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Summary. A duplex PCR combining species-specific primers and universal primers was developed to 
identify Bursaphelenchus xylophilus. The design of the specific primers was based on differences in the 
Internal Transcribed Spacer sequences of rRNA between Bursaphelenchus xylophilus and other 
Bursaphelenchus species. The method was validated using 24 populations of different Bursaphelenchus 
spp. and four other nematode species. The duplex PCR generated a specific amplicon of 580 bp for all 
populations of B. xylophilus and a control amplicon, obtained after amplification of 02-03 expansion 
fragments of the 28S rRNA gene, of about 770 bp. All non B. xylophilus samples generated only the 770 
bp fragment. Compared to other molecular methods, duplex PCR is more rapid, reliable and cheaper. 
It allows the detection of single specimen of B. xylophilus in a sample. 

Key words: Bursaphelenchus xylophilus, B. mucronatus, diagnostics , duplex PCR, species-specific primer, 
rRNA. 

The pine wood nematode (PWN), 
Bursaphelenchus xylophilus (Steiner & Buhrer, 
1934) Nickle, 1970 (Nematoda: Aphelen
choididae), is the causal agent of pine wilt disease 
and is found in North America (Nickle et al., 
1981), East Asia (Mamiya, 1988; Yang, 2003) and 
Europe (Mota et al., 2002). In China, Japan and 
Korea, the nematode causes serious economic 
damage to several coniferous species (Mamiya, 
1988; Yang, 2003). Due to its damaging character, 
PWN is listed quarantine organism in the EU. 

The genus Bursaphelenchus includes about 70 
species of which approximately three-qua11ers live 
in conifer trees (Burgermeister et al., 2005). Iden
tification of Bursaphelenchus species is accom
plished on the basis of both morphological and 
morphometric characteristics. However, several 
closely related species show great morphological 
similarity. Bursaphelenchus mucronatus is such a 
species; however, it is considered to be non-

virulent to pine trees (e.g. Mamiya, 1984; Evans et 
al., 1996; Bolla & Wood, 1999). Obviously, exact 
identification of B. xylophilus is of paramount 
importance both for quarantine purposes and other 
control strategies. 

Several molecular techniques have been used to 
identify and differentiate Bursaphelenchus species: 
DNA probes (Bolla & Weaver, 1988; Webster et 
al., 1990, Abad et al., 1991; Harmey et al., 1994), 
RAPD (Braasch & Burgermeister, 1995; Zheng et 
al., 1998; Wang et al., 2001), PCR-RFLP (Hoyer 
et al., 1998; lwahori et al., 1998; Zheng et al. , 
2003; Burgermeister et al., 2005), and PCR with 
specific primers (Liao et al., 2001; Kang et al., 
2004; Matsunaga & Kogashi, 2004) . The latter 
technique is pa11icularly attractive as the species is 
identified after a single reaction, decreasing both 
diagnostic time and cost. Species-specific primers 
have been applied widely in diagnostics of plant 
pathogens including fungi ( e.g. Bridge et al., 1998), 
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Table 1. Species and populations of nematodes used in this study. 

Species Code Population origin Source (ID) 

