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EFehutk CO | EEM FRBXE
FhELEME S R RS LA

BT HEE B R WEE ETE BRE H T

(PR, PRI A TR T SF LGSR E, JHARMESSREEAERE, BT 530004)

# E [HM] BEMNT PR A B X AR K4 Monochamus alternatus j# 1 22 R ik {5 45 F
fiE, BRALXS # 88 KA FhRE AL RO A S50 b L A B . [k ] BTG EE o ST
( Cytochrome coxidase subunit I, CO 1 ) J#, X770 11 DB RFFHRMGAE SR BB b is
FEL5FEAT L3 #T . M Bioedit A DnaSP 5.0 # it & Z a0, (8 Arlequin 3.5 B/#E4T Hh A
I 5 AE LT, SRHA Ppoart 11 BT BALE TR M 25 /], I-25 & B AR AR (] MEGA 6 £ &
Gkt [ER] T 167 KRR 635 bp A9 CO T JF51, KillF] 29 N2, 5 A 015 )
4.57% B BB R ZZREE A 0.858, IR ZHEIE N 0.004 52, 11 AN B AR E ] (84 #1254 0.001-0.010,
Mentel K 5545 82 W, 5005 HE BRI b3 25 A7 B A OCHE (P> 0.05 ). AMOVA 48T s, BiiE P it f%
AR S TAEN] (60.09% > 39.91% ), [HlE &L Fst (64 - 0.047-0.889, 2% ] 77 75 AN [A) 72 B2 1) ig2 1%
I3k BRETI 45 D 32 AR RSN 3 A ikl b Hap8 MR AR AL, SRR B b T A
HAERIY 34.38%. [ €€ ] [ PO ER R A HAT 8w st i 2 ek, 8 AL 48 S 08 o R I35 10 8 ) 4
ARG Bl RS RE aS R S R AR R R S T A SR R AR (R BB AL 254, T L RB S A7 R BE B 11 3
XKW MERS; BULEHEE; MREE L, Lhifk co T &R

Genetic diversity of Monochamus alternatus (Coleopter a:
Ceratoideae) in Guangxi based on variation in the
mitochondrial CO I gene
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Abstract [Aim] Analyzing the genetic diversity and genetic structure characteristics of the pine sawyer beetle Monochamus
alternatus in the Guangxi Zhuang Autonomous Region, to deepen the understanding of population differentiation and
ecological adaptation patterns of the M. alternatus. [Methods] Variation in the sequence of the mitochondrial cytochrome
coxidase subunit I (CO 1) gene between specimens from 11 geographical populations in Guangxi was measured and
compared. Bioedit and DnaSP 5.0 software were used to analyze the genetic diversity of M. alternatus, and Arlequin 3.5
software to perform a neutrality test and analyze genetic differentiation. Popart 11 software was used to draw a haplotype
network diagram, and MEGA 6 to draw a phylogenetic tree including other domestic and foreign specimens. [Results] In the

analysis of 635 bp CO I sequences from 167 individuals of M. alternatus, 29 variable sites were detected, accounting for
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4.57% of all sites. The overall haplotype diversity was 0.858, and nucleotide diversity was 0.004 52. The genetic distances

among the 11 geographic populations ranged from 0.001 to 0.010, and the Mantel test results indicated no significant

correlation between genetic distance and geographic distance (P > 0.05). AMOVA analysis showed that within-population

genetic variation was higher than between-population variation (60.09% > 39.91%), with Fst values ranging from -0.047 to

0.889, indicating varying degrees of genetic differentiation among different populations. The haplotype network diagram

divided 32 haplotypes into 3 evolutionary centers, with Hap8 being the ancestral haplotype, and shared haplotypes accounting

for 34.38% of all haplotypes. [Conclusion] The M. alternatus in Guangxi exhibits high genetic diversity, strong potential for

genetic variation, and environmental adaptability. Factors such as human activities, environmental characteristics, and social

features influence the genetic structure of M. alternatus populations in Guangxi, enabling gene flow over long distances.

