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ET mt CO I FAR BEfatf s Himfe
ZIFIEFIE R S L BIAER

=AY, T T, 5K

HA, FEH, XeE,

REM.F L H P
(L VR MRl ) P A A A TARES B SR S SRR ==, V8 BT 530004 FHE
2. BT N K MOlb &), P8 BN 542899 HE )
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LR TR ZERAT R, VGRS B B X T E A X A RA A LR B, T RIS (43 3 . AR SR AT SR A
UV FEE L) FHARY RN IR AT R . AR A A ) P RA A L U X M B SRR A T Y

PSR

KRR ML CO T R 8tE Z AR, a8t 401k
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P (Pinewood Nematode Disease, PWND)
B PR Ry R AR IE T, 2 YRR A ke
(Bursaphelenchus xylophilus) 5| 2 #)—Fp ik LB IR
PER RN , Xt SR PR A S R G A T ™
HE T, BN E A 1982 ARV M
T YR BRI, THGH & 9E 22 2 ) ML X, 45
MRl AR =t ke T R 2 T A R AR AR IR
JTVE I A DA T Y e, A A R R
P —, YA ARG, T HIEARMR TR
SR, T AF S FA R 8 UG TR 75 b X1 i A
HE 2 W — AN BAR R )T 32000 35 AT
JEE U )P AR, I8 X 2 b Y AR bR A
AIRBERIZE T A Jids i T H RS2

1% Z2 PRI FIIEH A% S5 K4 A A 5 X T SR A A
AR | ALRE IR I S 2 CEE, 8
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R AE B AR %) SR RN A% 16 B A2, DA S
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AT R 3 N AE ), BEAS B b 0 PR AR AR RN
Preh i A&, o) T PN A A 4 B T 1 kR
e S NI E S P S =% R L N
M 2 A AL 1 E 3% 56 A B BE (mitochondrial
cytochrome ¢ oxidase subunit I , mt CO I )3 K 4
R LKA DNA H ) —A> 15 BE DRSPS 7 B
) DX IR, 78RR B A F A5 TRk T Iz AR AR IE
Yol @I M mt CO 1 P4, Al LIS 7= A A 28
TR 1] 174) 358 4% O 28 R s B0 A0 SRR AIE, DT A i) 2
A R B AR R R AR
AWFFEIE T I H mt CO I JEH, 4347 1)
POHTE BIRIX 8 AN X ELAT 4 st ZhEtE S
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AR LA, IR ] A A XA A b 25
mt CO I FEWHAT T RGE LT M, MILHFT 17T
PERABA L BB AL AR B S5 1 BO& AR, itk — 2
R SEHABE 2 L 3% 27 b P 2 ORAIE T B 2 A R0 52
., RIS A 5 ) VU AN A £ HUBE X B 4 R i
T —E R BEEHE

1 #R5F%E

L1 BARRE AU 67 AL R
HOBRAEAS 2350 T 2023 AR HUCA PR AR X
8 X EL A LR HURREIX (3R 1) o JEARIURERS 73
B, A R 3~ 5 om SR IR 4, T EHASR
Fiaf S =

1 JHEHT AN ERBRRE S
Tab. 1 67 collection sites for B. xylophilus in Guangxi

— =Y
D e REES AL

District/ . . Number of

Area code Sampling site .

county strains/ind

BT GP BRI, KB 4

i I LG ImEERL, TomeE 6

INHEIX BB HEIGHL, fFHRGH 7

B IX Cz WiEE ., WREE 8

MTIX XN SO U RO 16

S B Qz AN Jhk 6

EexaRat CW  NERHL, AR 7

B RX AT, FIMEH 13

1.2 MMERMHSBESHEKESF FHIRES
T S VE 5y B EAR P I A AT £ 5 R O BT
15 mL EP i T A2 50 o PR /8 5 B
A2 eI A L 30 ~ 50 4%, FE AR Tl K e 2 0 T
(Botrytis cinerea) ) PDA ~FHgH, 25 °C T #471E
TR, FE AR AT 5E(10d £,
PO DL IR 2 =) i S AR A B 2k 15 mL
EPE T, J54% EP % 3 500 rrmin”' .0 3 min;
Foi B, SERBUNA 0.1% (V) IR EER K,
FEA), i 5~ 10 min, 2.0, 2 B FHCHZK R
VR 3 WA 153 4lig i) Uk

