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Population structure of Bursaphelenchus xylophilus and its closely related

Bursaphelenchus species in Liaoning province
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(1. Key Laboratory of Alien Forest Pest Detection and Control-Heilongjiang Province, College of Forestry, Northeast Forestry University,
Harbin 150040, China; 2. Liaoning Provincial Key Laboratory of Dangerous Forest Pest Management and Control,

Shenyang Institute of Technology, Shenyang 110001, China )

Abstract: In order to clarify the species and distribution of Bursaphelenchus xylophilus and its related species of
Bursaphelenchus in Liaoning Province, and reveal the genetic diversity of Bursaphelenchus with B. xylophilus as the dominant
species. Based on the systematic investigation of wilting dead pine samples in 14 cities of Liaoning Province, the identification and
genetic structure analysis of Bursaphelenchus were carried out by combining morphometrics and molecular phylogeny. The results
showed that: 1) Four species of Bursaphelenchus were identified by morphological and molecular identification, among which B.
xylophilus was the dominant species and B. mucronatus was the subdominant species. 2) The sequence homology of rDNA-28S D2-
D3 region between the collected nematodes and the corresponding species was as high as 99%, which was consistent with the
results of morphological identification. The results of phylogenetic and genetic diversity analysis showed that there was a close
genetic relationship among the intraspecific strains of B. xylophilus in Liaoning Province, and the overall genetic diversity was high
(H=0.9670, P=0.01091). 3) There was moderate genetic differentiation among the six geographical populations of B. xylophilus
(F$r=0.216 43), and most of the genetic variation was derived from the strains within the geographical population (the variation
within the six geographical populations accounted for 78.36%, 0~°=3.379 12), indicating that there was a multi-source invasion path
in Liaoning Province. This study revealed the biodiversity pattern and population genetic structure characteristics of B. xylophilus
complex in Liaoning Province, and provided important theoretical basis and data support for the molecular epidemiological
traceability and regional precise prevention and control of the disease.
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A ¥ 71 )& Bursaphelenchus 3 Jg& Tl & IF 24X Secer-
nentea. #i§ 7] H Aphelenchida F1 % 4 3§ 7] B} Parasitaphe-
lenchidae, J& — 2 &= %13 o #3# H Coleoptera B H1 1%
&0 & B s W A7 AR 2k R (S, 2005; Manuel et al.,
2008; #3737, 2006) o ARYE ¥ ) @ o 2k B S T
HEAR 3B, © R SE < ) 8 N AFTE 4 (group) Y 434k o
M E AT o8 36 1 0 5 R e, el D@ ml 40
xylophilus 41, tokyoensis 4150 hofinanni 2145, Hrp, xylo-
philus W ¥A B 26 . B. xylophilus 1 513k AAZ W R, ANAL
I8 2T R ORI, B BOR AR W) 22 R, ™ R
FRMRA: 38 R G4 4 (A B R0 VL0, 20115 Jig 4t
2014) . Hi AA B 2 U] R B AN A 2 5 N (pine wilt
disease, S HRAN B 2 HUP ) A2 WA B 2 400 1Y) i 22 By
WX G 2016 4F, A AF 4 U IRAE AR AL L IX (AL 7 K
VP O IX0) K IS R Y B R VR B e, PR
AR | ILBH ANk 2 M (5K e 2, 20235 T AR R,
2018; T 955, 2019) o 2021 4F, P8 P 1 &= 7
MRAE HE 5 IR TS B (2024 A 2R ) (F
R4, 2024) .

B AT, B 2 s 9 5 B 4R T I E 2 3 Pk .
e, MM RS gl iR g MAEES LR
A BE AR, B — 2B B T Y M R o
FIE T, 20115 B2 4%, 2014; {af 3% FBT 22 4%, 2016) o
X 45 BR )2 AR N B3 TR 21 W 45 U 35 B v 55 7 T A
e TAR KRB RIXE o U, P bF 42 H i o 3 AT 22 A
€ H S0 B — R AR 2 HORR [R] BB AR
AR Hubk 2 IR AR I MERE R . 26 =, MR NS R A
P, BB 2 HUn] B [ 3t 1% 5 2 (genetic drift) . 24
Jt # % N (founder effect) DA K PR 3& Ny M i 1k
(adaptive evolution) 55 2 2 111} 5 B35t % 2 A M AL Fh B
AT LR AR AL . R, TR I 5T A B S R A
A ¥ I ) 2 ) 3 AR 22 Ve ROHTE AN ] AR S IR
A 35 07 R A, kT B AR R R 1% 1 AL ) A
JE B 1 R B O

10T A8 AR 2 HU B 4 T AR T I o R Pk AR
PRI, 38 U0 5 BT SR IL T4 i I B 4 iy i A, W]
T < 70 JB R U B S A . FE EEANEF VL, DA
Fis bF 2 e 55 At < 1 71 @ 3 S Bh 22 ] SR 4O R,
I — 20 R A b e B[R] Hb 2 B ( geographical
population) Z [H] B it 15 3¢ R o N UL, AW 5% 48138 i i
EHELTEEE I BEL BRI LA, 456 RAEK
F 0T, a7 LR 8 2 R 0 O 35 i < i 70 T 2k iR
WAL ZFEVE, AR T GRS H . A S T BE Rl N
it 1% 22 S 4 LAl B o ok eF AL T A R B R R

