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A fBE 25 A W B AL B4 # &%  (Bursaphelenchus
xylophilus Steiner & Buhrer ) 5| FEAUFAENR & » 1905
FERHARR EERH - (HEH] 1972 FRE K HEE
P B e E AR s T S| B o R BUAR S dn & S B.
lignicolus : 18 #6AY fg Ll LU R A AR S A Fdabs &2
% %8 Bl BN ckle [X 2 56 B #it38 #y Bursaphelenchus
xylophilus £ [RfE“ » g% (ExX T4 & B. xylophilus
Nickle® o

FAfAHR 238 (Bursaphelenchus) FAfg & 4 TH 5
A 75 s KT EANE ~ B BRI [
T R ARG 20 fif > HoAh DL AR RS AR

(species) Bax% » H 11 fi - #Flh O 7 ~ KA 5 #f 5 #%
~ RE - BT RE R AR FEE gt R A — %
B e D %1 SR SIE [ 01t 7 A VA
e ] R (E B RV T Y - FREEERL (Larix spp.
) ~ EFA (Cedrus spp.) ~ Z£42 (Picea spp.) ~ @12 (Abies
spp.) setifat (Pinus spp. ) %5 > H L@ YI& 5 > %
SE B4 FEY o MfEGHE - 1989 fEFHE KR BARPIE BT
JRELTE A& 20 (Pinus taiwenensis) B1FEEE 14 (P.
massoniana) » I ELA YL PSS IR HeE * - Bin
Migsk B (Bursaphelenchus) Bz & (F & B A E %+
NEY) FHEE BREZ B YRR T3 2 T - Al REE EEAE R ~
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BIEMEZERERR 1985 EEAEadt BT ~ &
—#F2E T - %) 1988 “EAYy 3 4EfE] » JRFTL S LA
I SFOH AL PEAEAE =K~ B SE 15 (bl 558 ©
s T WA eI ~ R AR ~ fEEOK)EH
O WA EFRFRAREBERZE AR BRI b
AT oA # &S Bursaphelenchus xylophilus » 8875
A R R 53 (i [ FE R TS, -

FAM pER (e A [F s 2 488 FH PR 0 AR E
FFA ~ shlm o o B BV 2 ] AU RE B B L
FrrE O o i PR f ek R B R B R TR
Yy ER i 3F% 8 s @5 heat shock gene 70 ~ 18S
rDNA ~1TS1 [®[ELLR satellite DNA 31 B B AN
Sasan, SFUCRTSERT B AEH $ 5 B. xylophilus £ B.
mucronatus #7252 LUk AIHAIAT S50 IFHE g H B H {th =]
B AR B 4 s o rDNA R B3 8% WG] (internal
transcribed spacer, 1TS) #EZ FFI FHTEHE T f dek P AEER
LUR I 8RR 2 B BACR S5 7 @ 2 0 2 020 ks
ITS [&[ELE[E] 5.8S BLK & HK7 1000 (@i A /o4q » &
% B. xylophilus & B. mucronatus {F3 X A EAEH
FIE R BLRTHFE U U EE B FRA M HR s BE 27 31
figgHtt > LA BISE e bk sk 3 REMOAT ©

ZREVIVFEES

TPoFEREERE - OB TR S E S L B irta 2
TR > AIEITERER T0F s 3R T B DU ZE A
R DIF B LA S RS — A R (RO
N =iE) FEFLEURR » TSR AARIARIER 50 A5d > HaZEff
B Gy > LB TR ARTTE > AR b= Do B K
POy RS T RS HECY s TS SR ZR A e e AR
A QISR Z 8 )5 M HE /N ES > T LABY RE S 5T AR
lem® DU Z/NARR - LIFIER a8t o

A ERAFI A R AP I 53EiE (modified
Baermann funnel technique) 73 24 /IMEFE: » FERTILEE
LR BRI TR SR SR T BESE E 0 LIBk BT AR 2
PR R S R (Botrytis cinerea) & Fin g rE4S
L EEL (PDA) 2HA » 12 25°C THSE 3 8% » Fitaa
BEEORE S > 10 DR E O RE N2 e vt
FREIBEDN SR T APk ST Rk AL — &/ 00 A8 > B P
Botrytis cinerea .z PDA RIH_FEITHIRETE - FHMEE
AKHF AR 2 A B Pk P IR I E S ]

FREFEERPEET PEEY 20 Eikad » LAFLEE#K (malachite
green) 1000ppm jE ¥ 60 b » 153 ¥k = 54 i 32
(streptomycin sulfate) 1000ppm 1 EEHE 60 73 » Bl LA
DR KRR 3 RO > BE &S K% Botrytis cinerea Z
PDA #H _E > B 25°C MOLRTEmAaT » DI T Z1EL

