3 FH B B 2#4R Chinese Journal of Applied Entomology 2023, 60(5): 1391-1402.  DOI: 10.7679/j.issn.2095-1353.2023.132

ET&A CO 1l ERMZ MR
FEHRE SIS

ol o®m & ITER I
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# E [B8)] FH CcoT &KW A BRI E 13 S HFF 75 A% i i Conopomor pha sinensis 35 1%
iR BRI RErE, [ AR ] xR A 13 AHIBRAEE 258 NI d ) O T 3 H A Be#h4T PCR 183
TUFE , R A D05 B2 07 X R (R B R | A% oAb | SRR oA ZRErE ik T b L B8R ] 4
FEXT3Hr, 258 DEEARY 1121 CO T HEM A B R 1349 bp, FL43Hr i 56 Flpfi iy, SLasfkify o
5 8 (4 A7 R W R I R A S R 58 3 A AE A% 4k o Hap_4 S8 R BFSSAEAE A SRS RY, Il 2 2
FE R AR JRLG I , B R F758, BEAEZ, B bk AR h R 17 A o a8t M2 I R A B i o
FERZRNE (H) MEMRAAZTTRRZ M (Pi ). FEEELER 2 R (Fo) FIZEFR (N, ) 43514 0.085
1 5.382, FHAXK ML PRI L AP [ 88 ] F5R05 I HUre 45 b BUR e () HL A S0 2 LR 52
T, ST AT RE T T P MR, R 2SR R AL, P EOL R B 0 B R 2 AR RN
BN RRZFEE .

KW AR HOPRANEE; CO T L LR, Lk

Genetic diversity of geographic populations of Conopomor pha
sinensis based on thevariation in the mitochondrial CO I gene

CHANG Hong~ GAO Yan WANG Si-Wei WANG Xiao-Nan LIU Yan-Ping

(Institute of Plant Protection, Guangdong Academy of Agricultural Sciences, Key Laboratory of Green Prevention and
Control on Fruits and Vegetables in South China Ministry of Agriculture and Rural Affairs, Guangdong
Provincial Key Laboratory of High Technology for Plant Protection, Guangzhou 510640, China)

Abstract [Objectives] To reveal the genetic structure and diversity of 13 geographical populations of Conopomorpha
sinensis in China by analyzing variation in the CO I gene fragment. [Methods] CO 1 gene fragments of 258 C. sinensis
specimens from 13 geographical populations were amplified using PCR and sequenced. Based on the sequences obtained,
haplotype composition, genetic diversity and genetic differentiation, of the geographic populations were analyzed with
bioinformatic methods. [Results] The length of the CO I gene fragment amplified from the 258 specimens was 1 349 bp.
56 haplotypes were identified, including 14 common haplotypes and 42 population-specific haplotypes, which indicates a
relatively high level of gene flow and genetic differentiation among geographic populations. Haplotype 4 is a common
haplotype among all 13 geographical populations, indicating that it is relatively primitive, adaptable and stable in C. sinensis.
Genetic diversity analysis indicates that geographical populations of C. sinensis have high haplotype diversity (Fy) and low
nucleotide diversity (Ny). The fixed coefficient (Fy) and gene flow (Ny,) for all specimens were 0.085 and 5.382, respectively,
indicating a high level of gene flow among populations. [Conclusion] There is evidence of frequent gene exchange between

different geographical populations of C. sinensis. The total population may have experienced rapid growth in the past, but
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there has been insufficient time to accumulate nucleotide mutations, resulting in a relatively high level of haplotype diversity,

but a low level of nucleotide diversity.

Key words Conopomorpha sinensis; geographic populations; CO I  gene; genetic diversity; genetic differentiation

74 4% 7 14 . Conopomorpha sinensis Bradley
SR A I IR ) R e e L, R A T
E S AR 771X | BN | JRIAR MR RS
S (ZECERAE, 20185 Yao et al., 2021), H
FEUL R JEIR AR | B RS
MR ULEFERTNE, —BF ik R
10%-20%, ZHEBEIE 60%-90%, & FRARHR
SESh R B R AV NE, W FE A BRIl v
WE K25 %( Yao et al.,2019; Vinod et al.,
2020 ), SR, FH T 75 B0 ik e R B 16 A7 A
B S g e, EH AT AR A A 1 0, MELL
WFRERE, MR R R R
(305, 2018 ),

BT, 788k sy EEE R TAY
2 AR TR TR PG AR G (2
% 2018; Garima et al., 2020; Srivastava
etal., 2020; Vinod et al., 2020; Dalui and Sarkar,
2021; Yao et al., 2021 ), A HF ke b B
BRI LS5 | 2 2R A A DX H R G R K b
BE 35 4% Z2 FE M RN E A0 G 3R SR BE 5t 4% 2% 7 1T 1Y)
WD, AGET SR LS R XHZ ) SSR {7
SURRIESEAT T 08, IR IRAIE 4 X551 mT T
PHEH SSR 74 (FMIAE, 2017 ), K75 AL A5 ik
MRS AL G5 A IEAT 0BT, AT SRy 25 A8 75 i
A E A0 G 3R B 45 R A A8 3 X TR O R 1L 43
T G2 F U, 38 0] Ry AR 7 R A i HO & AR R
B, TR B A PR T AR

2R R 1K DNA (mtDNA ) K H EA B R 5% |
SERI TR H R B RS . AR AR | b R R
G, BT FIEASE . A 2E R
TR AR, LRSS IRh B 0 28 % e
FiORE (9 L PR PR 2 . R G K B Rt A% i 4L 4
( Cameron, 2014; Dong etal., 2021; Linetal.,
2021; Jiang etal., 2022), HH, 4ij &A1k
Mg I (CO T ) M THoe R A is L2
it FIAIR 3 = bR i FARic Z —, AT

W R BRI S ZHEE RS R T R

(Kamal et al., 2020; ZE#% 5%, 2020; lyiola et al.,
2021; HhHkAE, 2021), ST, AWFZHH
CO T R BXRAMER . R, &R, I
TR IX A 13 A H B AP R 7 A A i A B
TRV R | L e | 3stA% oAb B R R i A5k
ATRIEGY , MRS [R) b PRI (] 9 52 2% G R A AL
ML, BFA M B B oA ) PR DG 1, 1)
A L R A2 T 7K S S ) A 486 7 IR 3 A2 A
BILT 5 SRy 248 75 R 5 e H ) R R, AT A 3K
B A At EE AR