TEAG A S 38t A% Z AR PR B TR A BT T, AT o B A 3 19
U AL R 5 i £ A s SO, HfE SRR R
U AE AR W o A BRI R AR A S AR 4 b B N

1 MRS Ik

1.1 XA

P A b 8 AT T 144 T R RS A 2R U g IX
(85, RAETAEM 2016 4FFF2E 5 2024 4, 545 7] —
FAEMEEIR(E D, RHEBGZ TR, R
¥ Pinus thunbergii Parl.. WA P. tabuliformis Carriére, 1.
¥ P. koraiensis Siebold & Zucc. 55 o AR 35 132 wi MAH B K
] S48 51, TEPE N R B AL TR FHE Y, JF
AW LR 3SR BUE BT HLZY 0.5 em x 0.5 cm %
5.0 cm AR o [FIB, DL A5 255 50 T A A O (B0,
] SM S A 2 A 5 km S N B2 0 T VR B S
BHEY) , BOLR T A M 82 BBk (HA2>0.5 cm) .

A TR S0 = AT T R A Y BB L
HoAS o it A% 09 A 0 0 Jm £ OB A 2 SO 1A BBk
(strain) o AT AT BUIX A S B A6 43 B F 1) < 3 0 I
[F] — ¥ Fb 0 A 5] SE FhORE #E SO 14> Hb 38 R
( geographical population) , £ $5 2 Fi Bf | A< B B
PO RDRE . PEASFPHE L BH PP HE R0 o0 BH A4S .
W, A BTN Ry — > o BEFP Y, €15 BXBx1, BXBx2,
BXBx3 fll BXBx4 #4k 4 N ik 75 25°C WOLKMET,
¥ 2k T K 3 % U Botrytis cinerea Persoon i & I R
— I SEARY B I 4, 2021), R A IR 2 I 316
SrE SRR AR B 18 Lo R A T AR L
Al IR 25 JB TR VT AR A0SR AR A g 1L I A5 By 4% R A
S A, S RO AE T T A e R M AR A E R
Yy H S SRR E L A SO B B RS A S HL TR AR
0 Yo 7 g X S 0 2 R, AR OC MR B 7R IR S
TR FEAL R,

1.2 WA E
121 KRBEFHAENERE L

fiff #1)BE T Pk U S5 2 U L, A R B R BE O 1
A 2 ) I B B8 R O A S B R O AR AR A
43 L5 20 2% ME ik HORI A B R 32 R AR RRAE, A
g BBk, MERCRIATT . BT BEIEA.
i vl [ Sl o N L T P 2 S 7 L
De Man 23 2, ) d7t {4 AH 5C 307 5008, 45 K (L) |
HBRERREFEZ L (a) KK 5RBEKZ I (c) ., ki
ZHNMKESEKKZ (V). HEKE (SO LA
R (Sp) (3K Hi 2, 2023) ¢

fd ] Excel 2023 1155 Fis b4 £ HUFIAD AL A1 25 Ho
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Tab.1 Species of Bursaphelenchus in Liaoning Province

SREER X () Ry

. . . Re-inspection Revocation of
Strain Class Latin names Host Latin name of the host Source . . .
result epidemic areas(points)

FSBx1 s bE 2 il B. xylophilus ZIL#  P. koraiensis Siebold & Zucc. T AR o X BA 4 ?r?
(41.914 855°N, 124.148 324°E)

FSBx2 A b1 % B. xylophilus WA P. tabuliformis Carriére FE Tl A< X B P T
(41.953 890°N, 124.227 236°E)

LYBx s A 22 B. xylophilus Z1¥y  P. koraiensis Siebold & Zucc. 1L AT S8 T [ i
(141.336 284°N, 123.574 700°E)

DLBx1 s bE 2 it B. xylophilus MAFN  P. thunbergii Parl. K T VA X [ 2
(38.900 616°N, 121.553 964°E)

DLBx2 A b1 £k B. xylophilus WAL P. tabuliformis Carriére KW KGR T [ 1
(39.025 590°N, 122.728 403°E)

DLBx3 FA 1 2 H B. xylophilus WA P. tabuliformis Carriére KK BT iR &
(39.012 788°N, 122.754 659°E)

DLBx4 s A 22 B. xylophilus WS P. tabuliformis Carriére KK BT 5 [ 1 i
(139.020 266°N, 122.753 294°E)

DLBx5 A BF 28 1 B. xylophilus WA P. tabuliformis Carriére KW KWgEET 5 RS 7
(39.033 113°N, 122.717 702°E)

DLBx6 A b1 £k B. xylophilus AHN  P. thunbergii Parl. KK BT 5 B 1 1
(39.011 212°N, 122.754 003°E)

DLBx7 FA 1 2 H B. xylophilus ¥ P. thunbergii Parl. KK B 7 5 B 4 w
(39.030 338°N, 122.730 278°E)

BXBx1 s A 22 B. xylophilus 11 P. sylvestris var. mongholica Litv. AE TR X RS &
/N (41.474 171°N, 123.659 73°E)

BXBx2 A BF 28 1 B. xylophilus WA P. tabuliformis Carriére AR BT R X [ 1 w
(41.474 236°N, 123.659 139°E)

