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Abstract: Pine wilt disease caused by Bursaphelenchus xylophilus(Steiner & Buhrer)Nickle is a devastating major biological
disaster. Since introduced into China in 1982, it has caused severe damage to pine forest resources, natural landscapes, and
ecological environment, resulting in significant economic and ecological losses. In this study, SNP markers were used to
investigate the genetic characteristics of B. xylophilus in Shandong Province. B. xylophilus populations from Liaoning Province
(the northernmost region), Guangdong Province (a widely studied region), and Japan (a foreign region) were used as references.
A total of 41 collected B. xylophilus samples were subjected to whole-genome resequencing. The degree of genomic variation
among different populations was observed, the genetic characteristics of B. xylophilus in Shandong Province were explored from a
molecular perspective, and the genetic relationships among B. xylophilus populations in Shandong, Guangdong, and Liaoning
Provinces were investigated. The results showed that the B. xylophilus within Shandong Province belongs to the same population,
which has a close genetic relationship with the population in Liaoning Province but exhibits significant differences from the
population in Guangdong Province. Within Shandong Province, severe cross-infection occurs in coastal areas, with no obvious
regional clustering characteristics. Additionally, the B. xylophilus populations in Shandong and Liaoning provinces are those with a
significant founder effect. The results provide a theoretical basis for the transmission path, ecological adaptation, and disease
prevention and control of pine wilt disease.
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A4 28 Ht 9 (pine wilt disease, PWD) J& i A /24 Nickle 51 2 Y # 1f 58 K M: o 3 (424, 2019) . #AME
RN B 28 B Bursaphelenchus xylophilus( Steiner & Buhrer) 28 HUJR = [ 6 38, X 3€ B A + A B 51 K 38 Wl ™ &

Yefs B . 2025-06—19; &[0 H ] 2025-08-20.
HETH . AR & RWH (2022NS125)
*SEAEVEH . X2 % (E-mail: hxliu@sdau.edu.cn), %,


mailto:hxliu@sdau.edu.cn

543

ABMESE: BT SNP ARIC A LR 45 H BF 2k B R e 20 L D 50 63

foF, BXF R E ., HA, BE . WA S YA EA
{2 Hb 114 A bR 3 BB K fE 7 (Mamiya, 1983) . AR 4 o
Rl RO R0 R SR 8 15 (2025 4R 55 4 5 ), IR
F 1990 4 & BULAA B 26 HUJ Lok, 28 2025 4F 3 H, i %
YRR ST 12 B FEAE AU AR 2 B Ho X ) N
Rli s B . &b HL I8 A — MbR X ) J AR X XL
A4 R DX HE, ok T OMEPE By 22 B A A AR

Bt D 4 AR B e, B TR AR S SR FE AR SR AR
YR AL B B AR YT HIORS R A5 D7 TR R . BT
JoT i R4 1 B T R 22 A5 P (SNP, single nucleotide
polymorphisms) £ AR € i 4 BLAC 5t 1% 2= WF 5 A A% 0 T
B2z — o B GE0HE WA A e A A% 1 R
B S, Tz N T AR B F R A
55 2 A~ 403 (Nasu et al., 2002) . 3 #f 4> 5 5 41 SNP
S3HT, RTORE B DR 0 AR RO Y I b B AR, %
AL 5853 1 HR i 3 FE RN R A )8, x4 78 H gt 1%
Z A A S % M H (Aparo et al., 2024) .

