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Possible transmission routes of Bursaphelenchus xylophilus in China
based on molecular data
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(1. College of Life Sciences, 2. College of Plant Protection/Key Laboratory of Monitoring and Management of Plant Diseases
and Insects, Ministry of Agriculture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: In order to reveal possible transmission routes of Bursaphelenchus xylophilus in China, genetic diversity and phylogenetic
analysis of 9 B. xylophilus populations from 5 provinces in China and one population in Japan were conducted based on RAPD of 11
random primers. Genetic diversity analysis showed that there was significant genetic variation among different populations of
B. xylophilus in China, genetic distances between these populations were from 0. 066 to 0. 262 ; the genetic distance between popu-
lation of Nanjing and Mingguang, Anhui Province, was the largest (0.262), whereas the genetic distance between population of
Nanjing and South Anhui and Daishan, Zhejiang Province was the smallest (0.066). Phylogenetic analysis revealed that popula-
tions of B. xylophilus in China were divided into two clades: B. xylophilus populations from Nanjing, Zhejiang, Guangdong, Shan-
dong, and South Anhui formed one clade; another one was made up only by the population of B. xylophilus in Mingguang, which
adjacent to Nanjing. It suggested that the origin of pine wood nematode disease in Mingguang was different from that of Nanjing,
whereas occurrences of pine wood nematode disease in the other places in China were probably dispersed from Nanjing, where pine
wood nematode disease happened firstly in China, which suggested that transmission by imported pine wood packing boards was one
of the most important transmission way of B. xylophilus in China.
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ABEFER ] RAPD-PCR BARRR A A B AR 5 48 X H A XA R R 2R i 3 10 A JEdie it
17 TG ZREE TR G LT T, R e e b B ) R A S Al i AR AR Bt s
1 MR5EE
1.1 fHkiadr g RANBAR A & RIE B

UKL 10 AN JEREBIR AR EVLIR . 2R, IR Wi, 7RSS AREA, HP R4l
AJERE, PAMFL AT AN ERER A BA, Ul i | kREILE 1,

F1 HiLRPRERTE

Table 1 Geographical origins and hosts of Bursaphelenchus populations used in this study

2o E A H U5 FE
Population Origin Host
B. xylophilus
BxCNJ1 HFiE (FEEAFL %) China ( Nanjing Sun-Yat-Sen Mausoleum) Pinus massoniana
BxCNJ2 FE (FEEHILEE) China ( Nanjing Sun-Yat-Sen Mausoleum ) Pinus thunbeigii
BxCNJ3 HFE (FEVLTHIG) China (Nanjing Jiangning Forest) Pinus thunbeigii
BxCNJ4 FE (PR VLT AHAI) China ( Nanjing Jiangning Forest) Pinus densiflora

i (R L X, LA R R £ 52 2 )  China (South Anhui Province,

BxCAS Pinus massoni
x provided by Prof. Rongzheng Yang, Anhui Agricultural University) s massomand
E (CZEIE, RERI R E AL S ) China (Mingguang, Anhui Province, . .
BxCAJ Pinus massoniana

provided by Prof. Rongzheng Yang, Anhui Agricultural University)
BxCZD FiE (WILANIL) China (Daishan, Zhejiang Province) Pinus massoniana
FE (IARKS, PEWEBEEBEZEB) China (Changdao, Shandong Province,

BCSC provided by Prof. Baojun Yang, Chinese Academy of Forestry) Pinus thunbeigii

BxCGD TE (JHRRSE, MR K R SR B2 E ) China (Dongguan, Guangdong Pins massoniana
7 Province, provided by Prof. Xuebiao Gao, South China Agricultural University) R

AA (F AR I AGE SR P R IR o4 ) Japan ( Provided by Mr. Peiyin Shen, Nanjing . .