BXBx3 PSR 2 B. xylophilus WA P. tabuliformis Carriére AR L X B =
(41.381 603°N, 123.779 866°E)

BXBx4 A b1 4k B. xylophilus ¥ P. sylvestris var. mongholica Litv. AR T WX [ w
VN (41.363 689°N, 123.781 537°E)

DDBx s A 22 B. xylophilus 11 P. sylvestris var. mongholica Litv. AR %X RS P
VN (140.133 275°N, 124.376 420°E)

SYBx A BF 28 1 B. xylophilus AN P. tabuliformis Carriére L BA T V% R X RS w
(41.838 810°N, 123.596 556°E)

BXBml RN b 26 B B. mucronatus Ay P tabuliformis Carriére AR L X B =
(41.377 955°N, 123.777 719°E)

BXBm2 AL B. mucronatus WA P. tabuliformis Carriére AT X [ w
(41.299 279°N, 123.947 475°E)

BXBm3 UMM LA B mucronatus WA P. tabuliformis Carriére AE T WL X B 4 w
(141.308 879°N, 123.941 656°E)

BXBm4 UMM d B mucronatus WA P. tabuliformis Carriére BT B X B 4 "
(41.377 955°N, 123.777 719°E)

Bp JN A g TT 2 R B parvispicularis P thunbergii Parl. KETKEGEETE B w
(39.024 771°N, 122.731 561°E)

Bt IR AU T 2R HU B. tokyoensis ¥ P. thunbergii Parl. KEM KL S B 1 &

(39.161 965°N, 122.356 680°E)

R DX O HHURY BT A 2 202448 ¢

* Notes: The cancellation data of epidemic areas(points) is as of 2024.

iff
MR L SRR AL 5 R (CV) o SR SPSS 24.0 CvV= ESE x100% (1)

X 25 0 B A KU 4 AT Z-score Bk i Ak kb B, 15 25 120 B RHFAEBEER

FI MVSP %4, 3 F UPGMA ¥ i1 % Euclidean i &, ddH,0 5 Pk 28 it J5 b BL % 4 28 s i A 200 L
53 ) XE AR B4 S HRIAEL b AF 2 UM | A AT SR 2 PCR % 1, PCR % ' & 4 8 uL ddH,0 il 1 pL 10xPCR
S Fr (FLE 75, 2021) o Buffer (Mg™ free), T ¥ % i # 1 min J5 85 C Jil #4
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2min, K5, 17 PCR A T AIA 1 pL 1 mg/mL 2 17 K,
56 C Jin# 15 min, 95 °C M1 #4 10 min, 15 %] DNA $2 B
W (EILIR4E, 2011) . FH514%) D2A(5™ -ACAAGTACC-
GTGAGGGAAAG-3" ) fil D3B(5" -TCGGAAGGAACC-
AGCTACTA-3" )%} rDNA-28S D2-D3 [X. ¥ 17 9" 34 (Ye
etal, 2013) . PCR X i #2J¥ } 95 °C 5 min; 94 °C 30 s,
55 °C 45's, 72 °C 1 min, 72 °C 10 min, 3£ 45 MEH; &
J5 72 °C 10 min, 9734 72 W TE 1% B e R b R AT
LYK RS I (Ye et al., 2007) .

123 RRAZARAFXAoNERME TR S H
P 5 Hr

PCR "3 - ¥ 71 J& £k t tDNA-28S D2-D3 [X 51,
i MEGA 7.0 tb %551 o 3% Kimura 3 2 £ R 7
TH 8 AR ] 35t 4% E 2 (genetic distance, D) (B0 K 2 4%,
2024), LK AR T 424 K Aphelenchoides besseyi N 41t
G54 P bF £k R 36 [ Ah B USBx. H 2 Fh B JPBx il Hh
[ 7 I Fh B NBBx, Sk H 4F # 7% (neighbor-joining, NJ)
MR G KB W, 43 5 1) 1T {5 (bootstrap value, BV)
FH A R BRI 1000 K .

FIH] DnaSP 5.0 TH38F ¥ 5t 1% Z HEPE S 40, 146
PSR Z R (H,) AT IR Z FEPE (P) 5 (T R R4
2020) . LL H=0.5 Fl P=0.005 J Iifi ¢ k5 e, H>0.5 K
i AT Z R, H<0.5 0 IR S5 B 2 R %, P>0.005
WA R 2 RN, P<0.005 MR R Z RN, —
B B R S e R R 1Y 35 L 22 A B T (R R A
2024; Grant et al., 1998) . & Al Arlequin 3.11 ¥ {4 i+ 5
PP R] 35 4% 0 138 %% (fixation statistic, Fs;) , 833 10 000
YR S AR DY Al T AR R 35t AL 25 S Y 2 M (P i
145, 2019) , JF R FA F e H AN [w] by 3 R 2E AT 5 1
A5 S B R 43 AT (AMOVA) (T 52 5 45, 20205 fi] 72 15,
2021) o K FH R 4.3.2 X5 Fl RE P9 5Bk ] B9 358 4% IR 25 AN
Hb P9 FE B 4T Mantel £ 30 (T 458 45, 2020) . H T
RT3 4 ok A b 2 P RN 2 DA 3 A A BB A it
A8 S R ZEM K . B, A 5% (BT X K A B A
AR FPRE DEAT B AL Z AR 2P