Bursaphelenchus xylophilus 1 Nanjing, Jiangsu , China J . Zheng 

2 Zhenhai , Zhejiang , China J . Zheng 

3 Xiangshan , Zhejiang , China J . Zheng 

4 Maanshan , Anhui , China J. Zheng 

5 Japan J . Zheng 

6 Japan J . Zheng 

7 Japan P. Castagnone-Sereno 

8 USA P. Castagnone-Sereno 

9 USA J . Zheng 

IO Canada P. Castagnone-Sereno 

B. mucronatus 11 Taiwan , China J . Zheng 

12 Fuyang, Zhejiang, China J . Zheng 

13 Japan J . Zheng 

14 Korea J . Zheng 

15 Zunyi , Guizhou , China J . Zheng 

16 Japan J . Zheng 

17 Japan P. Castagnone-Sereno 

18 France P. Castagnone-Sereno 

19 Greece J . Zheng 

B. eggersi 20 France P. Castagnone-Sereno 

B. glochus 21 France P. Castagnone-Sereno 

Bursaphelenchus sp . 1 22 Hongkong , China J . Zheng 

Bursaphelenchus sp . 2 23 unknown H . Li 

Bursaphelenchus sp . 3 24 unknown H . Li 

Pratylenchus sp. 25 Hangzhou, Zhejiang China J. Zheng 

Tylenchorhynchus sp. 26 Hangzhou, Zhejiang China J . Zheng 

Helicotylenchus dihystera 27 Hangzhou, Zhejiang China J . Zheng 

Xiphinema brevicol/um 28 Hangzhou, Zhejiang China J . Zheng 

bacteria (e.g. Louws et al., 1999) and nematodes 
(e.g. Mulholland et al., 1996; Bulman & Marshall, 
1997; Fullaondo et al., 1999; Setterquist et al. , 
1996; Subbotin et al., 2001; Amiri et al., 2002). 
With respect to the identification of B. xylophilus, 
Liao et al. (200 I) were the first to report species
specific primers. Later, Kang et al. (2004) designed 
species-specific primer sets based on sequence 
differences in the Intergenic Spacer of rDNA. 
Recently, Matsunaga and Kogashi (2004) 
discriminated B. xylophilus from B. mucronatus by 
a PCR with two species-specific primers, each one 

generating a DNA fragment different for the two 
species. 

PCR identification using a single pair of 
specific primers may fail because of poor DNA 
extraction or the conditions of the reaction itself. 
In this paper we describe a rapid and reliable 
method for the diagnosis of B. xylophilus using a 
duplex PCR with an original specific primer. A 
first pair of universal primers verifies the presence 
of template nematode DNA in the sample and the 
success of PCR, whereas the second pair, the 
species-specific primers, identifies B. xylophilus. 
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MATERIAL AND METHODS 

Nematode populations. Twenty-eight nematode 
species and populations were used to validate the 
technique (Table 1). The Bursaphelenchus 
populations, identified up to species level on the 
basis of their morphology and morphometrics, 
were either obtained from pinewood packaging 
imported from Greece, Japan, Korea, or the 
United States of America, collected from pine 
trees in China, or provided by colleagues. They 
were all maintained on Botrytis cinerea grown on 
potato dextrose agar (PDA) at 25°C. Nematode 
species of other genera were extracted from soil 
samples at different locations in Hangzhou, 
Zhejiang, P.R. China. 

DNA extraction. For each sample, one to four 
specimens were transferred into a drop of 20 µl 
double distilled water on a clear glass slide and cut 
into fragments. The fragments, suspended in 10 µl 
water, were transferred into a 0.2 ml Eppendorf 
tube containing 8 µl Worm Lysis Buffer ( 125 mM 
KCl, 25 mM Tris-Cl pH 8.3, 3.75 mM MgC12, 
2.5 mM DTT and 1.125% Tween 20) and 2 µl 
proteinase K ( 600 µg ml- I). The tubes were 
incubated at 65°C for I h followed by IO min at 
95°C and finally centrifuged ( 1.5 min; 16100 g). 
The DNA suspension was used immediately for 
PCR or stored at -20°C for further study 

Duplex PCR. Four primers were used in the 
PCR reaction. The first set contained the universal 
primers D2A (5'-ACA AGT ACC GTG AGG 
GAA AGT TG) and 038 (5'-TCG GAA GGA 
ACC AGC TAC TA-3'), which amplify a fragment 
of the 28S rRNA gene (De Ley et al., 1999; Amiri 
et al., 2002; Zheng et al., 2003). The second set 
included the species-specific primers BZ2 (5' -TCA 
CGA TGA TGC GAT TGG TG -3') and BF3 
(5'-AGA AGA TAT TGG TCG CGG AA-3') , 
which in combination amplify a fragment of the 
ITS 1, the 5.8S rRNA and a fragment of the ITS2 
(Fig. 1). 

DNA suspension (2 µl) was added to the PCR 
reaction mixture containing 2.5 µl IO X PCR 
buffer, 1.5 µl 25 mM MgC12, 0.5 µl 10 mM dNTP 
(Sangon, Shanghai, China), 1 µl 40 µM each 
primer (synthesized by Shanghai Sangon Biological 
Engineering Technology and Service Company, 
Shanghai, China), 1.5 U Taq Polymerase (Sangon, 
Shanghai, China) and double distilled water to a 
final volume of 25 µI. 

Amplification was performed in a PTC-150 
MiniCycler (MJ Research Inc, Waltham, MA, 
USA). The DNA amplification program consisted 
of 4 min 94°C, 30 cycles of 94°C for 1 min, 60°C 
for I min, and 72°C for 2 min, and a final 

Duplex PCR identification of Bursapelenchus xylophifus 

elongation step of 72°C for 5 min. After DNA 
amplification, 2 µl of the PCR product was run on 
a 1 % agarose gel, separated by electrophoresis 
(120V, 2.5h), stained with ethidium bromide, 
visualized and photographed under UV-light. To 
confirm the results, the experiments were repeated 
three times. 

