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P53 F B RS T F2 AR AR S R YRR
TER BAE N B OKEE HEA EEE

(A ML B2 B, BUIH 310023)

HE : A FIFME e B ATA & & Bursaphelenchus xylophilus ¥ TAE ¥ $7 ILEGAR A M2 17 2 , 38 13
R FH AN AR AF N Bk b T — 5 TRSAHE KA R AP RIKE , 4P
THEFMAGKE R T A ETEROERES B4 A AT IDNAITS 55169 5 F il bk £,
AR R T B AU A & R, A A AL 93.75%, Aok B AT R R R IR 89 96 ks RAE S
oM, AL T SCARARIZAZITS 151 2 b0 F o M4 R A9 P i 45 R o7 i34 K PCR,
ITS A= ITS u/F-51) 6 il [ bk 55 3 % 52.08% A2 55.21% , SCAR AT TL 49 A M [ 12 52 30.21% 5 38 1L
=R B KX PCR,ITS (A2 ITS, 75 694l a1 F 42 2 2] T 97.92% #2 100.00% , SCAR #7384 4 ]
Pk 42 5] T 59.38%, A9 T ITS 451 6t Fa bk 59 2 % F SCAR 4732, HLidl it % =k R
K PCR 7 E Tt —F S ZHE, FARBAEE, FHi, BdL kR KES H 54 T DNA
ITS 53] 89 5T #7781 3% 540 E A 735 B T & K eg 5 e,

KA ML R R SCARAFIE; tDNAITS

Evaluation of two molecular methods for detection of pine wood nematode
Bursaphelenchus xylophilus in pine woods

Ye Bihuan Chen Youwu Hu Yang Shen Jianjun Hu Chuanjiu Li Haibo
(Zhejiang Academy of Forestry, Hangzhou 310023, Zhejiang Province, China)

Abstract: The false negative problem occurs frequently in detecting pine wood nematode Bursaphelen-
chus xylophilus. To explore a new technology which can significantly improve the detection accuracy,
the detection capabilities of two molecular techniques were compared and evaluated. For a small num-
ber of B. xylophilus from the early disease-infected pine trees, the new technology established in this
study was highly efficient, and could even detect single nematode with a detection accuracy of 93.75%.
In addition, 96 pine samples from different epidemic areas of Zhejiang Province in China were collect-
ed and the detection capabilities of two methods using SCAR markers and rDNA ITS were compared.
The results showed that the positive rates of ITS, and ITS; were 52.08% and 55.21%, respectively,
which were higher than those by using SCAR markers (30.21%). The detection sensitivity could be fur-
ther increased by using two round PCR/nested PCR, in which the positive rates of ITS, and ITS; were
97.92% and 100.00%, respectively, higher than those with SCAR markers (59.38%), and the probability
of false negative was reduced significantly. The results indicated that the molecular detection technolo-
gy based on ITS could improve the detection accuracy significantly, and was more suitable for routine
detection of B. xylophilus.

Key words: Bursaphelenchus xylophilus; pine wood sample; SCAR marker; rDNA ITS
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% 45t

WARFEE L Bursaphelenchus xylophilus (Steiner &
Buhrer) Nickle J&# 714 Bt H ¥ 71 4 BBk 70 26
Hujg , Al 5 AR ZE B, X P A i K AT
Bl B AR L PRI , oy [ B S TA R R AT 5 A4,
TR E FE AR IR F AP (Bolla et al., 1986
Vincent et al., 2008 ; Cardoso et al.,2016) , #£{2018
AERA L U RE X5 ) s, R E A 16 M8 (H
IO 3164 B X PRI X, B RS v
RAGEA R PR, T e A2 W Tk,
FH TP 2 da 5 HOR AR, A 45 SUAA B 2 R B, mu-
cronatus Fh A4 7148 . B. fraudulentus 55 2 18] i
Y XA R 2 S B in A R L,