Bl qn, B4 R 78 R Corythucha ciliate Say ., 1
4 W Helicoverpa armigera Hiibner, & 7 12 Pomacea
canaliculata Lamarck ¥ 38 iof i BT & & K 21 & ) )3
gz 7 AR T s R 3l B PE AL (Du et al., 2025; Jin
etal., 2023; Lu et al., 2024) . £ F| J§ SNP £ AR WF 58 #4
A £k SRR R 25 A Y A OC A 18 b, TR R A (2022) F)
FH 4 2RI 7 %) SNP 43 F A it B0 R, ok v [ A 4
5L SRS o a1 R Al O A W NI A N = G
R 67 > MR AT 1 FPRE IS AL Z AR LA T .
Z5 R BN, AR M X Uk o o 3R, Hh 2R
5 0 AR R i 22, R R T AR AR b XY KR 43 R
P, 322 SNP K [K AU Y4 AH [a], Fh i ] 5 A AH ] ) 1% 7%
KR, LA B kot m AMERE YL, WA RA
(2019) X J™ 75 48 #A b 45 U o bk #E 4T SNP A5 iC 43 #7
R 7R A8 RS b 2 HURP R 18] BA 35 4% 25 S vk, X
BB L BRSO 3R, IR S 1 2RI AL
b P HE R A AR AL 36 R U8 . Ding 45 (2022) 7E 2
A 4 HH 04 e 0 R 9 1) B R 2 Rk b, %ok B b
2 E A 181 AN Rk IEAT T EIM T 4, KRBT Y
780 J7 /1> SNPs {37 45, -4 v [ A A £k He b R 20 £
4SS, WO T AT RE M 3 R AL G A, HOR BN TR]
FRFLR A5 b R U OC R %Y, AN () M [X[R] A7 7E ™
B SRR IS . AT UL, DAAS B S 4 R
Ry B AL B, 456 SNP 4r FARICH R, BE % A AR
FURN A L2 A Rl R 388 1 5 1) B A% 7R i A2 o

H A, e A G #A bF 2k Bl RE 25 1 AF 5T £ R
£ T AR R B B AR BB 0 R 7 b X, fa

B4 HUAE G T M DX B0 5 A5 4 L A 1 AR O W
AR AL 7 AL 7 5 DX Y 4 B DY 2 B0d AN A2, o A
BE— 2 BB TS T e AL O R b A Y 2 IR A R
FABE £ B A 4 HORS Jo) S 5 5 B0 38t 1 25 4 i A U,
677 R BB S T R R AR RS — 2 HATIE R
T ER PO HEIE o A SCE BT T AR AR IR
A I FfORE 8 AL A, LR T 1D T A M R A L )
Z I AR A AL B AR, DL R H AR B b 4R R
FOHEAE 0275, o 1 A2 W 2 R BB R T 1 2R 48 R b
2 HORh A B0 38 1L A, D DI A 58 35 R B £kt By 4%
SR B A IS AR A

1 MBS T5 ik

1.1 MMEHHKARERIESR

ABEZE N R E AL (AR 1L T 4 ) R [
T (J7ZRA8 ) b o 4k U9 3 IXR B B s AR, R T DL
R U =h vk (X 4, 2004) 43 5 88 A () 26 L, R 3
ET 15mLeg o, 7E B ME F#HTIESRE
FE o R RS ARSI HEAT o A ) A (PX-L:
GATGATGCGATTGGTGACT; PX-2: CAGTGCGTAGA-
AGATATTGGT) . #k B % 5 J5 1 fE bf o e 4% 20 2%,
K 2% Hy 2% 101 T 75 7 (0.002% B Jilt 28 1 i +0.1% B
W2 w75 ) HEAT ORI B, B2 S A K T R R A A
Botrytis cinerea Pers. Fr.it) PDA A 1, 25°C £%3% 7~10d
TR A AT N6 R DR s Sk ok By R
UL B T 1.5 mL A 5 048 R, 7E B B O AL
#1112 000 r/min 0> 2 min 25 Bk L3 & 7 0.1 mol/L
NaCl %t £k gt $E47 #h ¥k, 700 r/min £5.0> 2 min, W7 5 &;
HE 23, KBRS . R R B B 0k
(Kikuchi et al., 2007) 3k 15 4l £ HU%S W, 8 2k OB 77 7
0.1 mol/L NaCl #1, Jf 5 % A 4 CARF K 60%(w/v)
FEMHIR &, 700 r/min .0 5 min, SR FH B WG R 52 1 1Y
RN E O RE B, BB AR L T,
DB VR R 2 Wk, A 2 K, A5 B 2 b g A
T4 vkAR A o BRSNS B 36 MRAS AT L H
A Je v [ e I BA b 2R bk E R LR 2 B 2 B 5
it B4 . 454 NCBI(National Center for Biotechnology
Information) 2~ F+ %5 85 /22 I Fe B 9%, FHF 20 M 89 #8 B4
R 41 bR (E 1),
1.2 ##F % H DNA F9I2 B