Key words Monochamus alternatus; genetic diversity; population genetic differentiation; mitochondrial CO I gene

PR R 3R ) 2 R APz —, AR
ST E (F/NSE, 2018) o SR1, H
1982 4F R 5t K LA A 2 U ( Pine wilt
disease, PWD ) LI, 2R AUMEHEYZ 25 BT
KAEMBE, ERTEREFHA (i@,
2019) . 4 2021 ELEEFAYG TGN W
TN, AP Sk U R AR R b DX S B RSO S3A [)
RARE RS, SRS XA B P I # ™ IR
(FMELAE, 2021) o FERXMTHIRIEHET , 1A
#44% 1t Bursaphelenchus xylophilus =& #E 1 1)
HFA 88 K4 Monochamus alternatus ik 1 45 il
TAEH RO AE AT (HHER, 2000) o FHENE
o 1) 4 A 0 RN ™ SRR P AT AR, X A RN AR
TEOUR . AR SO A S IR B T R, S
F—FhE sl B0 H S L i B A SR A8 45 H

PR 2 L 5 A 55 K A0 I st A5 RE PR I 5T 2 Y
FITXT A B 28 LU B 455 B9 4T T 98 22 — ( Shoda-
Kagaya et al., 2008; Togashi et al., 2016; Chen et al.,
2021; Kirino et al., 2023 ). Nguyen (2019) F|H

SIEFAFENFEAXKE R, . =L
B w49 AFa BB R AR R AR IEAT T 3t
43T, 2 BN [R) s B REAS B8 K 4 2 IR A B
EBL 25 . MRS (2020) BFFEER, R
e BRI T, AS ) 3500 L2 P78 588 K 2 ol
FEAF AR W AR 3 5 22 52, X S 2 ARt — 2
TESE T AN B R AR B R IR) 45 25 A v st A% 2401
FELRIARIE R 1, 2Rk COT KRR T =
T A B8 K AR R R At A 13 B 22 () A7 AR 3 a5k
AL P4 (Fu et al., 2010 ), Kawai %5 ( 2006 )

T FHZRAR CO T3 DA AR T2 43 56 H A 25
REHATBALPRIC BRS04, KB H AP B R
4B 2 AR R, HistE 45 A 232 21 1
PR BT 5 ) o
A FE RN SRR 53R ¢ A AR5 T
( Cytochrome coxidase subunit 1, CO T ) F&[H
XF PG b DA AR R AR R 5L 2R AT T
TRAIRGY, BT )70 XA 88 K AR A s 14 45
PR 23 8 | B PR A Sast A& AR O o BF5E
S5 RA B TR PR AP 85 K A= R o AL LA
A ASIE N A, IO L S A L R
L[] AL B 5E BEA:

1 MRERE

1.1 HEEXXRE

SRR AT PR IR XL, LR
AT XA R B 4] 4y FhRE . 2019 4F 3 & 2022
5 A, TE 1A BGATEUIX R A B AR 1 T
JFEFAMR P B AN 5B K A AR 5 1557 A 25 A1
L A s AR A BR AR ), B
7 d SRR SR R A IR AR BIRA BB K A L 167
K (£ 1) FEARRUAG LA %EA 3 mL JEK
CLBEM 5 mL RS, BT - 20 CIRAF.

1.2 EEZH DNA REE PCR F il F

TEWEIREE T, RHFARGYEH A SR KA1
HP LA, SR 50 & EasyPure® GenomicDNA
Kit (b2 XEAEYEARGRAF ) FREHEH
21 DNA, i B0 M6 1T Nanodrop
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x1 I'AUIMRERFHEMEEREREE
Tablel Sampleinformation of 11 geographical populations of Monochamus alternatus in Guangxi

TR PR R (m) FEA R
Population code Sampling site Altitude (m) Number of samples

HZBB BN /N [X. Babu District, Hezhou City, 117 20
(24°42'N, 111°55'E )