b 7T AV EOR BN & e B T REPLY
4 Z 5 PE DNA (random amplified polymorphic
DNA,RAPD) (Braasch et al., 1995) . FR #il14: H Bt K
i 2 25 (restriction fragment length polymorphism,
RFLP) (Bolla et al., 1988) . ¥ ##4 i Bt K & £ &1k
(amplified fragment length polymorphism, AFLP) (i{;
KEH L, 2005) FRE S 2 2 M (sequence
characterized amplified regions, SCAR ) (Meng et al.,
2004) 45 43 5 bR ic , LA M 4% 8 {4 DNA (ribosomal
DNA, rDNA) 1 A % 55 [11] [ IX_ (internal transcribed
spacer, ITS) J Bt (Mochizuki et al., 2006 ) %5 £ Ffi 43
TR HE A N TSR 2 s 5 H D 22 ] Y 4
o HARZEEFIHITS A 0 PCR Y R,
AT DR W A TR S PR b S ) A A B 2R
(Takeuchi et al., 2005) . FR[E 2% # T T % i 7] 4 5
P S8 S P BF 2k BB SCAR 43 Fhric (R XU 45
201152012) . &4 1k, SCAR 43 Fhric /& H i £
TFA A S S A B | 56 T2 A A
3] 6t B 8 7 I oA R JE A 0 T T4 0 P (R
RES,2007), L SCARARICH A M I & 5 1
HRAM S I S e B T AR T B (B R R
ML ERT T B2 45t , ) SC AR ARG I 38 57) 5 46 0 522 1
PEIIRAA , 2~3 4R 52 e, B IR B A, 3%
JW T ZH AN TR R TR A A A i 4k
TR FT BEAFAE— A B IS S A v BT, 3 171 4
TRERT B AR T S0 SRR I . SR, AR B
FER IS AN EARG IR A LA, B —
BT EAA LR BRI AER R I E AR R, LU A
ALk s ) LS M I 5 B S ) BB R

1 M5 E

1.1 #Fl
PR B WA A i < I A 42 B HURR 43 25 T

VAR 7K T 2 FHELRAERA A , 76 3 N i TR
Y58, TR K 1) % f 1R Botryis cinerea [¥) PDA %
Frdk LGSR, T ACOFE& L TURM A 2 Uk B T A
SERGFEARAFIREIAR o FAAKE i FRWTTAR DEOT A RH
AT IR SR KR T L S SR
FNE A A CEL) Molk Ry 2R By ki 4t 1 2L 96 43 Fr
AR HOPR SO ACRIAAAE 5

Br SR 5L - H S 55 4 BE 3R (potato dextrose
agar, PDA) i 323k : 445 200 g 454 20 g Biflg
20 g ZEME/K 1 L, 121°C K K 30 min, £ .

7 S A 4% : Qiagen DNeasy Blood & Tissue Kit
A &, 75 [ Qiagen 2y Fl 3 R , RIR AWk
(L) A BRI w5 ARG K, A4 T AR TR (L) B
A BRI HAHRI 4 R = a3 irali, 1X71 988
{88 W A4E , H A OLYMPUS /3 7 ; DK-S26 Hi, #if
MWK, i AR AT L A A PR A W CR21GIIT
B B0 ML, H A HITACHI 23 &) ; MM400 BEREHL,
15 [ Retsch 23 7] ; FRESCO 21 3 ¥4 5 B85 0 ML
NanoDrop 2000 # fi i1 43 Jt: 6 BE 1, 2 [E Thermo
Scientific /A H] ; Life ECO §#44%, Hr N8 H Bl 4
FRZSF] s DYY-12C BURLIKAL, Lm0 s — AW RHE A
PR\ ] s Bio-Rad EI R R 4t , 528 Bio-Rad A
1.2 Fi&
1.2.1 SRR REFMM L K55

FHASBFFE T & 11 500 mL KL A K AR 1
XPRAAE St A A 2 U A T3 25, BRI Y 5 emx
10 cm FAFA ARFE i 3~6 Fr 8 AR FE i 200 g DL, H
oA 4 2 L) F BT 500 mL FORE AR R il
%7K 300 mL, T-37°C/K i 4 h DL Lo BURA AKKE i =
WUV T 12 000 r/min 5.0 5 min, 255 _EJE W, UUTE
FH 4 mL 2ok BT7 , BIRm S5 2y, Hrp—4y
2 A, 5 —15 T 14 000 r/min £5.0> 3 min Ji5 BUIT
TEYIHEIUIE R 2] DNA
1.2.2 ATk kK H 41 DNA 932 B

