae JF966205

% Bursaphelenchus koreanus JX154583

Bursaphelenchus fraudulentus AB0O67758
Bursaphelenchus populi HQ407408

Bursaphelenchus doui FJ520230

98

Bursaphelenchus conicaudatus AM179513

Bursaphelenchus mucronatus JQ277355

Bursaphelenchus xylophilus JX139118

0.05

Aphelenchoides besseyi JF826519

FIGURE 2 Phylogenetic relationships of Bursaphelenchus luxuriosae isolate collected from Portugal (highlighted with an asterisk) and other
geographical regions (Japan), including other species of the xylophilus-group, based on the sequence alignment of the ITS region of the rDNA.
The phylogram was generated by Neighbour-Joining analysis with 1000 bootstrap replication. Bootstrap values are indicated at the nodes. Scale

bar = substitutions/site
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Efforts should be stepped up to determine the insect vector for B. lux-
uriosae in Portugal, maintaining close surveillance for the presence of
this nematode in samples from the national survey programme. In case
of recurrent findings of species of the genus Acalolepta in imports into
the EU, a survey of nematodes associated with these beetles should
be considered to determine the presence of B.luxuriosae or other

Bursaphelenchus species.
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