WZCW F& M T A E Cangwu County, Wuzhou City 79 12
(23°65'N, 111°56'E )

LZCZ MM i 38 X Chengzhong District, Liuzhou City 102 23
(24°32'N, 109°45'E )

GGGP FRETI#H:F T Guiping County, Guigang City 71 19
(23°15'N, 110°17'E

BSJX T (17 75 5L Jingxi County, Baise City 145 10
(22°96’'N, 106°71"E )

CZDX 25T KHr E Daxin County, Chongzuo City 190 7
(22°41'N, 107°35'E )

NNXN BT 247 X Xingning District, Nanning City 83 24
(23°05'N, 108°67'E, )

GLQZ FEMTT 42 M E Quanzhou County, Guilin City 150 16
(25°92'N, 111°11'E )

YLRX F AT 4 8 Rong County, Yulin City 226 17
(22°79'N, 110°75'E )

LZSJ M 77 =718 Sanjiang County, Liuzhou City 294 4
(25°87'N, 109°46' E )

HCYZ LT H M X Yizhou District, Hezhou City 182 15

(24°45'N, 108°67'E )

FREACHS A SRR AT P SO PR S o R AR E A

The population code is the abbreviation of the first letter of the sampling point in Chinese. The same for the following tables

and figures.

(FEBR R RBHE AR ) Kl DNA % B 1
i, AREERA - 20 CUKFRAT. HHBI
LCO1490 ( 5-GGTCAACAAATCATAAAGATA-
TTGG-3') 5 HCO02198 ( 5-TAAACTTCAGGG-
TGACCAAAAAATCA-3") (Folmer et al., 1994 )
X AT M AR AP BB R A A HEA T PCR Y 3
PCR & WAKZ K 25 uL, {135 2xTaq Plus PCR
Master Mix ( Jb BB YH ARG R A )
12.5 uL, IER5#4% 1.0 uL, #iH DNA 2.0 uL,
JCHI KA ZE 25 L, PCR W FEF N 94 °CHiiAs
P 2 min; 94 °CZ5%E 30s,55 °CiBk 30s,72 °C
FEAH 308, 30 MEFR; 72 CCHEfH 2 min,

1.3 &#ifk Co | FARBSMRHUENAR

i H Chromas 2.0 4L 2ig, fdiF
Bioedit 7.0 Ahmed, 2011 ) #EATHH AL e X 58545 .

fdi F} DNAsp 6.0 ( Rozas et al., 2017 ) 23 s dEH
BRI A S o, THE AR R (Hg ).

B RZFEE (P) JOP w22 5 28 (ks
FIF SPSS version 11.5.0 43 A [R) FpREAEA S &
5 E ZREIE R B AROC AL, SRR ) i LR
BHBRAEE MK, RH Arlequin 3.5
( Excoffier et al., 2010 ) 315 B 1K o1k 38 %
(Fst), ZEPL (Nm ) H123520 Nm= ( 1-Fst ) /4Fst
P, JRHEATREOR RN (B] 9 3 T 25 40 B
( Analysis of molecular variance, AMOVA ) }H
PRI #T . i MEGA 6.0 ( Tamura et al.,

2013 ) #'f¥) Kimura 2-parameter ( K2P) *%i”ﬂ‘
SEMPRERRAL IR, JFEH] ArcGIS 10.2 it
FORFEASZ B IR 2, fE RS KB W
i, P fZfE8 K4 M. saltuarius ( GenBank &
S5 MT580675. MT580700 Fll MT580674 )
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VENAMEE, g N NCBI _E T 2R A T 544 b 52
KA CO 1 JPa 4T 3 ( https://www.ncbi.
nlm.nih.gov ), R 4B#27% ( Neighbor-joining, NJ )
PR PN SR R A AR R G K F R T H]
Popart 1.7 ( Leigh and Bryant, 2015 ) 2] COI %
PR 37 LA R R 25 5]

2 GRESH

21 JTEBRERFEESHEY

R E I ER NN SVt 5 =i 4 g
635 bp KR CO 1 HEHFIIH T RLL M. |-
PURASE KA CO | JEAIBRELA B o, A 7 s
A+T SEWET GHC HE (£ 2), LI
AT MR, £56 B HZhn A I DR i L 20 A AR

o TEABIENIE T, 5 =AW AT MR
&R, A+T P& RIS 96.9%.