BxJ1 Pinus thunbeigii

Entry-Exit Inspection and Quaratine Bureau)
B. mucronatus

HAS (RISt ABEA A SR P G SRS 42 B8 ) Japan (Provided by Mr. Peiyin Shen, Nanjing

Entry-Exit Inspection and Quaratine Bureau )

Bm]J2 Pinus thunbeigii

1.2 MMEHMSE., EFRMEE

KRS IR FRE, Bt KE MM (R T 50 3k) R TFARKTE PSA 158 1
WKL (Botrytis cinerea) ™1, 24 CEiFE 7 ~14 d, KRR LB TC KPR, BO0EE,
=70 CHRAFFREH,
1.3 ##1% H DNA IR EX

Z W, Harmey %5"* A5 R REEL 1 000 S4BT 28 I8, SR SDS/ 2 1B K 141k, By — S0
FN DT TE VA SRS A £ HUBE (R 21 5% DNA
1.4 PCR 1%

FHI100 N HRT Y ( BIEEY TRARAFG) , 400l B4 b 3L 20 6 DNA, M
TS RS . EE . 28 EENGI YT PCR U, fk i 11 ABENLT R 2,

RAPD-PCR JZ WK% (10 pL): ddH,0 5.6 pL, 10 x Buffer 1 pL, 25 mmol « L™" MgCl, 1.2 pL, 10
mmol + L”" ANTP 0.2 wL, 0.5 U Taq B§0. 1 uL, 0.8 wL 514, 10 ng #k DNA (0.1 pL) , NP A
94 °C 2 min; 94 °C 30 s, 37 C 1 min, 72 °C 2 min, 45 MEH; 72 °C 7 min,
1.5 HESH
1.5.1 EfEHECE (S) SEEESE (D) RIE Neil® BARIHEALE 2 MARE B BAZHBIE (S) .
S=2N,/ (N, +N,), Hi. N 2K X Fy EEHA ARG N, N, 35002 A X AR Y BB
R, BEREES (D) i MEGAIL &40 5% p-distance FEAIFRAS |
1.5.2 RGEEBHT  ZWUKIRTT RAPD B3, H4:1 RAPD ¥ B 1R 1 A7, R ik Bl FiE
Wt H AT S A A iy “A”, Rl BRI CC”, ARG AT D CCT A R R R
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JH MEGAITL iﬁﬁ:ﬂ:??fﬁfﬁﬁfﬁ, HrmigE =i p-distance TR , 1 UPGMA 7% (unweighted pair-group
method arithmetic averages) A2 ARG,

2 FHER5HM

2.1 RAPD ¥ iR

ARIEIE LA DNA-RAPD FE38 R R Ko fe v vk b AL TS, 56 1 139 11 A 513674 122 A9 3
Bt, HEBCR/IME200 ~1 600 bp ZME), Hir, 5197 S360 3454 14 r= M1 b A b4 £ b e el il 2 250k
RAFEE, 10 MBI A T 2 SHERE (2, BI1-A); 514 S348 AT M4 14 =W ferh
EAM LR RN 28R D, R AP ETRA L 28R E (£2, B1-B), bk
HCS AR LR B Fh ] 275 PE B BE 100 4>, I H B 22 4, AR 18. 0% ; ARk AN Z80E R
B34, HRFEB 49, BHEMRE 40.2% ; T EMM LR ER R ZEERE (28 AR) Bh
574, EERE65 4, wHEAHIE 53.3%

2 BEHSIMEIIRET AR

Table 2 Amplified results and primer sequences used in this study

Z 75V B BE Polymorphism of amplification fragments

S1Wgs SIFEE) (5-3") P B e LA A £ o A 1] FARFE LR A FARFER L5 SN A £k R ]
Primer Primer sequences Number of fragments Among population Among inter-species Between B. xylophilus and
of B. xylophilus in China of B. xylophilus B. mucronatus
S344 CCGAACACGG 12 6 7 9
S24 AATCGGGCTG 8 4 4 6
3356 CTGCTTAGGG 13 5 10 13
S351 ACTCCTGCGA 9 3 3 6
S348 CATACCGTGG 12 1 6 12
S347 CCTCTCGACA 17 12 13 14
S350 AAGCCCGAGG 11 5 7 8
S23 AGTCAGCCAC 10 4 5 8
S346 TCGTTCCGCA 8 5 6 8
S360 AAGCGGCCTT 10 7 7 7
8357 ACGCCAGTTC 12 5 5 9