1 #R5AHE

11 g AR

¥ 2020-2021 4E[ER HIRET PG, 7R, 1
AR EESE IR 258 AN 7 A I HURE AR 43 1IR3
FIK CEEFIHHATIRIE, - 20 COKFEIRAELF
o RAEEHL S T HIS(E BRI 1,

1.2 EEZ DNA FJRE

B B T A i SRR B O A R L, A
MTERIKIEYE 2-3 Wa , BB b AR BT
1.5 mL B0 H, FIHBERE (SiA 24
JLHN A DNA B &, Ui e 2 AR
NAE) FREBGEF A DNA, Akt RilH &
UL A5 SR THRAE

1.3 COl EFEHF EENF

W FH R d co T HH4AKFES
( Genebank &35 . OK310517), {4 Primer
Premier 5 &it¥ #4514, S5I¥FI R 1EH
CO [ -F 5-TAATCCAGGATCTTTAATCGGTGA-3';
J2J8] CO I -R 5-TATGAATGTTCAGCAGGAGGGA-3',
A TAY TR (L) B ARARS R R
FH 25 uL 19 PCR W AR R BEATH 1Y, 4245 DNA
FEML 1 pl, 10 wmol/L AYIE M5 #)4% 1 uL,
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Tablel Samplinginformation of Conopomorpha sinensis
TR RAEH SN R AR 1] FEAH

Population code Sampling sites Latitude/Longitude Sampling date  Number of samples

BS = Hf#1L Baoshan, Yunnan 25.11°/99.17° 2020.07 21

DG ] %4 %% Dongguan, Guangdong 23.05°/113.76° 2021.06 18

GZ J"ZJ N Guangzhou, Guangdong 23.61°/113.15° 2021.07 25

HK PG Haikou, Hainan 20.03°/110.33° 2020.03 20

HZ J"Z# M Huizhou, Guangdong 22.98°/114.72° 2021.06 20

LZ DU Y5 Luzhou, Guangdong 28.89°/105.44° 2020.07 24

MM " Z57%44 Maoming, Guangdong 21.92°/110.86° 2021.05 22

Qz I PE4M Qinzhou, Guangxi 22.42°/109.29° 2020.07 19

SW J"ZlE Shanwei, Guangdong 22.77°/115.36° 2021.06 20

XX J/R# ¥ Xinxing, Guangdong 22.70°/112.23° 2021.06 17

YX T #APHPE Yangxi, Guangdong 21.75°/111.62° 2021.06 19

VAl J"ZRIEYT. Zhanjiang, Guangdong 21.20°/110.41° 2021.06 16

77 fEaE M Zhangzhou, Fujian 24.51°/117.66° 2020.07 17

FRREACRD O 2 R B PR S . TRl

Population code is the acronym of each collection site. The same as below.

10 mmol/L % dNTPs 1 uL, 7 Mg*" % 10xbuffer
2.5 uL,5 U/uL ) Taq M 0.2 uL,dd H,O 18.3 pL,
PCR W F2JF: 95 °CHiASE: 5 min; 94 °CARPE
30s, 63 °CiBk 30s, 72 °CHEf# 30s, 10 M
W, BMEARR KRR 0.5 °C; 95 CAS
30s, 58 °CiBk 30s, 72 °CIEffi 30s, 30 M
Wy 72 CMEEEM 10 min, 4 CORFF. ¥7HY
T2 1 %I RERE I kA, kB AE TR
PITAR (BT ) B A7 R 7 58 s o

14 HIEAEBSSH

FIF mafft v7.475 AT LN, 66
5" Al 3" 2 S AR B 4B BT X 5% ( Katoh and

Standley, 2013 ).} L X/ 14 )7 515 A DnaSP Ver.

6.12.03, PEATHABT A R st AT,
B A S H . AR | PR A A
WAL R, IFPEAT Fu’s Fs statistic Fl Tajima’s
Ko, J TSRS, ffiH] FastTree version
2.1.10 ##EE ML dH4bH, S48 Generalized
Time-Reversible ( GTR ) #& %I |
Hasegawa ( SH) % ( Price et al., 2010 ), #

Shimodaira-

I MEGA X T3 A% BRZH W S A8 57 o5 46 (5 .
( Kumar et al., 2018 ); Jf R H & KALIARE
( Maximuim likehood, ML ) 15 E] g 14 H

&, Bootstrap & '& 1 000, H PopART T

Median-joining A4 FEFE N BT SAS 0 A 1)

2414 ( Leigh and Bryant, 2015 ), #JF Arlequin3.5

A AS R FP R B EE A FSTs #4715
( Excoffier and Lischer, 2010 ).

2 GBRE59H

21 COI EEFIIFIES T

FIFH LT B 5 P 08 A [) b 350 3 7 A 5
B CO T EFFATY MY, JF514 Blast L
SHfING, EBR519, HBRIMFIHEEE R 1 349
bp. #FFNF AR Mega X HEATHHE/MT, %
BRI S A RS AL A A s 5 1115
AFL 2194, ARG BALEH 741, A
BN 4145 AL T, G Al C BEAE BTG 751
I SR 31.6% . 41.4% . 13.9%7F
13.2%, A+T & &ET C+G &, HAM
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Table2 Thevalue of base substitution
. CEIET E S £ 2 AT 890 R VIE S TR0 R -
A=Y , i /451 B
{\.. Identical ~ Transitional Transversional %ﬁ ik TT TC TA CT CC AT AA GG 2
Position L . . . si/sv Total
base pairs (ii) base pairs (si) base pairs (sv)
MZ AT 22
Rl 1279 2 3 076 528 1 1 1 168 1 405178 1283
Average frequency
o LIJ_‘T
1 fi . 427 0 0 0.93 162 0 0 0 58 0 123 84 428
The first position
o LIJ_‘T
5 2 LA . 424 1 1 1.36 187 0 0 1 78 0 105 54 427
The second position
et b
53 i 427 0 1 0.28 178 0 0 0 31 0 177 40 428

