
(Bursaphelenchus

xylophilus Steiner & Buhrer ) 1905

1972 

B.

lignicolus

Nickle Bursaphelenchus

xylophilus (18) B. xylophilus

Nickle (21)

(Bursaphelenchus) 

75 (19, 24)

20 

(species) 11 9 5 

(6, 7, 13, 17, 18, 24, 31)

(Larix spp.

) (Cedrus spp.) (Picea spp.) (Abies

spp.) (Pinus spp. ) 

34 (12) 1989 

(Pinus taiwenensis) (P.

massoniana) (28)

(Bursaphelenchus) 
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1985 

1988 3 

15 (9,

26) (8) (25,

29) (27)

Bursaphelenchus xylophilus

(5, 11, 26)

heat shock gene 70 18S

rDNA ITS1 satellite DNA (1,

3, 4, 5, 14, 16, 27) B. xylophilus B.

mucronatus

rDNA (internal

transcribed spacer, ITS) 
(2, 12, 10, 13, 16, 20) 

ITS 5.8S 1000 

B. xylophilus B. mucronatus

(

) 50 

(15)

1cm2

(modified

Baermann funnel technique) 24 

(Botrytis cinerea)

(PDA) 25 3 

Botrytis cinerea PDA 

20 (malachite

green) 1000ppm 60 

(streptomycin sulfate) 1000ppm 60 

3 (30) Botrytis cinerea

PDA 25

PDA (potato dextrose agar) 

Botrytis cinerea Pers. 

TAF (Triethanolamine Formalin solution

) 

25 

De Man (1880) 

24 

25,000 

(Pinus thunbrgii

Parl.) (P. taiwenensis Hay.) 

(P. morrisonicola Hay.) (

)

(resin duct) 

5 10 

0.1

100 l

( 2500 ) (micropore, 3M)

Botrytis cinerea

4 2 

21 28 35 

(morbidity) 35 

2cm 15cm 

0.2cm 

48 19 

70 4 
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PDA Botrytis cinerea

24 

1000 

1.4ml 1.5ml 

3000rpm 1 

90 l extration buffer 

20 l proteinase K 65 2 

30 5-10 

Genomic DNA Tissue Cell Genomic

DNA Purification Kit (GeneMark) 

Genomic DNA -20 

18S (5 -TTGATTACGTCCCTGCCC

TTT -3 ) 28S (5 -TTTCACTCGCCGTTACTAAGG -

3 ) (PCR)

ribosomal DNA 28S ITS1 5.8S

ITS2 Taq Plus Master

Mix 5X PCR Mix (GeneMark) 36 l 

2 l Genomic DNA 18S 28S

1 l 10 l 5X PCR Plus

Master Mix 50 l PCR 

(i) 94 4 1 (ii) 94 30 52 30

72 1 30 (iii) 72 5 1 

PCR 10 l 

PCR 2 l (0.25 bromophenol blue , 30

glycerol in H2O) 0.8

30 0.5mg/ ml EtBr

(Ethidium Bromide ) 1000bp 

1.5ml DNA Micro-

Elution DNA Clean/ Extraction Kit(GeneMark) 

DNA pGEM-T ® Easy Vector

System I (Promega) 1 l pGEM-T Easy

vector 5 l 2x Rapid ligation buffer 3 l

PCR DNA 1 l T4 DNA Ligase

10 l

1 4

DNA 5 l 100 l E. Coli DH10B 

30 42 (Heat shock) 

30 800 l Mg2+ SOD 

37 30 100 ppm Ampicillin

LA 100 l IPTG (isopropyl-D-

thiogalactopyranoside) 20 l 10mg/ml X-gal (5-bromo-

4-chloro-3-indolyl- -galactopyranoside) 

E.coli DH10B 20 l LA

37

100 ppm

Ampicillin LA 5ml 100

ppm Ampicillin LB 37

8-12 

2ml 12000 rpm (centrifuge 5415D,

Eppendorf ®) 1 

1.5ml Plasmid Miniprep Kit II

(GeneMark) E. coli DH10B 

DNA EcoRI DNA 

E. coli

DH10B ( ) 

VECTOR

NTI 7.0 

( )

(Pinus thunbrgii

Parl.) (P. luchuensis Mayr.) (P.

massoniana Lamb. ) (P. taiwenensis Hay.)