FLZRER UL ] DNA [ H2 B 75 3 BE T IR
FALIAMTZR HR E T 2 mL BSOS, ddHL.O b 5F
%100 pL, i A S5 2 20 )L R AR K, T
56°C7K{ 30 min, T 95°C FAEPEALHE 10~15 min, 2
O H I RAE AR, T PCRY 1S . B 1.2.1 Tk
5 1) UL TE W) 22 A A B, )RS Ky 6%, % B Qiagen
DNeasy Blood & Tissue Kit 27 & F A 1 B $2 5
£k L BL K 2 DNA, ] F NanoDrop 2000 # fi i 43t
JEETHINE DNA W BE K411, F-20°CIRA7 %
1.2.3 PCR# ¥R ¥,k

AR I VEHUA 1 26 HLU ) SCAR1 SCAR2 . ITS,
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TSy A Bt T 2 Yk PCR Y14, 51915 Bk 1 i
N, B A SR R A AR IR A A . X
TSR SR HITS 5% (ZLBx_U/ZLBx_D)
JEJG AT 2 R PCR, LA 13 40U0 A4 26 HORE S AR S0 BH

X BE X TFAAARKE 5, R SCAR1 . SCAR2 .\ ITS |
FIITS 51 e 5 475 Y PCR M S PCR 536
—IXPCR,

F1 KLRARARMASIMER

Table 1 The information of tested primers in this study

PR B iz 19751 (5-3") PN HIR
Amplified fragment Use Primer sequence Size (bp) Source
SCARI1 HIXPCR First PCR MO5F2: CGGGTCATGGCTGGAGGTATCG 600  BRRESE,2012
2 WK PCR TMO5R1: TGGCTCAATGGCAAATCCTTCGTA Chen et al., 2012
SCAR2 B PCR First PCR  MO5F2: CGGGTCATGGCTGGAGGTATCGT 860  FRRESE,2011
% "I PCR MO5R2: TCCACCGGAGTAACTAAAGC Chen et al., 2011
ITS; B PCR First PCR  F1: TACGTGCTGTTGTTGAGTTGG 459  Takeuchi et al.,2005
R1:GCACGGACAAACAGTGCGTAG
HPCR Nest PCR  NF:CGTGCTGTTGTTGAGTTGGCG 372
NR:AGACGACTGTCACAACGTGC
ITSy B YK PCR First PCR  ZLBx_U:ATGCGATTGGTGACTTCGGTT 724 AIFA Developed
I PCR ZLBx_D:CCCGCAAGGCTTCACGACGA in this study

SCARI B X PCR ¥ 3 5 W 44 3 : 2 x Power Tug
PCR Master Mix 10 pL .10 pmol/L MO5F2/MO05R1 [
T U514 1.5 uL. 20 ng/uL #E Hx DNA 3 uL, fil
ddH,O %M e % 20 pL; PCR W FE P : 98 CHANE S 5
98°C75: 3 5,52°CiE k 30 s, 72°C ZEAH1 35 s, H 354>
PG 5 Fc I T 72°C 48 2 min, 2% 113 BN 4°C
SCAR2 E K PCR ¥ # [ Wi {4 & : 2 xPower Tag PCR
Master Mix 10 pL .10 umol/L MO5SF2/MO5R2 | F iiff
519144 1.5 uL .20 ng/uL #Ht DNA 3 uL, il ddH,0
A2 2 20 pl; PCR S 2 T - 94°C 1 A2 14 5 min;
94°CAE 45 5,49°CiE k 30 s, 72°CHEAH1 60 s, 3L 40 4~
PG R s e Ja T 72°C 487 7 min, 2 1196 B R 4°C
SCARI Ml SCAR2 % ¥k PCR A4 14 I i 14 &2 5
T UK PCR B A — 2, U A 1 K PCR 7™ W i 1
10f% . ITS| K PCRY M4 L W& & : 2xPower Tagq
PCR Master Mix 10 pL, 10 umol/L F1/R1 L= F §i# 5|
Y45 1.5 uL .20 ng/pL #iki DNA 3 pL, it ddH,O %b
A& % 20 pL s PCR KV FE T : 95°C Tl A% M 2 min; il
10 MEFR 94°C7E 1 30 s, 63°C i k30 s, Z i &4~
PEIRBFAR 1°C , 72°CHEAH 60 s; )5 25 MG 94°C A8
30s,53°Ci K 30 s, 72°CHEfH 60 s; e T~ 72°CHMF-
5 min, 2 1R BE N 4°C . ITS 20 PCR 7 16 )52 jif
R FR 51 K PCREEA —F, AU N 1 I PCR ™
Yo # B 10 1% 5 PCR S W B2 % - 95°C $ 42 1 2 min;
94°C7E 30 s, 58°CiR & 30 s, 72°CHEH130 s, H: 254~
PEER )5 T 72°CHME 5 min, 2 (R R 4°C, ITSy
K PCR Y™ 4 [ W & & : 2 xPower Tag PCR Master

