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Progressin research on the biological effects of methyl eugenol on
Bactrocera dorsalis (Hendel) and its function in biocontrol
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Abstract The oriental fruit fly, Bactrocera dorsalis (Hendel), is one of the most destructive global pests of fruits and
vegetables. It is a highly polyphagous pest with large host range, long-life span, and high adult fecundity that is capable of
causing severe damage to more than 250 commercially valuable tropical and subtropical crops. Because the larval stage lives
within host plant tissues, pest control strategies focus mainly on adults. The natural phenylpropanoid, methyl eugenol (ME), is
a powerful attractant for adult male B. dorsalis, and has been widely used in male annihilation technique (MAT) systems to
detect, lure, and eradicate B. dorsalis populations worldwide. This paper summarizes research on the application of ME for the
prevention and control of B. dorsalis. Current problems in the application of this compound are discussed and new insights and
references for the integrated pest management of B. dorsalis are provided.
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B SON AR VAR L o R )1 254 X ( Hardy,
1973; Li et al., 2011; Yi et al., 2016; Wei et al.,
2017; Liu et al., 2019 ), 2007 4E7F ( Hhae A R4k

FE HESR A PR e AT 5 A W 2 5% ) iz R s
G SRR AT AR (A E R AR, 2020 ), F /NS
DAy A MR ) e B OB M A BRI
T M. bk, FOm. R ER AR
46 R 250 ZRRRELTOKE (B 1) (2
FAEZE, 2012; Cheng et al., 2014 ) , I TiZH 2%
TR B s . B HRE S RS N AR 5 S
fEFE R, AR B LTl 18 ™ 5 1 28
Fehise (Malacrida et al., 2007; Wan et al., 2011;
Shenetal., 2012 ),

FERG /NSRRI B A T, A2 Bl iR TR ik 2
Bl PR R BRI AN AR T KA S
BRI A 24 it FH 8 BUEAS /NS h e SRR, IF
SECT TR BRSBTS YL S S (Hsu
et al., 2004, 2011; ¥WEEHSE, 2008; Jin et al.,
2011; Vontas et al., 2011; BFEEIANEE, 2015; Zhang

1 Rt EFEEMEAER

etal,2015) o AEWBGA WA A7 AL B 1A /N
SERR TS T R AR, (H L AR HR v HL B R
#ifJ5 ( Vargas et al., 2007; Luo and Zeng, 2010; &
E3E4E, 2010; Zhao et al., 2013; b5 2%,
2014 ), F BT AIEE R RO T4,
Hoh—F &y ks AR, 5155 e
RS RS bR R RPEIREY) 52 2ol
F, RIS AR R E R IR R A F R
PIH BT & W ( Methyl eugenol, ME ) AU AY,
3 B A TG A /1N 52 0 %) B A bR B 28 AT
M5B (FiKERSE, 2006; Vargas and Prokopy,
2006; Jayanthi et al., 2012;Lin et al., 2012; Shelly,
2016 ), ME J&—FP RIR AL IR AR LN B A
Y, BEc 207 10 MR Y Az s
#) ('Tan and Nishida, 2012 ), %3 ME X
INSEBR I AE W) F BN . ME 55 R TR B A /N SE
MBI 5 E R FIAEAE R IR0 AL, B 78 R A /)N S i )
R SRR AR

Fig.1 Damaging symptoms of Bactrocera dorsalisto host plants

A, MERCRAERR AR 00 B, MERCRAEAAR LT C. MEHUREENUE; D, E. PERIER,
A. B. dorsalis female laying eggs on a guava fruit; B. B. dorsalis female laying eggs on an orange fruit;
C. B. dorsalisadults gathered and fed on the rotten guava fruit; D, E. Symptoms of the mango
fruits damaged by B. dorsalis.
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1 ME X450y L8 B A W 22 30 B B
Rtk
11 ME 3I##/N R iRk s i