(P. morrisonicola Hay.)

19 (Mm) (Ms)

(Ju) (Cu) (Tk) 

( )

19 8 

B. xylophilus 5 B.

mucronatus (Nz) 2002 

B. thailandae

Bursaphelenchus sp.

B. xylophilus

Aphelenchoides sp.

Bursaphelenchus xylophilus

8 B. xylophilus (Bf) (Yl
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900 1100 m 
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A E)

( D F) B.
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Table 1. Pine wood nematodes isolates studied in this research, their code, original host and reproduction mode. 
Isolates Origins Host plant Reproduction form Species 
Bx 1 Pine luchuensis ( ) Male & female B. xylophilus
Ta P. taiwenensis ( ) Male & female B. xylophilus
Dh P. morrisonicola ( ) Male & female B. xylophilus
Bf P. massoniana ( ) Male & female B. xylophilus 
Yl P. luchuensis ( ) Male & female B. xylophilus
Yt P. thunbrgii ( ) Male & female B. xylophilus
Hl P. luchuensis ( ) Male & female B. xylophilus
Ht P. taiwenensis ( ) Male & female B. xylophilus
Bm P. luchuensis ( ) Male & female B. mucronatus
Mt P. taiwenensis ( ) Male & female B. mucronatus 
Ot P. taiwenensis ( ) Male & female B. mucronatus 
St P. taiwenensis ( ) Male & female B. mucronatus 
O P. taiwenensis ( ) Male & female B. mucronatus 
Mm P. massoniana ( ) Female only Bursaphelenchus sp. 
Ms P. massoniana ( ) Female only Bursaphelenchus sp. 
Ju P. taiwenensis ( ) Female only Bursaphelenchus sp. 
Cu P. taiwenensis ( ) Female only Bursaphelenchus sp. 
Tk P. luchuensis ( ) Female only Aphelenchoides sp. 
Nz P. luchuensis ( ) Male & female B. thailandae 
1 ( )



mucronatus ( )

Aphelenchoides sp.

(Tk)

267

Bursaphelenchus thailandae NZ 

Table. 2 . Morphometic measurements of Bursaphelenchus thailandae isolate NZ in this study. 
Nz ( ) B. thailandae (Braasch, 2002)

F 2 M F M
n 1 25 25 6 10
L 990 8.04 937 6.75 727 69 582 90

(640-820) (435-720)
a 42.4 1.28 38.8 3.31 38 1.9 39 5.0

(36-41) (29-46)
b 11.8 1.84 11.9 1.08 11.0 1.5 7.8 0.9

(8.7-13.0) (6.9-9.3)
c 16.7 3.16 30.5 2.76 31.0 0.6 28 4.1

(22-37) (2.6-5.1)
V 75.9 1.16 73.0 0.4

(72-73)
S1 22.6 0.02 14 1.6

(12-17)
S2 17.8 2.51 16.7 0.16 13 0.5 13 1.3

(12-13) (11-15)
1 n= numbers of nematodes, L=body length ( m), a=body length/greatest body width, b=body length/the distance from lips to the

base of esophageal gland, c=body length/tail length, V=the distance of vulva from anterior end/body length x100 (%,) S1=spicule
length ( m), S2=stylet length ( m). 

2 M: male; F: female

Bursaphelenchus thailandae NZ

Fig. 1. Morphological characteristics of Bursaphelenchus
thailandae isolate NZ. A) male B) female C) head D)
vulva flap absent E) male spicule weak, without cucullus
F) female tail pointed.

Bursaphelenchus sp.
Fig. 2. Morphological characteristics of Bursaphelenchus
sp. isolates found in this study. A) female whole body B)
strong medium bulb C) vulva flap absent D) female tail
blunt and rounded.



