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Tracking the invasive pest Leptoglossus occidentalis Heidemann, 1910
in China

HUANG Zhi-Cheng, LIU Teng-Teng” ( Lab of Insect Systematics and Evolutionary Ecology, College of
Life Sciences, Shandong Normal University, Jinan 250358, China)

Abstract; This study conducted an analysis on tracking the invasive species Leptoglossus occidentalis
Heidemann, 1910 in China. Based on the observations and specimens of the invasive population, the
morphological characteristics and the biology of the species were briefly summarized. By extracting and
amplifying COI gene sequences from the invasive population, a COI gene dataset for L. occidentalis was
constructed by combining with public sequences from the original and other foreign invasive populations.
The invasion sources of L. occidenialis were analyzed by reference to the quarantine situation of wood at
China’s entry ports. Currently, 10 haplotypes are known worldwide, including 4 in China. In Shandong
Province, the Qingdao population has three haplotypes, H_8 was shared with South Korea, while H_9 and
H_10 were restricted in China. The Qingdao population might had originated from South Korea. The
Yantai populations collected from two different sites in Shandong Province both belonged to H_2, which
might had originated from eastern North America, which was different from that of the Qingdao
populations. The above analysis indicated that the L. occidentalis populations in China might had

originated from multiple independent invasion events, while small-scale dispersal occurred within the
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country. This study made the first tracking analysis of L. occidentalis in China, which provided scientific

evidences for the formulation of regulatory measures and the implementation of quarantine and control.

Key words: Leptoglossus occidentalis; morphological character; COI gene; haplotype analysis

IR I3 BT 7E A AR 3 BUIR T b 4y 30 3 20
O IR AR F B REROR IR AL iR AR A
(B4 T HEAT 20 M, AT DL 4y b B i A (R T LY
KIFFME R IEAE, I i E S A R0 B 42 R s 4
22 BURITIR 3BT )7 v 2 DNA SRIB 4
A (Hebert et al. , 2003) | SNP 43 HIH A ( Luikart
et al., 2003) . X L& 4 #r $: R ( Selkoe and
Toonen, 2006) %%, DNA FRIEAGH AN —FhL 747
SE MRG0 S8 E AR RN R T v, XAl EOR ]
ATE S 4™ 18 R0 A 6 PR DX ke A 2 A AR 1 )
T By, JF5 BUA B P AT A A s HOR I
TEAAZE AW eh, DNA S5 IB S EOR AT LA
FHT R 08 1 10 BT ) sl 2 i 3 R e ) DAl
B F ORI, (] BT DUB 2 AN ) b DX 3 s b
Z BB 515 22 % ( Meusnier et al. , 2008), IT4F
K, DNA 275 J5 0 0% B4 e AR 78 AN W7 F 5 58 3
AR AR SR —Fh e T LR P8 2811
P TARCEOR, & T R W R PR L
FIWFFE, (HFFEE 2K PCR ¥ G AL UKk 70 5 . T
SELBE (Estoup el al. , 2002) o SNP 43 B AR 2 )
IR ZSME (SNP) B3 A TERE R A h g A
()37 e DA AN Rl AR B 5 s, FT T 38 5 A
SEAPIAAR IR NG H, E A B E A
(Luikart et al. , 2003 ) , J& TR 7 IE#RZ BR T2
FHRAREAEE, MMET RN FEUME B, 1E)
IR AT LSS & Z M EOR T B, DL e
., EHmMER,