A= LIRS RN H 1 A A 235 e A /) S e A ey
a1 ME 470 SO o 1 AR B AN ]S B0
O ME BaYEA T2 5, PIE 1-5 d PR e
HO ME #atER S, PIE 15 d PR B ME
vk, P 25-30 d bEHX ME {54 #0585 1)
# P ( Karunaratne and Karunaratne, 2012; Liu
etal., 2017 ), KURIAL AT IR, 76
— R H A AS [ B[R] S5O 7N 52 0 b e F ME 1)
PREAR, B L@, fPrRke, ki
55, R /NSCMR I BT ME e T 3 S
B 5 HAEAT A H 9 HERI4FAH 2 ( Karunaratne
and Karunaratne, 2012; Liu et al., 2018 ) . fitff
HLAZ EAG AR 1 A% /N S i 2L X ME
1) 35z 1 5 A BRAE 1 2F 9:00-10:00 (ALK
85,2015 ), (HAFEERE, BIR ME XA
P A BN B, BAES — R
AN ( Paraphermones ) X E B A1 TG HH & 1) 5|
T ( Shelly, 1997, #2145, 2003; Satarkar
et al., 2009 ),

1.2 ME 5|##5/ S0l i R0 IR 52 5 FHLH

B 1 = SR EE v B UK I MR 2R 5 Ok B )
AR R AEAE B BT, AR 7 2 A A A
3fl ( Fleischer et al., 2017; Choo et al., 2018 ), 1%
/NS B R MR 2R 0 A AR O A RBURR Y, XA
BE T EEYAAES MY R YIA RRN
1l (Jang et al., 1997 ), %5 M I REfi b B
MR R DG 2R R DR A A BT R A B AR ARG /)N S g
WELoE P ) 43 BIL AR o TS DA /)N ST i ol e i
AT E T 29 31 PSS G881 ( Odorant
binding protein, OBP ). 5 Flfb 2% &2 & M

( Chemosensory protein, CSP ), 50 F SRz {K
( Odorant receptor, OR ), 1 NIEHLIEIS IR Z K
( Odorant receptor coreceptor, Orco ), 14 ¥
#I2Z{& (Tonotropic receptor, IR ), 4 FEHE £

Jul#E H ( Sensory neuron membrane protein,
SNMP ) FiIl £ Flt < 0k 4 F B % B ( Odorant
degrading enzymes, ODEs ) ( Zheng et al., 2013;
Wu et al., 2015; Liu et al., 2016b ), B /N3
FE P2 A 22 1 B AT 9 B TR, R 22 11 aL
B 5 PRI S R, kg 4 T A B AR /)N S g ) ML
e R FIALHI PR AL T IS IR, W R R
B BT AR EOR PR A

AT ME 5 1S /N SCbi e a4 FALH, A
A B T4 75 i /NS e R s AR 08 3 F- L], i
H At LA ME 432548 Btk 5 ME 4 F A IR
NP R BTG AR A HE R SR
X, R, W44 EE (BdorOBP2,
BdorOBP13, BdorOBP69a il BdorOBP83a-2 ).
KWK Z K BdorOR88a Al F L A 4 /< bk 32 {4
BdorOrco 2 i/ NS i iR 5 ME )43 F
74 F2 (Zheng et al., 2012; Wu et al., 2016; Liu
etal., 2017, 2018, 2020, 2022a; Chen et al., 2021,
2022; Xu et al., 2022 ), 24 ME S5 Tl 1 5 /)N
S i e it b /ML EBGE A S,
bk 4% & % 1 ( BdorOBP2 . BdorOBP13 .
BdorOBP69a &Y, BdorOBP83a-2 ) ifli#i 5 ME 4%
G, B R A W ik BBk RO A2 Ak
BdorOR88a, #XJm 1% BdorOR88a/Orco S+ —
RARP= A SVEHRAL, 25 15 T E AR /NSE
KW= m ME AT 0 N 3G
BdorOR88a/Orco i — R {AJ5 , ME 2> T8
SURREA# I ODEs F#f# (& 2 )( Liu et al., 2018 ),