7E CO T 8 Bk 635 Mz sih (£3),
PRSFALEL 606 A, S 29 4, Hrf, 54
PR A T DR, 24 AN KR T R
o, AT LA L, Toii A RIEE ; fR2015 B
Pis 164y, HEALE 134 TR R Ak
() BALE R ZREVE S 0.858, B TR ZAENE N 0.004
52, FHIRATIRZE 7 RECH 2.870, £AFIEEAY
FEARRE 5 SR 2R | AT IR A E DL IO
PR TR 2 5 20 Pearson REU3H 0.241
(P=0.474). 0.396 (P=0.227) #10.397 (P=
0.227 ), RWIFNHERIA 51 ZAEE 2 5 5HEASL
M (P>0.05),

Tajima’s D H PR Hr s R s (K£3), 70

R2 IAEUANMBRFMIBIEE COI HRREHM

Table2 Composition of CO I gene bases of 11 geographical populations of Monochamus alternatus in Guangxi

AL & Base content T (%) C (%) A (%) G (%) AT (%) C+G (%)
55 —{3 15 The first position 24.9 17.1 29.7 28.3 54.6 45.4
%% ¥/ &5 The second position 43.9 24.1 14.6 17.4 58.5 41.5
%5 =1\ &5 The third position 48.8 2.3 48.1 0.7 96.9 3.1
5B (%) Average content (%) 39.2 14.5 30.8 15.5 70.0 30.0
R3 TTHEHUANHEMBERERS CO I EFBEESHERPEKRE
Table3 Genetic diversity and neutrality test of CO I genesin 11 geographical population
of Monochamus alternatusin Guangxi
i,{ﬁﬂiu (~7 71 - )| %ﬁ‘ﬁz/ﬁﬁ? J %S
e BAMER fpaa o PRI e cpepe e 2RMC BRI
RS ) _ gy Hq . Average Tajima’s D
Population code Polyrporphlc _ Parsimony Haplotype Haplotype NLFCIeOt[Ide number of  Neutrality test
sites informative sites atmbor diversity diversity nucleotide
Difference
HZBB 7 2 6 0.705 0.002 44 1.547 - 1.312
WZCW 8 2 7 0.864 0.002 82 1.788 - 1.298
LzZCz 11 6 8 0.771 0.002 98 1.889 - 1.451
GGGP 8 0 8 0.614 0.001 33 0.842 - 2.162%*
BSJX 3 0 3 0.378 0.000 94 0.600 - 1.562
CZDX 5 4 4 0.810 0.003 60 2.286 0.594
NNXN 11 8 7 0.678 0.005 97 3.790 0.615
GLQZ 4 2 5 0.533 0.001 10 0.700 - 1.311
YLRX 2 2 3 0.588 0.001 04 0.662 0.296
HCYZ 9 5 5 0.629 0.004 44 2.819 -0.317
LZSJ 1 0 2 0.500 0.000 79 0.500 -0.612
ALL 29 16 32 0.858 0.004 52 2.870 - 1.311

**IORZEF B (P<0.01, Tajima’s D), ** indicates significant difference (P < 0.01, Tajima’s D).
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FASBR R AR MUK Tajima’s D MHfE (- 1.312), H
SRR E (P>0.05), ST SBRLF
Tl N A G Tajima’s D 2l - 2.161 99, ik F|#)
HEKF (P<0.01), HAF PR TC R
FE (P>0.05).,