)LE o
i

2 #E» PDA (potato dextrose agar) #}ifi. 2
Botrytis cinerea Pers. BE#HAY BE—5-R S5 aa LU B kgt
HY o B R R R o RSB 21k o ARSI BERER T
YkEGRR & » ML) TAF (Triethanolamine Formalin solution
) [EENRIEIE fAEG b o FEOC ERRARER TSR Gl ik
it SRS ~ FRESEGEER ~ AN ~ M SkbE P TE plE Rk 2R
S TN BURE TR o P FESIRA TSR T HREE 3h ofE k
AIRAA i MEEE RS 25 €8 - FIHOC 2RARER SR - 18
De Man (1880) A=\ » HIEftades SR L R L) »
AEFEEE -

T~ R A 9 D TR

1 btk s B R R A I d R =R P
IR e B HE 24 /NRER: - W SR HAR A IRIRUE 0 1
iR mE AR B — 2 25,000 EHRE A o

BT RES AL fitde 2 07 BERR S 1t [ S At
anfE PRIR T > BREREA: HAR A (Pinus thunbrgii
Parl.) ~ & —ZE N (P. taiwenensis Hay.) K &R IEL
(P. morrisonicola Hay.) i {afertE (43510 H a2 LR
FEABAAIEL R ~ A HEEE )7 FEREE) » HR
BN B " EERMA BT EESME FIIE RS — K 0 BRI B
NI ZZBEEITE RY) o B S 22 2 R A
HE% (resin duct) 8B LISEE HEAAE -

ESEARB LS E 75 5 2 10 N5 ¢ M LUK
HEKEEVEEAE - MLUEKIAENETLEE — 0.1
oy VL o HE AR S R AR I REHE AR o R AL00 u
aENT IR (H£2500€) » S ESRIEA (micropore, 3M)
F 0 DRI RIS BORE o HLAh (A W48 - FRAHE IR
#ELAI 7> 7ll#278 Botrytis cinerea fi1REVENR oK » B
JREH 4 B BNRE T 2 HifK—RK s R
21 ~ 28 & 35 RiLWHZ Ed 2R R B HE
(morbidity) - T#xaaE50rVE & /7w - QA4 35 Kz
% HEEMEERAIEE 2cm F EEKY 15ecm £ 2R R
168 » iR M ZF K $15E - A0l Eha = 1700 HE T1E -
A R i USRS BIRE YT » S 0] a2 ifE > DAFI
s HY > $989K 0.2em <z F o FFIAM PR 5
HE - STEE 48 /N Z 1% 0 LA 19 RS IS 2 1% 54
FinEERAE A 70°C HEFF 4 {8/ R » HIERMEZE - LU
AT B ST FT & Z AR KR S o
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Wh2EE PDA i 7 Botrytis cinerea Z AR 3
i FI S RAAAF IR S F RS 0 24 /S DIER
RRETHIE T - MG ika =I5 F—2 7T 1000 %
frak > B 1.4ml #adfB ik rad 2 1.5ml ZhE
ft.LE o DL 3000rpm A E L 1 oy BN PR S RIS
iR > E 5 90 4l extration buffer fIIA#RE 4 LR
REZUHIE » FIOILA 20 4l proteinase K /i 65°C 7Kif 2 /]
IKf > 1 30 7y SR AE L BRI BRI E) 5-10 #i% o
Genomic DNA ZXE{FEEHT Tissue & Cell Genomic
DNA Purification Kit (GeneMark) TEH¥EFRFLHETT © FAFE
a2 Genomic DNA {R1F52 -20 °C figiF ©

LIE—4 218S (5 -TTGATTACGTCCCTGCCC
TTT-3’) & 28S5(5° -TTTCACTCGCCGTTACTAAGG -
3") HlF¥t » EITEESNEEE N E (PCR) » ks
ribosomal DNA HIE & A7 28S ~ITSL ~ 5¢#4H) 5.85
FER B S oAy 1TS2 [ fRIET THINE - 4 Tagq Plus Master
Mix 5X PCR Mix (GeneMark) 75 & » B 36 4« =it
Tk s A2 4 #7&% Genomic DNA » LK 18S i 28S
ZE—MEG % 1 o BB HIA 10 x| 5X PCR Plus
Master Mix {8 - —HRAREHERES 50 1| » PCR HIMR
455 (1) 94°C 4 4r5% » 1 {E1EER (i) 94°C 30 #4 ~ 52°C30
¥ ~72°C 1 53$% - 30 {EPEER (iii) 72°C 5 774 - 1 {7
Iz -