1.3 ME 5|5/ Sc i i ) S SR AL FY

Fili /NS — A B AR AT A R L, SR
SO P e U ) R R AR R AR W |
HRSRAH Y (Lekking sites ), SR J5HEH a1 T
— RGN R MR R I Ty, M e $f A B
SKABAT A HE ROIF 5 Z A7 3c e (7% 75 A,
2017; WREEIRAE, 2020 ). M n e d HAA TR0 Y
HEE ME f92) 1, BUE ME A9 s p M Ts o Fnk:
AEJ) 0 P i, RBI S | TE 22 M iR AC T, R
A A AZECAE S ( Shelly and Nishida, 2004;
Zheng et al., 2012; Liu et al., 2017, 2018 ), 7ERF5T
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Fig.2 Molecular mechanism of ME odorant detection process in the antennae of mature
Bactrocera dorsalis male flies

ME XAt /NS e B 5 VR RIS & 8L, ME X
/NS R 5 S AR I OEAS S T e XS R Y
i, HE XS Ed A X5, ME il
LR IV I s 5 154G /N S ( Shelly, 2001 ).
2D R I, R /NS E U ME TR
W HR AR I FE A 20 TN k-4, 5- P S 0L -4
il ( 2-allyl-4,5-dimethoxyphenol, DMP ) FlJ%
FUHAABE ( E-coniferyl alcohol, E-CF) ( & 3),

SRIG AR PR B IR b & W38 2o ik % 42 JF
BT E% RN (Nishida et al., 1988; Shelly

and Nishida, 2004; Hee and Tan, 2006; Khrimian
et al., 2006; Orankanok et al., 2011 ), 7EfEHG KA
SEHCT , A R T 2615 B R T RE L& 5|
Wt TR S I, B4 e H ) 52 RC S 4+ BE 1 ( Shelly
et al., 2010; Obra and Resilva, 2013; Haq et al.,
2014 ). VEE RS A TR 7 45 RAIESE 13X
— WL, BATVLBAERAERT] DMP F1 E-CF Xf
# /)N Sl CRHE AT I B BT, H

DMP M5 HERG PRI S5 T E-CF, B DMP I
E-CF 7EAS /N3 0 52 E AP R A5 5 1 i A v
AL SRR Yy E AR AR SR A SS9
E-CF Xt A s 20 my 5 1 51E v, Bl
8 R OME A S R xS i, FR P E-CF 7E3G kA /1N
ST P A A I i R R A OGN AE
A (Dengetal., 2021; Liu et al., 2022b ),

2 ME X5/ RE S R ERB R
i
21 BMME FHE N TRMENIREEE

TR | JCREGR B K P AP E W R A
SR T ME B . 7E 18-40 °CE il YA /)N
SEHEXT ME PTG s B, oD 25-32 Caehy
TEER, 500-2 000 1x Yt R5E BE R AL /NSE X ME
R RN B R TR R YRR T 14 Calim T
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Fig. 3 Chemical structuresof ME and its metabolites (DM P and E-CF) accumulated in
therectal gland of Bactrocera dorsalis males

40 °C. YEHRSREMLT 150 1x BT 3 000 Ix i,

/NS T ME a1 RE T 2 R 2R R S AR,
2010 ), BLAN, /NS b gl e ECE 28 D %o LI
At ME RYBE AT W& AF2 I . Terminalia
catappa L.AHE/NSEMEEF FAEY) 2 —, HIRS
B & ME, 2 U A BRSO FRAL T
HGF ME AO#41E ( Manoukis et al., 2018 ),

S A RN A IR
ME i F 551 i 0P i i s /N S B 24 5 (%
W5, 2019 ), 17 B A5 00175 HU 80 B 2 T
LA W N A e S R TR OB L & R )
BN EAOE S A B AR, R/
SR P A H L MIE 7] 68 (B84 M T 4 o ( 83
45, 2013; Howarth, 2000 ), AN, A4 W
P B EEEERT ME BB N O /1N S e e 1y
IR AT F B, 54 W I e 17 A 45 5 el
PR ISR e A1, 3o e R EL IR 5 2% ) IX sl oA
N A5 AT AR A5 B B A A R A s A A, SR A A
3t 20N ME 17 2 AR /)N S e It 5
A, ATV B PR W) DX 3 A T A 7 L [ — BsF T 35
P 5 |75 700 i P W B % A2 iy | S A o o B
TV R, DA FR HRUT A 8 SR 1 o

