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PERM RO REER AR EZE:
MEFRBR ZFHBEHEBER
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(P ELE R AR F B R R, L5 100193)

B E OmERN - ERE R, FEAEAYNEL L Grapholita molesta 1%/]\%‘4)5"1 Carposina
sasakii FISEREEME Cydia pomonella %, i 27 WL BH M . fEH RMCERE A, Z8E RIERR
Y1 L S )R RE A 3, O ) SRS 7 i e 1 7 FE AR, LBl P BR B4 38 %%I%W Tk 2%
JEMEEATRY . ARG T 70 4RI E RN BB EEOR IR E KA fE B T
(1950-1975 4 ): MOBA VLB S A HLAEAR MR, SECH P2yt 5 E8KM5 ;L85 BRI
(11975-2000 $)~ ZUU*H”" Py ERRERE . AW B G B 5 Bk 24 P [ L 5 éi@[%?iﬁ&%ﬁ;bk%ﬁ
(2000-2015 4% ): Ve . R HAR | REREH SO HAR B BRI ST A2 5 &%ﬂﬁﬂAﬁ'ﬁﬁ
(2015 B4 ): 2!*]7&1%27‘5\ J B A A '%‘”A“”*(ﬂ‘ﬂ&ﬂiﬂeb}i@k% Eﬁl%ih\ BRI AT
SRR G 1 R O AR @ B B BOR AL L R AL AR AR AL éﬁuﬁﬂﬂ%iﬂ’ﬂéﬂﬂ@&%ﬁﬂf
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Evolution of fruit borer management technologies from chemical
control to multidisciplinary integration

ZHAO Peng = LI Zhen LIU Chen-Xi LIU Xiao-Xia" "

(Department of Entomology, College of Plant Protection, China Agricultural University, Beijing 100193, China)

Abstract Fruit borers, such as Grapholita molesta, Carposina sasakii and Cydia pomonella, are economically important
pests that significantly reduce fruit production. Characterized by their broad host range, high reproductive potential and cryptic
feeding behavior, these pests cause varying degrees of damage worldwide and have inflicted substantial economic losses on
China's fruit industry. The development of management strategies for these pests reflects critical milestones in the country's
transition towards sustainable fruit production. This article systematically reviews four major shifts in the management of fruit
borers in China over the past seven decades: (1) The chemical-dominant era (1950-1975) during which reliance on
organophosphates and organochlorines led to intensified pesticide resistance and ecological disruption. (2) The emergence of
integrated pest management (1975-2000) during which coordinated application of agricultural control, physical barriers,
biological control, and scientific pesticide use was adopted. (3) The formation of green management systems (2000-2015),
including the standardization and widespread implementation of core technologies such as sex pheromone traps, mating
disruption, and natural enemy releases. (4) The Era of Multidisciplinary Innovation (2015-present) which has seen
breakthrough developments in nano-pesticides, gut microbiota manipulation, and intelligent monitoring technologies. Policy
support, technological innovation, and market demands have collectively driven the advancement of environmentally-friendly,

“green” management technologies for fruit borers towards more precise, intelligent, and low-carbon, practices. Current

*BE I H Supported projects: [E %% H AR #HES: (32172403 ); WBCRAALM AN T E Z I L AR ZFE (CARS-28)
**58 —fE# First author, E-mail: zhaopeng941103@163.com

=457 JA/E# Corresponding author, E-mail: liuxiaoxia611@cau.edu.cn

WekS H ) Received: 2025-08-16; %3 H Accepted: 2025-09-05



+ 1418 -

o B 3244 Chinese Journal of Applied Entomology 62 %

advancements have led to a 30%-45% reduction in chemical pesticide usage through nano-pesticide applications, a tenfold

increase in operational efficiency via UAV-based spraying, and over 90% accuracy in intelligent monitoring and early-warning

systems for field crop pests. These technologies are now being extended to the management of fruit tree pests. These advances

signify that the management of fruit borers in China has entered a new stage of environmentally-friendly, sustainable

development.