1.3 DNA H3RELS PCR ¥ 12  {#i Jf] MolPure
Tissue DNA Kit Z1 %1 DNA 2B & ( F g% %
AU RHE e A7 B 5D S BCR R DNA, fff FH 8 L
HEIEEE T UL-5000 E i SR A BR A R
Kl DNA i 59 B, DNA Jii i S5 S5

#H47 PCRY" 14 . RH 5 CO 1 -F1(5'-CCTACT
ATGATT GGTGGTTTTGGTAATTG-3")5 €O [ -
V2(5 '-GTAGC AGCAGTAAAATAAGCACG-3 ')
XTFREA DNA #7980, RN IR FR - 25 uL, 2
£ 2xHieff® PCR Master Mix( | 7 % 3% £ Wy Rl 4%
JE A3 A5 BR 2> 1 )12.5 uL, DNA BEAR 1 pl, %
10 pmol- L™ Ay I AR W51 94 1 L, il ddH,0
MR Z 25 pL, PCR W 5514 0 FLAE P 94 C,
5 min; ZEPE 94 °C, 30 s; iR k 51 °C, 30 s; fiE A
72 °C, 1 min; 53 35 ¥; 72 °C Z&AEA 10 min, 7~
W2 1% (VIV) BN GE IS FRL UK A I 546 Je ik 22 1
WA T AY) TR A PR "l 4T Sanger X[
M

14 H#HIEHH i Chromas WL 5L 7 31 I K],
BioEdit PHZFHIM, KPHE 5 1 mt CO 1 ¥ HI7E
NCBI(ncbi.nlm.nih.gov) H f#i H Nucleotide BLAST
IHREVEATIF B FEXT, B HE T 25 3R KT 99.0% (194
PN E SR W b 42 R, T 224 A e, il A
MEGA (v11)#) Alignment H %) ClustalW HJEEXS I
AT AT LEXT FME RS, i H DNAsp(v6.0) i
frisufl Z RS AL 401k 50 A, 8 F IBM SPSS iff
PR SEPES P09, fd ] MEGA 11(v11)3:T484%
% (Neighbor Joining, NJ)%: il 2 48 & & W07, fif
JH Popart 2z i BRLAG HY ) 25 [0,

2 GRE5HM

2.1 EESHMESHT RS SRR
L, TR LR LT mt CO T JE R A9 28 S+ A2 i
i, RILPAIK A E 2 (R 2) . T8 8 4
X E 67 4> du bk B9 A BF 2k U T 647 bp N L AEAE
3ANZEMENL S, 1 AR5 L P 4 FhARTR
PP 4 L AT TR, LA TR 2 R P AR 0.170;
MK HREZEMNEN O, BHRERRZE N
0.174. 5 IX 8] (8% B B 29/ F 0.001, H B
PO P b4 £ A7 e IR i A A8 5 (3R 3) .
SPSS Xif 2% 1l IX. 14 sUBR AU 5 B AR A T
G3HT, S5 R BA B HORECR 3G, BRAE RIS
MRECE A FELEAR DG (P>0.05) 6

22 BJESUST W8N 67 AN HEkR
AR 2R BUILA 4 A5 AL (3R 4), Hivh Hapl 31
P00 38 e e, o T A ALY 91.0%. T Hap2.
Hap3 11 Hap4 H BB R ALK, Hapd (5 T A 545
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xr2

ET mt CO | EEM AMMTERBEESHEREE
Tab. 2 Genetic diversity coefficients of B. xylophilus in Guangxi based on mt CO I gene

WA RARECEAS ZAMEGLE WG PR RERIEEE BHRRE N PR E R R
Area Number of Polymorphic A minimalist Number of = Haplotype Nucleotide Average nucleotide
code insect strains/ind loci site haplotypes diversity diversity difference coefficient

GP 4 - - 1 - - -
LG 6 1 - 2 0.333 0.001 0.333
BB 7 - - 1 - - -
CZ 8 - - 1 - - -
XN 16 - - 1 - - -
Qz 6 1 0 2 0.333 0.001 0.333
Cw 7 1 1 2 0.571 0.001 0.571
RX 13 - - 1 - - -
All 67 3 1 4 0.170 0 0.174

e =" FIRAAEAE, YRR RN T0.000 5B, LL“0" R .