The third position

WA R T MR R, X 5
BAEIAToHT, 5L 2 PR, 4R EW, 178
AN MO ERFR R ], IR B RAE 2 sy, kAR
e (si) S5HHE (sv) WAFRMAR, bR %L
[ 6 153 3 h 0.16%F11 0.23%

22 AFMEMBEZREERANESSHEN
S

FEFIRIGH CO T HEH /B, XF 13 /- Hu B
7 R b e st AR AR RE 7oA, 25 RNk
3 R o AN[R)HER AR (] 22 25 A7 a5 0 R B AR

BEH WA 25, SN S ER B RR H /b
(RS 23 RhEE, 080 1 ANAI 2 4S5 HK RS
AW S ERZE, N 26 1~ LZ F1 MM
FREE S A MR H IR 2, B0 11 A4 Al
RIZ M 2 QZ AP, 4 0.865 50, i H:
B M58 2% 5 A AR AR AR
2 XX FPEE (0.227 94), DA HEAE ZREMER
%o ASTRIFPRE [E) 4% 9 PR Z HEME LR,
0.000 29 ( XX F##f ) - 0.003 04 ( HK Fhit ), F
374 0.001 61, 13 A~ BFRFE ) AZ AT R 25 57 71
BRI E R FEE A AR R, Horp XX Rl

x£3 ETFCOl EFMNAREMIEBEMBEZHFTERNBESHESHT
Table3 Genetic diversity analysis of Conopomorpha sinensisin different geographical populationsbased on CO 1 gene

OrEALEEE AR TR AR TR WEAE R 2 R T R R 22 5 P K%L

Tt Number of Number of  Haplotype Nucleotide . . . Average number of
Population segregating sites haplotypes diversity diversity Nucleo(t;}jc(:i)lversuy nucleotide differences
S (h) (Hd) (P (K)

BS 12 9 0.847 62 0.002 06 0.002 07 2.509 52

DG 4 6 0.562 09 0.000 89 0.000 89 1.078 43

GZ 14 9 0.546 67 0.001 43 0.001 43 1.740 00

HK 23 10 0.863 16 0.003 04 0.003 05 3.700 00

HZ 6 8 0.589 47 0.000 85 0.000 85 1.036 84

LZ 13 11 0.786 23 0.001 77 0.001 77 2.152 17

MM 8 11 0.796 54 0.001 22 0.001 22 1.484 85

Qz 11 9 0.865 50 0.001 83 0.001 83 222222

SW 7 5 0.600 00 0.001 48 0.001 48 1.800 00

XX 3 0.227 94 0.000 29 0.000 29 0.352 94

YX 5 6 0.695 91 0.000 98 0.000 98 1.192 98

Z) 1 2 0.400 00 0.000 33 0.000 33 0.400 00

77 13 5 0.647 06 0.002 79 0.002 80 3.397 06
Total 60 56 0.692 52 0.001 61 0.001 61 1.961 69
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BE SN, H 035294, T R EEEUE SO, PP R PR B2 025 R K, A BRI

k1 3.700 00, FREEEAF-IEN 1.961 69, Tajima’s PR IRE N - 1.943( XX FHHE ) - 0.838

FETF CO T L [H f10 45 H H b A 2 Bl 3 i ) (ZI FEE), % GZ F1 XX FhiE (P<0.05) 4k,

PASERILH B St PERG I A SR UNEE 4 B, AN HARFEE Tajima’s PR R AL E (P >
®4 EFCOl ERMAEIEBMBEREL MM BERSTRPERIER

Table4 Haplotype analysisand neutral test results of Conopomorpha sinensisin different
geographical populationsbased on CO I gene

WP Fu's Fs /4

Rl AL R, Tajima's % o P
Populati Haplot mposition Tajima's D test Statistical Fu's Fs P-value
oputation apiotype compositio 4 significance  statistic
BS  Hap 1(2), Hap 2(6), Hap 3(2), Hap 4(6), Hap 5 - 0.981 P>0.10 -2.982 0.032*
(1), Hap 6(1), Hap 7(1), Hap 8 (1), Hap 9 (1)
DG Hap 2 (1), Hap 3 (1), Hap 4 (12), Hap 10 (2), - 0.549 P>0.10 -1.93 0.083
Hap 11 (1), Hap 12 (1)
GZ Hap 2 (1), Hap 4 (17), Hap 13 (1), Hap 14 (1), - 1.860 P<0.05*  -3.388 0.022%*
Hap 15 (1), Hap 16 (1), Hap 17 (1), Hap 18 (1),
Hap 19 (1)
HK  Hap 2 (3), Hap 4 (7), Hap 11 (1), Hap 12 (2), - 1.801 0.10>P> _1562  0.098
Hap_20 (1), Hap_21(2), Hap_22 (1), Hap_23 (1), 0.05
Hap 24 (1), Hap 25 (1)
HZ  Hap 2 (1), Hap 4 (13), Hap 14 (1), Hap 26 (1), - 1.566 P>0.10 -2.818 0.039*
Hap 27 (1), Hap 28 (1), Hap 29 (1), Hap 30 (1)
LZ  Hap 2 (3), Hap 4 (11), Hap 5 (1), Hap 6 (2), - 1.186 P>0.10 - 6.346 0.001*
Hap 11 (1), Hap 30 (1), Hap 31 (1), Hap 32 (1),
Hap 33 (1), Hap 34 (1), Hap 35 (1)
MM Hap 2 (1), Hap_4 (10), Hap_12 (2), Hap_21 (1), - 0.678 P>0.10  -9008 0%
Hap_36 (1), Hap_37 (1), Hap_38 (1), Hap_39 (1),
Hap 40 (2), Hap 41 (1), Hap 42 (1)
QZ  Hap 2(2), Hap 4 (6), Hap 12 (4), Hap 39 (1), - 0.763 P>0.10 -3.388 0.023*
Hap 43 (1), Hap 44 (1), Hap 45 (1), Hap 46 (2),
Hap 47 (1)
SW  Hap 2 (1), Hap 4 (12), Hap 48 (5), Hap 49 (1), -0.150 P>0.10 0.276 0.219
Hap 50 (1)
XX Hap 2 (1), Hap 4 (15), Hap 17 (1) - 1.943 P<0.05*  -2755 0.047*
YX  Hap 4(10), Hap 11 (2), Hap 36 (1), Hap 40 (4), -0.789 P>0.10 -2.716 0.044*
Hap_51 (1), Hap_ 52 (1)
Z]  Hap 4 (12), Hap 12 (4) 0.838 P>0.10 0.523 0.307
ZZ  Hap 4(10), Hap 53 (2), Hap 54 (2), Hap 55(2), -0.636 P>0.10 0.428 0.217
Hap 56 (1)