Key words fruit borer; green pest management; technological evolution; multidisciplinary integration

SRR B U — 28 o e S S OB
B, T e SR A KRR S
FHEAUFEARL N B Grapholita molesta, #k/ME
> B Carposina sasakii F1 3¢ 5L 4% # Cydia
pomonella 2 ( B AT I4E, 1990; K7 SCHIX/IME,
2015), g LHREAFFERET (B, Bk, A
DA R I Z R AR ), BB T v A T B
SRR, TE BRI B P XA AN R R Y S
F L RUNEO R R TR S EUMA I | i
SERATr, JUEHI ST, kAR a (RS
TKAE, 2010 ); BL/NEC HUFIAK/INVE O HL A5 AT i 2R
WEURSEEIE . KB ZM. gk, IERECR
HRLWE, ZEREEREREE A
80%-90%, FHGE-T-Z4l, fikiBE (X FLA,
2013; SKRAIZEAE, 2013 ), SR B AR YF
IR FE G A — SN B 2 5k (e AR
FE LM AR AR A4, 2020 ),

FEE AR B RE, RO
— ELR IR AR B A e ) E RO, T R [ 2R
b B fE B % R (5K 3¢, 2007 ). M 20 42 50 4
RN T Rk 2EB G R 3, B4k e s 1 ite
RIEFN SRR AR G S AL
WE T FREIRARA T L e e piia i kR, oIk
Al 2 60K JRAE ATl H I 4R 52 o B TR
GV RRH I R R, AT 0T AR T KT 32 i 4
o, KRS S R R B AR T, SRR
O BB P B AR AW 3T 5 e, gy T g
AP 1) Ab2EBR 510 (1950-1975 4 ); 2)
LEAPNAXGEI (1975-2000 4F ); 3) LRl
EFRIL I (2000-2015 4F ); 4) Z2¢RHal& )
B (2015 24 ), RRHEO B BHIRE A E
e 1] iR EINE 25 % NI HINE 2= 29 S8 Sy ibES Sl
TR R A SO R GRS B0 BB ER
() S DIRE , Ry RS B A €0 B s S 1L 1 s A

s 5 o G i
1 =EBriaE S8 (1950-1975 £ )

P lEs ) v 1 I S RS S NS Y ST V-
W, HCRHRA R ALY 5.73 hm®, R SR
tegimt oy, HP RS i m, 15 24.8%,
TEFR E & AR R A0, HUOChSE R
W, A 10.7%, EEAALEL T AR,
HoAth SN HEAS L PR 25 AAE (IS RN gK R,
2020 )o 3X— SRR ) SRAR it P ARG B — 32
OB HREF R E SRR, JFH R T
MEHARTE G, BRAU N TGN E, ML
=BG . XSS NE ORI E, il
BUR SEA = IR o Bl 3R E 28R Tk i &
JE, RRFETIARZE Y K, 2o REHEnRA
W, AATE R B BRI A, T
& 1958 ARFEIN T AT HUG, RS S, AT
I, FAUNE” MR ITE CREEXR, 1959 ),
P2 R AR AR AR L WA T 7 8
BUAAR S0 S ) RO A e 1252 (X,
1962 ), X —BrBe itk gk 25 L IR LA MG
PLBEZE N T REACHE (757575 ). RO R
H =@ &% ( Dichlorodiphenyltrichloroethane ,
DDT ) JAmish o %0257, ATl
B R R A B i 3R SRR LA
B 7P A (BERR, 1962 ). [HEIIAR2=H
23 R A 2 | A RS ) U W Ok o 1958
AR B N AL DX R T, 5L 3 YR B Xo) A
i SN 62% 5% 5 8%, (H R B s 75 A 0
SERFUMRETRE 90% LA | (A, 2015 ), IR
TRPE A A (HAE DR BRI BUR
T, RGN E S B R,