1% PCR BJWm{% FIZEVIEIT BBk T » BX 10 4 #R
&% PCR FEEY)EL 2 1 Y478 (0.25 % bromophenol blue , 30
% glycerol in H,0) IR&HZ] > 12 0.8% BAGEEZE +
HEATE vk AT 0 30 sy g% DL 0.5mg/ ml #Yy EtBr
(Ethidium Bromide ) #:& » ¥%#9 1000bp HIEAELT T »
JE] 1.5ml i LE ST DNA ffifk s 4K Micro-
Elution DNA Clean/ Extraction Kit(GeneMark) & #&7i 2
H1T - DNA Ed#EHES R & (#/H pGEM-T © Easy Vector
System | (Promega) ;: E4eiEvk i 1 x|l pGEM-T Easy
vector fJIA 5 1l 2x Rapid ligation buffer &7 » Fh0A 3 4l
1% .2 kisk PCR 747 DNA » LL 1 4 T4 DNA Ligase
Mz o mRIIA EiE oK E FERSTER 10 1l - =R
FIVER 1 BV INRE » 1R E RS 4°C B » LLSSRRG S -

H5ELHE DNA 5 ul fipA 100 x| E. Coli DH10B #f
e > B UK B 30 43 » FERNLL42 °C (Heat shock) R
30 #1% » ELlvk £ > JIA 800 ul & Mg™ .z SOD k&
B> 237 °C TEEE 30 /riE - i 100 ppm Ampicillin
Z LA BFER > A 100 «l IPTG (isopropyl-D-
thiogal actopyranoside) 5z 20 «l 10mg/ml X-gal (5-bromo-
4-chloro-3-indolyl- 3-galactopyranoside) #f{fits =] s Tk
B 52,2 E.coli DH10B ##4 20 ul =) % LA
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FEEEL b 12 37°C BENE - LUETTEEHENE - LUA
R H B O AE % 0 ERTEE £ S 100 ppm
Ampicillin Z LA 4R _F » i IR FEZ 5ml & 100
ppm Ampicillin Z LB KRERER A » 12 37°C EIRAF
ks 8-12 /\FF

AY 2ml B #&LL 12000 rpm (centrifuge 5415D,
Eppendorf ©) BEOHEEEL 1 8 0 WS N EMERE
1.5ml Z i EHE L o IR Plasmid Miniprep Kit 11
(GeneMark) #REU#E AT T LAFSE] E. coli DH10B N'E#E
DNA - FIIFBR#IE%3: EcoRl X1 THEY) » 7% HIZ DNA B
BRI - LISk B o EAR Th 2 E. coli
DH10B FEEAZHARRAEYIRH A A (Bt - &) &
Fp oo — 20 B R 2 fA M ek Fe 41 » DL VECTOR
NTI 7.0 fXREEITREH L

TR S

A SR EREE B 20 LUK & $08 A PR BIES JEH 1]
P A 1 EAEBKE ~ #T - B L R
FATRREE (L) o 7E ool shulshn foI 28 RS (7T B 3K
RIU BRI BE KFRER G o FRIS 2
itk MR AT T BIMEE S HA B (Pinus thunbrgii
Parl.) ~ HiERH2A (P. luchuensis Mayr.) ~ BRI (P.
massoniana Lamb. ) ~ & —EE L (P. taiwenensis Hay.)
R AR (P morrisonicola Hay.) » ZyEERRER 1 i
TEMB RS o AT TRTRE EZAM fa A I G
19 {EITHERR o M BLEFH (Mm) ~ B2 (Ms) ~ 238K
2 (Ju) ~ HIRKEE (Cu) RHIEAER (TK) Bt 2okt
fra o (ERGE RSO R A g () -

IR U RE R LUK EOH B v ASH Fer Bl £
Z 19 {EBERR R LU AR - Horb 8 ([ HEk i E RS
HAFA 45 &% B. xylophilus » 5 {@ 4> @ # & B.
mucronatus » e 2R AT RE (N2z) BEZEE 2002 88K
Z#1E B. thailandae FHF > FHFBETH RAK ~ Ao KB
S uth Sy AT B R SE BUERR  TTAAHM fea B 2t 3R
XA - R BRI T RER 35 — YL o B s
S REET R It VUERT S Bursaphelenchus sp. © 384
TR e R RE B B. xylophilus 43 FH{LL » {BANERZFT
= o T S KRR HE 2R B5 2 JaRE s R 1
fa s HEpEE MR H(E S WELH e T BEa1
Frl - (BERRZEF B &M WY E5
Aphelenchoides sp. » 245 Afdfah 2 B - SREALITT ¢

-~ Bursaphelenchus xylophilus :
8 ¥ B. xylophilus 73 5IIH K 111 (BF) ~ FZHALL (Y1
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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 FH B ER i = Pine luchuensis (FitERIZ) Mae & female B. xylophilus

