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Accurate identification of pine wood nematode,
Bursaphelenchus xylophilus is a prerequisite to diagnose
the pine wilt disease. However, a fungivorous nematode,
B. mucronatus is highly similar to B. xylophilus and it is
difficult to differentiate these two species by morpho-
logical features. A molecular diagnosis method, ITS-
RFLP was applied for the identification of B. xylophilus
and B. mucronatus from Korea. Genomic DNA was
extracted from a single individual nematode and ITS
DNA was amplified by PCR. The size of PCR product
was approximately 900 bp and the sequence data were
obtained after cloning. Amplified I'TS was digested by S
different restriction enzymes (Rsa I, Hae ITI, Msp I, Hinf
I, and Alu I) and provided a discriminatory profile for B.
xylophilus and B. mucronatus. Besides, B. mucro-  natus
was determined to have 2 different genotypes, East Asian
type and European type also clearly separated by Rsa I
and Hae III digestion. European type of B. mucronatus is
recently collected from Pinus koraiensis and has not been
reported before. ITS sequnce data were analyzed by
Restriction Mapper program and the result supported
ITS-RFLP pattern. These data indicated that PCR-
RFLP method is an accurate and simple way for
identification of Bursaphelenchus species.
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Pine wood nematode, Bursaphelenchus xylophilus (Steiner
and Buhrer, 1934) Nickle, 1970, is the causal agent of pine
wilt disease and is associated with cerambycid beetles,
particularly Monochamus spp. (Mamiya, 1972). The nem-
atode was first reported at North America by the different
genus name, Aphelenchoides xylophilus, but pine wilt
disease was first described in Japan in early 1900’s. Sub-
sequently, the plant disease has occurred in other East Asian
countries such as Taiwan (Tzean & Jan, 1985), China
(Cheng, 1983), and Korea (Yi et al., 1989) and also recently
in Portugal, Europe (Mota et al., 1999). Pine wilt disease
has devastated particularly in pine forest and induced
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economic loss in forest industry.

In Korea, pine wilt disease was first detected in Gumjung
Mt., Busan city in 1988. It has been almost 20 years since
first disease was reported and now the area of pine wilt
disease occupied approximately 7,800 ha over 65 cities in
Korea. Most damaged trees are red pine tree (Pinus densi-
flora) and black pine tree (P. thunbergii) which are
dominant species of Pinus in Korea. Recently, however, the
disease also occurred in Korean pine tree (P. koraiensis)
that is usually in forest plantation area located in northern
area of South Korea around Gyeonggi and Gangwon Pro-
vinces. In Korea, coniferous trees including Pinus species
highly susceptible to pine wilt disease take about 35% of
the total forest area. Pine tree is an important natural source
not only in forestry economy but also in national emotion 1n
Korea.

Fast and accurate identification of the species of B.
xylophilus is an essential step to diagnose pine wilt disease
and to make a strategy for its management. Over 70 species
of Bursaphelenchus have been reported (Burgermeister et
al., 2005) and they are morphologically very similar to each
other. Especially B. mucronatus belonging to ‘xylophilus-
group’ is almost identical to B. xylophilus in morphology
except only for mucro in tail. However, B. mucronatus 1s a
common species found in already dead or dying trees with
no or little pathogenecity. Therefore, accurate identification
of pine wood nematode is prerequisite to diagnose the pine
wilt disease.

Identification of Bursaphelenchus species has been relied
on morphological characteristics; however, it requires high
expertise on nematode taxonomy. Especially it is much more
difficult to identify juveniles that carry few morphological
features informative to species identification. Molecular
biological methods have been introduced to supplement the
morphological diagnosis of pine wood nematode and ITS 1n
ribosomal DNA was determined as a useful marker gene
(Bergermeister, 2005; Kanzaki and Futai, 2002; Matsunaga
and Togashi 2004; Zheng et al., 2003). Therefore, in this
study we introduce PCR-RFLP method to identify and
differentiate closely related Bursaphelenchus species col-
lected from pine trees in Korea.
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Materials and Methods