Mix 10 uL .10 umol/L ZLBx_U/ZLBx D L Fii#5|#
£ 1.5 uL .20 ng/uL &4t DNA 3 pL, Jil ddH,O %k &
%20 pL, PCR M FRSF : 94°CHAE M 5 min; 94°CAE
£ 30 s, 60°CiE & 40 s, 72°C ZE {1 1 min, 3£ 25
s 5 Jm T 72°CHMF- 5 min, AR R EE R 4°C, 55
U PCR 14 48 52 by 1A 5 5 15 I PCR A — 34, {UAR
M A T R PCR 7= ) % B 10 % . %5 T SCARL,
SCAR2 FNITS | = XF 5| 4 34 & B UE SR FA BT 42 LY
P AR AAEAEE PP A1 B (Takeuchi et
al., 2005 ; BRXES,201152012) , PLAEXF AR 5T 4
RHE A R AABF £ Y PCROAGIN 45 S vy, 2w 1 BA
PEXT A

PCR =¥y i) : BUE vk RIS — YK PCR (9 34 7=
P16 uL, SitE T 1.5% R BEREHEEERL I, T 1xTAE %%
R HLYK 150 V15 min, TEER R R G008

2 BERE5HM

2.1 BEMMERENLER

FI AT I % 1 B4R 2R R L 2H DNA 2507
BRITS w5 | P00T 16 13 B ZEANAA 2 HURE A RN 13400
WAL PR S EA T 28 IR PCR P 45 SR R, %51
Yyx AT LURR SR Ly 16 S 724 bp (IFARTZE HLITS
B MANREY ST e L, HB A4 HuAer DU %) BRI
Hi593.75% (K 1) o BRI A & B ITS
5 R AT AAERRASI B 2 L, HANFEAERI
P, R TTS 1 519 A S P RS I R M AR
AT ASE—20 P T AAAHE il F A A 2 s AN
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M DI D2 D3 D4 D5 D6 D7 D8 D9 D10DI11DI12D13D14D15D16 N

2000
1000
750
500

200
100

724 bp

1 FUR TS 5 ¥ %d 3 B S bh £k R A 5 — IR PCR T 15
Fig. 1 The nested PCR of single Bursaphelenchu xylophilus by ITSy primers
M: Marker DL 2000; D1~D16: BAZAABF L BUFE S ; N: BPEXT R, M: Marker DL 2000; D1-D16: samples of single B. xy-

lophilus; N: negative control.

2.2 SCARFAITS BEX PCR A& R ELEE
XF 96 By PAAHE Sl A THA b 2 UL A A T 1 IR
PCR Y #, H1 Ik &5 5 7~ , Bk SCAR1 #1vic (600 bp) 1Y
FSEE A AN (B 2-A) A SRR SR 5T
Hor 24 A 5 1 U PCR 31 1) FL K &5 SR BH A6
FE b BHAE 240N 30.21%(29/96) ; SCAR2 Fric (860
bp) (B K PCR 45 B BT (% 2) .

A

A s, FLF F1/R1 5[4 %} f1 ZLBx U/ ZLBx_D
SR 23 4 1S 1TS 1 (459 bp) (151 2-B) FITS o 57
A Bt (724 bp) (E 2-C) , 45 B 7s , F1/R1 5 H 41K
DU 50 AN AF i B 5 B b R 1L, BHAE SR Ol 52.08%;
ZLBx_U/ ZLBx_D 5| ¥ x5 #0453 A4 i 5 A 18
AL AL BHMAR R 55.21%(322) o