1972 4F, EFEEmifm Rk 22260 H
TR, BT s R, (A5
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=BG, e B SO - A AR 51 -
AP B TIR R, i AR A A
GGG . #E 1975 4F, 4R
BIIA T 56 50 8%, REUEE A2 i 25 R AR
WFFE B, S AN 24 el XA E, it 245 el DR ok
HKIk DT 77.7% (CERFEGAE, 1975 ),

i B AL B IR B “3R [T (Pt
Resistance . FHJEI Resurgence . 5% Residue )
Rk (RS, 1963 ), 1973 4RI MG
F7 DR o, LM S A AL N0 P
AR AU AR T2 X 1/20), T YB3 i
FREEZRIE 15 A% (BRAEL 1980 ), IbAh, AR
2% B IR IR S, 1978 AFTATALRS AL 114
M, 15%FEA ) DDT 5% B3 1t ok [ brbs ofe ( 22
F14r, 1986 ) 33 6 [l AR (AT TS A b5 HL 3 )
AR TIRE

2 LZEREEMER (1975-2000 £ )

1975 4¢, S EHERSBR L “WBih &,
LZEBHRT I, brakE TR F R IA T T iR
BT AS o AEREE ORI BCR 1 S, TR ERY
R R HUR e . U 1980 4, 4x[EIRRY
PRI ARGA S 1.78%10° hm?, 33— if e it 5
B EZEORR . B B g R (ERST
JR3, https://data.stats.gov.cn/easyquery.htm?cn=C01 ),
EAT 25 B SR R A T AN TG . B
SRR R RS, SR O HUR A Y R ok
BT, BRPEE XA, A (ERTT . BRI
BIf kA, ©COh s 3 LR 7l K TR i —2
HEER,

& B A S R R EEYPA R LR,
NSRRI R, BIA R RO H, MR TR
TEULET G P & W T PRI 4 0 U R
1) MEEERBEMEAR: 1978 4F, hER-EE)
VISR BT A AL INVE O PR (-8~ Ak
s BRI A RS ), SEBR H A A JUPH e Tl
RiRZEMN 7 d I E 2 d (FTAE 2006 ); 2) 4
YIBHAHAR . 1982 AFEdL 50 % = SEHLRE HUPA B H
75 IR ¥ Trichogramma dendrolimi, 2§ 4= % ik
82.3%, HUUELRFEE 1.5%LLT, mIAMPIERN

B (F50H, 1982 ), PHIRE AR AN H
AL T 2 SR 0 A B P B AR K, iR
R e B A B AR R I T B T A

AT 1 & S F O MR G BRI R T
PR B AR 10 324, LA W] ( 1986-1990
AR REW L CRWERZEA PRI L,
FEIL T 2438 LU AR 5 S S SRR R R 2ok DX
SR I, XA/ INED O BV 32 R o e ol
Aol . PrBE YR SR A T BOl T 2R B B
i, Hop b pia s 7R 2 0 ik, A
W/ T 24 B RREL, AR EEAR 25 . SR IR A it
2555, 20 22 90 ARAL, HESERH O EH
B AREENETE ORI R B B 2
RN R, FERE/INE U B P A R 0 it
35%Mk/NRELIN (FURBER+ S Himss ), /i
HUEN 50%, HORRFEERITE 5% (R
FH, 2015 ). 1994 4EmiAm Y i 21 20l )
IIBR 2RI 2R 25 o, JF B s A SR
Prdr, ZETA | B VE SRR X ST /R Y A, St L
HEYIPIA A ORLEE BRI, BB LT
BRI

Bl A5 26 D B B R, BT H AR Bt T i
BBHEHAR, WO RINZEA B iR R R B ET
IR B AR LR R BARANTE 2, WA i
BAEE 2% . G2 e A, AR T b2 A 24
S R A, B TR e AR S A o3 b X AT AR 5 4
T o TR A HIR e 17 )i i B 7 s O Al FH Ak 2 Ak
2y, I FLCe it (R LR A% (755 % Ho=op A
i) (22448, 2018 ); MRS W I AF s A 25 o fo
P (B 30 d B4 1 W), MRz Ll XA PRI (8
R4, 2003 ), HFLEE PR 2 2 R 1A T BLk
G, AR HAR Z B DNE P G —— 8
Bt 5B AR 25 ph g, T A HURIBE A
KEL, FEUEDPHG PR S). SXEe nlE 1 2
HEAE T SR OB AR R IR