2 SR

21 TTFECBINEBEHBSFEE

2016—2024 4%, I A 710 T 14 4T (s iz i
A AR JE TR AT 2 KU < i ) A A 2R
H Al D18 A B A R R L, AUAE 6 AT
(K i . s B A& T L 3L BH i F P AR
T ) 0 B 0 A AR PN R BT St 4 < i 70 8 e ol
PARE 2 o | AN BF £ B8 B. mucronatus . /)N 4= 1 T1 2

W B. parvispicularis Tl 75 52 4 ¥ 7] 26 . B. tokyoensis .
Horfr, WS MR A R RN 16 A bR L BIAA M £k R
R AFHFNA 4 BRI T 2 HUA 1A B
PR DA B 2R 5 S iy T) 46 UA 1A bk

K 1 De Man 23 20l £ 44 25 35 060 B8, 25 2R 3%
B, i OBk B 15 & A 70 R 26 U B S RRAE .
o, i A BR A RUE 2 OPRDE, 775 00 IR N AE ) 4
HOPRRAE o X AN [] B b4 22 L RADURS A £ H Y H b s
AT RS TNAS 553 B 45 AL 3R W, A8 bE 2 AN ) by 31
HHNRRIESI R B EN LR, ETE
T8 A5 XA B e R AUL A B 2 il e e Y 3R S8 A0 A
Fe WY, AL TR 25 D0 5 i ) By ol 9 2R 28 OC R O R HE WA
WG B2 aTAnic T BHE R R 0T .

8 A S WA R B, B bR 2 e R L=
881 um(695~1070 um); a=31.95(23.96~39.94); c=22.54
(15.18~29.90); V=76.52(68.19~84.85); St=11.64 um
(7.89~15.39 um) . M L 2 o 0 (B 602, R v 45 5, 22 [
¥, LRI % . M H . L=753 ym(598~871 um); a=
34.26(23.82~44.71); ¢=13.10(10.19~16.00) ; St=11.12 ym
(8.03~14.21 um); 32 4 Sp=25.13 pm(21.18~29.08 pm),
W 8 W 2, 6 v B R AN IR L R R, 1 2 4B
BRN(£2) . G5 R BoR, ANFE P 2 bR RDE &6
— 0 25 5, Ml SRR AR IR SR L AL/ 16 S i
PR 01K A7 7 22 5%, b LYBx (KK 5 £, DLBx3 {4
K 5 (L 1A)

X516 A HUBR Y 5 A IE S S8 AR I 2 (H 17 R 2 50
Braf R Bos, 16 A JUbR Al 43y 2 R 76 ME R i
LA BRI, SYBx 5 USBx [ & R N E ), B & &
£ 0.008( & 1B) 5 117 £ ME A 4L, SYBx 5 JPBx Y &
R Em Y], I RZ50CH 0.018(& 1C) o AR 48 A [F] #
R bR I A8 S o e 45 2R TR — B S 46 B
() 78 S 2 B2 A AN [) bk b oA A [m], I AS [R]JE 28 45
B 9 28 S P S T () — OBk v WA 7R 25 57 o 78 ML
o, S AN AR bR 0y A8 SRR B A oK Y R FSBX2, fie /)
/2 BXBx4( & 1D); 75 M il W rpr, fe K8 5 A8 5 Oy
FSBx2, fix /N8 5 8 & BXBx2([¥ 1E) .

LA B £ HfE B L £=900 um(690~1120 pm);
a=36.83(28.40~45.25); ¢=24.31(16.30~32.33); V=76.80
(65.38~88.23); St=11.56 pm(7.50~15.63 pm) ., W 1 2
O R AR, Ak B A R, BAR R S R I
545 W . e R L =730 pm(590~870 pm) ; a=41.40
(28.68~54.13) 5 c=12.86(10.43~15.30); St=10.94 pum( 7.50~
14.38 um); Sp=25.94 um(21.88~30.00 um) (% 2). %4
R IR, N R SR A 2 dU R bR BB S AF TR — 0 25 5%,
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Tab.2 The morphological measurement value of Bursaphelenchus species in Liaoning Province
HUk Strain L/um a c St/um Vi% Sp/um

FSBx1 Q female 901.00+98.29 29.92+4.69 19.09+4.87 13.50+1.49 74.57+£3.77 -
& male 842.00+94.34 33.29+6.64 14.07+3.09 12.75+1.60 - 22.37+1.89

FSBx2 Q female 819.50+123.69 30.84+5.87 18.18+3.89 9.87+2.49 76.87+4.83 -
& male 719.50+92.53 30.83+3.86 12.83+1.58 9.87+2.74 - 26.62+2.59

LYBx Q female 1071.75£167.45 32.75+5.55 34.22+6.76 13.62+1.51 70.93+4.72 -
& male 928.75+108.96 31.91+3.65 16.45£1.75 13.12+1.11 - 25+2.14

DLBx1 Q female 995.00+£106.20 28.51£3.33 28.45+5.68 13.75+1.52 75.41+4.88 -
3 male 838.50+98.47 28.72+4.05 15.31+1.62 13.25+1.64 - 23.12+2.12

DLBx2 Q female 801.00+65.36 31.73+4.42 20.57+2.43 9.50+2.64 75.98+3.41 -
& male 672.50+43.87 30.93+4.33 11.73+1.28 9.00+2.20 - 25.25+2.42