(Bl BREE, 2006 ) (F 4),

FE ME H R AN 6] 3 15 159 | Ak 245771
SR, AR E N RSSER . &S i
PEENG A I T & W44 2.5 © 47.5 ¢ 50 FL BRI
5 EROR I ( RAE4E, 2004 ), 24 ME S
RS - 9 : B 0 k=76 : 152 1 53 1 760( g/L )]
TR A I X P I A e B 5 S A SR B S R T

| -

e 7::,;.
ME5 %5

ME lure %ﬁﬂ

4 ME HiEFHEBhE#/ L ( Pherobio
Technilogy Co., Ltd, 2019 )
Fig. 4 Trapping technology based on ME lure
in control of natural Bactrocera dorsalis ( Pherobio

Technilogy Co., Ltd, 2019 )

Ol ME BBEARSCR (Fh3CAE, 2009 ), ME
5K R A SRLELHE T  FHEH 2 0 il
JINSEZE AT I (R A B A B g3 R ( Vargas
and Prokopy, 2006 ). ME 5ZREER . WA K.

TOURWE . B AU E A A — A BUR I, X
5 /NSEWRE RSO 3 ( Chuang and Hou, 2008;
Chen et al., 2019 ), MAh, FimtEr 55175 RR
&, R 5-10 FLEUEEIAT > ME (945
FARTY, LR HFRRURE KT 40 d, [R]I I3 A0
TiFEARE (BB, 2015 ), [EEEERE, H
[i] P2 2 BRI B AT 23 XAt /N SE AT ME
) R 7 A T 0 A 7 TS TG T 4 TR 2R A
P 71N S b R ME R M R AR 2 ] S 4,
2011 ), [Hith, A BREMAG AR 5425l
FHERMS AN, DAIA 3 W) 235 SR o i Ay i 4%
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REEIH I
22 MEBRBEHERNTEZ &%

HAR ME PRk HIE— 20 | =y B
WGHEHG, (HREE RSN IR E , ME B4
Bl 6 AR A ™ 5 B SR T R R W e
FREARAE A 0 s . 192, ME (AR 2IME AR
SR Il L X I ORI S B B R A 513
Y 1 ( Shelly et al., 1997; Satarkar et al., 2009; Liu
etal., 2017, 2018 ), R, FFAREITA PERH
e % ME A5 BH 2 44  ) W ( Zheng et al.,
2012), & NTkikf, FAUHEHRXT ME otk
AR LG 5 23, AR v L AR 4R AR
28%7E AT, NMIREEAN 2 S 8UE B % ME (1%
SEATER AR TC T U S Bl SE S RE 1 S5
P OB AT 22 55, ATh e 5 R RSSO
K BH A0 (Shelly, 1997; ¥RPR5E455, 2010;
Liu et al., 2017 ). Ak, ME XA R R At 3=
B — /515 ( Leblanc et al., 2009;
Dowell and Robert, 2015 ). &5, ME # & &
— P BRI, ANIE A H R R,
K IspiE] . T AR (S ] ME 5% FH a) ey, AR 4>
Pl AR /NS [ B) R ME A, e PE I A
Lo, M A RESE R, S8 ME KHERCR
A5 2% | HETTSE A6 ] ME 175 2% Wl A% /I S e e B
SASBAR A ERRTE . X YRR, Tk
B R SRR /N ISR R R R R A
it (R LA [ RN S B A 7 )

23 MEfTENXEYHIER I ZERSIFIRIEMN

FE D EHAARMKSH (US Department of
Health and Human Services ) ¥ T 1998 #11 2002
HERFR YR ME 22— M EUEY B ( Khrimian
et al., 2009; Jang et al., 2011 ), HHEMIRFEY,
ME #R= 1-32 3R ( 1-hydroxy
metabolites ) XJ/NRAFAMAEIC/ER, WK
U A SR 2% NS s iU ( Miller et al,
1983; Shelly, 1997; Smith et al., 2002; Khrimian
etal., 2009; Jang et al., 2011; 5KFHE:, 2017 ),
Rt , S48 ME A A B[R4 T BIFFE Y 4
R R T R R M, 3 5 k2 B AE ME