Ta RLRIE UL P. taiwenensis (&1 D) Male & female B. xylophilus

Dh KihEEY P. morrisonicola ( & {1 BE55) Male & female B. xylophilus

Bf KN P. massoniana (5210 Male & female B. xylophilus

Yl AALL P. luchuensis (FiERkfL) Mae & female B. xylophilus

Yt FEEALL P. thunbrgii ( 57 2247) Male & female B. xylophilus

HI Ttk P. luchuensis (FiEkf2) Male & female B. xylophilus

Ht {5 P. taiwenensis ({51 —ZER) Mae & female B. xylophilus

Bm JtEAEE P. luchuensis (FERIR) Male & female B. mucronatus

Mt ey g5 P. taiwenensis (&1 — D) Male & female B. mucronatus

Ot E=SpN P. taiwenensis (5 {8 _3E) Male & female B. mucronatus

St s B B P. taiwenensis (5 {8 _3ED) Male & female B. mucronatus

(0] TS P. taiwenensis (51 D) Mae & female B. mucronatus

Mm ErHE AL P. massoniana (L) Female only Bursaphelenchus sp.
Ms B P. massoniana (B EEfL) Female only Bursaphelenchus sp.
Ju AL AR P. taiwenensis (5 —BE) Female only Bursaphelenchus sp.
Cu oL P. taiwenensis (&1 1) Female only Bursaphel enchus sp.
Tk g RER P. luchuensis (FiERfL) Female only Aphelenchoides sp.
Nz P ORI P. luchuensis (B7ERID) Male & female B. thailandae

b ALK SR PR A AR R T 2 A MRS AR 17 (AL B AR IRES)

& Yt) ~ ft3d# (HI & Ht) ~ ®RELE KRG, (Ta) RIEETF
(Dh) ZorBfETmA > B A8l KRR It 2= R AT 2 SR
TAKS #ak B. xylophilus FU¥F S 5 AR EER(GHE T
3/4 LIk ~ i sEL AR B R AS2EEIR 5 B sz
iy (capitulum) ZFE ~ AR dn — 7 — iz HHEE
ik J 7Y - B ReimE — B #IAEE (cucullus) » B
AU xylophilus BEELAH ZAZ4EHIRH - B pgitat2 2B
JTAR = 8 {1 57 ft ik 22U e I &2 8 R (1 Al B.
xylophilus #i[& 2/ » iIf e = 74 5% > SR HE B.
xylophilus ° T ZF £ # Bk BREkin ~ BEMm ~ 2B -
il T IEPA R h L o THRAYPAM fak B AR R S AL

.~ Bursaphelenchus mucronatus *

LB S (Bm) ~ KBRS (M) ~ EK (O1) ~ 5
WERGE (St) S#TITIE (O) 5 5 (B bk Shas b e
Al EA FEZE » HERFr I a fE BRGRE & 3/4 LA
b~ MERRE GREFTEE - i Ak ACHE FIURE SRR L B.
xylophilus FH{EL » BUREHIE(E 77 [ 7T A AR R daaH]
= E B2 - P B R L MR & B
mucronatus © AHFEIE FERBRIN Fe 5 8 3L EEEE
HCy A QAL B H s et [ o

— ~ Bursaphelenchus thailandae :

PR B SR AR AL 2 AR MR s Nz 2Rk > A
= HAE R FITE 900 F| 1100 pm 28 » fiff S A RIS A
AG—HABEME ~ 22 R - SEAUHBEZ K E AT
U A A (cucullus) » pEHEHE (bluntly rounded) ([
— A ~E) o It 52 TSR 28 ~ BEFIRL AR B ke
F9%% ([E— D ~ F) » 41 EH1U e - SR B 25T/ B.
thailandae® fHTF o LB & 3R 2N MRS
BRAE o ARWFFC AU REII S o MR R bE Sl R R 81
R WRBEHRIEA 2 JIEER - s C {Hi/] - &
P B B BT B 5D + HaR I B8 7 BT Y
B A2 (£ D) -

P ~ Bursaphelenchus sp. :

ERE 3EAEE (Ju) ~ HRACEE (Cu) ~ FHIBK L
(Mm) EZFEE (Ms) PUEEERR (K—) » RIEEERE
FHRE fofeamh L BRI FERE 22 00 B B RA MR bz R AR -
o dach 25 AR S Y BB AR R s T 0 MEEL (= A) »
AT EEEK GRS E 34 LI (B = B) » ME—REIZEE 3
Falt sk ok BEEFIE (B C) » AR imiketlE
(B = D) - e EAMEE T - BARER: #0a UI® B.
xylophilus ; 87 f8 £ Bursaphelenchus sp. o PU{[EEEERY
HIREMI & (HEL B. xylophilus Jz B. mucronatus Lt ] s
I Mm ~ Ms & S5 B. xylophilus 5 Ju ~ Cu Lb#g
6 B. mucronatus o LA EoicE - e SR {18 2 AR
B Britbzdt o A IEEE ¢ 17E B. xylophilus £ B.
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Table. 2 . Morphometic measurements of Bursaphelenchus thailandae isolate NZ in this study.