Note: ‘=’ indicates that it does not exist. When the diversity coefficient is less than 0.000 5, it is expressed as ‘0’.

x3 ETF mtCo | EER ERFLRIEEERS
Tab. 3  Genetic distances of B. xylophilus in Guangxi based on mt CO I gene

Hi X AR
GP LG BB (074 NN QZ CW

Area code

LG 0.000 3

BB - 0.000 3

(074 - 0.000 3 -

NN - 0.000 3 - -

QZ 0.000 3 0.000 5 0.000 3 0.000 3 0.000 3

CwW 0.000 9 0.001 1 0.000 9 0.000 9 0.000 9 0.001 1

RX - 0.000 3 - - - 0.000 3 0.000 9

E: =" RN

Note: ‘—’ indicates that it does not exist.

x4 ETmtCOlERAN AMMERAFREZINKENSH

Tab. 4 Distribution of haplotypes of B. xylophilus based on mt CO I gene in various sampling sites in Guangxi

Py TEA MBI I 53 A HOBREE /A
Haplotype GG GL HZ LZ NN QZ WZ YL Number of strains/ind
Hapl 4 5 7 8 16 5 3 13 61
Hap2 - 1 - - - - - - 1
Hap3 - - - - - 1 - - 1
Hap4 - - - - — - 4 - 4

R

Note: ‘=’ indicates that it does not exist.
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14 6.0%, Hap2 1 Hap3 ¥ 75 75 BF 58 v i 300
1R HE—25 AT P RA A 25 L B 78 1) 245 [
(B 1), BB FaRAMEE AL Hapl SR Hpueas s, Br
AR B T Hapl. R, LA Hapl 40 T
3 N iE4k4) 32, Hap2, Hap3 il Hap4 2351 BUAE I
REIX 4 B AEAEE N,

23 RHEEHH AT mt CO T FEFM A
MR ARG LB, 21 20k [ AR IR HLX IR b £k
Hmt CO T FEH AR (E 2), KA MME
KEEVGRHIMM LR 3 kA HA, g
K S DA R A R R 2 e R il — S, o,
B VG AR B AR Ol 3R — 32, 5 [ N M LA b X
FPIRAAE HUBH 8 IX 43Pk . Hap3 5 Al 3 />4

— 11.00

T EA B X (CGZHPR > 0.95) .

Hap2  10FE4Sample

1FEASSample
® GP
®LG
® BB
D CZ

Hap3

® XN
®Qz
oCw
® RX

Hap4

B 1 ET mtCO | EFH ALk AR M 4% E
Fig.1 Haplotype network of B. xylophilus in Guangxi

based on mt CO | gene

----------- JF317253 Mexico
*********** JF317254 Mexico
----------- AY508068 Canada
----------- AY508071 QCCanada

LC316942 Japan

- - - - JF317255 USA
—- - JF317257 USA

AY508069 Japan
AY508070 NBCanada
MT808404 LiaoningChina
LC311523 Japan
LC316944 Japan
AB595192 Japan
AB595191 IwateJapan
AB595192 HiroshimaJapan
MT&808405 Liaoning China
OR978580 USA

Hap3

- - Hap4

Hap2

Hapl

Tree scale: 0.01 | | |

B2 ET mtCOIlEFNMRMERREZREH
Fig.2 Phylogenetic tree of B. xylophilus based on mt CO [ gene

3 3t i

B T AR 2 Bl ok T BRI A B fE LRI 2
VR AR, 56 TAM M 42 AT 55 7 [ PN — B o
FA o o, O TR B L R AR5 A% 1 A 5 AE
1998 AE A I, 7EH: ToRAJLAEN Bl T3 %
L RFLP 1 RAPD Fric i I EAA A4 22 s R i 5t
1L AL IEFE™, Kanzaki 552 T 2002 4E5R H] T
ITS #Ric Al mt CO T FRic i<t 77 J@ 1 28 H it 47
TR, B T mt CO [ FRic i<t 71 Jm ek
FOE FH P . R AR F 2005 AR TF & T M 2k
M AFLP FRICHR R, 16 FH T R ZE M L R