22 JTHBREXRFEESHL

TP EAR) T 11 MR R
PHANEEZ A 3R AZ A 0.001-0.010 (£ 4 ),
Mantel #3845 R E~, 11 DR R4 HPRFP R
22 [F) Fg b P 8 st £ I A7 7 3 Sk
(R=0.346, P=0.124), X P4 rA Ho B Rp i
FEPETT AMOVA 43471, 11 ASHBBRFPRERE] CO 1
SR AL AR Bl 39.91%, FHEEN AYAMAAS B
4 60.09% (3R 5). £ FHEZ MY [ E REL Fst

EFIFE - 0.047-0.889 Z 0], K4 o BEANIEAY
5 28 Fst KT 0.25, 11 N EE AP RE (R A7 AE
B AR AL, i v S
A FPRE F 3845 o AL R B e, BT b M o
BEAL, 5 HALRREE R D REIIR R T 8K
(P <0.05); FE, MTX%THEESSEAK
DCFPRERE LR (Nm = 22.728 ), %I 2 M Fh
TERMBRERAERENEA RIS
(£6).

23 TEARSBR4EMEBEEEN

AN BR R AR R B R 2 R R 24 R 3 A
BT, %5 1 LA Hap8 Rt s, N E%E
PALERY HAY 2 S0 H2 R HS S e s
(1), Hap2 55 Hap8 BG5S T 73% M H B Ff

x4 I'AUNITRERFMEHEEZ BNEEESFMHEES
Table4 Genetic distance and geogr aphical distance between 11 geographical populations
of Monochamus alternatusin Guangxi

ﬁﬁ{tﬂ HZBB WZCW LZCZ GGGP BSJX CZDX NNXN GLQZ YLRX LZSJ] HCYZ
Population code

HZBB 85.572 212.858 199.017 518.515 482.992 330.151 172.461 198.607 264.878 291.389
WZCW 0.003 226.793 152.259 500.860 452.037 302.287 256.306 126.395 325.201 306.442
LzZCz 0.003  0.003 149.226 317.230 301.554 161.918 243.938 215.504 172.247 80.256
GGGP 0.002 0.002 0.002 354.404 300.396 153.724 322.146 71.567 310.666 210.066
BSJX 0.009  0.008 0.008 0.007 89.673 200.731 553.403 414.056 426.584 259.197
CZDX 0.005  0.006 0.005 0.005 0.010 152.846 545.328 351.351 439.994 263.633
NNXN 0.006  0.007 0.006 0.006 0.008  0.005 403.218 214.841 323.398 155.575
GLQZ 0.002  0.002 0.002 0.002 0.008 0.006 0.007 349.725 165.039 294.760
YLRX 0.002  0.002 0.002 0.001 0.007 0.005 0.006 0.002 366.334 280.841
LZSJ 0.002 0.002 0.002 0.001 0.007 0.005 0.006 0.002 0.001 176.673
HCYZ 0.007  0.006 0.006 0.006 0.003 0.008 0.007 0.006 0.006 0.005

RN A PR EE RS, A7 A O SRAE AR A B KRR B

The lower left corner of the table represents the genetic distance between populations, while the upper right corner represents

the geographic horizontal distance between sampling points.

®5 A UNMEBREMBHBLNE COI ERNFAESN
Table5 Molecular variation analysis of mitochondrial CO 1 genein 11 geographical
population of Monochamus alternatus in Guangxi

i

WA ERASE (%)

78 S AR F . L EIEE ¢
e Quadratic Variation Percentage P
Variation source Degree of freedom .. .. Fixation index
sum composition variation (%)
F##E] Inter-population 10 95.342 0.586 98 39.91
A In-population 154 136.113 0.883 85 60.09 0.399 08
Bt 164 231.455 1.470 83 100.00
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F6 JAUNMMERFHMEBHBFZEAHEERE (Fst) (T=F ) FMERER (Nm)( E=%)
Table6 Fixation index (Fst) and gene flow (Nm) among 11
geographical populations of Monochamus alternatus in Guangxi