Hap_: Haplotype, Hif%%4; Hap 1-Hap 56: FAf5H 1-50£57] 56; $55 W EEA X AAERIN A4 *RRTE 0.05
KFE2EREE (Tajima’s D K ),
The numbers in brackets show the number of haplotype; * indicates significantly different at the 0.05 level (Tajima’s D test).
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0.05 ), A HEEFFHERIAY Fu's Fs MR 50 (E N
-9.008 (MM FEE) -0.523 (ZJ FEE), bR
DG. HK. SW. ZJ 1 ZZ FpEE b s 45 1R
WE (P> 0.05) %, HRFMBFSREE (P <
0.05 ), GZ Ml XX F#f Tajima's Fll Fu's Fs #4045
B, H P<0.05, BP0
5 Bt 28 D s 5 B S Rk 5 T Al
[X. Tajima's £ S0 45 A 1 2%, 3R A3 £ b X A Fp
FERZ W W AP RED 5K 256 o i 4 SRR W55
Al i R A B e B — B st R N A 4

Hap_201

Hap 7

Hap 9

Hap_6 %pap 53
Hap 1

\ Hap_5

Hap 3

Hap_8

Hap 50 Hap_520

Hap 34 Hap 13

Hap 15

Hap 2 [\ p_2
N
o
o ""' Hap 3
%ﬁ‘ H_ap_3

Hap_48 1 trap 28] Hap 10

R S 7 O
23 BEMNARZLXEIN

13>l J R 109 755 A8 i e v G Y0
Hap_1-Hap_56 (1) 56 A 1ASY, Hrh sz g
BAH 14 4> (Hap 2. Hap 3. Hap 4. Hap 5.
Hap 6. Hap 11, Hap 12, Hap 14, Hap 17.
Hap 21, Hap_ 30, Hap 36, Hap 39 il Hap 40 ),
FAETY Hap_4 O 13 S HuBHARRE 9 3L = B A 1
(E 1),

10 samples

Hap — 1 sample
@ BS
@ DG
@ GZ
© HK
@ HZ
@LZ
oMM
0Qz
@ SW
® XX
oYX
oz)
0ZZ

Hap 19

Hap_2 Hap,_ 7

ap 3

s

Hap 31

Hap 51
O

6
(S

Hap 17

Hap_55
O

O
Hap_ 37

O
Hap 56
Hap 46

Hap 38

Hap_16

B 1 ETFCOIEREMZHRFRAFR A WEKE
Fig. 1 Median-joining haplotype network map of Conopomorpha sinensisbased on CO1 gene
I T AR B Y ) 5, TBRT A ] — 20 €0 ) v AR QR R A 122 A R P BT ol ) L 481

The circular area shows the number of haplotypes, the area of the same color in the circle shows the proportion of
%% ; Hap_1-Hap_56: Hf58) 1-54%%#) 56. T €[] . The same below.

the population in the haplotype. Hap_: Haplotype, Ffi5 7 ;
DI AU 1 R K B AN 2 B, ARG A AL ] 2 2R 003, B EA
56 MEAEEIh A 42 S RAR RO AR, —EMBELSCR, W Hap 1 #1 Hap 9 24 BS #f
FEAVRRA BB, R — /MW 35 Hap

T SR TR 2R Y 75.0%, ARSI R Y
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56 RAEM—A/NNIFSC, NS ZZ MR
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Fig. 2 Haplotype phylogenetic tree of Conopomorpha sinensis based on CO I gene

24 MEBEESUMEERS T

FEFRIGH CO T K /B, X 13 b P fp
T R ik O AL BE B AT (3R 5), 46
S 2R WA [R) b 3 B () 35t A2 BB 25 0.000 9-
0.006 2, FIEZE 0.002 6, Hrr, zJ #1 XX Fh

EM B AL P B (R, X ) 7R NI s
1M ZZ (fREEM ) MBS (=it FEEREY
T AL BT B (IR A, 2 WLl R 1) 1 i 2 B g )
RS B —E I IEAH S

X A [ el B o A ) 53 A A B LR R G A
W CIE3) BEAT 0T, SRR A8 L R R 1) 27



+ 1398 -

o FH RS B 244 Chinese Journal of Applied Entomology

60 &

R ag i ORI — KI5, HS55MHER T
HN (HZ) FILE (SW) FhEESE IR m— /N
2, HED (HK) FEERZE, &R5E (DG)
AN (LZ) FBERZE M —/NR o3, H5it
T (Z)) R (Z2Z) FhErmk, g &4 Fhit
AL MBS T A T 0 AT, R BRER IS 25 Pl B
[ 355 A A R A AR, 40 HZ A SW R EESS &

A HAE Hap 2 Fl Hap 4; DG il LZ PSS &
FBAfER Hap 2. Hap 4 Fl Hap 11, 454 Hi3E
FE B IR T AT, A B R AT 1 M B R SR 2 A
—if (4N HZ 1 SW ); {H A7 I 1 45 37 i Fh B
BAE—EA (I DG A LZ), FAFEERI T
[Fi) 1t BEAST E N A7 A O S A DG, A 3 e A
T R I Y R G b AR )

#5 BT COIERMAREMIBMEEZ A1 HEYEEREE

Table5 Genetic distance of Conopomorpha sinensisin different geographical populationsbased on CO I gene