3 FEapEEREAEE ( 2000-
2015 £ )

HEA 21 42, FRESFMBE EE AR,
FE 2000 4, 4> F B S T AR 29K 2.49%10° hm?,
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FHLE 1980 4EHY 1.78x10° hm? 9K T 29 40%, It
PR A AR 2 1.50%10° hm?, 4 [ SR el
T L 60% LA b, 1 A4 4 % A 1) AL GA . 9,54
10° hm?, A FAGE R B 52.3%, P2
8.62x10° kg, JathFE— ( HIMSFKE, 2020 ),
S URAE SR S 77 R BT, AN O AR ALy
IR E R A S . EREAEOR T, JF
5 I AR M AR 7 R PR LR A IR 7
4, SRR 25K, T R E LR A B
TBMEROBER AR, HE 2006 4 (HEREL
SRR ) TR A SRR | SRR
P, b i A LA R H B 4 ) € B 45 A )
i€, FREEABIABAM HEAWIMR, E4
B 2N TR, Zaad AW oE 38 At
HZE 2015 4F e A AR E MV R A A A T
(BUNE O REEEPHAEARBARE ) (NY/T 2957-
2016 ) 45 12 WATMARIE, frER/MEOHRE
T —EMX TR LA PR IER R, AWM
AL, BT T R

31 RAUPGE: BEREFTRNTFERS

IEB Bl B i 32 B AL HG LA T 4 it , A% 2
HhE: CSORBEUOR” CRPEE R BETEN . 5k
HAY ), TR AR/ IV O HUE A SR B AIR 40%
Phb (S ESE, 2005 ); PRSI IR . R Gabk
FURAR, BT R 500 m, BHWAF £ R
B (PLH S, 2007 )o

3.2 HIBBHE: TAHTIMEHHERE

KT OG5 25 FUR S 248 BN B VA R B0
) LT BE, IT4 DOBERS BOA A (X SOB A,
2014 ), LAE MNP AL E A MR AT,
ARHJTIIE 30 W, RHESTEEHLA 1.5 m, [
100 m, 4 H 20:00 Z¥H 6:00 FF i, AW ERF
R 23 (# R R4, 2008 ); 7ERk e e FH b
B +0. 5% A AL MO B, PR H
WK 23.58 kB, 7T B DAL N O
HLAR (FEMITEE, 2012 ); BRFGIRE X AL & 4R
BURZEAR N 20%-50%, SCHEFLRENE,
W T R B S, RPEO L TR

B VAT 100% (5K EESE, 2002 ),

33 HWBhE: RBSEFARARERERERN
fE

I AR 06 ) A A A P AR T 2 A e A )
IR : 43 667 m* 3 J7 k40 2 bR (54
BRI R IR ), DR AR IR 68.4%, A ALRE
RO AR R (Zang et al., 2021); f4EY)
BN : Bt Hil5) ( T =& 2EFFE ) 5 0.3%ED
BREIR AT, BY/NE O HUEE RS IR IEAE T R4 T
% 89.2% (FRME, 2003 ), Mfs AR MRS
R FR S ERUR . 2005 AEJL T EEDD )5 2
IR RUNE DR 2 (SFHEFERE R 240-
290 mg/fR ), MWiTE R ZIFERME R R,
TPl O e 7, SEMTRRAR S FE %, JE A
FRROUImTIk 180 d, Bk 1 v SRR A K
Z (RS, 2019 ), 2010 4ERRp4R: HiLE6 %
B, ot ) A PR X e SR 2R A R IR T 3%, A
AR RIRY NG (BB WY, 2021 ), B
O HUHEAR B 2 R T L RS i 4 10 328 7
b, LA B G, AR A B mT
FREEShAS, MREHATIEAB IR, i HHFZ A L
FECHE RAE, 2012 ), Ak v 4 B b & S E
P Ak /N B O BRSO = MBS
) 204.6% ( T Z%, 2022), A4 XA
PEE AR EE/INE O SRR S A HEA T W, 7R K
UG W FL B R R L, BERCT A 90.1%
( ZREAEAE, 2012 ), XTI E M, 57 EI
SR A ) (EHE 900 N/hm? ) (1) 5 el i R %
12 0.56%, (LT EIBERM ] (1.38%)
AR FEAG R BE (RIS, 2015 ),