Kl CTAB ¥ (Cetyltrimethylammonium Bromide,
TS b AR = SRR AL B ) B BUR L DNA(X # >,
2007) o 7E 200 pL #23 #4 £k HU¥E W B A 400 pLDNA
PEBGR, IR 215 65 °C 7K U 30 min, B 12 000 r/min .0



64 oK B 2k
T 1 ML HRKKEKR
Tab.1 Sources of B. xylophilus Strains
s Btk G 5 b3 2 F R by 2R AT
Number Strains Source Host tree species Geographical location
1 GDJY I 7R L 2 ¥\ Pinus massoniana Lamb. -
2 GDQY J7ARE T Ly B A P. massoniana -
3 GDSG TR o, B ¥ P. massoniana -
4 GDST IR ITPS I, 2 ¥)x P. massoniana -
5 JPS10P3 H 4 Shimane, Hirose - 35.37°N, 133.16°E
(NCBI: DRR067233)
6 JPS10P9 H 7% Shimane, Hirose - 35.37°N, 133.16°E
(NCBI: DRR067234)
7 JP_Bx2 H 4~ (NCBI: SRR11012124) % A Pinus densiflora Sieb. et Zucc. -
8 NINJ M ¥ Pinus thunbergii Parl. -
9 V10 H A - -
10 X116 A A - -
11 SDZF_6 IR & 2R IX S HA P. thunbergii
12 CNLN 3 L7 REVM A X WA P. thunbergii -
(NCBI: SRR17137430)
13 CNLN_5 LT REHIFTX M1 ¥4 Pinus tabuliformis Carr. -
(NCBI: SRR17137432)
14 LNFS Y T 7 P T A P. tabuliformis 41.85°N, 124.18°E
15 LNFS 7 FERS L 1] 18 T ¥4 Pinus sylvestris var. 41.84°N, 124.24°E
mongolica Litv.
16 QLS 1 LI 2R 7 85 095 10 X ¥ P. thunbergii 36.11°N, 120.47°E
17 QLS 2 WL 7R 5 5 085 1 X B\ P. thunbergii 36.12°N, 120.58°E
18 SDCD _1 IR E K S E BN P. thunbergii 37.93°N, 120.74°E
19 SDCS 1 111 7R 8V B 1L AR 3 BN P. thunbergii 37.38°N, 122.54°E
20 SDCY 1 W AR 5 3 1 X ¥A P. thunbergii 36.21°N, 120.46°E
21 SDFS 3 L AR R AR X HLHA P. thunbergii 37.38°N, 121.28°E
22 SDZF 5 IRMHEZRX BN P. thunbergii 37.44°N, 121.36°E
23 SDHC 6 11 7R B 3R SR X SN P. thunbergii 37.39°N, 122.03°E
24 SDHD 4 AR B X ¥ P. thunbergii 35.92°N, 119.94°E
25 SDIM 1 LI AR 7 &% B AR X A P. thunbergii 36.33°N, 120.58°E
26 SDIM 4 AR H B R X SN P. thunbergii 36.33°N, 120.58°E
27 SDIM 5 IR & R A X SN P. thunbergii 36.33°N, 120.58°E
28 SDKYS_3 WA 5 3 = ¥A P. thunbergii 37.26°N, 121.73°E
29 SDLS 3 AR BB X HLHA P. thunbergii 37.37°N, 121.42°E
30 SDLIiC_6 IAREHFBRX BN P. thunbergii 36.20°N, 120.50°E
31 SDMP_10 IR 5 8 X AN P. thunbergii 37.44°N, 121.72°E
32 SDMP 2 A & 22 X WA P. thunbergii 37.44°N, 121.72°E
33 SDZF 2 INARM G Z R K LA P. thunbergii 37.44°N, 121.36°E
34 SDQX 2 1R 5 496 25 7T SN P. thunbergii 37.28°N, 121.23°E
35 SDQX 3 1R 5 46 85 T BN P. thunbergii 37.28°N, 121.23°E
36 SDRS 3 11 7R gk v L T WA P. thunbergii 36.91°N, 121.60°E
37 SDTS 2 1 AR 28 22 AH 2k L Mk ¥ P. densiflora 36.06°N, 117.41°E
38 SDWD 2 AR 5 308 X AN P. thunbergii 37.26°N, 122.19°E
39 SDWD 5 IR 5 308 X AN P. thunbergii 37.26°N, 122.19°E
40 SDYLS38 AR A 3 X WA P. thunbergii 37.51°N, 121.44°E
41 SDYLS 3 AR A & 31l X HLHA P. thunbergii 35.20°N, 119.29°E
e “=7 KR ARG HITUE R