MM QZ SW XX YX VAl V4

ﬁjﬁ BS DG GZ HK HZ Lz
Population

BS 0.001 0 0.0012 0.001 1 0.001 1 0.001 1

DG 0.002 8 0.000 7 0.000 8 0.000 6 0.000 8

GZ 0.003 5 0.002 0
HK 0.003 6 0.0025 0.003 2
HZ 0.003 2 0.001 7 0.0022 0.0029
LZ 0.003 4 0.0022 0.0027 0.0032 0.002 4

MM  0.0030 0.001 6 0.0022 0.0027 0.0017 0.002 1
QZ 0.003 2 0.002 0 0.0025 0.0030 0.0022 0.002 7
SW  0.0031 0.0019 0.0025 0.0030 0.0020 0.002 4
XX 0.002 9 0.001 3 0.001 8 0.0026 0.001 3 0.0019
YX 0.003 1 0.001 5 0.0020 0.0027 0.001 6 0.002 1
VA 0.002 6 0.001 0 0.0017 0.0023 0.0012 0.001 6
77 0.006 2 0.004 3 0.0051 0.0057 0.0048 0.0055

0.001 0 0.0007 0.000 9
0.0009 0.0010
0.000 8

0.001 1 0.0011 0.0011 0.0011 0.0011 0.0010 0.0017
0.000 6 0.000 7 0.000 8 0.0006 0.000 6 0.0005 0.001 1
0.000 7 0.000 8 0.0009 0.0006 0.0007 0.0006 0.001 3
0.000 9 0.0009 0.001 0 0.0009 0.0009 0.000 8 0.001 5
0.000 7 0.000 8 0.000 8 0.0005 0.000 6 0.0005 0.001 3
0.000 8 0.0009 0.0009 0.0007 0.0007 0.0007 0.0014

0.000 7 0.000 8 0.000 6 0.0007 0.000 6 0.001 0
0.000 9 0.000 7 0.0007 0.000 6 0.001 4

0.000 7 0.000 8 0.000 7 0.001 3
0.000 5 0.0005 0.0011
0.0005 0.0011

0.001 0

0.001 9
0.001 9 0.002 3
0.001 4 0.001 8 0.0017
0.001 5 0.0020 0.0019 0.0012
0.001 1 0.0014 0.0015 0.0009 0.001 1
0.0035 0.0051 0.0045 0.0041 0.0040 0.003 5

EEAAbRED, T AR

The upper triangle is the standard error and the lower triangle is the genetic distance.

83 HZ
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Fig. 3 Phylogenetic tree among different
geographical populations of Conopomorpha
sinensisbased on CO1 gene

PRI 1.

The population code is the same as table 1.

ST CO T I [H 7 H1) X6 A [R] b B A 3R [R] 7 A
g BB AL e AR AR R (Fy) AP (N, )
PEATA3HT, SERUNEE 6 TR o 75 B0 i L Rl
6] B s A FE 8 (Fy) 9-0.025-0.286. P
HiERR IR ) L AR 78 4 Hed, Hodh 22 4169 Fy
HREEBTHA 64 (P<0.01), Fufih
0.062-0.286; 12 4\ Fu R FHm T HAT 44 4

(P<0.05), Fq M 0.062-0.180, It4h, 11
HEPER Fo fE/NF 0 (- 0.025- - 0.007 ), #
AH R A b B 1] LA 0 1 B PR 3 0 5 21 Al ks
# Fo {5 RT 0 H/NTF 0.05 (0.004-0.049 ), %
FF T A i B () A 7 8t A% o3 Ak 53t 4% 2 A
FERE AR 29 SR Fo KT 0.05 H/NTF
0.15(0.051- 0.143 ), FKRIAFASFhHE (B A7 7E
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LA JETLRIR CO T &R 55 A ik R IE A 2 R TR A
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ks 12 HEHER Fo E KT 0.15 H/NF 0.25
(0.153-0.236 ), = B> e () 47 75 = B o
b5 12 AR T Fo (R T 0.25(0.254-0.286 ),
2% BH G A~ B ORE 1) 8 BB 42 1k ( Rousset,

1997 ), 7 13 AHIEFIEES, BS Fpff [ H Al
FREEAH L, G E R B, FofEh 0.068-
0.286; DG FpRfitfE /LB E &AL, Bk5 BS
FhfE (Fyq=0.166), MM Fi#E (Fy=0.127) F1

YX FEEE] (Fg=0.082) fEEEER B8 & 701k
A, 5 H AR RE L R ( Fo (HoM - 0.016-0.042)
BT SR o A S N W N 2B
ko ARBEARRELER Fo flh 0.085, FIA E R
TRIEAEAE P B s A% ok o [RIE, A 3 R
N & 5.382, 5% BH 4% Hb B Rh T ) 47 76 5 72 7K OF
MR . R 11 41 Ny A IETCRR KSR, Hopdd
8 N & 1.251-128.785 (% 6 ).

® 6 ET COI EFERIARE M IR 25 5 5tk YRR IR B B E iR
Table6 Population pairwise genetic fixation index (Fg) and gene flow (N,,) of Conopomorpha

sinensis between different geographical populations based on CO1 gene

BS DG GZ HK HZ Lz MM Qz SwW XX  YX VAl 77

BS 2.517 1944 6.900 1.287 4.910 1.377 2770 1.799 1.467 1.428 1.251 2.027
DG 0.166** inf inf 15.105 inf 3.440 43.084 11.319 inf  5.595 11.996 12.248
GZ 0.205** - 0.016 17.709 inf  128.785 2200 9.743 3945 inf 3.190 6314 7.523
HK 0.068** -0.011 0.027 5.698 inf 4.405 inf 14.693 10.608 5.896 10.829 7.407
HZ 0.280**  0.032 - 0.009 0.081%* 15.420 1.615 4.156 2.282 inf 2.086 2.691 5.806
LZ 0.092** -0.010 0.004 - 0.007 0.031 2.277 12.241 4.320 25.695 2993 4.248 7.524
MM 0.266**  0.127 0.185** 0.102 0.236** 0.180** 8.120 21.398 2.510 inf 10.217 3.856
QZ 0.153**  0.011 0.049 -0.012 0.107** 0.039 0.058 64.547 9.774 8565 inf  6.997
SW 0.217**  0.042 0.113*  0.033 0.180*  0.104* 0.023  0.008 4.167 23.137 45.961 5.525
XX 0.254** - 0.011 - 0.025 0.045 -0.017 0.019 0.166* 0.049 0.107 3.549 7.400 9.291
YX 0.259** 0.082 0.136*  0.078*  0.193** 0.143** -0.019 0.055 0.021 0.123 13.760 5.685
ZJ 0.286**  0.040 0.073 0.044 0.157*  0.105**  0.047 -0.019 0.011 0.063 0.035 6.075
ZZ 0.198**  0.039 0.062** 0.063** 0.079*  0.062* 0.115* 0.067* 0.083 0.051 0.081* 0.076

R SRR FRIRTE P<0.05 Fil P<0.01 KF 225 % (AMOVA 340 ) o Inf: KK Infinite.
* and ** show significant differences at P<0.05 and P<0.01 level (AMOVA test), respectibely.