A B
1 3|#S360 (A) #nS348 (B) XfZkHMEEZH DNA K3 =¥ B ikE
Fig. 1 RAPD amplified profiles of nematodes genetic DNA by primer S360 (A) and S348 (B)
M. LambdaDNA/HindIl + EcoR T; 1. BxCSC; 2. BxCAJ; 3. BxCAS; CK. Negative control; 4. BxCNJ2; 5. BxCGD; 6. BxCZD;
7. BxCNJ1; 8. BxCNJ4; 9. BxCNJ3; 10. BmJ2; 11. BxJl

2.2 BEESHESRZERESW

P EA (BN A )L T6 (IEH C) ICRIMMZR A RAPD 47i% (K12), WATTHENLRA MEGAI
BAFTE BN Z RIS LR (£3), JER UPGMA BAEMARGM (K13),

M3 AT, WAL B S A £ R 2 a) Y 8L BE B AE 0. 475 ~0. 582 Z[a]; EMM LR S HA
AR LR UL 25 T T, LR BSTE 0. 246 ~0.402 Z[8]; 2284 BxCAJ JERRES H A Ji ¢ ] 1) 15t 4%
2SR, BAEEEECN 0. 402; WiTT BxCZD JEFES H AR (i 4 22 5 /N, G IEE R 0. 246,
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BxCSC AAACACCCAACAAACACACACCACCACCAACCCAAACAACCCCACACACCAACAAAAACAAC
BxCAJ CCACCCCAAACAAAACAAACCAAACAACAACAAAACACCCCCACACACCAACAAAAAAAAA
BxCAS ACACAACCAACAAACACACACCACCACCAACCCAAACACCCCCACACACCAACAAAACAAAC
BxCNJ2  ACACACCCAACAAACACACACCACCACCAACCCAAACAACCCCACACACCAACAAAAAAAAA
BxCGD AAACAACCAACAAACACACACCACCACCAACCCAAACAACCCCACAAACCAACAAAAAAAAA
BxCZD AAACAACCAACAAACACACACCACCACCAACCCAAACAACCCCACAAACCAACAAAAAAAAC
BxCNJ1  AAACAACCAACAAACACACACCACCACCAACCCAAACAACCCCACAAACCAACAAAAAAAAA
BxCNJ4  AAACAACCAACAAACACACACCACCACCAACCCAAACAACCCCACACACCAACAAAAACACC
BxCNJ3  ACACAACCAAAAAACACACACCACCACCAACCCAAACACCAACACAAACCAACAAAAAAAAA
Bm]2 CCAAAAAAACCCCAACCCCCACCAACAAAAAAAAACAACACAACACACAACACCAACAAAAA
BxJ1 AAACCACCAACAAACACACACCCACCCACCCACAAACAACACCACCACACACAAAACAAAAC
* * * dok ok dok ok

BxCSC ACCCCCCACCACACAAACAAAAAAAAAAACCAACCCACCAACCACAACAAACCACACCAAAC
BxCA]J CCCCCCCACCACACAAACAAAAAAAAAACCCAAACCACAACCAACAACCAACCACAACCCCC
BxCAS CCCACCCACCACACAAACAAAAAAAAAACACAAACCACCAAAAACAACACACCACAACCCCC
BxCNJ2  CCCCCCCACCACACAAACAAAAAAAAAACCCAACCCACCAAAACAACAAACCACAACCCCC
BxCGD CCCCCCAACCACAAAAACAAACAAAANAACAACANACCAACAAAANACACAACAACCCCC
BxCZD CCACCCAAACACACAAACAAACAAAAAACCCAACCCACCAACCACAACACACCACAACACCC
BxCNJ1  CCCCACCAACACACAAACAAAANAAAAACCCAACCCACCAACAACAACAACCACAACCCCC
BxCNJ4  CCCACCCAAAACACACACAAAAAAAAACCCCAACCCAACACCAAAAACCCACAACACCCCCC
BXCNJ3  CCCCCACACCAAACACACCACCAAAAAACAAAACCCAACAACCACAACAAACCACAACCCCC
BmJ2 CACACCCCCCCCACAACACAACCAAACAAAACCAACACACACCAAAACACAACAAACACCCA
BxJ1 CCACAAAACCCAAAAAAAAAACACAAAAAACAACCCCACAAAAAAAACACACCACAACACCE
# %k * ok % ok ok ok ok