Nz () B. thailandae (Braasch, 2002)
F? M F M
n' 25 25 6 10
L 990 + 8.04 937 + 6.75 727 + 69 582 + 90
(640-820) (435-720)
a 424 +1.28 38.8 =331 38+19 39 £5.0
(36-41) (29-46)
b 118 £ 1.84 11.9 +1.08 110 £15 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 +41
(22-37) (2.6-5.1)
\% 759 = 1.16 — 73.0 =04 —
(72-73)
S1 — 22.6 = 0.02 — 14 +1.6
(12-17)
S2 17.8 =251 16.7 = 0.16 13 =05 13 +13
(12-13) (11-15)

' 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 (%,) Sl=spicule

length ( «m), S2=stylet length ( «um).
> M: mae; F; female

A B
O D
E F

[E— ~ f2Erd 4 Bursaphelenchus thailandae 77 #fEik NZ
TERERFEL -

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.

mucronatus A {[E R REMI S EHEEA (£=) <8P
(I8 B LE P o3RRS, H AT EE 3 - B FEER
AR 8 —BE o

+. ~ Aphelenchoides sp. :

TR AR A5 HHERER AAPAER 15,2 70 HiEPR (TK) »
RS 2 HL e TR RS RS - b i aa A BRUREAE L
ERRA G B AL BRER A R R OK s R fdiaa

A B

C D

B ~ A 558 8.2 Bursaphelenchus sp. JERE R -
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.
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=~ H{EHhE 4 {E R EIFE Bursaphelenchus sp. fiEE 2
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Table 3. Morphometic measurements of 4 Bursaphelenchus sp. populations isolated from Taiwan

Mm Ms Ju Cu B. xylophilus B. mucronatus
(F5+H) (F5) (BR) (GEEN) (Mamiya & Kiyohara, 1972)  (Mamiya, 1973)
F’ F F F F F
nt 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 36.4 394 44.2 43.3 40.0 41.8
(27.9-40.2) (37.5-423) (38.9-48.0) (35.4-45.7) (33-46) (37-46)
b 9.9 12.6 134 114 10.3 12.6
(8.3-125)  (10.2-14.8)  (9.0-14.7) (9.6-12.9) (9.4-12.8) (9.6-15.9)
c 33.0 334 304 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)
\Y 75.9 76.5 77.8 74.0 72.7 75
(70.5-77.3)  (68.5-79.7)  (725-79.6) (69.2-78.0) (67-78) (73-77)
S2 16.4 15.3 154 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 Iength x100 (%), S2=stylet

length
2 F: femae
A B
C (1)

& = ~ SRR RN 25 R Z BRER A BBt
Aphelenchoides sp. FIZRERF 2 -

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.

R ESEER (GRS 314 LUk (Bl = A ~B) ; litsa T~ H
kP (B = C) » EEIRisim HE B dhai 2 A B = ZE -
FE AR IMZ (R 28 £ AN Hin i LA B B2 AR Ao B2 4y
I 2 — (B = D) #E <% &5 2 ¥ % &5
(Aphelenchoides) & s 857858 220 A. besseyi RUREH]
EEMLL - B T ASEG S B8R LR (b ) - LUREEFIAL

XY ~ HERERIL 3~ Apelenchoides sp. 73 EfERE TK 72
REMHIE{E
Table. 4 . Morphometic measurements of TK-
Aphelencoides sp. population isolated from Pinus
luchuensis.

Tk Aphelenchoides besseyi
(W) (Fortuner, 1970)

n' 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)

\ 75.65 71.2
(70.92-77.53) (58.7-73.6)

S? 18.31 11.9
(15.98-20.57) (10.0-12.5)

n= numbers of nematodes, L=body length ( xm), 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