Direct sequencing and PCR-RFLP of species
specific fragment. To verify the amplicon 
specificity of the PCR-products obtained with the 
species-specific primers, the amplicons were 
purified and sequenced using the primers BZ2 and 
BF3. The purified PCR products were also di
gested with the restriction enzymes Hhal or MspI 
according to the manufacture's instructions. To 
compare the digested DNA with the pattern 
obtained after virtual digestion it was loaded on a 
1.5% agarose gel, separated by electrophoresis 
(120V, 2.5h), stained with ethidium bromide, vi
sualized and photographed under UV-light. 
Procedures for obtaining PCR amplified products 
and the endonuclease digestion of these products 
were repeated three times to verify the results. 

RESULTS AND DISCUSSION 

For the development of the duplex PCR two 
sets of primers were selected: the first one for 
verifying the success of the PCR and the second 
one for the specific detection of B. xylophilus. 
PCR with the universal primers, 02A and 038, 
amplified a single fragment of about 770 bp for all 
populations (data not shown). This set of primers 
indicates the presence of template nematode DNA 
in the sample and, as a consequence, the quality 
of the performance of the PCR. Primer 
combinations with 03 8 were shown to be very 
useful for the amplification of a 28S rRNA gene 
fragment of many nematode species (Al-Banna et 
al., 1997; Thomas et al., 1997, Subbotin et al., 
2001 ). The obtained am pl icon did not vary in 
length among the nematode taxa examined, pro
ving that it can be used as a control fragment. 

The second set of primers, 822 and BF3 
identified using DNAstar software, was designed 
after alignment of earlier obtained ITS sequences 
of B. xy/ophilus and B. mucronatus (Zheng et al., 
2003) with ITS sequences from other Bur
saphelenchus species deposited in the GenBank or 
NemATOL databases: B. xylophilus (AY347912), 
B. mucronatus (A Y34 7916), B. luxuriosae 
(A Y850162), B. singaporiensis (AB097864) , B. frau
dulentus (AB067757), and B. conicaudatus (AB-
067758) . The position of the primers corresponds to 
bp 31 - 50 and 576 - 595 on the sequence align 
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18S ITS1 

~ 

BZ2 

5.8S ITS2 

.
BF3 

_. 
02A 

28S 

.-
038 

Position for primer BZ2 

B. xylophilus 
B. mucronatus 
B. lu:xuriosae 

5'- -TCACGATGATGC -GA- - - - - -TTGGT A - -3' 
- T CA CG A AG AC GT - G G - - - - - - - - AG C A -

B. singaporiensis 
B.fraudul e ntus 
B. conicaudatus 

--CACGATGACGT-CG-- ----TTTG-- -
- - - - CG G - - - - GT - CG - - - - - - T TC G T G -
-AC A CG A TiGACGTTCGAACA TCC TCG T G 
- TC ACG AT 1GACG T-CGCAGTTCC TCG GA 

Position for primer BF3 
B. xylophilus ~r- - TT CC G CO AC C A - A TAT CT TC T - - 3' 
B. mucronatus - C AC TC CO G CC A TA TC TC TAC G -

B. lu:xuri as a e 
B. singaporiensis 
B. fraudul entus 

B. conicaudatus 

-GGTT-COCCCATTCTTTCA - --
- CC TT CT O G CT TC A ACT GT TT G -
-GGCT-TCGCGGCTCGTGCACT-
-GGCT-TC G- - GTTCG- --ACC-

Fig. 1. Schematic drawing showing positions of four primers in the rDNA genes used in the duplex PCR for 
identification of Bursaphelenchus xylophilus and alignment used for development of the species-specific primer(s) . The 
aligned sequence fragments of B. xylophilus, B. mucronatus, B. luxuriosae, B. singaporiensis, B. fraudulentus, B. 
conicaudatus. The position of the species-specific primers is underlined. Shaded parts represent identical residues; 
- shows absence of nucleotide. 

Fig. 2. Duplex PCR with BZ2 and BF3 species-specific primers for the detection of Bursaphelenchus xylophilus. 
M: 1kb DNA marker, N : JOO bp DNA marker; 1-10: B. xylophilus; 11-19: B. mucronatus; 20: B. eggersi; 21: B. 
glochus; 22: Bursaphelenchus sp. I; 23: Bursaphelenchus sp. 2; 24: Bursaphelenchus sp. 3. 
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ment of B. xylophilus and B. mucronatus. PCR with 
these primers amplified a fragment of 580 bp of 
the ITS 1, 5.8S and ITS2, also of single nematodes 
(data not shown). This primer combination was 
further used in duplex PCR with the set of 
universal primers. 