Poﬁlﬁiﬁiﬁide HZBB WZCW LZCZ GGGP BSJX CZDX NNXN GLQZ YLRX LZSJ HCYZ
HZBB 9.117 4232 0.797 0.072  0.307 0.530 0.864 0.776 1.108 0.264
WZCW 0.027 -9.125  3.890 0.079  0.337 0.568 1.283 3.796  -42.338 0.341
LZCz 0.056* - 0.028 3.686 0.106  0.441 0.663 1.633 4262 - 62.285 0.385
GGGP 0.239*  0.060* 0.064* 0.047  0.185 0.407  0.345 2.787 - 5.607 0.239
BSJX 0.776*  0.760* 0.701* 0.842%* 0.068 0.278  0.034  0.038 0.031 1.600
CZDX 0.449*  0.426* 0.362* 0.574* 0.786* 22728  0.140  0.163 0.288 0.270
NNXN 0.321*  0.306* 0.274* 0.381* 0.473* 0.011 0.314  0.392 0.706 0.716
GLQZ 0.224*  0.163* 0.133* 0.420* 0.879* 0.641* 0.443* 0.315 0.278 0.203
YLRX 0.244*  0.062  0.055  0.082* 0.869* 0.605* 0.389* 0.442* 2.462 0.524
LZSJ 0.184 -0.006 -0.004 -0.047 0.889* 0.464* 0.262* 0.473* 0.092 0.385
HCYZ 0.486*  0.423* 0.393* 0.511* 0.135 0.481*  0.259*% 0.552*% 0.524* 0.395

RN T ITZEMEIR R BFE (P<0.05),

* indicate results of the molecular analysis of variance is significant difference (P < 0.05).

10 Simple

Hap27 1 Simple
Hap10 @ HZBB
@ WZCwW
© LzZCZ
O GGGP
@ BSIX
Hap3 @® CZDX
@ NNXN
® GLQZ
O YLRX
Hap30 © HCYZ
® LZS)

Hap31

Hap32

Hap9

B1 ETWMEELHNT ARSERFAFRNEE
Fig. 1 Thehaploid network diagram of Guangxi Monochamus alternatus based on Neighbor -joining method

Pl 5 TBRT L 22 )3 e e b 1t R 0 A BRI AR 22 (BB 4 ;. Hapl 5 Hap13 8 €[5 8y 5 A AR 4B 114
2 PG BLZ [RI CT R, T RES A S ARSI 3 74 A A AL
The number of black short lines on the connecting lines between the circles in the figure represents the
difference in the number of bases; The black circles of Hapl and Hap13 represent the “nodes” between two
adjacent haplotypes, which may be other haplotypes that not detected in this study.
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BE, Hapls 7 36% MBI AL, Hap8 sk i
W Z R RAEAY, R Hap8 TTRE N PHAN 82 K4
PSR B R, fESst i Z AR T, L PE
B Wt B BREE L DS A EE (Hapl6 BRAM)
AR A S 2K EE (Hap2 BRAM ) A F 6 —ik
o4y 32, B b, S 21 Pk SR RAERORT 11 il
e gAY e SRS AR & BT A R R
1 34.38%. st FAPHE b 2 A ==
fER, 7E 11 P gl A 2 Rl
FREEPIILEE ) R 9 A% AL Sy R R) 4L =

Tree scale 0.01

(1),

XFT7VG 32 A~ EAE Y K AR A% i X P 25 K A
1) CO I FHAT IR M, SRR, J7Mm
R A ARIE ST 5352 . Hap8 \Hap17 . Hap29
Hap19 Fl Hap18 53k H & [E 1) 5 55751 R A —3L
(V{0 ), Hap20. Hap7 F1 Hap21 5 M NCBI
T ESMA SRR AP (KR LR E R S 4
JE 5 ) LA K H ] A el R R SR A P 8 23R — 32
(60 ), FHAth) ™ PUANER R A B SRS R S HICTE 2
R A E S (18] 2 ),

| M.saltuarius MT580674

[: ---------- M.saltuarius MT580700
---------- M.saltuarius MT580675

----------------------- South Korea ON307232
----------------------- South Korea ON307231