3/4 ( A B)

( C)

( D)

(Aphelenchoides) A. besseyi

(b )

(V ) ( )

19 

15 4 2006268

4 Bursaphelenchus sp.

Table 3 . Morphometic measurements of 4 Bursaphelenchus sp. populations isolated from Taiwan
Mm Ms Ju Cu B. xylophilus B. mucronatus

( ) ( ) ( ) ( ) (Mamiya & Kiyohara, 1972) (Mamiya, 1973)
F 2 F F F F F

n 1 25 25 25 25
L 818 819 1014 898 810 870

(762-933) (775-893) (840-1123) (735-971) 0.71-1.01 (700-980)
a 36.4 39.4 44.2 43.3 40.0 41.8

(27.9-40.2) (37.5-42.3) (38.9-48.0) (35.4-45.7) 33-46 (37-46)
b 9.9 12.6 13.4 11.4 10.3 12.6

(8.3-12.5) (10.2-14.8) (9.0-14.7) (9.6-12.9) 9.4-12.8 (9.6-15.9)
c 33.0 33.4 30.4 35.7 26.0 26.2

(27.8-33.9) (31.4-35.7) (31.9-36.2) (32.3-38.7) 23-32 (20-30)
V 75.9 76.5 77.8 74.0 72.7 75

(70.5-77.3) (68.5-79.7) (72.5-79.6) (69.2-78.0) 67-78 (73-77)
S2 16.4 15.3 15.4 16.1 15.9 15.8

(15-17) (15-18) (11-16) (14-18) 14-18 (14-16)

1 n= numbers of nematodes, L=body length ( m), a=body length/greatest body width, b=body length/the distance from lips to the
base of esophageal gland, c=body length/tail length, V=the distance of vulva from anterior end/body length x100 (%), S2=stylet
length 

2 F: female

Apelenchoides sp. TK 

Table. 4 . Morphometic measurements of TK-
Aphelencoides sp. population isolated from Pinus
luchuensis.

Tk Aphelenchoides besseyi
( ) (Fortuner, 1970)

n 1 25
L 889.3 680

(724.6-902.5) (570-840)
a 39.29 47.7

(28.43-42.25) (39-53)
b 11.09 11.46

(9.87-16.57) (9.2-13.1)
c 25.34 17.7

(21.50-30.66) (13.8-20.4)
V 75.65 71.2

(70.92-77.53) (58.7-73.6)
S 2 18.31 11.9

(15.98-20.57) (10.0-12.5)
1 n= numbers of nematodes, L=body length ( m), a=body

length/greatest body width, b=body length/the distance from
lips to the base of esophageal gland, c=body length/tail
length, V=the distance of vulva from anterior end/body
length x100 (%), S2=stylet length 

2 F: female

Aphelenchoides sp.
Fig. 3. Morphological characteristics of Aphelenchoides
sp. isolated from Pinus luchuensis in Tunghai University.
A) female B) head C) vulval region D) female tail with
several spikes .
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B.

xylophilus B. mucronatus 
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3/8 B. xylophilus

Bursaphelenchus thailandae

Bursaphelenchus sp. (Ms Ju Cu) Aphelenchoides
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B. xylophilus B.

mucronatus B. thailandae 14 

1050 bp Bursaphelenchus sp. 4 

900 bp Aphelenchoides sp.

1100 bp

DNA Botrytis cinerea
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35 

Table 5. The morbidity of Pinus thunbrgii, P. taiwenensis and P. morrisonicola 35 days after pine wilt nematode
inoculation.
Isolate Code Bx Bm Bf Yl Yt Hl Ht Ta Dh Mt Ot St O Mm Ms Ju Cu Nz Tk 
P. thunbrgii 100 1 75 100 25 0 50 100 100 75 0 75 0 100 0 0 0 0 0 0 
P. taiwenensis 50 0 75 0 * 0 25 * 0 * 100 100 0 0 0 0 * 0 0 0 0 0 0 
P. morrisonicola 0 *2 0 50 0 0 0 0 100 50 0 0 0 0 * 0 0 0 0 0 0 
1 The percentage of morbidity of four Pine trees from each species.
2 * pine wilt nematodes were found in the plant tissue of pine trees without symptoms. 

rDNA ITS 
Fig. 4. The PCR products of rDNA ITS regions from 19 pine wilt nematode populations. Line Bx to Ta were
Bursaphelenchus xylophilus isolates; line Bm to O were B. mucronatus; line Mm to Cu were Bursaphlenchus sp.; line N2
was B. thailandae; line Tk was Aphelenchoides sp. and line Bc was Botrytis cinerea check. 