34 HEFHxAE

M 2012 4ETHGG, FRENEDR 7T AR
R G555 2 RO 25 A5 B A0 3 1 A 25 20K
& ( Ecological regulation and management of
pests, ERMP ), %52 F RERG I BELAY IE A
FUR e ( Bl B S, 2017 ), A 45 A= A8 5Ol B+ 4n
SR 1 FUE B G el R ) ARG BRA R (9]
TSRS CRAE ) D REAR M) 95 PRI (i8R
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IR R TCHKREE R PR AR ), R R |
TR AR (gt R i b2 B R0 “H AR
K7 BER ). EREYIRE A (H856E
YIRETE VR SHUrES A N ) SR (K,
2020 ). BEPE KRR “H LR s
B, FESAEETE Medicago sativa W3] 772k
e, HRIRIERREKE £ 2.33x10° Sk/hm® (5K
WEGAE, 2007 ). FESRFETTRIERN T 4745 Tagetes
erecta, HAR RN o- = BEBERGT AT DLBK B /)N
0 U SR, D OB TE SRS B FEER, BRI
MR, fEAURR ( L2 %, 2015); SERM
MR FTER H B ( Methyl Jasmonate, MeJA )
WORAE M, 15 S R S AR B A O AR AR
Yy, 4 SRR 36.4% (Liuetal., 2023 ),

35 HEHE: MEHEES

R 2SR WS AR e 2 A PRIk
D7 AW R, E R AR RS
HIRRG . HIEERSGE . dimiZs . B mi sk
FIB U5 A5 B, AR S e W 55 H R AT /N 25
AR, AT Twis i, WERIK TSR
T 25 %) AR I 3 MR BE ()75 ¢ ( Wang et al.,
1999; M2E 424, 2002; PR AE, 2007 ), BEEAE
WEFHZG . e S EE . ) IR R, B TR
B AR, RS R BIREL, WK
B WP M PRIE ( DB14/T2197-2020 ) #iL5E
S ARG TE 7 F ) JiE 0 AT 4 TR 2R+ 0k e i
(1:4) +5Prmbhs, arEsmAy N E.o Bl
BB RCR 20%.

SR, BEAR A [a] BT 2 il 2y P R
He By F B, AR, HaskapiEiAR
AT 258 TR Gk 22 Biih , JUHAE 4 1)
22 RSLELE FEEORN T (iR ESE,
2003 ), MEAHF—LREIREA, A REflisR @By
FeAR M) AR TR .

4 ZFRMEFH(2015 £ES)

W E A A TR ACF IR T, TH 98 XAk
77 i BRI, AT i AR 2 5% B 1)
BUH 2R, Bk, 2015 AFrpae N RIGAER

ARG Bh AR G F G KAT S, BR 2020 43
LNEYR B FE SR OB 4 55 R 40% . B 2020
A ST 820 MR R IEH, FiR
)M 2015 4F 21.5%F T+ 2 42.3%.,2021 4+
PUF” 4R a2 IR ) 4 “fb2i A 2505,
AL B R AR , AR SR R
S A A i T R R (R K2 A,
2021 ), FEERHEARWIHEAE, R a0 A E R
LR @B AR B 5 F5  XACE B T FiGF
B, iR 2 2E B ml s iz s Y R