Notes:

“

" indicates that this specific piece of information was not obtained.
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10 min, FFfiIA 300 uL B JC /K Z B2, VK 5 min, 47
B AW BFEAE L 12 000 r/min 250 1 min, 7% W R 5
FA 300 pL75% & B%, 12000 t/min &5 0> 1 min, & .0
2 Y5 W W B A TR S 0 (12 000 r/min, 1 min) , £ bR
2 5% B £ B I 50 uL B9 TE 2% wh i B S min,
12000 r/min £ 0> 1 min, Y& U8R, 3R A5 P B4 46 L 8
DNA %W o 38 1o Byt BE W H UK 35E 11 A6 ) DNA it &, SR
F NanoDrop £ 74 43 5t % FE 11 97 4 DNA #) 48 &
WEEE o BB A% Y A B 2R I DNA 8 T —-20°C fr £
(E #5F, 2007; HERAE, 2014)
1.3 MMEZHSEENFREREN

B T A 0 B B 4R L DNA 3% 2 1L AR FFAC L A
S FE AT Rl Y o )F 8 OF &5 8 Tllumina HiSeq
4000, 75 77 35 Ry AE 4% 55 5 L 150 bp XU S U )5,
7R B >50%, % i Trimmomatic(v0.39) X} 8 F AL
B8 7E 47 9 5 (Bolger et al., 2014) ; % JH bwa(v 0.7.17)
# clean reads [t Xf 2 2 % BL 20 TS-1(43 8 A IR A
#FZ4e i Z2 1 X 22 1) I (Li and Durbin, 2009; Li et al.,
2023); JH SAMtools % 15 SAM 3C % f: y BAM 3¢
4 #F 47 S5 22 4> #1(Li et al,, 2009); A Picard(https: //
guides.github.com/activities/citable-code/) 3% 14 1 3 o X
J& BYAE PCR 2o A8 ] fi8 7= A2 B 04 1 B R GATK
(v4.2.2.0) " Y gatk SelectVariants #1748 % £5, I 4%
WA Y SNP 28 53, 75 H] gatk VariantFiltration X 2%
ST UE, R AR S, A IR AR A e
15 B 5% B 19 H {8 (QD) < 2.0, Fisher K5 5618 (FS) > 60.0,
T Ak HE D ) {5 (SOR)> 3.0, Ji 5 19 ¥4 5 MR fH (MQ) <
40.0, = 2 5 JE # MQRankSum < —12.5( McKenna et al.,
2010) . F| F VCFtools(v0.1.17) %} VCF 3C {4 it 47 $ 4
P a2 R A G, DA O G R R A SNP AR S o 3k
A8y 3 9 B2k 2R max-missing 0.8, i 98 % /NS 7
PR3 maf 0.01, f A7 38 B minDP 4, 3 f X55 fif
{37 5, max-alleles 2( Danecek et al., 2011) . & F SnpEff
(v 4.5) % i 3% J& Y SNP 347 V8 B, I 0 16 DU A% e Of:
fii £ (4DTV) (Cingolani et al., 2012) ,
14 BEBEESEMASH