B. xylophilus

99% 100% ( )
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100% Ju Cu Ms

99% B. xylophilus 52% 
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ITS VECTOR NTI 7.0 

(NCBI,
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ITS B. mucronatus AY347916
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B. xylophilus BXU92464 
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B.

xylophilus, B. mucronatus B. thailandae

Bursaphelenchus sp.

Bursaphelenchus sp. 

Ryss 2005 

(off-set)

Aphelenchoididae

Bursaphelenchus Tk

3-4 (24) ITS

Aphelenchus

avenae Aphelenchoides

Bursaphelenchus sp. Aphelenchoides sp.

4 

300-

1500 

800-3500 (9)
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ITS 

Table 6.  The similarity percentage of pair-wise comparison of the nineteen isolates ITS regions.
Bx Bf Yl Yt Hl Ht Ta Dh Bm Mt Ot St O Nz Ju Cu Mm Ms Tk

Bx 100 1 100 100 99 100 99 100 100 91 91 91 91 91 62 52 52 52 52 59 
Bf 100 100 100 100 99 100 100 91 91 91 91 91 62 52 52 52 52 59 
Yl 100 100 100 99 100 100 91 91 91 91 91 62 52 52 52 53 59 
Yt 100 100 100 99 99 91 91 91 91 91 62 52 52 52 52 59 
Hl 100 99 100 100 91 91 91 91 91 62 52 52 52 52 59 
Ht 100 99 99 90 91 91 91 90 62 52 52 52 52 59 
Ta 100 100 91 91 91 91 91 62 52 52 52 52 59 
Dh 100 91 91 91 91 91 62 52 52 52 52 59 
Bm 100 100 100 100 100 62 54 54 54 54 59 
Mt 100 100 100 100 62 54 54 54 54 59 
Ot 100 100 100 62 54 54 54 54 59 
St 100 100 62 54 54 54 54 59
O 100 62 54 54 54 54 59
Nz 100 50 50 51 51 64
Ju 100 99 99 99 56
Cu 100 99 99 56
Mn 100 99 56
Ms 100 57
Tk 100
1 The percentage of similarity.
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ABSTRACT

Chen, P. 1, Huang, Y.Y. 1, Tsay, T.T. 1 and Yen, J.H 2,3. 2006. Distribution of Pine wilt diseases in Taiwan

and the study of its causal nematodes. Plant Pathol. Bull. 15:263-274 (1 Department of Pant Pathology,

National Chung Hsing University, Taichung, Taiwan; 2 Agricultural extension service center, National

Chung Hsing Univeristy, Taichung, Taiwan; 3 Corresponding author, Email: jhyen@nchu.edu.tw; Fax:

+886-4-22860267)

The distribution of pine wilt diseases and the nematode associated with the disease were

investigated in this study. Using morphomatric data and ITS region sequences in the rDNA, a total of

19 isolates were classified into five groups, including Bursaphelenchus xylophilus, B. mucronatus, a

new described species B. thailandae. Two groups including 5 isolates were not able to be identified to

species according to the current keys, they were referred to as Bursaphelenchus sp. and

Aphelenchoides sp. in this study. Among 19 isolates studied, 8 were identified as B. xylophilus, those

isolates were collected from the northern, central and eastern part of Taiwan. Five isolates belonged to

B. mucronatus and were collected from northern and central Taiwan. B. thailandae was only found in

Nan-Chuan in Miaoli County; Bursaphelenchus sp. isolates were found in Tao-Yuan, Hsing-Chu

Counties and Ma-Zu islands. B. xylophilus isolated from the field were inoculated on Pinus

taiwenensis and P. morrisonicola, were able to produce pine wilt disease symptoms, while all the

isolates of B. mucronatus were not able to. But O isolate was found to reproduce inside the pine trees.

B. tailandae, Bursaphelenchus sp. and Aphelenchoides sp. could neither cause symptoms nor

reproduce on these 3 pine trees. The ITS sequences showed very little variation within the species of

B. xylophilus and B. mucronatus isolates found in Taiwan. Four isolates of Bursaphelenchus sp.only

had 1 % differences, indicating these 4 isolates were potentially the same species. 

Key words: Distribution, Bursaphelenchus mucronatus, B. thailandae, B. xylophilus, Pinus

morrisonicola, P. taiwenensis, Pine wilt disease 