Nematode collection. Four Bursaphelenchus isolates, each
two of B. xylophilus and B. mucronatus, were selected for
this experiment. Two B. xylophilus isolates were originally
collected from Pinus densiflora in Jinju, Gyeongnam
province (Bx-DJ) and from P. koraiensis in Gwangju,
Gyeonggi Province (Bx-KGQG), respectively. One B. mucro-
natus isolate came from P. thunbergii in Jeju, Jeju province
(Bm-TJ) and the other from P koraiensis in Pocheon,
Gyenonggi Province (Bm-KP). Nematodes were extracted
from wood chip by Bearmann’s funnel method (Ayoub,
1977) and inoculated on a lawn of Botrytis cinerea cultured
on potato dextrose agar. The plate was incubated at 25°C in
a chamber for 5 days. Successful cultures were maintained
on Botrytis cinerea cultured on steamed-sterilized barley-
corn at 25°C for 10 days and then stored at 6°C in a
refrigerator until used. A control species was B. conicaudatus
provided by Dr. Kanzaki, Natsumi in Forestry and Forest
Products Research Institute in Japan.

Genomic DNA extraction. Nematode was picked up from
B. cinerea culture plate and washed with deionized sterile
water for 3 times. A single female nematode was trans-
ferred into a 1.5 ml micro-centrifuge tube containing cell
lysis buffer and proteinase K. The tube was incubated 1n
water bath at 55°C for 12 hrs. The rest steps followed the
protocols provided from QIAGEN DNeasy tissue kit
(QIAGEN, Inc., Valencia, CA). Final volume of extracted
DNA was 20 pl and each 5 ul was used as a template DNA
for PCR.

PCR amplification. PCR was performed in a total 50 ul of
reaction mixture containing PCR buffer (10 mM Tris-HCI,
40 mM KCl, 2.0 mM MgCl,, pH 9.0), 250 uM dNTP, 0.6
UM of each primer, 2.0 U of Taq DNA polymerase (TaKaRa
Bio Inc. Shiga, Japan), and 2 ng of DNA template. The
primer set selected in this study was designed by Ferris et
al. (1993) and Vrain (1993) and the target amplified region
was ITS-1, 5.8S, and ITS-2 of ribosomal DNA. The for-
ward primer was 5-CGI-AAC-AAG-GTA-GCT-GTA-G-3'
(Ferris et al., 1993) and the reverse primer was 5-TTT-
CAC-TCG-CCG-TTA-CTA-AGG-3"' (Vrain, 1993). The
ITS region was successfully amplified in 40 reaction cycles;
denaturation for 1 min at 94°C, annealing for 1 min at 55°C,
extension for 2 min at 72°C, including initial denaturation
2.5 min at 94°C and final 5 min extension at 72°C. PCR
program was conducted in a DNA thermal cycler (Bio-Rad,
US/PTC-0220), and the PCR products (5 ul) were analyzed
by 1.5% agarose gel electrophoresis.

Restriction digestion. Five different restriction enzymes,

Alu I, Hae LI, Hinf I, Msp I, and Ras I, were selected for
ITS-RFLP. Five to 10 units of each endonuclease was
mixed with each reaction buffer and PCR product, and the
final volume reached to 20 ul with water. For appropriate
enzymatic digestion reaction, the mixture was incubated at
37°C in a water bath for 3 h. The results of PCR-RFLP were
confirmed by 2.0% agarose gel electrophoresis.

DNA Recombination. Recombinant DNA techniques,
including restriction enzyme digestion, ligation, bacterial
transformation, and plasmud DNA preparation were per-
formed by standard methods (Sambrook et al., 1989). For
the cloning of ITS, PCR products were ligated into the
vector plasmid pCR2.1-TOPO, following the protocol
provided by the manufacturer (Invitrogen, Carlbad, CA).
For the analysis of positive clones, the selected colonies
were cultured in LB medium containing 50 pLg/ml ampicillin.
After 16 hrs of incubation, plasmids were extracted using
Promega min1 prep Kit (Promega, Madison, WI). The ex-
tracted pure plasmids were analyzed by EcoRI restriction
analysis. After analysis of positive clones, the inserted
DNA was sequenced on both strands using an Apphed
Biosystem ABI PRISM 3730XL Analyzer at Macrogen
company. Obtained sequence data was analyzed for the
sizes of restriction by using RestrictionMapper version 3
(http://www.restrictionmapper.org/).