DLBx3 Q female 755.00+£60.39 29.87+4.24 17.01+2.74 12.25+3.23 74.45+1.61 -
& male 676.50+66.19 32.73+5.66 11.88+1.49 13.37+2.84 - 25.37+£2.59

DLBx4 Q female 783.50+103.53 28.17+£2.77 20.62+2.94 8.37+2.59 74.92+2.41 -
& male 664.00+£59.32 31.14+4.99 12.13+1.23 8.75+2.22 - 25.50+2.64

DLBxS5 Q female 796.00+66.04 26.77£2.06 22.38+4.32 10.87+3.06 75.83+4.68 -
& male 677.50+£68.04 30.72+4.61 12.17+0.94 10.50+2.87 - 25.12+2.06

DLBx6 Q female 852.00+122.24 33.76+2.66 20.39+£3.24 9.00+2.62 75.86+2.63 -
& male 758.50+£96.04 33.42+4.22 12.41+1.80 8.00+1.31 - 26.87+2.67

DLBx7 Q female 830.50+98.38 32.38+5.09 22.27+2.96 8.75+1.91 75.61+2.11 -
& male 697.00+£84.79 34.51+5.48 12.07+1.69 8.25+1.17 - 23.62+2.36

BXBxl1 Q female 813.00+126.74 26.98+4.07 19.26+4.47 8.50+2.35 76.94+4.41 -
& male 690.00+54.96 33.47+10.18 12.18+1.38 8.62+1.51 - 26.50+1.88

BXBx2 Q female 756.00+£59.51 32.99+3.75 17.19+1.78 8.62+1.89 74.77+£3.30 -
& male 661.00+43.51 33.23+3.29 12.06+0.74 8.50+2.05 - 23.87+1.89

BXBx3 Q female 817.50+74.40 30.05+2.58 17.06+3.01 8.87+2.97 75.50+3.01 -
& male 670.00+41.54 30.67+4.09 11.87+1.12 8.87+2.06 - 24.87+1.89

BXBx4 Q female 758.50+48.15 24.98+3.14 14.23£1.02 9.75+£2.28 74.41+1.76 -
& male 700.50+48.93 28.88+3.17 12.77+1.45 9.3742.42 - 23.62+2.21

DDBx Q female 809.00+88.37 28.55+4.23 18.39+3.37 9.62+2.47 75.41+3.51 -
& male 728.00+84.33 31.22+4.38 12.67+1.60 8.87+2.06 - 25.87+2.18

SYBx Q female 858.00+124.63 32.35+4.92 23.11+2.64 14.50+2.24 74.98+3.35 -
& male 716.50+£112.07 33.48+3.64 12.72+1.52 13.37+1.46 - 24.50+3.20

BXBml Q female 844.00+103.28 36.13+4.45 20.59+3.77 10.50+3.31 76.64+4.36 -
& male 766.50+85.61 35.78+4.42 12.99+1.17 8.00+1.02 - 25.87+3.06

BXBm2 Q female 835.00+97.03 39.04+5.16 23.92+2.55 11.1243.57 77.47+5.81 -
& male 757.50+£69.34 39.17+£3.92 12.64+0.97 8.62+1.89 - 23.87+2.06

BXBm3 Q female 918.00+157.56 32.19+3.94 26.15+7.64 9.25+2.03 77.94+5.80 -
& male 766.50+£92.46 36.03+5.32 12.89+1.36 10.00+£3.14 - 26.75+£2.16

BXBm4 Q female 871.50+87.25 35.12+3.96 26.23+4.25 9.50+2.37 77.02+2.94 -
& male 708.00+£69.47 41.06+9.35 12.27+1.57 9.00+2.21 - 24.87+2.06

Bp Q female 942.50+89.55 33.75+3.68 32.66+10.82 14.00+3.47 75.49+3.69 -
& male 908.00+73.81 31.66+3.61 19.34+1.93 15.12+1.51 - 15.1242.62

Bt Q female 646.50+£70.51 28.20+4.05 32.73+5.64 12.63+1.27 78.53+3.98 -
& male 585.00+61.34 30.22+6.69 14.56+2.37 12.37£1.71 - 12.37+0.56

TE: RPBUE R P RMEbRE R o =7 ROR IV A bR A5 ME R O o R AR AE

“«

Notes: Data in the table are presented as "mean value + standard deviation".

HE UK T MER, 4D BRI IA KA BE RS H
i BXBm3 {4 K 1, BXBm2 144 i 45 (151 2A) o

Xt 4 A BB 1 5 AN 25 48 bR D A E T R 2K 4
Praf SR oR, X 4 D HUR AT 3o 2 KR FEMER R
BXBm4 5 BXBm1 [ 5¢ F fie % Yl B85 2 %0H 0.999
([ 2B); M, BXBmd 5 BXBm2 [ 6 2 fie b %
b, BB RN 0.809( [ 2C) o MRAE A [F] DL 1 26 it
HUBR AT 35 5478 S5 3 i 465 8, Rl b 5 AT S 4R AR

indicates that this morphological index does not exist in females or males.

AR AR i K Y S BXBm3, fie/MY & BXBm2( K] 2D);
TEME R, 78 S R B i K 1Y BXBmd4, fi /N 5
J& J BXBm2( %] 2E) .