3 @itSiip

gbifk CO 1 BERT )z v 1 F R AR iE
WAL LS 2 st sy, Al Cco T %
PRX) sy A Sl Zeugodacus scutellatus( Hendel )
(XIBERAE, 2019), ik Tuta absoluta
( ShHkEE, 2021 ). ZR 7% Apis cerana ( Khan,
2021 ) FMIBHMEH Anthonomus eugenii
( Fernandez et al., 2022 ) %R AUAYFIFEIS 15 7
AT . ABFRFIH CO T 347 51 %
K13 AR Y 5 A i Y3 AR 4 R
ZREPESAT TS, RERNTF I R B E R

1 349 bp, ZBUTHI HA BB A/T Gl 41k
T B H iR 24y A 5 PR A el 25 2 i 1) 4 o

( Liu and Beckenbach, 1992; Dong et al., 2021 ),
55 i H B A0 2 A DR i 21 B SR A —
E, kG &0 B Leguminivora glycinivorellal 52
PFRSE, 2018 ) FIHLHIIE L oxostege sticticalis( I
BRI IR E , 2019) B AT &&B & T CG
T,

WAL Z VR TR R T 9 & A 224k s|
wry, HA s 2R (Hd) MR 2
P (P E PP Mg L Z M E S8R, A
WFFEXT 5 R A b AP Hd A P AT T 04T,
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SPREW M BB R 2R (Hd =
0.692 52 ) MK & M 2 H M ( Pi=
000161 ), 5 B8 H T H W Adelphocoris
nigritylus ( 5K AR, 2018; EA RS, 2020).,
JH 5 % Nesidiocoristenuis ( Xun et al., 2016 ) £
TR (PERE PRI IR E , 2019) FIEERYIRE £
FEPEZE AR — B EHE IR, P 1R
7 e U K4 Hd=0.5 H. Pi <0.005 ( Cook
etal., 1997; Grant and Bowen, 1998 )., #EILifE
DU 75 s 3 i A HF AR AR ST BRI RE 8 0 T PRt iy
WK, R ERNREAL, FEHAAR
o P PR Y Z2 R P R AR R A R 22 R

13 A~ b AR ) 7 R e i A A 2 56
fi R, SRR A BRI B A7 SR AP R I B A
FERAE i NAFTE B Ak (Ui =245, 2019; &
M4, 2019 ); Hod Hap 4 W4 RPREXIAEAE Y 20
FERY, HEMNZ A R FL A RAR Y, LIS R 58
RETE 7 B A i s AR TP AR A e (IR 45
2019 ), FAEHEITRA R EISS G R R G KT
AT, A B 1R VAT 4 T BRI 1 T
HeF, SRIRZHEN G A, SRR
FYRAAERL B JEIE R T ST 432, U Hap 54
F1 Hap_56 A ZZ FHEEFTREA, EADEMK T M7
#9—4r37Z; Hap 20. Hap 23 Fl Hap 25 & HK
FRREREA , 3l IST B i —/Nsy 32 ; Hap_45 Fi
Hap_47 i QZ FHETREA, 433 B sl—/
Gy, G5 A HBRE B IR T AT, X R (] H 3
PEBS R, A BRI B 1 A A A,
HHE DT b, 2 R 2 AT B L AR A% A A I T
(e =55, 2019 ),

TR 3 A B R ] P T Ny (B A T
Wro FofBHAT - 1-1 Z M), HEEB ORI
[i1] ) 38 1 7 AL FRFE 8 (Hudson et al., 1992 ),
WA 6 H Fo (EITHE 1, 41.03% 1 Fy BN T
0.05, FREAPIFIEER AL 21k ; 30.77%0Y
Fo ([ERT 0.15, RUIPIAFIRE RS L
JEw (Wright, 1978 ). FEH e T 20R E it 14
SERE AR E RN, Ny, 15 AR AT HE N,
(BRI FP RS AE SRR B AR, #7 N < 1, R

S5 3 A T D BB AR IR s 4 No>
4 MARERFPRE ) L 22 i 2 (Millar et al.,

1991; Boivin et al., 2004 ), 7k g id d SREA
N A7 5.382, 6B SVHEAAR LA A i SR IR A2
Mz 8 KITRE J1—M% (Zhang et al., 2016; 253
HCAFE, 2018 ), MR AR e HUE T RATHET TR
(7] et L (1) 56 R 58 i 1) T B P /N o Bt 0
b PR A, A Iz i ok B R AT
H2E i B — P 2R 7% (Tudaetal., 2014), #
N e T3 ) 22 3 3 T B A2 A A A I HRURE AR L R
TRV LR N, 4 5 ) 28 B v
Liriomyza chinensis WFX45 SR AL (B 1R SE,
2020), g t—HFFEUESE

ABFFALF LKA CO T FE K4 - Bext
REFRE AR MR ) VUSR5 A i R
FIRNBE ISR 54 Bast tf Z Ao BT, IR 75 B0 Uk H:
b 35 PR 538 B VE 0 43 T AR e AF 50 7 B A i i
FREER L ZREME . AL, BT RER AL, IR
NI 5 35 e 3 e o o AR ) 35 4% 728 S5 B HL b B o
FE A0 Jmy = A i B TR

SE Xk (References)

Boivin T, Bouvier JC, Beslay D, Sauphanor B, 2004. Variability in
diapause propensity within populations of a temperate insect
species: Interactions between insecticide resistance genes and
photoperiodism. Biological Journal of the Linnean Society, 83(3):
341-351.

Cameron SL, 2014. Insect mitochondrial genomics: Implications for
evolution and phylogeny. Annual Review of Entomology, 59:
95-117.

Cook RM, Sinclair A, Stefansson G, 1997. Potential collapse of
North Sea cod stocks. Nature, 385(6616): 521-522.