B (V {6) fHELZ St > M HAth AHE] 2 B () -
RO IR 2 S KA SRR — DR E o

#F 19 {ESTEEARGERR > H AR ~ 5 3R kG
AN o HIEEYR RN - BEIRR A B An R Rl
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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 H Ht Ta Dh Mt O S O Mm Ms Ju Cu Nz Tk
P. thunbrgii 1000 75 100 25 0O 50 100 100 75 0 75 0 100 0 0 O 0O 0 O
P. taiwenensis 50 0 75 0 0 25 0 100 100 O 0 O 0 0 0 O 0O 0 O
P. morrisonicola 0 0 5 0 O 0 0 100 50 0 0 O 0C 0 0 O 0O 0 O
' The percentage of morbidity of four Pine trees from each species.
% * pine wilt nematodes were found in the plant tissue of pine trees without symptoms.
Bx BF Y1 ¥t H1 Ht Dh Ta Bm Mt S5t Ot O Mm Ms Ju Cu N2 Tk Br
1.0 kh— 1.1 ki
0.8 ki m— O.B7 kb

@Y~ LRSI ZS RIS [ R et i RS B — 1 | 7GR L rDNA I TS [8[8] FEY) 2 BEVKE RS

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 B¢ was Botrytis cinerea check.

B. xylophilus (Bf) » 245 10 RERZLEI FZERRR
TRtk - 25 14 KIRE » MU ZERAGRALEZAG - 538 2kl
BERLSRRA b EA EREIE 0 15 21 K 1EIEEF
BaaE L ZE > BIEF 28 KA EE 8Tzl - {5
HOEOM T ERRE > TITE 35 K > P RS LT
R R EBR RO ZERAE -

J\IE 5 BERE B. xylophilus &/ > & 7 {E5HEERT LL
B H AREMAE AZEYR T 0 Bx ~ Bf ~Ht K& Ta {Ei# %
35 KiEF| 100% BUwZE - MA{E B. mucronatus FERT »
% Bm > Ot 1 O fEHZAEAL Fadinkymisl o HoAh s Rk
& & B. thailandae, Bursaphelenchus sp. &
Aphelenchoides sp. —{[Ef# ; 75 H A BN EASERZEH
TR (K D) -

PG SEMEE 35 AFF » B. xylophilus B Bx ~
Bf ~HI ~Dh k& Ta fiflal 7tk - rIEERL B 8425 04
JA » T B. mucronatus BT &1L 8 _ZEfL B4R
(Fh) o B ik & B O REARIES
BEMA b Rz 0] 0EEE] 90.3 & o AL - Ry
ekl G » 548 35 K1% - B. xylophilus B& 1 Yt 77
PRI R S i st - Bt ES HEk e &
i TERRTR Ry BiEH - o B Al 1327.9 % 0 A
RIMER ZEAE TR - 18 SEIAM BRad R Rl BB EFE &
Y /N

ATFFCAIEE 2 T HERE - 1% Bf > Dh K& Ta % 3 %
B. xylophilus 73#fERR AI{E A AL BdidniE > TafE
21 KM - (s ARAEAR S I - T A0t B &1 h 5
2.2 Dh FA4ERE % 35 KIRF » JTudink 50% HEREAel 5
TRER (K1) o aB R SREHT » Bx fe O Z7EfERREER
FELEIRTE - (B AZEATRAN A 73R 5.51 2 2.66 5. 2%
e

LA ERSSREETS > H A B IL S B L > B.
xylophilus ~ B. mucronatus & 77 B H — E 2 2
Bursaphelenchus sp. #A] LUBGLIAEH F&dim# o &
1AM MR - {5 3/8 11 B. xylophilus Z3#fEfFA]
3& B 9% 0 - Itk 9t Bursaphelenchus thailandae ~
Bursaphelenchus sp. (Ms ~ Ju J Cu) LLAphelenchoides
sp. ATB.Z 5 {ETHERK E5 3 Flfns e 2 AIRIR T »
I EHERERR 2 IF AN faa( R ) o

FIF TS RS A8 19 (R - 1%
FEVIELT EBVKIIAT » FEREE T > R B. xylophilus ~ B.
mucronatus & B. thailandae % 14 PR HERE » 152 EY
A/IWIFS 1050 bp ZZEY) » T Bursaphelenchus sp. 4 {8
SRR R B R VSR £ 900 bp © Aphelenchoides sp.
STtk 2 R BRI R > KBS 1100 bp o P A AV #R &
DNA 7R IGHE HELE R Botrytis cinerea A/MHEZ
FrER ([EPY) o T g PRS2k s 50E R > /R
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Table 6. The similarity percentage of pair-wise comparison of the nineteen isolates I TS regions.

Bx Bf VI Yt HI Ht Ta Dh Bm Mt O & 0] Nz Ju Cu Mm Ms Tk
Bx 100" 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
' 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
HI 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
0 100 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

! The percentage of similarity.