PEH K Leptoglossus occidentalis Heidemann
1910 J& F Z % Bl Coreidae Wi 2% 15 J& Leptoglossus
Guerin Méneville, 1831, JF FAL LM PEHE, 24T
WY R SRR S L, DU R R A AR
BLJE T AR} Pinaceae, TERKUN 216 % AW Pinus
pinea (Feducci et al. , 2009) . ¥ =¥ P. pinaster
(Sousa and Naves, 2011) . BXIH IRHS P. sylvestris
(Lesieur et al. , 2014 ) . HiH ¥ #S P.  halepensis
(Kment and Baiiar, 2008) . EX I BN P. nigra
(Tescari, 2004) 45, 7E3E YN 322 6 5 BRI 2R b
P. sylvestris ( Schaffner, 1967) . ZL ¥} P.
(Katovich and Kulman, 1987) . LA Pseudotsuga
menziesii ( Schowalter and Sexton, 1990) %, TE &

resinosa

[ 3 B G % IR AN Pinus densiflora . b 32T # P.
strobus | FA P.  thunbergii F1 MUl #1 Platycladus
orientalis (Kim et al. , 2020), #HiEAHREULXT
T Euonymus japonics N (Kim et al. , 2020) ,

PORRIR S 1 ~ 5 W2 HU -~ 2 K230 R
3.07, 4.76, 8.77, 13.56 HI 15.53 mm ( Lee
et al. , 2023) . FHHE HUES LAFA R P A LA
AR TN, W AR O B, DUME R R
e B, W LM R B R R FERCRIE
AT E IR A A A, R AT BE S B T &
AR, WORTE JIBEAL (Koerber, 1963; Blatt,
1997) , TEALSEVNFIRIYN , TG &R s 2 s Xof 48 - 1) 1
A3k 70% ~95% (Kim et al. , 2020) , PHEBIKZE
WA ] $E1 0 5 EL TR Sphaeropsis sapinea (Fr. ) [ =
Diplodia pinea (Desm. )] BJd¥, TEHBEF 0T
FZE R IRFE, WiEitiZE (Musolin et al. , 2022) ,

VORI b 7 5t M 28 EOm A AR JE LN 1 48
1, eV ERZ LA E 3 U (Aukema,
2007) . TERBEPEARGEZE 1 4E 1M, RRTES A
A, SRR TR A B —HE 5 ~
15 MO, 10 ~ 15 d J5 4 migfl; %6 H R,
1 A IR B AT 2 ey iU B B BOR
DA R, s ERE 10 ALt , 10 H
THIFABEZ (Kim et al. , 2020) . ZREFLER
FOSZ MR, Y AR W I R TR R RGBT B A
(Dennys, 1927), 0] DL7E 8 50 9 ) 4 B A&
(Spencer, 1942 ; Schaffner, 1967) ., Kitajima et al.
(2022) & BLH I 77 G 0 W ¢ i A ) 8 0
W HESRAE, DIAREBUE Z 1

VY R Gk S i 1 E AR 20 3 PR BT S L SR K
2 A HEA SN HBHE L4 ( British Columbia )
PV EF . KR FEEBI P R Z M (Colorado)
HLIX (Koerber, 1963), H — {22 F 21 LU
K, PR EE AL SE VG I 1) ARY7 € (Hoebeke
and Wheeler, 1982; McPherson, 1990 ), Jf 7E
2008 4FF|IAAL AR A RS (Nova Scotia)
(Scudder, 2008), 20 22 90 0K, PUHRMK LG
I ABRAALES (Tescari et al. , 2001) , TERE)S
10 4E 5L, Mo 22 [ Rl 24l 1 tRp 3, PEER
Wk I TE W WAE B W Y B, 2@ AR BIhE
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(Barclay and Nikolaeva, 2018) FIAEHLIIX, HA
(Ishikawa and Kikuhara, 2009 ) H1#; E ( Ahn,
2013) #HA AR . Zhu (2010) HiE K FE 5K
TERHE B R P Al iy, s R R T C 2 1K
RIIFEAGZ I (A, 2014) , {HIFRBAINZ R
CAEFREEM, SR (2023) 78T 5
YRR A BLPE T 2x i, BRI BN B R GE
BRI M A, DB G G ik AR © 22 ) A T IO
(Farinha et al. , 2021) . WM. dt3dE (Ben et al. ,
2013; Gapon, 2015) ., F§dE (Heyden and Fadndez,
2020) FIEFIEM (Faindez and Rocca, 2017; Kun
and Masciocchi, 2019 ; Heyden and Fatindez, 2020) ,
2 BB UGS T WL 1,