Dalui T, Sarkar SK, 2021. Seasonal incidence and damage
potentiality of litchi fruit borer (Conopomorpha sinensis Bradley,
1986) in relation to major abiotic environmental factors. Ecology,
Environment and Conservation, 27(Feb Suppl. Issue): S302-S307.

Dong ZK, Wang YZ, Li C, Li LL, Men XY, 2021. Mitochondrial
DNA as a molecular marker in insect ecology: Current status and
future prospects. Annals of the Entomological Society of America,
114: 470-476.

Excoffier L, Lischer HEL, 2010. Arlequin suite ver 3.5: A new series
of programs to perform population genetics analyses under Linux
and Windows. Molecular Ecology Resources, 10(3): 564-567.

Fernandez DC, VanLaerhoven SL, Rodriguez-Leyva E, Zhang YM,

Labbé R, 2022. Population structure and genetic diversity of the



53] HOMLAE: JETEORR CO 1 3 R Y7 B0 i IR E IS AL AR AT

+ 1401 -

Pepper Weevil (Coleoptera: Curculionidae) using the CO 1
barcoding region. Journal of Insect Science, 22(1): 25.

Garima V, Kiran K, Tamoghna S, 2020. Identification and
behavioural pattern of litchi fruit borer Conopomorpha sinensis
Bradley. Indian Journal of Entomology, 82(1): 167-169.

Grant W, Bowen BW, 1998. Shallow population histories in deep
evolutionary lineages of marine fishes: Insights from sardines
and anchovies and lessons for conservation. Journal of Heredity,
89(5): 415-426.

Hu XQ, Yang ZF, 2019. Analysis of the genetic differentiation
among different geographic populations of Loxostege sticticalis
(Lepidoptera: Crambidae) in China based on mitochondrial
CO /, Cytb and CO // genes. Acta Entomologica Sinica, 62(6):
720-733. [FEBEER, Ik, 2019. HTLHiA CO /. Cytb I
CO L7285 P iy v [ R M S [ iy SRR it A 2 Ak A3 A . Ry
i, 62(6): 720-733.]

Hudson RR, Slatkin M, Maddison WP, 1992. Estimation of levels of
gene flow from DNA sequence data. Genetics, 132(2): 582-589.

Iyiola OA, Kamaldeen-Ibrahim AT, Shaibu RD, Shittu O, Fadipe TO,
Adelaja OJ, Tijani MK, Afolabi HA, 2021. Molecular
characterization and phylogenetic analysis of collected
mosquitoes (Diptera: Culicidae) from Northcentral Nigeria using
mitochondrial COIl and ribosomal IGS gene regions. The Journal
of Basic and Applied Zoology, 82: 59.

Jiang Y, Yue L, Yang F, Gillung JP, Winterton SL, Price BW,
Contreras-Ramos A, Hayashi F, Aspock U, Aspock H, Yeates DK,
Yang D, Liu X, 2022. Similar pattern, different paths: Tracing the
biogeographical history of Megaloptera (Insecta: Neuropterida)
using mitochondrial phylogenomics. Cladistics, 38(3): 374-391.

Kamal N, Dangnga MS, Irmayani, Naim DM, 2020. Species
identification and genetic diversity of Aedes in penang (malaysia)
based on cytochrome oxidase subunit [ . Nusantara Bioscience,
12(1): 6-12.

Katoh K, Standley DM, 2013. MAFFT multiple sequence alignment
software version 7: Improvements in performance and usability.
Molecular Biology and Evolution, 30(4): 772—780.

Khan KA, 2021. Genetic diversity and phylogenetic relationship
among the western and the Asian honey bees based on two
mitochondrial gene segments (COI and ND5). Saudi Journal of
Biological Sciences, 28(12): 6853-6860.

Kumar S, Stecher G, Li M, Knyaz C, Tamura K, 2018. MEGA X:
Molecular evolutionary genetics analysis across computing
platforms. Molecular Biology and Evolution, 35(6): 1547-1549.

Leigh JW, Bryant D, 2015. POPART: Full-feature software for

haplotype network construction. Methods in Ecology and

Evolution, 6(9): 1110-1116.

Li WJ, Dong YZ, Yao Q, Chen BX, 2018. Research progress in the
litchi fruit borer, Conopomorpha sinensis (Lepidoptera:
Gracillariidae). Acta Entomologica Sinica, 61(6): 721-732. [Z*
I, EHZ, WEB, BRIEE, 2018, A i R oY ik
R, 61(6): 721-732.]

Li Y, Wang XB, Wu SA, 2020. Phylogeny of the Pseudococcidae
based on CO I gene sequence variation. Chinese Journal of
Applied Entomology, 57(6): 1362—1374. [Z5#%, TE0, =
%, 2020. AJF CO T HFHFF XA IMEH R R S
KAEBTEP BRI L. B R, 57(6): 1362-1374.)

Lin AL, Cao LJ, Wei SJ, Liu XY, 2021. Phylogeography of the
oriental dobsonfly, Neoneuromus ignobilis (Navas), suggests
pleistocene allopatric isolation and glacial dispersal shaping its
wide distribution. Systematic Entomology, 47: 65-81.

Liu H, Beckenbach AT, 1992. Evolution of the mitochondrial
cytochrome oxidase Il gene among 10 orders of insects.
Molecular Phylogenetics and Evolution, 1(1): 41-52.

Liu XF, Jin Y, Shi W, Ye H, 2019. Genetic diversity and population
structure of Zeugodacus scutellatus (Diptera: Tephritidae) inferred
from variation in mtDNA cox1 and cox2. Chinese Journal of
Applied Entomology, 56(3): 433—443. [XI|I5 &, 5, Htifs, it
W, 2019. HT mtDNA cox1 il cox2 [ fy sy SR SLRh i it
Bk AT, TR AR, 56(3): 433-443]

Ma L, Li XW, Guo WC, Wang SM, Wang TZ, Lv YB, 2021. Genetic
diversity of newly established, invasive Tuta absoluta populations in
China based on mitochondrial CO [ gene variation. Chinese
Journal of Applied Entomology, 58(6): 1356—1364. [ b3, 25
4, SRSCH, EM, EME2, BZO®, 2021, T COT R
FRIHT AR R T T I A% 2R A BT B SR 2R,
58(6): 1356-1364.]