----------------------- Intercepted in UK KU531393
----------------------- Intercepted in US KY357735
----------------------- South Korea JN087416
----------------------- South Korea JN087407
----------------------- Hap7
----------------------- Intercepted in US KY357738
----------------------- Hap21
----------------------- Intercepted in UK KU531394
"""""""""""""" China Fujian MT812007
----------------------- China Nanjing GU003928.1
----------------------- Intercepted in US JQ015145
----------------------- Intercepted in US JQ015147
----------------------- Intercepted in US JQ015144
----------------------- Intercepted in US KY357740
----------------------- Intercepted in US JQ015146

B2 ETWMEEGENRGHLH
Fig. 2 Phylogenetic tree based on the Neighbor-joining method
ARG 73 PN RS, — D SO a2 bR A, 55— DI SR ER R, Tree scale 3 3L HEHITR

The phylogenetic tree is divided into two major branches. One branch represents the outer group M. saltuarius,
and the other branch represents the M. alternatus. The tree scale is the branch scale.
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3 itig

Py AE 18K A Ak A v TG ka4 R A
FAR S, T YR AL R AN RS , X
AT PN 5 o ) P 3 1 22 S LA BB 3 o AR
I BT P L IX AN SRR A4 CO T & iy
LR SR, SFEMERSE) VP 11 A HbFRRR AL
25 KA Wit ZREE RS X, A B TR
RS 5 R AR TRV 1 43 A A ORI AR 283 1 O
GEIL RN, N [R] B AR Y SRS R 2R R
0.378-0.864, 1% 112 Z 44K 0.000 79-0.005 97,
KERSFFIBEL I Grant 25 (1998 ) 20
Ha Ml k2580 Fst 5 Nm #87-F B[R] 15 1L )
HEFEFR (Rousset, 1997 ), 3 &Y Fst {H ( Fst>
0.25) KRB RIfEER S AL il &
=% Nm {E (Nm > 1) IR A7 5 I 1
FEHAZH . AMOVA iR, T PO s K4
60.09% 978 5ok B APHEN, 39.91%% A FREE]
AR Fst{E R 0399 (P < 0.01), Ui PR
KA BEARFPRE A SR A /D, Hoh Fistfe iy =
AN AR B R s G k. Bk b, T Paba s
KA BAB R NG 2R, R T Fhe)
PUEAT R R AR 70 S ) IR BEIE i fig 1, (1
.25 PRI [ PR 1) 3 4% 8 A () s e ) A A
TR — M5 B0 A FIRE Y Y 18R A AR AR
25 (BN, 2018; EHEE, 2023 ),

it 1% 43k B RPRE P ) st A% TR A 5 R EE ] 1Y
FER AP E , AR B 3t PR 735 52 v 32 PR A8 i
F T EL R R, v AR R FE 9 52 M ) R A B i
&4k o T VU AR 88 I AR IR [a] 0 s 38 2 gt
R HE 25 - JC W B A O | X 5 3RATTN M B B 5 7E
AT LGN AR TR, H I RS i T
MR R BRI . AP IR, AR R AR A A
SRV HOH FEAIRT 218, BAEZR 2 km (5RIET
85,1992 ), LR VG B8R A FE v ) SE R 22
AT REIFARSE OB T F AR L Qi AR B 51
PN =YL () B B A EE I (366.334 km ), 1M
BAEHUA 0.001, H BB S i BN A\ 4
SHIM IR 2 18] (212.858 km ) W FEAE A S Ik
g (Nm > 4), a2 ASFhREEAS B R4 H