T B2 - S BZRESE EF5 B. xylophilus 247 Ef
Pk o 8l ERMHLIEERI1E 99% %1 100% (F£7N) © A B
4yEft~ VY{E B. mucronatus s FH{LUE S 100% » {H
B HMUEERTFA Mm M EERRELE BHEA 54% FR{LIE
MIYRE FRRAIFE .2 O s Erk DIFILLET FE2FE (L
100% ° 73 ¥ ARE 2 =1 53tk Ju ~Cu~ Ms» &
FEAIRH LIS £% 99% {HEE B. xylophilus £ 52% FH1L
/& 5 Eid B. mucronatus £5 54% #H{EL - B. thailandae K
MR AIAM R e e S A HL s (34 62% FHLE »
T Aphelenchoides sp. FIFHLIE ik SE{R{EA 56-59% (£
7 e

Hknas |TS PolfiEs#% - LL VECTOR NTI 7.0 4k
T B 2L W22 F K E A+ (NCBI,
http://www.ncbi.nlm.nih.gov/) #J B. xylophilus
BXU92464 F B. mucronatus AY 347916 5 55 42 2 Ak
fRa TS FEEIFEY o LLEEEEE B. mucronatus AY 347916
gIfe FEETE A M ERaRTY 5 (EEERE 74% 7Y
FHLUZ 5 T B. xylophilus BXU92464 1 EAAH ¢ 88 2
8 1 HERFAHIETE 82% EI 83% .Z[H] » MK Z T » B.
thailandae ~ Bursaphelenchus sp. 52 Aphelenchoides sp. €2
bt 2 EIRA AR AR 5 > KA 54% F 62% Z[H] °

af
I R 9 2 5 k1 A R 1Y B

EYN
ni

xylophilus, B. mucronatus #7107 B. thailandae & —{[E=
#| ) Bursaphelenchus sp. < F{ 1 i3 'Y {# % %] >
Bursaphelenchus sp. FUFEEERSEEME e S8 2 b
i o R HREFFH Ryss 5 A B2 2005 288 KA A
15 S8 A AT o {EREL AL i 1 1 =S P
(off-set) » H AR EERR SREEAY U2 = DL EDUR AR
AORIRERS S B 7 fUFF# - i EF% Aphelenchoididae
Bl ~ FAM #7538 Bursaphelenchus = 7% Tk » [RHE
WEA 34 85377 » BHEEABIMAM fad® » BHITS
I [H].Z P41 et SR 8 2 B A 9125 (LS Aphelenchus
avenae ° H0I% .2 EFEERS Aphelenchoides /8 ° A~ K iR s
JRHIEAE & Bursaphelenchus sp. 5z Aphelenchoides sp. £
Mk Al R HAS BB ~ S TBEM R A EEL - HoE
Rt IR 0% 2135 Lefitad IRt o i HEE AR ZE A
TRARATR » S5 T T 58 2 ROMIEAEES -
aE A Hie A 4 fE > RIR A TER

RN ~ Bl AIEMR LG EE L - skl SRy E
AR S - B RS KA A ZEmRZ 771 300-
1500 2~ mayLldt - (A7) miEfEaE - e e
Fe B FARY AR B > #U7E800-3500 A LI o
Horp DA 8 SRR e ke - B AT R KT AR AR
- A BEERSITREZ 19 FEaoHis - FFEEER
REFAR - A WA R T 2 s 2900 R BRER A R H A
B - 8 A IME bR T SRR ZA - fERT AW B