Results

PCR product. The amplified PCR product was ranged
from 900 bp-1.0 kb in size. There was no size difference
between B. xylophilus and B. mucronatus by elencro-
phoresis. The PCR products of B. xylophilus and B.
mucronatus showed approximately 900 bp whereas the
control species, B. conicaudatus, showed somewhat bigger
size of 1.0 kb (Fig. 1). According to ITS sequence data the
exact sizes were calculated as 925 bp for B. xylophilus (Bx-
DJ, Bx-KG), 919 bp for B. mucronatus (Bm-KP), and 918
bp for B. mucronatus (Bm-TJ) (Table 2). Therefore, minor
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Fig. 1. PCR amplified size of ITS from different species of Bur-
saphelenchus. M: 1 kb molecular marker, 1: B. xylophilus (Bx-

D)), 2: B. xylophilus (Bx-KG), 3: B. mucronatus (Bm-TJ), 4: B.
mucronatus (Bm-KP), 5: B. conicaudatus.
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Fig. 2. ITS-RFLP patterns from different species of Bursaphe-
lenchus in Korea. A: B. xylophilus, B: B. conicauddatus, C: B.
mucronatus (East Asia type), D: B. mucronatus (European type).
M: 1 kb molecular marker, 1: total PCR product, 2: Rsa I, 3: Hae
L 4: Mp L, 5: Hinf [, and 6: Alu L.

variation in the ITS size between B. xylophilus and B.
mucronatus was detected, but it was unrecognizable in
agarose gel electrophoresis.

PCR-RFLP. Three different patterns were observed from
each two isolates of B. xylophilus and B. mucronatus by ITS-
RFLP (Fig. 2). The two isolates of B. xylophilus, Bx-DJ and
Bx-KG were 1dentical in their ITS-RFLP although they were
originated from different hosts. However, two isolates of B.
mucronatus, Bm-KP and Bm-TJ, showed two different types
of ITS-RFLP patterns (Fig. 2C & D) and they were
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Fig. 3. Comparisons of ITS-RFLP patterns between closely
related Bursaphelenchus species. A. ITS-RFLP patterns of B.
xylophilus and B. mucronatus (East Asia type). B. ITS-RFLP
patterns of B. mucronatus (East Asian type) and B. mucronatus
(European type). Bx represents Bursaphelenchus xylophilus, Bm
represents B. mucronatus (East Asia type), and Em represents

B.mucronatus (European type). M: 1 kb molecular marker, 1: Rsa
I,2: Hae III, 3: Mp 1, 4: Hinf [, and 5: Alu L.

discriminated by Rsa I and Hae Il enzyme digestion (Fig.
3B). Bm-KP isolate collected from P. koraiensis was turned
out to be a European type whereas Bm-TJ isolate from P
thunbergii was an East Asian type of B. mucronatus. B.
xylophilus and European type of B. mucronatus was
discriminated by all five different enzymes (Fig. 2A, D) and
B. xylophilus and East Asia type of B. mucronatus was
distinguished by four restriction enzymes except for the Rsa |
(Fig. 3A). Table 1 shows the calculated restricted fragment
size of ITS sequence by each five enzymes, which matched
the PCR-RFLP result from gel electrophoresis. Therefore,
ITS-RFLP is useful for species diagnosis of Bursaphelenchus
and also for the intraspecific variation of B. mucronatus.