2 WAWFE RANIAA RS 2 A RAPD g
Fig.2 RAPD fragments of B. xylophilus and B. mucronatus

* F/nILA RAPD 47 * Denote consistent fragment
rb R 28 R A% TR ] ) 3 AR B B 7E 0. 066 ~ 0. 262 Z [i]; Z¢#% BxCAJ J& #F 5 5 5T BxCNJ3 Jig
MRAERE B I, 0 0.262; HAERY SRt LB BB A RITMEE X R, HPZBmER BxCAS
JEREFIMTITAS 1L (9 BxCZD 5 F LT BxCNJ2 Fl BxCNJ1 SE B L 22 S die /N GBHAERE BS{UR 0. 066) , Hivk
IR K S BxCSC 5/ AY BxCNJ2 JEHE GRAGEEE R 0.098) , FKZET AR AR5E BxCGD SR
BxCNJ1 JE#f (&R 0.107) (%£3),
F3 MM RN G R B A E RS

Table 3 Genetic distances among B. xylophilus and B. mucronatus groups

BxCSC BxCAJ BxCAS BxCNJ2 BxCGD BxCZD BxCNJ1 BxCNJ4 BxCNJ3 Bm]J2 BxJ1

BxCSC 27 16 10 19 12 12 18 23 67 38
BxCAJ 0.221 23 19 32 29 23 31 32 58 49
BxCAS 0. 131 0. 189 8 19 14 12 18 19 61 36
BxCNJ2 0. 082 0. 156 0. 066 15 12 6 18 17 65 36
BxCGD 0. 156 0.262 0. 156 0.123 13 13 21 22 62 33
BxCZD 0. 098 0.238 0.115 0. 098 0. 107 8 18 19 65 30
BxCNJ1 0. 098 0. 189 0.098 0. 049 0. 107 0. 066 16 17 65 34
BxCNJ4 0. 148 0. 254 0. 148 0. 148 0.172 0. 148 0. 131 27 71 42
BxCNJ3 0. 189 0.262 0. 156 0.139 0. 180 0. 156 0.139 0.221 62 37
BmJ2 0. 549 0.475 0. 500 0.533 0. 508 0.533 0.533 0.582 0. 508 65
BxJ1 0.311 0. 402 0.295 0.295 0.270 0.246 0.279 0.344 0.303 0.533

W A MR FE R E RN, AT A RRBEIEE, Above diagonal shows the number of different sites, and below diagonal

shows genetic distances.

RERBOIEER (K3 -A) RU, PEMME R —RREE, B AR LU P E AL R
GHIRHE; Forh b EASM R R 2 SR R B LB BxCAY JERE A —32, HA 8 MM
BRI —C R, TEZSCAT, RABEHXA 2 A~ EH#E BxCNJ2 ., BxCNJ1 Z#77T. BxCZD J& BE R IH IR A ;
X5 AL AR BxCSC JERERIHIREE ; T & 4 5E BxCGD JERESE BxCNJ2 ., BxCSC, BxCNJ1, BxCZD
F1 BxCAS ZH A 53 S (R IRAE AT R 2R i) 43 S 2 5t BxCNJ4 JE BBV AHIREE ; m 5T BxCNJ3 J& ff
S L& T ES N

B 3 — A ARA AT LR U RE S S o AR 2 T, RIAS SRR £k s 7 T [ 45 i i 1538 O 1) F & R
A (K3-B), BI3-BRY, RAEFEINARKE, WAL, LROER . | ARRSEM L U5
e G A R L DX B, T 2 A AR AR P e XA 2O S AR A 4R R AN 2 P R R X B
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0.016 0.02 5[3):‘1,\]2 ]r';;_ill!?_i:'llglglfl‘ill;@ré-‘['ul-f'ivn Mausoleum
e
ﬂ.mi‘l_Ezsﬂx CNIM Nanjing Sun-Yat-Sen Mausoleum
0041 | s
0.005 BxCZD Daishan, Zhejiang Province
0.014|[_0.046 I#E S,
0.051 BxCSC Changdao, Shandong Province
= BxCAS | CERUH
South Anhui Provinee
BxCGD I ARASE
0.026 X BACNJA4 T_;;.Ir::gﬁ "i;i #l;%?ang-!nng Provinee
0.042 BxCNJ3 ]\'.'u!jipg __Iisz._:ning Forest
0.110 0111 B T M
- BxCAJ Nanjing Jiangning Forest
] 0.153 Bl S Uibn
0.263 ¥ ]:'jlirjg,guang. Anhui Province
BmJ2 —
Japan
0.050 :
— H A
A B Japan