i, 2R A 6 22 3 B0 78 5 W % i 1) i e
g, RUNZM O RAEENEM, H AT E R X
VORI IE AR, AR AR ISR B2 T
X—ARBCA R AAZ A | FiRE i LA e By 96 T AR
AOTTIRE . AT 5% LUSF A1 >R 4R B 04 3 G 2 i b A Dy
TSR L, LA COL B K g pRic B: A, FIFH R 58 &
B AR R AR R I HEAT 7o nhie, AT
O Hbu i E R T, T B IR TARSR R =K S

1 #RE5FHE

1.1 IRAEFRE

AWFFE T A 3 Sk PHER Mk kAL (2 9,
18), 133 R (6) AT 2022 FFRET
K 5 TH T 96 B 3 ORI 75 1 22 7 IX RS i e R 1
b, REFRBET KIS, -20CHFEH,
1.2 HEUE

i FAERE Canon 80D A AHAHL, 100 mm
BESFEHF AN A S R R, IR BT H AR AR
FH3E R Leica SOE R & flU5s WL EEF 58 T A R 1E
ZEA AR A HUBR AR L [ P BE A9 27 R (Lee
et al. , 2023) , XF#WA A T HEA
1.3 = DNA f2E

SRR VLS A: W Rk 4 A BR 2 vl AR 7 A
HDNA FERGAGR &, R Bali e B 22109 DNA,
Z A & 0 Ui B AT #E, 8T Buffer SL Al
H B K B0 BCT IR R AT 2 412 T 56C
U SRJGHTH Buffer VL 5 & 1B A JC/K 20K
R REANBE ) 255 WB1 F WB2 EpE B0k — 2
afifb )5, {f ] Buffer EB B RE S FAE, SR )5 8 it
12 000 rpm A9 E5 L #8508 0 45 B 46 4k )5 )
DNA #ifz, RAELE - 20°C AR IR IR 4 11

xR 1 FEEEZENERERNERE S
Table 1 Country and year invaded by Leptoglossus
occidentalis all over the world

P EN SCHK
Country Year References
B KA Ttaly 1999 Taylor et al. , 2001
i+ Switzerland 2002 Colombi et al. , 2002

WK R Slovenia 2003 Gogala, 2003

TEA L. Croatia 2004 Tescari, 2004

BHF] Austria 2005 Rabitsch and Heiss, 2005
%) F Hungary 2006 Foldessy, 2006

[ France 2006 Moulet, 2006

5 Germany 2006 Pérez and Hoffmann, 2007
FEIRYE. Serbia 2006 Protic, 2008

5% Czech Republic 2007 Beranek, 2007

147 2% Netherlands 2007 Aukema et al. , 2007
Wr i 4% 5 Slovakia 2007 Majzlan and Rohacova, 2007
YEE U K 2007 Malumphy and Reid, 2007
2% Poland 2007 Lis et al. , 2008

R INFE Bulgaria 2008 Picea, 2008

% o Jg I Romania 2008 Ruicnescu, 2009

R Norway 2009 Mjgs et al. , 2010

PUBE A Spain 2009 Valcarcel and Portillo, 2009
H 7 Japan 2009 Ishikawa and Kikuhara, 2009
% F Portugal 2010  Grosso-Silva, 2010