41 TANEHBBRE

Wit 25 3 [ AL BRAR AR R st 2 i, M AR TN
B ARNE R — T 24 Al B PG T8, B
AZREARNTE: 1) fElacEe, AR
BTk 6 670 m*/h; 1 h ARV HIRL, £ 5004
2 NFEF 3 d ARETERL; 2) BN R A, fig
T ] L Hl SR el SN B A E G Bt 2 058 5 3)
AR 2 il T, FRAREREE TS Y KUK o I AF R TG
AL CBE B AR AE R F A B G SRS 2] Tz
(TR (B IRIRAE, 2022; AF WX, 2023 ).
{51 B 6T L SR Bl il 245 MR, ARLARJC A MLIT B 30
BEAL R, B 78 A B SR JE A ML 3 < 1
RSB, MR T T 2 R TE 50%, 1Rk
R IE N T 10 4% (5 min/667 m?®), 2558 &
20% (farifEZs, 2019 ). ILZRAA BT BT ERE el
JFE T I ALY G+ /N2 Bactrocera dorsalis
(RS o S5 IR, JC ML 24 5 X /NS B A
B VAR 3 = s A RE L 5 N T 24 B At
RS, WHEENE, TAYUGEZHRCRIEEIA
THEZ 74.85 %, WEZHBUAAN R N Tt 25 1)
34.72%, WEPAJC AHLTE SR e 5 B A Th BA
WM. ATFIRERS CEPRIESE, 2023 ), 2019 4F,
Hide N RS E R AR A& & T CREARTE AL
Bi e B AR RING ), AR T AW AR Z B
PRUEFIFLIE (2, 2022 ),

42 MARY . BEBESBHRH

UEAER , ZURBRHEAR O T BB i AT 3
SHEPNIY R DA i3 WESE Y A IV E 2= SRG
B o TERILORLZBETT A& 1 4% (0K Al L5140
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KA IMEEA RSB . B TR G | F AR 255 F A
A, T RRIAR<10 nm BYSEAR, Al ZEE R IR
TR BE TR, T BRI R B OK AL H 23 AE R
i JE ., MR W R B 70% . @i R Bk
Spodoptera exigua & B A 2GR EEF 2.3 £5, 24
HIN 30%-45%. ZBAR NI A A 25 ]
PRt TR HOR S (Lietal, 2025 ),
AL, BEE RNA 442K 5 40K 5 3UE RNA

( Double-stranded RNA, dsRNA ) E&E 3 AR
() H 25 80, RNA A8 HR B2 S8l Ae v (1
IR CEE, 2019; EIMIAILA, 2019 ), filhn, HT
A AR BH B+ R & W 98 K 2 4K ( Star
polycation, SPc) EERYHEIE RSL, # T #5440
ALV O A2 ik NPF1a 5E 5 A9 XU RNA,
BRI & R A R0 ) 4 R R IR AT R i 4
K-RNA A H il (Wei etal., 2022 ),

43 GEMEWEETHR

Bl A L2 R R, IF9E A R BLE A
BRI ER AR A28 S A R g v
HEEMO, HEMAEYAC RO B A Y 2=
GEM) S TN, HANEATE T TE &
TGN EALE], AT E R R R AR A
T (Gu et al., 2024; Bai et al., 2025; Lii et al.,
2025 ), PHIbAMAPBIEL K & BT BB 0 2
AUNELO USSR O A T, IR S R
& (10 pg/g ) AEIRAT A HT I 3= FERRAR 81.2%, %)
HALERAEREAR 37.4%, IR/ 52.6%; TR
PR 200 TR I FH BT A R, S g O

(Liietal., 2025),

44 EFIEEREAHE

BT SR B R R R 1)
KRB B KA 8 sl — &5
A SV RIAYIBI6 T B, 9 KR B BE B
ARt . B IR AR I BT, DT 5 K
PR 5 SR AR PEHIRE ST, TE WA M T KR 3
TR IR RS R GE . WTFERM, R b 1T
[l R D BERE A & ( Bk s 0 DA ) B 4
Y ), BEA RSB PR A, BRI
Pl P e (Wan et al., 2020 ), BEAk, FEH ]

