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YA ERERN T ERARIARERERE

Y B, FEW, Aww, AER, & B, FEF, HEZ@m

(PR A R R B, WL AR i R A R HOR TR LR %, AUl 310018)

WE. A3 X)L+ F P, & &R FHH K(sterile insect technique, SIT) EAE A T R E Efo A
FAERANA W AL E R AR TR R H Rk, LR R F R B WA b A SR AT
AL BEBFRAERG L R R F B AR £ L2 KIAEL B A 5 e 5
B AR B X BBy G O R R R AR RCE I B A A A A R R R A M BRR . AT R B AT AT
S B F R 0GB B 0GR R AT IR B, U RE R A o B O kR AR TR 6 K A A
E R 18] £ F HATA TR FeAARIRA 0 B . R B L kWA kTR, TFHH S % H,
MR RETBETEFEX, R S iﬁ‘] FRAACH THNS B ZAG T A, ikb%@T A
2 B SR8 A A IR R S R R4 R AR B 89 R IRAT A AR S AR, M ikﬁa P 5L 5E o B SR A
TP e S8 R AR B 0 M A s B BT 4 2 S SR ILME R 5 B X AR AR A 5 B ek B AT iF—/ﬂE FERR
Fﬁ« PR KRB JR R A 3R4E , W R TR B R R A = s e R B ARG R 6 TTALAL M A
BRBEL ORI FIEAE RGN 0B, KA R B0 B Kok SRy B R
@%ﬁpqﬂl’fbfiﬁ‘] B R W R E kR ‘:f’éﬁb?fiul‘/?akﬂ‘T FR T EIRE T X R AR R K
HUAEAR) ﬁ‘ﬁﬂﬁ‘z‘ié@ﬂ BN DREEZEGERN S BRRIFTAET RG ST L S A
PEHE R
KR MHE MARE; BASH; oA ARRFHAR; HARHEKR
FESES: Q968 XEkFRIRAG: A XEHS: 0454-6296(2020)07-0902-11
Progress and prospects of sex-separation techniques for dipteran insects
PENG Wei, LI Yun-Xin, WENG Shi-Han, ZHOU Ruo-Han, PAN Xi, LI Jia-Yang, HAN Bao-Yu
(Zhejiang Provincial Key Laboratory of Biometrology and Inspection and Quarantine, College of Life
Sciences, China Jiliang University, Hangzhou 310018, China)
Abstract: The sterile insect technique (SIT) has been used for decades to control agricultural and
human health-related insect pests. Compared with insecticide control strategies, SIT has several attractive
features including species-specificity and environmental friendliness. A major obstacle for SIT approach
that involves the release of sterile males is the separation of males from females during the mass rearing
stage in order to improve the cost-efficiency of these methods and to prevent the release of biting and
disease-vectoring females. In most current genetic control programs targeting dipteran insects, sex
separation is not used. Currently sex separation for a small number of dipteran insects is manually and
mechanically achieved based on the pupal size or the difference in the eclosion time between female and
male pupae. The molecular mechanism of sex determination and differentiation in dipteran insects varies
and exploration of the primary signal has revealed major differences. Several sex determination genes have
been explored in the sex separation system. The sex ratio distortion strategy produces male-biased

populations by disrupting the expression of the key genes in sex-determination pathway, and the
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conditional female death strategy achieves sex separation by using the sex-specific alternative splicing of

the key genes in sex-determination pathway. Both of these two sex separation strategies are currently

under evaluation for mass-rearing program in SIT. Differences in sexual dimorphism and genetic markers

between females and males have been successfully employed in the visual separation strategy for dipteran

insects. We reviewed the recent advances in sex ratio distortion, conditional female death strategy and

visual separation strategy in dipteran insects. We assessed with emphasis the suitability of these methods

in large-scale rearing of males for mass release in order to achieve more breakthroughs in the research of

pest control based on the better sex-separation techniques.