19,5 2% Ukraine 2010  Gapon, 2013

5 i Russia 2011 Gapon, 2013

4+ HH Turkey 2011 Fent and Kment, 2011
M Greece 2011 Petrakis, 2011

#% [ South Korea 2013  Ahn et al. , 2013

58 Je # Tunisia 2013 Ben et al. , 2013

J# 3% 8F Morocco 2015 Gapon, 2015

I F Chile 2017 Fatndez et al. , 2017
iiiijﬂ 2018 Barclay et al. , 2018
FAI#4E Argentina 2019 Kun and Masciocchi, 2019
LY Brazil 2020 Heyden and Fatndez, 2020
Ridk South Africa 2020 Heyden and Fatndez, 2020
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1.4 COIERYF I FIUEMSFERE

{1 3 H1 514 1L.CO1490/HCO2198 i 1T DNA
P4 (Folmer et al. , 1994), KW P HEIK R K
25.0 pL, Hri 2 x UrTaq Master Mix 12.5 plL,
10 pmol/L 1 b | FiF5I ¥4 1.0 wL, A DNA
2.0 uL, dd H,0 8.5 pL, SRR 95°C Fids
2 min, 95%C 20s, 53°C 20 s, 72°C 1 min, 35 ME
W, 72°C JEAH 2 min, COI &K PCR P3P )N
685 bp, W 4CIRFE, 1. 5% Bl WHBE RS AT
HL VKA PCR 7™ ¥ 28 35t RS A 5 ¢ Pl K AR D00 Aff ik
5, KRR YRR IRTTAT A w00
J¥ 45 R 16 NCBI % 48 . BOLD % 4 J&
( Ratnasingham and Hebert, 2007) 947 HbX}, %
SEMGARA BT R YR, I 575 5 79 G 2 4 7 5
AR TR 6 0E
1.5 RFIMBRFERSH

TP 25 AR A7 42 NCBI (1 GenBank 45 &
BEE o 00457541 ~ 00457544, R 3% GenBank %
PR PR ER R 2R s COL L D] 9 i A7 A J6 3 41 5l
i MEGA 11 14 ( Tamura et al. , 2021) 1
MUSCLE ZJREHEATXF 57, LERATIE TUREE, 15
#) 566 bp (¥4, fli FH Sequence Data Explorer JJj
AEZIMTBREE S 280 1

%A DNAsp V6 (Rozas et al. , 2017) it
BEAFMREMETE (Nucleotide diversity, Pi) FlFAAS
R ZHEPE (Haplotype diversity, Hd) ., 7 MEGA 11
(Tamura et al. , 2021) HLIKZE R 1) Leptoglossus
clypealis (%55 KY818713) MM, RHHE KN
Rk (ML) & R 5 K & W, i ChiPlot
£,
NETWORK 10.2.0.0 #ff (Bandelt et al. , 1999)
2 A T R 25 ]

2 HRE5HMH

( https: //www. chiplot. online )

2.1 ESFHEMREE

BRI 217 ~20 mm, FE295 ~7 mm (4
3k dbRA) (B 1), Rats e, KIEDE, %
PEESI IR, K23 mm, [AATZEM, #HR T
BRI RS, FRIRLLE,; SKTURE, a1
LI REr; WA, B4R, s L A
4 RA, TSRS MAEER, [T BT %A T
HOTFR 0 A 0 e BE e, b1 A A D B
INE R RS A, SHTI TS AR AR R T

S S 5 MBS A S A 4y S8B ik DA e AR A ] 3 A Y
HEE “h” gty (B 2); BAHEEG, Fim
Xt AR BR ANAT B, REHE 2 ~4 A, SR EREY AR
MR, MIA PR, fHE6 ~8 4y Ja lit
TSR L X AR B R, P skER A A A
PERIXTRRMG, BREEUT R IMEIAR N RE, k|
PR 1A 227 2 A R B BE AT, R A SR B R
S AT R RPN, B A i

Bl POEBRRakig R HIE S
Fig. 1 Adult morphology of Leptoglossus occidentalis
. oa, WHRFm,; b, WHRBEM, Note: a, Dorsal

surface; b, Ventral surface.