B RYRAIHE 2222 o KAREAESR B. xylophilus [ 8 {&
DEERERE 2 T F 8 &AM B. mucronatus ) 5
{8 5> e PR I FH SR B 0 K B 8 — S RS ;B
thailandae FHEERFA EHRTS + THPU{ER A RO RS EIA
B 18 TE By EES A o BUAER Ao 0 HETHAR 77
AR L B. xylophilus Bty ar F- #if me /e o LURER
FEHNBETT S » B. muconatus =245 A £ L& - 1T B.
xylophilus Hi|EZ 73 B EAL & # (R ikaHd LAD) -
i LR s R i fhE B - mk BEZE U
TR AR S » PRI VIR 2 18R Ay ALSE sl s = 2
B ~ WEALUR L BB -
5 T A 2 S iR B - HEIE - AT
F4 BERR SRl 22 = ARAA R | s R R H AREBAS - 51
TEMREEAEL > KRR ZREKIN K BRI
BUSAS, > SmAs BT R e A o b At v
RIPEFILE 18 AZER BBt AR S B. xylophilus
SERihE BAE I - 355 B. xylophilus AT LG 5 18 11 2
AR H RN B NIV S NEBUR T -
il = FE ARV AS SR BN - BURRE ST R Y S B.
xylophilus » H:={[E/3 ik Bf, Dh, Ta AJ LUK PG =
FR{EEARLE 5 T B. mucronatus {5 Fa [ 77 Ak AT LU S
HAEFA 5 B. thailandae LLB ARHIFETIVYERERECE X
tHserEEfEE S - 3 MR AN HYTE T o AN [ElHb &
AEIASBIIIA P FR s B0 T LT 22 1O S H0ERs
Hi > FIRRINFRES (Pinus sylvestris) 38t~ B. xylophilus
TR AT USSR M R4 DL B BRI £ (P. nigra) : THEH
2 (P. strobes) b 4fE IREBHERE Y AL @ - AR
B A (e A = AU » RS e A EEA 4
HUNEPIFAE - (EReRER A BB A BUR 109 7%
92 o Ta S7HfERk G RABHERK th B s R K (1
soiAE AHAK 3.8 B fR AR {H dk pl AR R TR 1 2R A H
100% > FE7EASE D SR BRI R T {2 AR AAEE 2
P R T AR B A A= 5 -
HFZEALLIEML (Y1) ~ 2B (Mt) K% (S) 3R
Pt —(Epeht - RN 3 REL
L o B =(EHEERRES S 1997 SE53HE - % 2005 FEA
e TR Ba 1 - 2485 Botrytis cinerea A
THEEE & 8 -2 A 1T Botrytis cinerea S &M% [
358 (subculture) 1% » FIRESZIRIH LUK E 2 &5
Y g > TR IR ErZe 8 > 200 S IR A A
SE AR © o (BB H B E S EERRER A ST 2
PAR: FLEERA SRR - #850 lkhE s s 2 SR 25
o AN OS R ERT T LU AR 2 b B - (B AR i
RS Z2REBPE L - 411 B. xylophilus-Ht ZEfEik 11 &1
TIERA A B BB RS A O RHEE ket mT o3 2
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1327.9 4555 5 B. mucronatus- O s ERE » FE/518 1
AR B8 AN E R EEARIR (8 o (BANEE SARER
TR e ARk R 2 B4 90.3 fx 2.7 tEfRaE o

FARE $Ra AR vE S o > H = el s e AL TP RE
{HEE I R e ML RHAR - DIBE IR chiy (B 5
MEAR o B FEIRATR A RIEE S e M e FER £y
PARSE FTETE T oK o EITHERITE o L AEMBRE Y
SR AL E HE A2 B AR B R VTRE FUSE A B > S thir g
FE T Rl Rabs tes A A NEIfL N FERY RET T - LAY
QTG -

HEMH ~ B~ 38R R B e 2R MR S
TERS 72 B W22 s oo ok 3B BH &5 > b — TSR At
ER T S WA & LA STRRE H o I 28 B 25 SR
A s tEF A R AR IR IR - U8 T RN B
TR - HER—IhEREE 28 K2tk - I BMHE SR
BT RN 22 o FINME A8 Tl AP, — e IS B A T
b 0 5 gERY AR IR IE RIRE 0 TS T el
Uk o 24 e [E] R Y i A A - T L RIT e
oy 24 77 AR TR AR o B (e KB IT A A
JEAIAARRE Bursaphelenchus sp. 2 T A HE L £
IR - QI EIT g B S A RERE A -

KT e (B IR EL 2002 58 X FRE 2 HHE B.
thailandae AURERHHAERT.Z STk » WESGE R B B.
thailandae 1% » 754 KA FERY#2 RIS S S8 0t —
THBERSE SRR R HA SRS ~ B I AR T
¥ o ZRE 2~ B. thailandae & ¢ #EH S PEL (P
merkusii Jungh & de Vriese) |© » A SEEFIRIEHRERIA
S BRI AR E T MR AR B -

] TR YRR BEEA BRAL P 7 e 2 #i& Aphelenchoides
Sp. o [ AR R SR R AR B H AL A1 T ZE LA
Fe AEERS > SR TESIRRERAI 2000 FRLL RAYERER
ML - B T EEENE PG R M SR R ER
%5 JREETLA #EiE 5000 #RAE AR SETTIERS - Hhg2
FEER B IR B. xylophilus 2 B. mucronatus » {HAIA] 57
HEFIEL i, — Aphelenchoides sp. BYEE b AEDL 4R & I
fon ek BB BRI 2 28 A o8 A8 FERR M » MWETEIREE 2
SERER AT 2 %A 7T LA -
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ABSTRACT

Chen, P*, Huang, Y.Y.%, Tsay, T.T." and Yen, J.H?*. 2006. Distribution of Pine wilt diseasesin Taiwan
and the study of its causal nematodes. Plant Pathol. Bull. 15:263-274 (* Department of Pant Pathology,
National Chung Hsing University, Taichung, Taiwan;? Agricultural extension service center, National
Chung Hsing Univeristy, Taichung, Taiwan;® 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 I TS region sequences in the rDNA, atotal 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