WOE R R | R A 5L sl fi P BE R 5 1 A 3
AR T H (N EOA I ROR BUb ), 7EiAARE IR
F1%) ) eSS o KB iR A (TS, 2021 ),
P, FESEBRm A, 5 2R ek PR AR
AHER, W —ERENHEARER, INITER
RCHb B R BRI B T R o s 2 BH 4R By
BV B AR RN A W 7 3 A R 0 o s
A, R X SR RN 53.57%, S5
TN 5.84% . AR 9.69% (5 Mk
BiiA e XA L ), B T Rt st
Bakzs (MAAE, 2022), 2) B X B B 45 -

G AR A AR RS o 2T B X
SEL R RH BB 15, AR . HOR . B BRI
TR ILT A REE, NS TRESH,
HRAE K A A 100 A bk A X, 2 B ke A X R 22
B HLIX , SCESr 2R T L o XA (e EARL
FARME MRS oy, 20215 BEZERESE, 2023 ); 3)
PUrE AR . AkAR . SRR AR AR “ALR”,
IO RO AL/ N U Bt T [RI R AIG
RUNTOESEE AR PRSERME ISR AR
Fifr, 3 O O U R A H AR . SR
B HERE CE T SRR, HIR SR A XA
ANE O B SR AT N A — AR AE T (1 0,
2014 ), ®pIllfE Rt “eREs G R ER”

(2020 4 ), FERK 2K m) 220k HU AR+ R B R
W, B AR 2GR 35.94%, HUERKR
FEHIE 3% LA (BRIGSE, 2020 ),

5 BEERE

EORPERR 70 AL R, i
WAL T2 T B A SIS - BRI 1) 2 (7 5
A s o BE— AR, BRI TAEEE
S, R EREOR SRR S . Bl
BrECLLGKRACEy | AR | R RE MR DN N AR
2 ARG BOR , IR (7 B IA 1) “KE AL |
BREAL | RBRAL” AR AR T-BeA Wt 4,
R 0 HUSEAR A SR R ASE R, HOO SRR 7™
W EE IR ERMER, SN 2Rk UL 1k
AR A e , RS U 2R Pl i 2 57 3R
AR L4,
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AR O BRI TE LU T FEZ APk
%M 1) BEAREARNA, HAEARSR: 9
KAL) | R R IHRAE , ZINAR 7 g PRI ME
Fr B SR Pl 2 ) 22 B A, AR S
BEEMNBCER, Wi F8OE TR, e
FISOK A X R el i e G B R TP InA L
PR FTHG 36 LR ME , $27F T X B AERCR , JF
SR T AL —E (Pretietal., 2020); 2) Bt
PER I . Tk RS ZRHIR, IEgs &0
JH RNA GKAR 2y, S s RO ER 125 3)
e DR ) B B e - anAed P R S VY R L
by SR ] R] b 27 R R B S A R [R] ,  EEAR
P A [7) 1 DX 114 2 Sl 8 N IR Bl it s 4) ZE9)
FORTRANL T« HE DRl e 0 ) 455, PELORT 27 3
NiPESE, HRTER R dURIE LM% Drosophila
melanogaster & % AR B 28 H o3 ik, IF
HE &85 0 T K i Aedes aegypti 1B
. HETE SRR O AR FE A A
D WTAMSR AR Y —F R a g, HiiES
XML, ATmGI#EFIH, 41 CpGV-RS
o T AR L [ S SR R e 4y o JER L i 2 L B
T, HXTHZFEEA R (Yang et al., 2024 ), I
b, A5 el R TR TSOAS B B H 42 57 S 8 Mk B
B, EReTs] % ( Thistlewood and Judd,
2019 ); 5) MERERART 2L . XF [F]—44 1y mi
XTI G B, A4 3 ORI A9 T Pl , Ao
ERG 0 55 TAE o A AW i B ARG H 5 BUR HE
gl B E URBA RESC B B sh i B
FhaEE" AR, POERRERM T ERRE | &
o, mEAE,
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