N S 70 22 HU e G s L=942.50 pm(790.00~
1 110.00 pm); a=33.75(28.70~40.90); c=32.66(22.60~
66.00); V=75.49(67.90~86.00); St=14.00 pm( 12.50~
17.50 pm) o MfE BB ] 55 AN B I, AR A, BE I,
AU 5 . R L £=908.00um( 810.00~1 070.00 pm) ; a=
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Fig. 1 Morphological differences of different B. xylophilus strains
TE: A JES IR B, MEHUB AR5 C. M RUE RIS T; D. MERUIE 7R 50345 B M HUB 2578 5007 (L A1 ar (IR IR SE; ¢ IR/ K
Ve AR ZE AT RE < 100/ St K ) o
Notes: A. Morphological photos; B. Cluster analysis of females morphology; C. Cluster analysis of males morphology; D. Analysis of morphological variation of
females; E. Analysis of morphological variation of males (L: body length; a: body length / maximum body width; c: body length/tail length; V: distance from the
front end of the body to the vulvax100/body length; St: stylet length).
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Fig. 2 Morphological differences of different B. mucronatus strains

T ARSI R B MEHUB S RIS C. MEHUB SR D. MERUE S 500015 B e HUB 72 5 207 (L MK a: (AR AR KRR SE; ¢ AR/ K

Ve AR 2 BT BE B < 100/44K 5 St AT ) o

Notes: A. Morphological photos; B. Cluster analysis of females morphology; C. Cluster analysis of males morphology; D. Analysis of morphological variation of

females; E. Analysis of morphological variation of males ( L: body length; a: body length / maximum body width; c: body length / tail length; V: distance from the

front end of the body to the vulvax100 / body length; St: stylet length).
31.66(24.90~40.40) ; c=19.34(16.00~23.50) ; St=15.12 um
(12.50~22.50 pm) ; Sp=15.12 pm( 12.50~17.50 pm) (££2),

28 A il N T vE, R TR, 57 BB G i G IR 2

(E3A).

IR A W 70 4 ol s 1=646.50 pm(510.00~
740.00 pm); a=28.20(20.40~34.85); c=32.73(24.80~
4530); V=78.53(70.40~85.70); St=12.63 um(10.00~
15.00 um) . #fE He B2 0, R o & HE B B /N B AR R
IR HE R s 1=585.00um(510.00~710.00 um) ; a=30.22
(18.54~47.33); c=14.56(9.38~20.33) ; St=12.3 um( 10.00~
12.50 pm) ; Sp=12.37 pm( 12.50~17.50 pm) (£ 2), &4
FEETRAR /N, B 2708, A W3, R gl B, JC #R
Z(1#13B) o Hirp, Rt I & B2 kT R AR R AR
Al mt T v AN S O i il 45, 20175 X1 5k 4k 5%, 2020),

HRAELL T B By B EIRY .
22 UTEERIBLBRRZLEXRRMRMER

BEEE
PCR #" 1 rDNA-28S D2-D3 [X. J& %1 ¥4 7 /= 750 bp
LA R B 4A) o 43 BIAS B R PA B 22 L L SIS AF

2 Y a2 R T Rt A s - B D O A )
By b () 5] U5 M Ik 99%, 22 S BBk 4 M e iR . X
£ 45 USBx. JPBx Fll NBBx 7E P4 1§ 25 4 HL {4 () rDNA-
288 D2-D3 X JF FN #4743 B, AL T. G fil C Wy F 3 &

B8 20.61%. 24.42% . 34.27% F120.68%, A+T &
1 (45.03%) 18 F G+ C & 5 (54.95%) , V¥ K& 4 i 3
Mg 22 ), AR 22 A4 o LAG DU B 427 AN LR AL
312 A A, Hob oA 116 AN 1) 2045 B0 A, 192 4
AR AT, AR AT 41.6%(1F 4B) o A R
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Fig.3 Morphology of other Bursaphelenchus species
TE: AL NN T2 B A mnsieiig I 2k

Notes: A. B. parvispicularis; B. B. tokyoensis.

B, 22 4~ HU KR 7F rDNA-28S D2-D3 X 5 4| f£ 75 1. 2 A8
SO . REKRE N R RV, 25 A Wbk I B R

A M 1 2 3 4 5 6 7 8 9

2 000 bp—
1000 bp——
750 bp—
500 bp—
250 bp—
100 bp—

B

B 3 20, Bl xylophilus 41 | tokyoensis 25 Fl hofinanni 41
(K 4C), Zar KRGS EE w28, 8k
H B 4 A7 25 S B R, xylophilus 2 B N S Y5 3% 4B R
BN 0.015, xylophilus 41 . tokyoensis 4l Fll hofmanni 41
T RE [ 7 12388 4% R B Ry 0.047