As expected, the duplex PCR with samples 
containing specimens of B. xylophilus populations 
yielded two distinct fragments (580 and 770 bp ), 
while all other nematode populations generated 
only one fragment of 770 bp (Fig. 2). The species
specific primers amplified a 580 bp fragment only 
from B. xylophilus populations; that fragment was 
not obtained from all other Bursaphelenchus 
species (Fig. 1 ). Nematode populations from other 
genera failed to generate a similar fragment ( data 
not shown). 

600bp 

300bp-

100bp"-

80bp,;-

l\·I 2 l 

A 

Ml2 

B 

Fig. 3. Restriction fragments of amplicon obtained 
after PCR of Bursaphelenchus xylophilus with species 
specific primers BZ2 and BF3. A: Hhal; B: Mspl (M: 
lOObp DNA marker, 1: undigested PCR fragment; 2: 
digested PCR fragment) 

The specificity of the amplicon was confirmed 
by RFLP and direct sequencing. Digestion with 
HhaI generated three distinct fragments of about 
70, 130, 380 bp (Fig. 3A); digestion with Mspl 
yielded two fragments of about 295 and 285 bp 
(Fig. 3B). The RFLPs obtained with both res
triction enzymes were identical with the predicted 
RFLP patterns after virtual digestion of the 
published sequence (Fig. 3). Comparison of the 
sequence of the amplicon obtained with B. 
xylophilus specific primers with the known ITS 
sequence for B. xylophilus showed complete ho
mology (data not shown). It can be concluded that 
the PCR amplified specific fragment is a fragment 
of the B. xylophilus 28S rRNA gene . 

Precise identification of B. xylophilus using 
morphological features demands skill and time. 

Duplex PCR identification of Bursapelenchus xylophilus 

Although molecular strategies like PCR-RFLP are 
well developed and may support the identification 
of PWN (Zheng et al., 2003; Hoyer et al., 1998; 
Burgermeister, 2005), duplex PCR has several 
advantages as it is time-saving, more sensitive and 
less expensive. Duplex PCR overcomes the 
disadvantage of PCR with a single pair of species
specific primers and allows the detection of a 
single B. xylophilus juvenile or adult. 
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Jiang L., Zheng J., Waeyenl>erge L. Subbotin S.A., Moens M. l1.ueHrncp11Kaum1 Bursaphelenchus 
xylophilus (Steiner & Buhrer, 1934) Nickle, 1970 c noMOW,blO .uynneKc-flLJ.P. 

Pe3IOMe. flpe.uJTo)KeH MeTO.u 11.ueHrncp11Kau1111 Bursaphelenchus xylophilus c noMOW,blO «.uynneKc-flUP», 
T.e. MeTOD,a, npH KOTOpOM OLl,HOBpeMeHHO HCnOJTb3yeTC51. .use napbl npaHMepos: napa BHLl,OCneu11cpHYHblX 
H napa YHHBepCaJTbHblX. flocJTeLl,OBaTeJTbHOCTH cneu11cpHYHblX npaHMepoB COOTBeTCTBOBaJTH pa3JTHYH51.M 

·B ITS-yYaCTKe p1,16ocoMaJTbHOH ,ll;HK Me)K.uy Bursaphelenchus xylophilus 11 .upyrnMH BH.UaMH po.ua. 

MeTO.U 6b1J1 onpo6oBaH Ha 24 nonyJT51.UH51.X pa3JTHYHbIX BH.UOB Bursaphelenchus spp. 11 npe.ucrns11TeJ151.X 

YeTbipex .upyrnx po.uos HeMarn.u. flocne npose.ueHH51. .uynneKc-flUP nonyYaJTH xapaKTepHbIH aMnJTHKOH 
B 580 bp .UJT51. scex nonyJT51.UHH B. xylophilus. KoHTpOJTbHbIH aMnJTHKOH - 770 bp cpparMeHT 02-03 
yYaCTKa reHa 28S p116ocoMaJTbHOH ,ll;HK 6b1n nonyYeH .UJT51. scex o6pa3uos, He OTHOC51.W,HXC51. K s11.uy B. 
xylophilus. Bee o6pa3Ubl, He OTHOC51.W,HeC51. K BH.UY B. xylophilus, .uasaJTH JlHWb 3TOT cpparMeHT (770 bp) . 
8 cpaBHeHHH C .upyrnMH MOJTeKyJT51.pHblMH MeTOLl,3MH, .uynJTeKc-flLJ.P OTJTHYaeTC51. B03M0)KH0CTblO 
6bICTporo npose.ueHH51. TeCTa, HaLl,e)KOCTblO H .ueweBH3HOH. 3TOT MeTO.U n03BOJT51.eT Bb151.BHTb 
np11cyTcTB11e e.u11HcTBeHHOH oco611 B. xylophilus B 06pa3ue. 
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