B2 P o i G BRI Rk
Fig. 2 Diagnostic features of Lepioglossus occidentalis
Heoa, ATAAMG “h” LM b, JF AR RS
FJ, Note: a, White “h” -shaped streaks on forewing;

b, Leaf-like structure of hind tibia.
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ARG, Hrp 5 i R CBIKE,
LI 2 Wy UM A, SIRARTE, M3 ik
A BT AR RS 9 BE R TS ;3 e A IR A 70 5
WL, 4 ey HUME AL 3 Wy UM i, Bl e
FrRET 4 ~6 AT Z AT B R @ RARAL, Al

T VUG S A 1L 2R T e T SRR AR AS
7 HZ 8 H iyl WL R R HOLE R AR B BOR 1
SRR EWRENE (K3), SEUMRZE A
K#adisn, HORLE, BE., TR,

K3 PR IE R AR |

Fig. 3 Leptoglossus occidentalis on the cone of Pinus densiflora

W oa, 3WEHR, FESRMBRIE L, b, MR, ZESRERR I, Note: a, 3" instar nymph on the cone of P. densiflora;

b, Adult on the cone of P. densiflora.

2.2 HFEE

KAL) 4 SKBRA) COT FK 22 DNAsp V6 #fF
Ab PR B 2 8 T R — A5 R, AE NCBI 5088 5 Al
BOLD %4 i vh i e X 25 SR R, X SAR A COl
FEA 1) 55 U AR ks v EARMEL (NCBIL: 9. 64% ~
100% , BOLD: 99.23% ~100% ), iE3%)&E T [F—
Y,
2.3 BEESW

L PSR R IR, AERAEAE 10 AN R Y
R, PTR B S S AN MR AR (JbSEVE
AT, W, w#hE L, PEILER) (%2, K4),
WA A B 5] 00457541 ~ 0Q457544 TG i 58
ALE N, SEHER H_2 —F, IWARFTFEWN
OM883865 J& T H_8, OM883918 Fil OM883922 /3
A & B BAAE R H_9 T H_10 (#%£2), H_9
5 H.8 ZHHA 1 AMRANL, H_10 Fl H_4 Z ]
2NN (£3),

TE 13 A7 s A 2 i 3R S, HoA L C/T B
W A/G Bt F (£3), XBEFKLETH
NGRAE, XA AT RIS B AR E (REMW
& 2012) , A AU I BT A + T D el 1,

A+T P E RN 63.7%, G+C HTHERS
36.2% , WA B M 2R (A 5L PR P 41 20 R ) — A 3
AEE (Nei and Kumar, 2000) .

H 3, H_5 Fl H_6 HREHHARNL TN RAS
HiBFE W48 (British Columbia) , J@& Fdb3E va 3
Wi IR AR T (R 2, K4), E T
GERARIE R, T RIEN H_3 . H_5 #1 H_6 J
TR E T A 35 U EB I A M ) dn A AL, R
Pl R AT, H_2 404 Tdb3e (mgR, %
B B (R &) RERE (% 2,
Kl 4), MG MREATBE 2 M LL b 3 X AR 55 7k
H_2 7EbIE 1R AR b Ry % KX 4S (Ontario) ; H_4
CARERE, 7Ed63E 0 R E A T35 Ik &4
(Nova Scotia) . % KWE4 ( Ontario) F1 4 K M
(Maine) (2, F4), IFEBHH 2 M H_4 /)
BRI ERTEAL AT

H_1 BREHH RS (Nova Scotia) HAL
TACEARES (X2, B 4), HEE 5000 A4
(H.3, H.5, H.6) WXJR&EM, RAENMSA 3 ~
54 (KR3), EHELRER, FHidLEmRita
WG AT 3 AR A R
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®2 FEIESZE COI EE AR LAER

F 58 GenBank & RSB H %

Table 2 GenBank accession numbers and distribution for different Leptoglossus occidentalis COI gene haplotypes