X516 AFARE L R Rk AT 0 b . SR B, AR
R HE B 16 A R ] LABERI 438 6 2R, A FE gt 1
(SYBx. FSBx2. DLBx3 fll DLBx5). 2% Bt 2(DLBx4,
DLBxI, DLBx2, FSBx1, BXBx2 f1 LYBx) . 25#f 3( BX-
Bx1. DLBx7 #il DDBx) . 2 #f 4(DLBx6) . 2 #if 5(BX-
Bx3) FIZEHE 6(BXBx4) (& 5A) o Horpr, 250 1 AR
3 [0 8 A i AL B B A (D=0.012) , 2K BE 1 FI2EHE 2 1
KB AEIE B850 (D=0.017) . AH [FIZEREN B9 bR g%
PR RS H00 , A b 3ROR A7 A 22 5, RWIIL T4 M &
HoORT BE A7 A 5 M X AL REAE D0 o 2B 1 R B s B A
B Z M (H=1.000) Fl T 235 B2 17 R 2 B 1 (P=0.012),
KM 2(H=1.000, P=0.013) F1 & ¥ 3(H,=1.000, P=0.00
8) GAHE L Mg AR, FTRE S DT T A AE Y 9k 4,
FECHRA AR R (HAL IR 22 7 W R AR A n . e,
B 5 b R 5 A S AN A i TR, A A R AR T
TN B A B RO R, DT A A AN [ M XY
PR 2Z i) B B0 st A DG &R o AR S B N A7 7E [a) —
Hubk 5 H A 22 A bk 5t A% IR B AR UL s B0 . T,
BXBx1 1 DLBx7(D=0.004, BV=58.5%), 5 BXBx1

11 12 13 14 15 16 17 18 19 20 21 22

0.098 0.32 0.55 0.77 1

Tree scale: 0.01 —— Bootstrap:

)
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Fig. 4 Phylogenetic analysis of Bursaphelenchus species in Liaoning Province

F: A. tDNA-28S D2-D3 XJ¥51] PCR ¥ 8455 B. J¥8I LX) C. RGEE EW .

Notes: A. The results of PCR amplification of rDNA-28S D2-D3 region gene; B. Sequence alignment; C. Phylogenetic tree.
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Fig.5 Genetic diversity map of B. xylophilus in Liaoning Province

VE: AL BB R R R AR B RIF AR B 155 2 (e 2 15 T (. JE0F 25 500 BE 35 WH . 2B 45 Jof: JME 55 B KR 6. HEARAHLAN
SR RIEMA ., Fih, D iR, BV N FE . = MIBAAREE SR, AL O S E A SRR IEASC); C. ACER ROk M52 5 2 S 1
TR BAHOCTESIT; D. JCZE R HURR ) 38 A 1 15 5 S 3 A S P00 AT

Notes: A. Phylogenetic trees of different strains of B. xylophilus; B. Genetic relationships among different geographical populations (yellow: group 1; blue: group 2;
purple: group 3; orange: group 4; grey: group 5; pink: group 6. The dashed line represents the genetic distance. The thickness of dashed line was positively correlated
with genetic distance. D is genetic distance, BV is reliability. The triangle represents genetic diversity, and the red area is positively correlated with genetic
diversity); C. Analysis of the correlation between genetic and geographic distances between strains of B. xylophilus in geographic populations of Benxi; D. Analysis

of the correlation between genetic and geographic distances between strains of B. xylophilus in geographic populations of Dalian.

£3 ET AMOVA ST TE MM L H rDNA-285 D2-D3 X771
Tab.3 Sequence analysis of rDNA-28S D2-D3 region of B. xylophilus in Liaoning Province based on AMOVA

3t 1% 78 S ok IR H - J1 Hil T3 2% Mo AR A% 43 Ak 95 B
Source of variation Degree of freedom Sum of variance Variance components Percentage of variation Fo
FEAR ] 5 30.650 0.93336 21.64
#EAR N 13 43.929 337912 7836 0.216
st 18 74.579 431248 100

DDBx(D=0.003, BV=75.4%) i ittt 1% ¥ 25 #1 3 (& 5B) .
8 B AP 3T b X R ) AE AR B I AR O, S BOR AR R
BARGE .

AMOVA 43 M7 S 7, Fis B4 28 1L 6 A M B o i 3% {4
AL AL A8 BN F=0.216, & W] 77 16 v 4 72 3 8%
Gy Ak . Hovh, 6 A M B RO R] 954 AR S o AR S Y

21.64%(0°=0.933) , & WA R B 0] () 3 15 43 1k 72 8 454K

T 6 ™ Hb B A N 28 57 05 13k 78.36%(07°=3.379), %
A 4t K 22 B0 A5 A S R VR T Fh RE P9 R Rk 2 TR G 22
(3 3) . FFH Bp A5 R 22 0E V48 BOM 4T TR £ R M 45

B b A B 2 HUK [R) b 3 R R Y 38 AL AR S OK O, 2
IR, 1L TR AU R 5% Z R (H,=0.967,
P=0.011) o AH Lb I Ath st AN FE, AR FIHE (H, P=0.019)
FUR T 2 0y st 4% 748 5, B0 RE 9 BT A UK A A 7Y
R G 2 S, HAURR (R 0O R 25 R, R
WAL ZREVE RS R . RIE R B (H,P=0.013) 38t 14 Z FF
PEIR Z o Ry itE — 25 ) W7 A 2 i B AR 38 o R PN 3kt %
A3 AT R O A5 pR 2 PR K B, X b 3R R PN R R
[F) (1% 388 4% B B3 R b B PR B9 F 17 T Mantel #5530 o 25 5
TR, AR iR P bR ) 1 358 4% BE B9 5 2 R B B
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A 59 H 1 (7,=0.381 2, P=0.041 7) (& 5C), K
TR PN HUORE [ 1) 38 % 25 5l B I B O I 1 5
A1 (7=0.050 7, P=0.2780) (€] 5D) .