BEXT BT A RE L 4dty B4, SR I EIGENSOFT(v3.0)
A% smartpca £ 1T PCA 43 #1 (Patterson et al., 2006) , 4
WF 58 BE R 1Y 33 44 4544, i H) VCF2Dis(v1.51) Az B 25
K B (Xu et al., 2025), ¥4 #E 2§ 56 M I f£ & FastMe2.0,
Hic & A NT tree (9 4% X SC 7 (Lefort et al., 2015), i JH
iTOL X 3C 4 3#F 17 AT #8 Ak &b 28, 15 2] 3 1 # (Letunic
and Bork, 2024) . | Fl Admixture(v 1.3.0) 4 X #
& X JE ) VCF ST A7 1158, 1538 ) 28 S50 ik 15 2

12 (CV-error) H Wi £ {0 43 B, 1 8 35t 1% 20 4 (K H) 1
[l R 1~9, A4 K (B #E47 20 g 5738 17, $6 #efl K
{f ( Alexander et al., 2009) ; i F TBtools " [ X Fft i 2%
P 45 5847 AT 94K (Chen et al., 2023) . SNP {7 £ 4t i1
73 B fdi 1] Veftools K1 45 & awk Il A X} VCF SC 4
ATACEE, FRATHEDAEAD) SNP B 4i 5 TR &%
A5 3 PF A1 %5 {5 B ( Danecek et al., 2011) o
1.5 M E&EHREFSEESFEEST

ffiFH Veftools(v0.1.17) i#F 47 #% 1 1R £ ¢ 1t (n) |
Tajima's D H P 46 W) K2 F ¥ [H] [ 2 £ %X Fst( Fixation
Index) 1% ( Danecek et al., 2011), Z %4 F ; --window-
pi 50000 --window-pi-step 25 000; --TajimaD 50 000; --
fst-window-size 50 000 --fst-window-step 25000, & F R
(v4.5.0) 2l 25 K Kl . fd F] PopLDdecay(v3.43) X} SNP
VAT A4 08 , 48 A Perl 1A WP 1) Plot MultiPop
B AL 2 1 3% DA -5 3 0 1] ( Zhang et al., 2019) o

2 HER 54

2.1 FA®Zk B SNPs i S =

FY 22 2 AT, MAMA AR e SNP o B i 2 1l 2 A
H AR B bk TP Bx2( 1 064 020) , V10(1 072 452), Hk K
K AT T A4 W HER GDIY(925 256) . GDQY (920
126) FI K [ H A 1Y H bk X116(819 790), i /b 1y 3k
HAAEF LA AR ER(SDRS 3) . 4i& FRERZ
(R E T 448 i bk (GDIY . GDQY . GDST, GDSG);
HUCh B A bk S5/ 19 ok B R At 19 HOdk (NINT) o
MSNP Hdt b, HA J7RA . ILARA ML T4 Bk
Z B 2 5 B 8, AT LLGE i o TR e 2EAT R RE X 4o
T ok BE T SNP A I 98 A8 e PR A b 2 K g, kB
T A>C, A>G, A>T, C>A, C>G, C>T, G>A,
G->C, G>T, T->A, T->C, T->G 12 Fh B A A |
22 MMERMBEMBRRZLEN

Admixture 45 5 R B, FiEH KE 1A WG K, CV
TR 25 {H 3% W7 48 K, OV iR 25 (H MK, T 15 BE
AR CV % 22 (8 H BLE K=2 i (18 10) o FhBf a4 &%
F 53 A a1 1A B, B — R SRR Y 14
A, B RS AR LA EHRE, PR L R Sy
k2 A~ 268 (POP1 Il POP2) . POP1 “ky H 7% (JPS10P3,
JPS10P9, JP Bx2. V10, X116). ¥ &1 (NJNJ). J© &
(GDJY. GDQY. GDSG. GDST) () Hi #k; POP2 Hy 1L % .
LT sk, WHEN RS LEREY, 7€ POPL H1,
OB RN AR 4 A~ OBRSR AL ) B 8 73 3¢, HiAt ok WL
225 U I 1 B AR 2S5 7E POP2 H, T A HURR 35 R 1E
— i, &R AL O R BT (K 1A), IR A N ER Y
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Tab. 2 Statistical results of SNPs of B. xylophilus
Tk % 5 SNPH{ /4> afi & T8 A kR o 5 SNPAY & /4> ali & T8 A
Strains SNP quantity Homozygote quantity Strains SNP Quantity Homozygote quantity