P34, B Nlumina WFHARMIF K, FAB L
BB AL AR i LU R . T e it
Tlumina 43 K20 500 P A9 5 325, 20 AT 1 R JEAS ]
IR IRTE 1 22 5 . RAR BRI oR 4 020 3
B mt CO T JPHIAERD N B H 18t 14 22 SARMIE, {1
SEMRIRAT R BT N DURE B P 35 % A 5
PR DG TE . AR FRIAZE R, B T3
fETE Y mt CO T %)™ V4 AAR b 26 st A% Z AR M
WAL LS AT T 0, Z5 R IH, T Vb X Ok [
8 X EL 67 MHAIALL PSR 2 FE P FIAL TR
ZREPESR IR 0.170 1 0.174, A B0 W 5 i st
1B 2R, AAFTEE A I i A8 5 o X BEH )
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A BRI AR R 2
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B s ZREER (ARG IE 1 NI AL AR
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B A b £ H a5 A AR S R /N IE R — 4
7o HARWEF AL, Watanabe 1 Matsunaga 45 1,
FEH AR X & BT mt CO T 5P BLf A — 3
[ 5 4 2k Bt (LC311523, LC316944, AB595191,
AB595192), ik it— 23 W] T FARH LR He A e — 7 Vi
N I T4 Z AR PE AR, R & AR W i st A% oAb B
%o AR, AMFRASEIR) T PIM L E mt CO |
FL KRB X 43 T [ P AR At b X A A B4 2 e, Ay
)2 BE A% DX 40 il B2 R A8 VY BF 45 6 38 B IX AR R
A ZEBEFEN NI SE PN A 2 i 5™ i,
Bl E A I E Y B RO, TTRALT
A5, 4 40k B 25 P8 BF RIS R A 26
FEAS(JF317253. JF317254. AYS508068., AY508071)
5 H A BTG A R R AR A AE A — o 1 AL AR
o XULIIIX 4 MM FEAR T R R IR T L3R
HIPAATZE AR AP, R R AR I iR B 8, AT =
455 H At b DX AP A 2 HUAE AR 2 I ) st A% 43 Ak
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W4 HL AT 35 A bR e T DX o3 i b 2 HL B B N AR
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i, AT ER B B 4515 LAV 5 o R B OR 1) S it
AR AR TR R LR U YA B B AR, DR
BT B ROV FEOCY MY 15 G Z R

LR A 2 = N O B A L L L /N s PN
(Monochamus alternatus ) 7E 7 4 A W 5 1 H SR
P HRE ST, B A K RATRE B AT LAIAF 3.2 kmPY,
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Genetic diversity and genetic differentiation of
Bursaphelenchus xylophilus in Guangxi

based on mt CO | sequences

Meng Lihua', He Ziting', Zhang Yuhua', LiKeyi', Wu Jinfeng',
Wu Yitong', Luo Min®>, Hu Ping"

(1. School of Forestry, Guangxi University/ Guangxi Colleges and Universities Key Laboratory for Cultivation and Utilization of
Subtropical Forest Plantation, Nanning, Guangxi 530004; 2. Forestry Bureau of Babu District, Hezhou, Guangxi 542800, China)

Abstract: An attempt was made to investigate the genetic diversity and genetic differentiation of Bursaphelenchus xylophilus, the
causative agent of pine wilt disease, which is posing a severe threat to the forest ecosystem and economic development in
Guangxi Zhuang Autonomous Region. Sixty seven strains of B. xylophilus collected from eight different districts/counties within
Guangxi were analyzed by using the mitochondrial cytochrome ¢ oxidase subunit I (mt CO ') gene fragment. The results
indicated that there were three polymorphic sites and one parsimony-informative site within a 647 bp region, with genetic
diversity indices at extremely low levels. Four haplotypes of B. xylophilus were identified in Guangxi, with an overall haplotype
diversity of 0.170, where Hapl was the predominant haplotype. The B. xylophilus strains in Guangxi were clearly distinct from
those found in other regions both domestically and internationally, forming an independent branch. In recent years, the spread of
B. xylophilus in Guangxi occurred primarily through natural dispersion. All these findings might provide a theoretical basis for
developing targeted prevention and control strategies for B. xylophilus in Guangxi.
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