Meng X, Hu JJ, Li YH, Ouyang GC, 2017. Analysis of SSR loci in
transcriptome database of Conopomorpha sinensis Bradley
(Lepidoptera: Gracilariidae). Journal of Environmental Entomology,
39(6): 1219-1224. [#F, SR, ZFHafe, BRIHEAL, 2017,
FE TR B 7 B B SSR A 85 B AT, PR &
2247, 39(6): 1219-1224.]

Millar CI, Libby WIJ, Falk DA, Holsinger KE, 1991. Strategies for
conserving clinal, ecotypic, and disjunct population diversity in
widespread species//Falk DA, Holsinger KE (eds.). Genetics and
Conservation of Rare Plants. England: Oxford University Press.
149-170.

Price MN, Dehal PS, Arkin AP, 2010. FastTree 2-approximately
maximum-likelihood trees for large alignments. PLoS ONE, 5(3):
€9490.



- 1402 -

o B 3244 Chinese Journal of Applied Entomology 60 %

Rousset F, 1997. Genetic differentiation and estimation of gene
flowfrom F-statistics under isolation by distance. Genetics,
145(4): 1219-1228.

Shi SS, Cui J, Zhu SY, Xu W, Wang XQ, 2018. Genetic
differentiation among geographic populations of Leguminivora
glycinivorella  (Lepidoptera:  Olethreutidac)  based  on
mitochondrial CO / gene sequences. Journal of Plant Protection,
45(2): 214-222. AR, HIH, KirH, R, T/0E, 2018,
FETLRAR CO 1D 4 B R S A O IR [R) s BE 52
k. R AR, 45(2): 214-222.]

Srivastava K, Patel RK, Pandey SD, Kumar A, Singh SK, Nath V,
2020. Management of litchi fruit and shoot borer, Conopomorpha
sinensis using organic pesticides. Acta Horticulturae, 1293(30):
213-218.

Tuda M, Kagoshima K, Toquenaga Y, Arnqvist G, 2014. Global
genetic differentiation in a cosmopolitan pest of stored beans:
Effects of geography, host-plant usage and anthropogenic factors.
PLOSONE, 9(9): €106268.

Vinod G, Kumari K, Saha T, 2020. Identification and behavioural
pattern of litchi fruit borer Conopomorpha sinensis Bradley.
Indian Journal of Entomology, 82(1): 167-169.

Wang MQ, Zhang LJ, Zhang HR, Sun YX, 2020. Genetic diversity

and genetic differentiation of Adelphocoris nigritylus (Hemiptera:

Miridae) populations in North China. Acta Entomologica Snica,
63(12): 1516-1524. [EX5, KA, sKZHE, FMRSE, 2020.
L7 RIS B B AR AL Z R ERR L . B
HER, 63(12): 1516-1524.]

Wright S, 1978. Evolution and the Genetics of Populations. Vol. 4.
Chicago and London: University of Chicago Press. 79-103.

Xie YL, Zhang HR, Li ZY, 2019. Analysis of the genetic
differentiation among geographic populations of Helionothrips
mube (Thysanoptera: Thripidae) in southwestern China based on
mitochondrial CO I genes. Acta Entomologica Snica, 62(3):
370-380. [, sKH:, Z2IEEK, 2019, BEFLHRifk CO 1
PR vl ] 7Y g 4 DX A SBT3 1 3 TR ) 32 % 404k 23 A
B H2ER, 62(3): 370-380.]

Xu Y, Mai JW, Li RX, Xu LF, Yu BJ, Yuan L, Roman J, Ji R, 2019.
Analysis of genetic variation among geographic populations of
Calliptamus italicus in Xinjiang based on mitochondrial Cytb
gene sequences. Chinese Journal of Applied Entomology, 56(3):
508-516. [f&Mt, ZFH, FamE, HALE, Tkl =5,
Roman J, ZE5¢, 2019. FEFLAIAR Cytb FER A 2 KRS 5 15
AT, B B 2R, 56(3): 508-516.]

Xun HZ, Li H, Li SJ, Wei SJ, Zhang LJ, Song F, Jiang P, Yang HL,
Han F, Cai WZ, 2016. Population genetic structure and post-LGM
expansion of the plant bug Nesidiocoris tenuis (Hemiptera:
Miridae) in China. Scientific Reports, 6(1): 26755.

Yao Q, Dong YZ, Li WJ, Chen BX, 2019. The effects of non—host
plant extracts on the oviposition deterrent and ovicidal activity of
Conopomorpha sinensis bradley (Lepidoptera: Gracillariidae).
Florida Entomologist, 102(2): 298-302.

Yao Q, Quan LF, Xu S, Dong YZ, Chen BX, 2021. Effect of
diflubenzuron on the chitin biosynthesis pathway in
Conopomorpha sinensis eggs. |nsect Science, 28(4): 1061-1075.

Zhang K, Fu HH, Zhu SW, Li ZB, Weng QF, Hu MY, 2016.
Influence of gamma-irradiation on flight ability and dispersal of
Conopomorpha sinensis (Lepidoptera: Gracillariidae). Florida
Entomologist, 99(Suppl.1) : 79-86.

Zhang LJ, Luo JY, Zhang S, Ma Y, Wang XY, Lv LM, Zhu XZ, Cui
JJ, 2018. Population genetic structure and genetic diversity of
Adelphacoris nigritylus based on mtDNA CO / gene sequence
variation. Chinese Journal of Applied Entomology, 55(4): 667—
678. [5KFIR, HESR, TKIm, DU, EHF XL, B, KEH,
BN, 2018, SETLRRIA CO [ I RIS 515 B s (%
S 5L ZREME T, B L 2R, 55(4): 667-678.]

Zhong YJ, Du SJ, Pan LT, Wang YS, Wang FL, Liu WX, 2020.
Analysis of the genetic diversity of geographic populations of
Liriomyza chinensis (Diptera: Agromyzidae) in China based on
mtCO I gene squence. Acta Entomologica Snica, 63(6): 769—
778. [Eh AR, MR, W, EEE, ERE, X7,
2020. T mtCO T &R 71 i v [ 28 KE VRS M08 A [7] b BN A
WL R T, BLH2EHR, 63(6): 769-778.]