GDJY 925256 185 860 SDZF_5 5188 263
GDQY 920 126 186 329 SDHC_6 3369 268
GDSG 583 789 109 635 SDHD_4 3062 285
GDST 553 468 105 831 SDIM_1 6676 290
JPS10P3 263 884 45410 SDIM_4 93 168 140
JPS10P9 257 530 45349 SDIM_5 5873 275
JP_Bx2 1064 020 9 864 SDKYS_3 6 045 251
NINJ 538 614 138 SDLS_3 5614 285
V10 1072 452 7013 SDLIiC_6 4635 289
X116 819 790 2400 SDMP_10 6191 303
SDZF_6 4023 246 SDMP_2 18 423 239
CNLN_3 15177 262 SDZF 2 6 673 205
CNLN_5 6953 262 SDQX_2 15822 285
LNFS_Y 9207 263 SDQX_3 55601 279
LNFS_Z 4893 267 SDRS_3 2 460 278
QLS_1 6 006 270 SDTS_ 2 7758 295
QLS 2 6417 257 SDWD 2 24399 291
SDCD_1 6601 277 SDWD_5 5771 196
SDCS_1 3 641 173 SDYLS38 14 381 204
SDCY _1 6239 259 SDYLS_3 3580 163
SDFS_3 4760 290

N S SR B T A (BT i R N iR e
fiE—3, B 5% A I 748 B4 28 R dpR iR e — i .
PCA R KW 5k 1 I Fl 73 1, 78 PCA 43 #r H, POP2
Y 31 Bk bR R R A — (K 1B) . ESRE)S
B SNPs i 5 B0 & 1, POP1 i SNPs o7 o5 %% i W i
KT POP2 FiHE, iX 5 7 HF Z A 9 SNPs Ge it — %, ™
F R ] SNPs 28 748 B[R AU Fp 2 — 35, H # i i 2 9 5
A R A->G, C->T, G->A, T->C 4 F R KA (5] 2) .
2.3 WM& RFBIRAEE

T RE 1) B 2 R B Fst 20 A S, BR 155 4 8 4K
(chrl) F1 5 5 Y& {a 4K (chrS) | 2 A4 R BF A9 Fst {5 42 I
Hh,2%5 .35 45 6 SR EIK(ch2, 3. 4. 6) E 2%
AL 5 B Fst 5 R T 0.5(18 3C), H 2 4Rl B 18] 5F 17 Fst
o046, R 2P B SLE FEA AT RED
oy fl, FEHE A AZ B T R ZUBR . A% A IR 2 A (n)
ST R (B, AR TR ER TR, £
FE M B ) , POPT A 4% 1 IR 2 #E 1 #  (I81 3A),
1M POP2 B 2% H IR 2 #F P i I (181 3B) o I AH 4
SNP 3% it A - £ 0 et 45 437 35 DR M 56 2R 8009 7 O ()
3 AT 0 T A v 3 R 7 i (LD) 0k 5, 5 POPL F
FEAH Lb, POP2 Filt i 5 okl 2 R AR AR, 158 W BB B3 31 i =
B WA T A 7R B BRI, st Ae 2 PR AE /N (K 3E) .
45 5 POP2 PR A% 1 1R 22 HEMEIE — B .