M SI S2 S3 S4 S5 S6 S7 S8 S9 S10S11S12S13S14S15S16 S17S18S19 S20 S21S22 S23 S24

600 bp

M S1 S2 S3 S4 S5 S6 S7 S8 S9 S10S11S12S13S14S15 S16S17S18 S19 S20 S21S822 S23 S24

459 bp

M S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11S12S13S14S15 S16S17S18 S19S20 S21S22 S23 S24

bp

2 000
1000
500

200
100

724 bp

2 ¥AREE L SCARL(A), ITS, (B). ITS; (C)#R F BRI EX PCRY 15
Fig. 2 First PCR amplification of specific fragments of SCAR1 (A), ITS; (B), ITsy (C) from Bursaphelenchu xylophilus
M: Marker DL 2000; S1~S24: fARF£e . M: Marker DL 2000; S1-S24: samples of B. xylophilus.
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R2 AR FHERMRARE GRS & HPRERER
Table 2 Statistics of the positive rates for Bursaphelenchu

xylophilus in tested pine wood samples by using

two methods %
irzﬁ % 7y <44 1
f:nﬁfﬁ HIKPCR 5 I PCR/FEPCR
P First PCR  Second PCR/Nested PCR
fragment
SCARI 30.21 5038
SCAR2 0.00 0.00
ITS, 52.08 97.92
ITSy 55.21 100.00
A

2.3 SCARFNITS 5 )%/E X PCRETNZR LB

% UK PCR/E.ZC PCR § 1 45 S i 7R, SCARI
55 YK PCR A I (%) FH PE % i 30.21% 2 & &
59.38% , 41545 39 A i 2 B (8] 3-A) ; SCAR2 2
W PCR K 1Y 96 10 A AT 24 S B (2 2)
ITS | {9 53X PCR FIITS y 5 — Uk PCR KGN FH %
I3 1 52.08% 1 55.21% 47 55 2 97.92% F1100.00%
([#l 3B~C, % 2) . FWid o 5 — K PCR 5 £ X
PCR, ¥ 7] & 25 2 25 SCAR FI ITS 2 A6 I 4 7 %
JE, HL T RS 4 A4 w5 A et B R, R R TR 4T

M SI S2 S3 S4 S5 S6 S7 S8 S9 S10S11S12S13S14S15S16 S17S18S19 S20 S21S22 S23 S24

600 bp

M S1 S2 S3 S4 S5 S6 S7 S8 S9 S10S11 S12S13S14 S15S16S17 S18 S19S20 S21S22 S23 S24

M SI S2 S3 S4 S5 S6 S7 S8 S9 S10 S11S12S13S14 S15S16S17S18 S19S20 S21S22 S23 S24

B3 #AMEHE SCARLITS TS 557 F B HI 3 Z X PCR/EN PCRY 1
Fig. 3 Second PCR amplification of SCAR1 specific fragment from Bursaphelenchu xylophilus
A FAMFZ I SCART RS i B8 IR PCRYHG 5 B: FARTZHUITS 4557 Jr BEE U PCRY7HY s C: MMM HUITS e 57 B¢
55 YK PCR Y"1 ; M: marker DL 2000; S1~S24: #A K £k HUA£ 5, A: Second PCR amplification of SCARI specific fragment
from Bursaphelenchu xylophilus; B: nested PCR of the ITS| specific fragment of B. xylophiluss; C: second PCR of the ITSy spe-

Sefs

cific fragment of B. xylophiluss; M: marker DL 2000; S1-S24: samples of B. xylophilus .

3 iFig

VB R T AR 28 Eh X TR RS 1505 (1
P E, KDL B LR SR G T3 L 40 7
R AR BB A 2 R TR, MAAAK
KA b AT AT A B A TR (4 4%
PEo LR B3 26 2 AT F 1y ik (R4 AR

ATALBRZY) 20 g /IMAFRRE A, HLALFRE E$04< (>20 h)
(PRERSE,2008) o 7 EL4% N RFINAS AR S 42 e
DNA, DU AJ 4k 2 9 #8 A 3t 51 7 (<1 g) (Francois et
al.,2007) o X 2 B 7 i T 52 A] b BRAE i i Y PR
il FEANIE T S il b 2 L R BRI AR . A
W5 & BRI 3 2R F 500 mL A S 48 17K T
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B W — R AR B A AR 5 (>200 g) , HAb
PR B ALTT 4 ho 25 AT B ARAT K 12k
A [RIHEGEE G T A TE AR S 6 DNA $2BURI PCR &3
T, R I 52 016 00 A o e e AL T S A e
N