B3 1R#E p-distance  UPGMA FEMZIMIM LR RER (A) FIMRMER&ZMHIZE (B)
Fig.3 Phylogenetic tree of Bursaphelenchus based on p-distance ( A), and cladistic tree of occurrence places of

B. xylophilus populations (B)
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3.1 RAPD MMM &R TREREZXRZPTHNEA

TERF TR L RO AR ] FOAP T R ] B 2R OC R I, B B FARIC A% B 2H xDNA 1Y PN AR 5[] B X
( ITS) DNA J¥FI{5 B M RAPD, ITS [F5fE<Ri J1 4k HUE  ( Bursaphelenchus) Fj[a] 25 5 WK, TR
FRIC R B R TARH EEMIER, BT A RV 2 2 dU PR I 45 8 vk, 2026 F ITS
FEFIBETTRY " (B, ITS FEAIAERIESE b A4 £ s b 2 0] G 28 v A 07 e AT, IR R B 4%
AR R RN 1TS R 22 St/ h 1 ARSI I RE T AT ST B R LR SRR RER) 1TS 581 (GenBank
B K EF446943 ~45 . EF44694347 ~ 48 . EF446950 il EF446952) , 45 B: 32 B oft [ £ J& BEY ITS
FPose e —3, 5 HABRRNITS UF | M2 1 RAPD VR —FP P | R Fhrid, 7Rk
AR RVRIRD T B E GO R S R B BRI (B2 RAPD LY 1 45 i 8 A
25, MifEH AT SR AZ 2B 58, M soliR RAPD HE P25 059 80, AHIFGE A T 6 57 1 i £F SO A4 3 e A
FREZAENTI X 100 D BEPLS I HIHEAT T AR TR e, 100 S8R 11 A5 RESSEMT . EAR TR .
ZAMEFEENY Y
3.2 REMRMEBRREREERE

FAME LR B 5 e R B AL, 2 Bl S A A ) B 7= S WOR AL A A 0 N G4 . FRIE F R
K 0 T8 H bR — B2 AMAR R B X, A 1992 4ERMFF LR sl 9] Ry 3 [ — 2B K s Lok 3k
IV SR IWHRIE MR [ B AS | SEE | IS RS KK L2540 EaRIRmAt g™ ) 84, BR TP
RIRHIFE AN, A Ay A A 2 s ok B E A WE e ABESE I RAPD-PCR $ AR 430 # ok B 388 7.
RIFEY S B9 DML RREM H ASBRERI R R, SIRAM, RAEFEILRKE ., #LSW,
LRUGETE . T AR AR SE R RA S S LU 127 P i 5 2 9 118 Tl b DX B, T 2 2 7 W <08 Tt 1 DX P 22 D'
AR 28 HOPE A2 P R S L X TG, A PR S AT th e B, T P9 A B D A A B bR RE 1
AMAER B, PAMHER HUBRE s N G4 . KIOR K TR A R B IR A A SR G 4G U R AL ) AR
L RAEN, TEMM LR B & L@z, E AT & 58128 55 Ak B2 FE B8 A4 46 Tl e R AP 42
WERRE S W F R, ITUEMM L RBIG L, bR T 26 % B 4% Al RE ML RGN, 150
TNGRAGRE FTRE, U HIEAE e SN A [ A v ™51 AR

(2. Bt PERLHFHRENEEAR . ERRLXFHRERIE, LHRLRXFHFHBINHZH TS
BB IR SR IANMEEHER, BRiftE R RLERFELAEHIE, RARSN KBRS afa IR B XS5\
T EF R B,
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