Tajima's D £ 48 & i, POP1 Ff # Tajima's D Kk £
B KT 0, My IEAH; 1 POP2 F #f Tajima's D K &5/

/NTF 0, A B fH (] 3D) . Tajima's D /T 0 AT g J2& i
FRLN J Y A B RE (R ) B AR 1 R
BN BRI . 27 A POP2 FhBEAY 3 Tt 45 FRAiF, BIIK
MR Z e 5 AR E (9 5 Fst Lb B A1 AR Y
Tajima's D i, AR B 53N . POP2 FhEE, o H RN A4
PN IS ) A b e R R, RS 8 T M R RO . R
FAF G, P REEA Y IR B B, TR AR YR 58 A8 LA
WL XAEAE, R T 5 HAR R 2 57, BT X
T o 1 AL A

3 e

Ding % (2022) 4 Hp [E #0 bF £k Hu ki 73 O 4 A4S Fh A,
FErp T AR AR AL AR A HORR BRI o3 A TR FORE S B
ARWFFE R SR G H— 2 AT R I 4
AR I3 v B A AR b 2 s AR A A I 22 5, R B
JUARA T H AR b 2 HURR 08 25 56 A BT T R
(2012) 38 53 it 4% S MR 51 9 20 B, A L 7R 48 #S
RIS HA KRG R RBOE . X — 225 M Tk
Wy HOR R T, 5 B o T AR IS A, SNP
O3 T hRAC Al LIRS o AR R AR . O IR AR ST
Pl RE 25 K, A58 R AT T 1L AR 48 28 22 T 28 LA FA b1
28 g (o R K S SE AL (TS-1) o AE b v [ b )5 i —
A A o 22 o 3 (8 PR K P B B TR 4, TS-1 78 KR A
PR BB oy 1 SRR3R AR L300 T HoAb 2 2 A ) 2
. Pk, DUHARE 2 2% ZE N 4, fE 535 i b 45 /i
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A B
e 025 F.
V1o
— { IP_Bx2
— NINJ
GDST .
rrrrrrrrrrrrrrrrrrrrrr GDSG  POPI : a
] | GDQY 0Fr .
t GDJY o
JPS10P9 E
IPS10P3
SDMP_2 =) - POP1
RS Q +POP2
SDRS 3 025}
SDCS_1 3
|©)
SDQX 3 A~
SDIM_ 4
SDHC 6
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, SDHD 4
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Fig. 1 Phylogenetic and population structure analysis of B. xylophilus
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Notes: A. Phylogenetic tree and population structure. The left diagram is a neighbor-joining phylogenetic tree constructed based on genome-wide single nucleotide
polymorphisms (SNPs), showing the genetic relationships among samples. The right diagram presents the results of Admixture analysis when K=2, where each
vertical bar represents an individual genome, and the colors indicate the proportion of the inferred ancestral components; B. Principal component analysis (PCA) of
genome-wide SNPs from 41 nematode strains. Red dots represent the distribution of 10 samples from the POP1 population, among which 3 samples have similar
PCA results and cluster into one point; blue triangles represent the distribution of 31 samples from the POP2 population, and all 31 samples cluster into one point,
showing a high degree of consistency; C. Results of population cross-validation error (CV-error). The error is the smallest and stable when the number of genetic

clusters K=2, and the error bars represent the error distribution of 20 runs with the same K value.
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Fig.2 Statistics on the types and quantities of SNP mutation genotypes in different populations of B. xylophilus
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Notes: A. Statistics of SNP information for 10 nematode strains in the POP1 population; B. Statistics of SNP information for 31 nematode strains in the POP2

population.
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Fig.3 Comparison of nucleotide diversity (7 ) , Tajima's D, fixation index ( Fst) between populations, and linkage

disequilibrium decay among different B. xylophilus populations
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Note: A. Nucleotide diversity (m) of the POP1 population across different chromosomes (chr); B. Nucleotide diversity () of the POP2 population across different

chromosomes (chr); C. Genetic differentiation index (Fst) between the POP1 and POP2 populations; D. Comparison of Tajima's D between the POP1 and POP2

populations; E. Linkage disequilibrium decay in each population.
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