B A~ Hb BEFPHE N AT B AR AE 2 SEBE, IR E A
#E (258 1 49 DLBx3, DLBx5, DLBx7; 24## 2 A DLBxI .
DLBx2. DLBx4; 2% #f 4. DLBx6) . 7% % i ## (25 Bf 2
£ BXBx2; 2K #F 3 47 BXBx1; 258 5 47 BXBx3; 25Hf 6
A BXBx4) . 6 W Fl B (S H#F 1A FSBx2; K Hf 2 A
FSBx1) . F} 4 F B (25 B 344 DDBx) . iL PH B (3
#E24 LYBx) FIUL FH A AE (S HF 1/ SYBx) . Hrr,
ABERNREAEAE 4 DR, PR A] 2R 4 OC RAFAEIL I 25
S KBS R 6 HH A 2 MM X R . KiE
FREAEAE 3 /1260, O 260 4 55 At 2 A~ 28 F 1 st
Gk REGE (K SB) o R B, AR RPN 1 4 4
KRER K ERFEAN I 3D KB TR Z IR AR F
SEGH o BRI e B R e, NIRRT EE
B a8 ZREPE o TR — b E AR A P9 AN AR B R Rk AR
HIZEHE, AT RE R B TR ARMB M ARETE T Z X
WAL REY

3 it

A1 ) @ Ak B AT W 0 ) D 2 R PR RRAE, B
- 71 2% R N W b B B £ REME (T 22 %, 2008) .
FR AT 25 24 2 AT, < 70 I8 48 AL T 285 R E A7 7 22
5o k25 AT R 22 A7 2 R 2 RN Ml B ER 85 19 B
g m B R . A T A48 br AE A b 4% HL i 45
MR Z DR B — o R S S IO R YR R B
F2 R PR A ] . b R 5 A [R)H 25 32 AS [R] 0 ik =2 1]
WAL S FIEE R (FLE F, 2021) . £ TFIESIE
T Xk A AF £ M e B AT R S i R R, A —
R E i 1l o SR 2 2 SR AEAE P &, X T W Rk ] Y
WA XREA T, MMERNESE S F2A
AR 5 R A DG YRR AE 1, 3 AT g R R e e Y
WA 1 G B4 b, F0 R e B e R A AR S R B R T
) AEE AN — B (23R 2055, 2025) . R, AR 25
AW NRELRIEANER, EHFLEEEZ S
FHRICLR G T e L&

WA Z R RSN S MO ER, A
F SO T b i PR 3 VLV ) (R FRL R S, 2001) o
H 15 10 2 A S, b 58 J50 7™ M (0 b 4 £k e B i B A 4%
1o 5t 15 22 R DA A2 e A R D A Ok e B AR £
FEE B AR (19 #57 4E (Cheng et al., 2008; # 4 B %, 2019) .
A HF 5% K ] tDNA-28S D2-D3 J# 5 4F 40 Thnic, %
DX IR BN P 51 5 8 A2 X1 43 T (Onkendi et al.,

2013; ¥4 % AL 7, 2019) o MR 4 % ZREM: 07,
0T A4 A A 2 LA [t B B i) 77 76 25 V) B9 gt A 56
F, HALRE 2Bk B Y HE, JF 5 480 X 5y bk &k
AR AC U o LA, A IR FPRE R GEFPRE L PFAR RN
FIACR AR L R 3% Pl R R R DT o 25, V9 79 o g ol
PR 18] B AA 7R — o 19 3t 15 OC 22, (BAL R O 10 A B . W)
BF, 2 AR R BEHLPE T AR 25 5 80815 B B 5 2
PREG A OCPERN 35 LR A 45 RN, Z2H AR
R RED 5K A50N T BB A T BOPA B 2t S 1 o
B G T b By A R 2 EIR B Ty, AL A
HERARLRRZE G AREH K, i — 2B
BT AL 2 B PR RRAE G T R 55, 2009; o B
HB5E 2024)

TEAAR I T v DR R R 5t A5 2 R M T R R A A £k
HOA AR LT 1 AL B 22—, 3O R IE S 4E T
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il (% WA, 20165 Zhao et al., 2017; Zhao et al., 2023) .
MHTHESE 2 oKk ) SNP 43 FAric £ R, i B 2 25 01 45
FE R R R S, BRI T e 2
Ay B BORS JBE (F S7 BE4E, 2012) . 2019 4E, T SNP Fx
TC BT AR A8 S bE e st D R AF 58 36 WD, 32 b IX L bk A
1E W 2 st i o Ak, RS TR LAY 3 1 7 R BE R R
Z Rk AR FRIE (B 4 T8 45, 2019) . 2022 4, FI H
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Hi DX VL 548 1Y A b 2 B R [R] 1 4% 16 R 5, i
J7 7R A8 R O T RN Sk T bR 5 V08 A bk B A A R
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SNP F75 ic 43 M A8 A4 £ HUAS [7] b B 0 11 388 1% 22 R 1
MELLIE W) B R 35 A% 5 A FR A 0 I Bl o AR Sk R 3
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