AR B EP3 SRAE ML SCHik
Haplotype Accession Country Collecting site References

H_1  HQ105827 JN% K Canada Nova Scotia, Kings County, Kentville Park et al. , 2011

H_2  KR043822 Jing K Canada Ontario, Wellington County, Puslinch Gwiazdowski et al. , 2015
KR040157 J& K Canada Ontario, Wellington County, Puslinch Gwiazdowski et al. , 2015
HQ105829 JINE K Canada New Brunswick, Kingsclear Park et al. , 2011
KR043878 £ K Canada Ontario, Carden Gwiazdowski et al. , 2015
KM022493 i [E German Bavaria, Muenchen Raupach et al. , 2014
KP262419 9 4 #) Hungary Hajdua-Bihar Bracalini et al. , 2015
MN784742 i [E South Korea Undocumented Kim et al. , 2020
MK091922 [H USA Maine, Sanford, 5 Running Brook Drive Unpublished
00457541 H [ China Shandong, Yantai, coastal shelter forest Present study
00457542 H1[E China Shandong, Yantai, coastal shelter forest Present study
00457543 H1[E China Shandong, Yantai, Daner Mountain Village Present study
00457544 H [ China Shandong, Yantai, Daner Mountain Village Present study

H_3  HQI105826 JNE K Canada British Columbia, Creston, wild life center Park et al. , 2011
H()105825 Hn% K Canada British Columbia, Kootenay Bay Park et al. , 2011

H_4  KR036443 JN% K Canada Ontario, Wellington County, Puslinch Gwiazdowski et al. , 2015
HQ105828 Jin& XK Canada Nova Scotia, Kings County, Kentville Gwiazdowski et al. , 2015
MN784741 i [E South Korea Undocumented Kim et al. , 2020
OP686468 F[E USA Maine, Alfred, Gore Road Unpublished
MK091925 F[E USA Maine, Sanford, Room 202 Unpublished
MK091926 %[ USA Maine, Yarmouth, Cousins Island, Coveside  Unpublished

H_5  KR035546 JNE&K Canada British Columbia, Osoyoos, East Bench Gwiazdowski et al. , 2015

H_ 6  KR040743 JNZ K Canada British Columbia, Osoyoos, East Bench Gwiazdowski et al. , 2015

H 7  KP262420 B ARA ltaly Toscana, Pistoia, Pracchia Bracalini et al. , 2015

H_8 MN784743 i [E South Korea Undocumented

Kim et al. , 2020

JQ996145  #hilH South Korea Gyeongsangnam_do, Changwon Ahn et al. , 2013

OM883865 H1[E China Shandong, Qingdao, Changcheng Street Unpublished
H9  OMS883918 H1[E China Shandong, Qingdao, Changcheng Street Unpublished
H_10  OM883922 H1[E China Shandong, Qingdao, Changcheng Street Unpublished

BRI £ 1] R A% B O AT b R s AN [ A
T2 ] 1)t A% 5 B S L A A 0 . A A 70 R 2%
i, H3, H6~H_10 5 H4BAR%EY,; H2E
ANRZERIKRZAHIX, R H_2 F H_4 7575
GaE AR R R T R KIER; H_1 7l fg

WAFAE 1 ARG AR R (mvl) o BRIV G55,
FEHE AR (LR, WM, whE, P EE
5) YA A (B 5), RIPEERR S
5 ] 2l i A R SR A W A A B
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Kl 4 PUFRIRZRiE COL e PR [R] A% Y (i H 5743
Fig.4 World distribution of different haplotypes of COI gene of Leptoglossus occidental
E IR 50 2 st P BB b v [T IR 55 Rt T 2 o 50 GS (2016) 1667 S HIbREHLIENHIAE, JRETCE %,
Note: This map was produced based on the standard map downloaded from the National Administration of Surveying, Mapping and

Geoinformation’s Map Service Website with the approval number of GS (2016) 1667. Base map has not been modified.