VERTE A 22 5 W B B, PCR LR TEAE )
ok L (AR TR A3 T2 N . R S R
FeAR o, # M PCR B3 PCR 52086 & B PCR L)
S WY 1 (loop-mediated isothermal ampli-
fication, LAMP) %5 J7 4 #0 S 81 HH 4% A A S5 RN FR
il (k¥ 52 , 2008 ; Kikuchi et al., 2009; 5 & 4% 4
2016) . AHXTIF , 5T H # PCR £ AR 19 SCAR #r
TCRIITS PR e e by, o8 5 B E s 2, B
FESEPE ) SCAR FRic &R E M4 e HL B A ™
Rl B9 51 F R (Meng et al., 2004; R XUE 55,
2011;2012) , HA v FERN A ZZ 5719 rDNA ITS J7 41
B T4 HUE R[] 9 43 F %5 5E (Burgermeister
et al., 2005; Takeuchi et al., 2005; Filipiak et al.,
2017) . AWFFERIHIT K B AL B 4 DNA 2
W5 RN ITS o 5 | 0%T AT o 280 HH B AR A A 4R e
HEWI R =15 93.75%, [AI), AR50 X SCAR Fric #l
ITS J¥51 2 F 3 T R KA TP, 45 SR A S
ITS JEF MR, 5T SCAR ARICXF A A bk £
TR A EAR 2 R BAPE 2R (>40% ) , X 5 BLE AR
VIR B B bR — 3, YR TS 80 B 38 ok i
PARE R BRI . A58 R FH 1 SCAR BRI Mos—
Xooo K 5T RAPD $5 53 i B 06 Ak, TEAS b 2 U gk
KIZH N, iZ SCAR FRic Lh 48 DU A 7E (BRRE
45,2012) . ITS P2 H 45 B E &2 1) rRNA A
TR 224 DU PR (st 25, 2011 ), FERE R AH Y Y
HILILHE T SCARPRIC, L ITS J¥41 b SCAR Ficld
HAH Y 80, T 2R D 1B DNA
TLREIA B 3BT S8 1R . ] A 5 (2016)
WINN ITS J7HIJE A4 2k HL 4 fe 4 119 DNA 25 IE A4
S L, B ITS P40 n] LB 32 s P A1 26
R A VA o

FLI AR A A A B A SRR A e L, [AT T
AT PR AR A 26 B DNA Bt AR # A B, X st i
FPCR AR 48 T T = oK o 76 % M PCR 4k
it b, 3850 %5 — K PCR 8 8.2 PCR 7] LAt —2 780K
PRSP A R ST AE(2011) 0
20 PCR %5 L PCR B {2 $ 1m 7 A 100 45 8 9 1
Botryosphaeria rhodina B %5 | R & . Lin et al.

(2010) L DNA $i 4N Aa i T HE PR Ry H AR FE PR (1) B X
PCR il 14 Z2 1 20 g D) 0 FH T WA b4 28 L 45 40 A
2 g, RGN 3 50 fg AU AR DNA a5 8 45 2
A, AR AR I LS R, i SCAR Frid #1
ITS JFFI 1 2 X PCR 438 | XIS AR it A b £ 1l
I BH P 2 BB UK PCR 19 30.21%~55.21% #7752
59.38%~100.00% , W1 . R A 1T B 911 L ], s 1
0 4 v B 1, T HL TTS 241 2 YK PCR 4™ 36 42 755 1
i 38 R, ARG T A

AT ST I B b 4 A I A R AR A E T
2 1) e R 49 B F rDNA TS J7 31 19 2 Yk PCR 155
BTG XSkt G A B4 R e P A 4 ARG o
WPERY SCHE I . (R IR 2R B 7 B R A
15 O L PCRAY  FL KA SF 1R 4, 1 HLAE R AR X
AR (10 h) , i TF BB Ll H AR NG, %
TrkE A TA AR KNI . A%
KA 235 F 32 MOl BT T 2, 5 2 22t
YRR R R BB, DA s ks i )
(I 2, DT S 1 157 2 1 5 BIVRT S Joxe P A 2
Hu PR A
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