Discussion

Investigation of ITS-RFLP for species identification of

Table 1. Fragment sizes of ITS-RFLP for Bursaphelenchus spp. by both electrophoresis and sequence analysis

_ PCR product Restriction enzymes (bp)*
Nematode species .
(bp) Rsal Hae III Msp I Hinf I Alul
485" 435,
B. xylophilus 975 417 728 565 266, 233 238
(Bx-DJ & Bx-KG) 197 360 141, 139 142,
22
96, 13
408
B. mucronatus 436 620 354 232 674
919 411 302 232
(Bm-TJ) 7 299 263 120 13
86, 49, 24
413 618 356 405 671
B. mucronatus 263 232
918 195 303 234
(Bm-KP) 220 105 59 121 13
22 87,49, 25
506 565 275 253,239 361
B. conicaudatus 972 444 156, 150 184, 182 183, 166 307, 291
22 60, 41 112, 110, 109 79, 28, 24 13

*Sizes of DNA fragments were calculated by RestrctionMapper program based on the sequences of ITS from each species.
"Bold numbers are more than 100 bp that is visible fragment band in 2.0% agarose gel.
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Bursaphelenchus was tried firstly in 1998 (Hoyer et al.,
1998), and later in 20035 reported on the ITS-RFLP patterns
for 26 species of Bursaphelenchus including two geno-
types of B. mucronatus (Burgermeister et al.,, 2005).
Burgermeister et al. (2005) selected a set of five enzymes
which were distinctive enough to separate different species
of Bursaphelenchus. As a simple discrimination method, a
species-specific primer set was introduced for just two
species of B. xylophilus and B. mucronatus (Matsunaga and
Togashi, 2004). The principle of this method was to
discriminate size differences of PCR product which was
completed by just one time PCR reaction. However, the
method was limited to two species of Bursaphelenchus and
it was not sensitive enough to detect intraspecific variations
of B. mucronatus.

Intraspecific variations of B. xylophilus have been report-
ed in Japan (Iwahor et al., 1998; Iwahori et al., 2004). B.
xylophilus was divided into pathogenic and non-pathogenic
groups which were also differentiated by ITS-RFLP analy-
sis. In Korea, we surveyed more than 30 geographical
isolates of B. xylophilus as a preliminary work but, there
were no variations in morphology and I'TS, D2D3 rDNA
sequence data. We assume the subspecies structure of
Bursaphelenchus in Korea is quite different from that in
Japan.

On the other hand, two genotypes of B. mucronatus were
detected in Korea. B. mucronatus is known to be distributed
much wider than B. xylophilus (Mamiya and Enda, 1979),
and it is supposed to be an endemic species in Japan.
Genetic variations of B. mucronatus have been proved by
sequence variations of heat shock protein (Beckenbach,
1992), RAPD (Braasch et al., 1995), ITS-RFLP (Hoyer et
al., 1998; Zheng et al., 2003), and chromosome numbers
(Bolla and Boschert, 1993). Currently it is confirmed that
B. mucronatus populations are divided into two groups,
East Asian type and European type. The distribution of East
Asian type is predominant to East Asia and European type
is prevalent in Europe and Siberia (Braasch et al., 2000);
however, both types are reported in Japan (Iwahori et al.,
1998), in Siberia (Braasch et al., 2001), and in Germany
(Braasch et al., 1999). Therefore, two genotypes of B. mucro-
natus are spread to world wide and it is also occupying pine
forest in Korea.

Accurate identification of pine wood nematode 1s pre-
requisite step to diagnose pine wilt disease. Phenotypic
traits relying on morphology, however, 1s not sufficient to
differentiate closely related Bursaphelenchus species. ITS-
RFLP is a useful method to ‘xylophilus group’ of
Bursaphelenchus especially for the differentiation of B.
xylophilus from B. mucronatus. Two species of Bursaphe-
lenchus in Korea were successfully identified by ITS-RFLP
and an intraspecific variation of B. mucronatus was also

detected. This method will be applied for further investi-
gation of new or unrecorded species of Bursaphelenchus
distributing in Korea, which will provide fundamental
information to understand taxonomic structure of Bursaphe-
lenchus in Korean forest environment.
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