B 5 n B — U 0 HA R 2 5 4 AR W
WEARILTEE , FiZ B (B)-1, 2-— H 4 JE-4- ( 3-
F-2-NHHE ) K, (E)-1,2-dimethoxy-4-(3-fluoro-
2-propenyl) benzene ) XA /NSZHR Y H E] 5 15 4E
FHEA A% ( Khrimian et al., 1994, 2006; Liquido
etal., 1998 ), 4k, Khrimian 45 (2009 ) & HH
) ME S ALAT A9 1,2- — B E 5 -4-580-5-( 2-IN M
3 ) 28 ( 1,2-dimethoxy-4-fluoro-5-(2-propenyl)
benzene ), A B T XA /NS0 P 7 PR R AT

PR PRI BE b, (RGPS /) S i e A 5 1A%
R— M. FJG, BEFEE R 2 A 30T A IS fn 3
ME Z5H BB AL L, S de 2] 1-50-4,5- "4
H-2- (33- 2 -2-H %) & ( 1-fluoro-4,5-
dimethoxy-2-(3,3-difluoro-2-propenyl)benzene ) F/l
1-95-4,5- — F S B2~ (3-9-2- M 4k ) 2K (1-
fluoro-4,5-dimethoxy-2-(3-fluoro-2-propenyl)benz
ene ) IR IIALA Y, 2 NS R IX PIFP 1k
& Yook e g R PR, H )75 AR 1R A
%, HAE TEESR . Ar=lAR S (Jang
et al., 2011 ), ItAh, ME FALATA AR R
Mt R W 05 [, FCH [R) R FH A AR e
AN i — 22 W5 PP Al ( Dowell and Jang,
2016 ), fHARUEIA IS, A PREIZH i i St REvEt
WA IR, KB ME R SR =4
DMP il E-CF X Kunming /] BB AR B R: 3240
JFRAFA RS AR A A IR A, FLRAG /NS
J A B 5 15T P, R DMP il E-CF 4
E— D TFRA  TER. R ARG /N S AL |
FERIEWE S (Deng et al., 2021; Liu et al., 2022b ),

3 RE

H A KRBT B 1A /N S i
WIFNBT 6 i, 4G HE R B4R ( Sterile insect
technique, SIT ), 1 HL K 4447 K ( Male annihilation
technique, MAT ). 5575 . 2= 25 FIBHG
%Rk PR A P B iG 7 ( Vargas et al., 2007,
Manoukis €t al., 2019; Hou et al., 2020 ), {Hixst
B 42 1 it L6 T AT A E AR R 2 A, WF9E Rt T
R IR AN S A /N S e A A €0 7 4 B AT Y
B, FEARELTIL A Bk, HEER
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SRR A R AT A | B R R R, BT
Hoor b MAS B R AL 2= 45 19 B 2= v F s S
PEREAS T MRt e . Rk, ROKE(E S
B 2H 53 25 E N FHH AR AR R o R i 5 AR
A, DA ST T /NS SR AR A T A R A%
BTG MG o FLUR, A /NS B A e R DRI A A 2
AT AT EAT 8K B EFERE T, i R e
TAC % RN A S E R G R

( Malacrida et al., 2007 ) , W& MBS R &80 15
LA o i ) S R SRS AN L SR B9
PR HE A BRI SIEVER, (AEAAR S AR
AR HBAEH Sl o W, BRI ER A NIATER
WS HEY R B A, i dcE R gyl
5 E 5 LA 4 e 2 1 1 W TR0 1% 5 135 T 1 R
RO T — AR R . 7o, M) et
AF A R M o SO AR AR A R 1)
e, 2R BT B R T, T R AR 5
SIERPR AR R A R, MWIR AN
i L e 1 e ) i R ~ S 5 [ A K= 20 S
2# (Reverse chemical ecology )" KBS A A& Wk H 1
AT HMERA . 5, NFRITIR A GRS /NS
BT M2 R A 22 R 3 T B A AN T i
(WL R 1 8 % N
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