®3 FEEHBREE COIERRRRABRNREMS
Table 3 Mutation sites of different COI gene haplotypes of Leptoglossus occidental

AR RSV 15 Mutation sites

Haplotype 69 147 240 241 248 258 333 348 384 399 474 501 558
H_I - - - - - A - A - - T - A
H.2 - - - - _ _ _ G _ _ _ L
H_3 - - - - - - - A - A — _ _
H_4 - - - - - - - A - - - - -
H_S Y
H. 6 c - - - - _ _ A _ _ _ L
H_7 - G - - - - G A - - - - _
H_8 - - - - - - - A G - - C -
H.9 - - - - T - - A G - _ c -
H_10 - - G G - - - A - - — - _

HAERZ A (Hd) AT Z M (Pi) 9 0.00423 , FEFTA b X B B R £ RE 1
REfE iy i — D BRIARLRL /A DNA (miDNA) 285372 Hd R 0.714, FESAHX P FHREKFE (£4),
B, Hd F1 Pi EBCK, BERMESE MR X ERIAVEER G 2% b B AR A B m i L 2k
(Smith et al. , 2006) , "PEFFOZFIRZHEE PI M, HAARERE T REM S L HIX
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KI5 PYERERZREE COT P LA A o) 26 4]
Fig. 5 Haplotype network of COI gene of Leptoglossus occidentalis

x4 FEHMHEZEAEMEMEE COI EFEFRSHYE, RERSHEEST
Table 4 Analysis of COI gene haplotype diversity and nucleotide diversity of geographic populations of Leptoglossus occidentalis

b B A

Population Haplotype (H)
JUSEVEHS West of USA H 3, H5, H6
JLFEH I East of USA H_1, H2, H. 4
KRPH Europe H2, H7
[ South korea H2, H4, HS8
/[ China H 2, H8, H9, H_10
BFEE Total -

BAGRIZ R B IRZAEIE
Haplotype diversity (Hd) Nucleotide diversity (Pi)
0. 833 0. 00385
0. 636 0. 00194
0. 667 0. 00355
0. 833 0. 00326
0.714 0. 00423
0.791 0. 00324

2.4 BEEBMRELZETHSM

ERGREM T, H_2 5 H_5 HLFEH—4
WS, EATZ AR E R 0. 18% , XK
e R LR, H4 5 H3, H6TE
RERER A TR — A3, BNZHE
B EFE 0. 18% (Kl 6), FW H_3, H_6
H_4 Z RS R AR,

H_8 oA T Sk E, H 9 5 H_8 Mk
TRBEEBEWH—03, BEEER 0. 18% ,
FGSFRAEW IR, H_10 5 H_4 ({510 3 &
I, H0.36% (K6), LA EEERFE, 75 5MR
i AR R ras A AR

INARME A R LSRG RIS H 2 (&
SES 00457541 ~ 00457544 ), FITE 1 1) B4 Al

H_8 (%55 OM883865) . H_9 (% 55 OM883918)
MH_10 (&35 OM883922) 2 [H] it 5t 1% I B 4%
N 0.54% ~0.72% , TERG KB 54F
ANRIRHEAG TS (B 6), 2 WY TR |l %) VG 40 ok 2% i
ARER AR A X, DL BB R i, 3R P
WS 2% U o 70 T BE R R T 2 WOl St A2 0, R i
FEE N KA T /NERY HOER

3 S

IS AR RIS, S BR PG k% s A T AR M
(BELAEILSEARES . W, whE AR E) 5 cor 2 A
SHEAE R Y SRR J e B IR T R oy ]
FARGR R, X L8R A B T R BN E
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BEl6 7] ML EXTPUHf S iE COT B A A B F S I RS B
Fig. 6 Phylogenetic tree of COI sequences from different haplotypes of Leptoglossus occidentalis using
Maximum Likelihood ( ML) method
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