A —E AU, FA7EE LRSS . EIkH
4 (2018 ) KW, FEP AR S AR 2%
AR A ] i 1T R A 2 A2 i B O 2 P R ) 56 PR 58
I E SRR ( ERETAE, 2018 ), Hu 5§ (2013)
Xif s B8 K LR FPRE A0 AT AU S ARAIESE T AN AT RS
(IAFTE . Z NG BhIREMR , B SR R A B R R st
T2k 2 2R A AR R R A ECAS o H R0 UL 3 3k
SRR, ISR R AR R B AL 1 R T bt
(RIB R , F0 73 6 P B ST T SRS AR ) 7
JEH AW (Kawai et al., 2006 ), FI, J PG R
KA AF S AAM 28 3 F B0 S HE B AL H% , X
Tl A3 T 6 S TR ol S 8 35 PR 5 3 ) 2 B i A
AN, U A Lt DX R BN A T, A
AR 830 4 2 3 1 5 22 RO B b e 5 L A o
[ B FEAE R B K 1 it A% 434k (P < 0.05) (ST
F,2016; ik, 2019; B%E, 2022 ). MAaSEKR
AREE A ARAERE Y HORVBERT , S AN A 1 AR
R R ] ARSI A A BE e, BT H 3 PR A2 i
(Fu et al,, 2010 ); B RAMKEE N NLHEY
FOFRAE RS, AR J0 A 4503 2 B A L PRI A8 Tl
T EMN 28 A T RAKOK O, SR, kA
T2 HL DX () R 5 b 1) R R I S st A
Gan o

TV RS B R A B AR ) 4% ] 5L RLIR P4
¥, e 3 AR Sk oL o Hodr Hap8 1 Hap2
At B T T2%0ER AR, T Hap8
S 2 AR, HED Hap2 i Hap8 431k
Mk, PE—EH#EWr Hap8 R RS VU Hb X AN 28 K
A AR BRI 11 A M R RR R LA AR 32 Fil
FAAETY, ALHE 21 Pl S fE R 11 it s
R, ph = SRR AR YIS HA BT A5 5, i
A B RS , PRI E RIS fE 2 4
P (Johns et al., 1998 ), & sk F-FPRELEAE T
G Z (6 1), H. Tajima’s D #5645 -1
2 RUNZA AR WA A KB 5K S . Lee
2 (2020) T CO I FAIRT L4 RBLLHIK
4= Aromia bungii FisEL5 BT KB, [R]l— R
R FARE R, R shxt R4
FRRRS AL 5 M 7=k T W, ST 40
R GEA BoR , TP B KA 2 M
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T A AN SR R A AV R O — 32 45 6
I 4 AT T, Hap7. Hap20 1 Hap2l 54
BRAA S RAFHERG CR B, X 3 Pl fhilfr
TETHEMGHE . STl SR T2 TR, B
RV, ) PURA SR KA (] — PR U b LR A
BRI Z A MG, i — U R
XN s KA BRI, 5355 B Rt —
B (EL5, 20145 KM KAE, 2017), FORESAE
RUE R SAEAS B IR WA OCHK , AN 22 K%
BEAUA 7 AHEA, (BREHITFAE 4 Fhepf5AL; AR
HUA 17 AR, BAUEAE 3 P fs R, 52k
A N3G N EpAS R Z RE PR 2 AR A, LU
REL R iy S

VG b B R AR AR I st AR 25 40 22 B A AR
E S LHETE S AU NSRRIl ) Al (s 8- 975 Etabi)
BT b PR 2 e R F A0 R () A AE A ]
T HIB AL Sk, R TR N A (A P 1L
HHBIX, DhRSEAE TR AR B2 Zy X, A 55 25
SR BRI 25 R AR AE T VG DX S8 PN 1 3t A% 25 4
oAU B B S, IF e A RO B R
WCPR it TEE S RSSO A A A 2 LY
FRBE AL 451 | 2805 & SRR O SN THI R B 2R
HEATAR SR, ANTITE /R Z2 R4y, DA
TRABRRR VUSSR R A L sh & L
WEE R R WA EAE .
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