Key words: Diptera; sex determination; sex separation; sexual dimorphism; sterile insect technique;

transgenic technology

XU H i R AR S B8 A 7 AR &
A A= ORI RE , PRI & i A R i B iG HR A5
S H H% (Kassebaum et al., 2016) , B HATHA
(sterile insect technique, SIT) f2& % it [X 4 B V5 A9 3=
BHARZ — LGRNAT R BB AR & i il
Knipling 7£ 20 140 40 AF 4R ok, H = 2 mE 2
oK N TSR L, S a3 S | 2R
i = % NS A B N e e N
AARE R A R AR T R AR 5 A 22 U A
Z N EE B WRARBREE AR F H (Knipling, 1955) , {H
FEGE Iy SIT | el FH 4 R AR 36 Ji0 e e 7 BB A A= 7
JIRBEBCTE S T REAR , 17 HL 5k = A 2500 HEAfl X 43 T
B, TR SE B b A i Z PR, SIT & —Ff 81 B R
(T A5 28 ORI AR, © B T 2 Fh 3
B R  ABAE R Z H A SR EE RS R , X B
BTG BE NS o o 1 il R R e o oA 174 £t
JREFNZE 5 KU 2 A1, 55 750 1 52 35 285 AL 3 3= I (SR il
i S T =1 S I o = N NI g )
(Knipling, 1955; Rendon et al., 2004 ) , 35 2 i
AT BE SR B T B H R HASE ] 55 (14 ) A i AP o i)
T PP A 2o s (] R 0 A e P e 51

HoAh st 12 B va 14 it A 5 e i i iy i By
HARE Fi R (release of insects carrying a dominant
lethal, RIDL) Fl3& F K /R B 3¢ [ AR Wolbachia 1
HURFH A+ A (incompatible insect technique, I1T)
RIDL s it B 5 s mI 400 1] 1 Sl A e A e e DA e
55 HF A M sg e, 5 BUE AU R E KB B Be el e
PRI rh 25 FEGE (Thomas, 2000) o Hi T ZREHUR
e R RS Al 5 HL N P A A 24 5 B¢, HLUBR R
T R G2 BEAIK RIDL Afi o 1438 13 14 ( Alphey er al.
2010) . TIT s ik Bl #E A 55 B AR I MSOAS W]k 2K 12 o
TR AR (%) e, DT 35 M B AN A 25, 1 M SO
(Sinkins, 2004 ; Panagiotis and Bourtzis, 2007 ), IIT

AR S BRI 1) 55 4 A2 C ) FVAEAF ) (B2 TR
FH [R] S5 T 7™ SR A TR (%) M P A R TS Al
RIXERY o A5 HY S 8o, B A — /N O IR
Wolbachia FMEPE 25 S BRI A QI AN Rl K 4
W BC T BB AL R s S5 1T, AT T 52 4% 2 o SR rh RS
REZS L HEPE TS Yy o 723K BE8HAL B VR 40 Tt 14 1 FH v
PRI 53 B A A A R AT 20 B, SR DT M
SR BRMENE o PRI o3 — Ty T T A 2 S
BB I3 2, 53— J7 T AT LA B A 2% i AR ke i 45
FEPRIFIR  TTTE & 1 3o 2 v S A2 P b e e e
AR L MENE .

R AT C o2 iR, 2
i E I BRI 45 43 7 AL ( Alphey, 2014
Gilles et al., 2014 ; Bernardini et al., 2018) . 7EA L
H FRATA R B B A fe il FF & 0 BT A PR 53 125 5K
W& FEATERIA , ICTE I R G ALFE 07 P 1) o 5
B A, 3 A 455 ARG ARl M o X T Y
PR I BB AT D Se 2 B T AR Stk 1 B HOARS
BBHATAR . A SO T 5 53 85 5 1k 0 AT 45 A
P, X0 H EG AR SR T I P B o B HOR AT T HORE IR
BT RIS rp BRI AR QBT B DL Bk AT

1 XG#E R B R AER R RS 4
B

H HT R 280 RS2 dU st % B 1R SR I
HEAT IR 5 53 B o A9 4, R DR A I RN ZE [ 2R S B )
Bactrocera R 37 Vit 1 A e A 7 B LA T 07 3
PR V5 R 15 M 2R %) B S 0 ( Orankanok et al., 2007
Fanson et al., 2014) . @3 & BBk 1 500 73RN
B XTIEM M Cochliomyia hominivorax % B 42 Ty- B &
P P30 55 P40 6 T 8 R A B ¥, G b s RS Y
PEN 53 B WE (Scott et al., 2017) . T BEE AN F X
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JHRE T A 7 RIABE () 38, — A R T U R R R 4
(A e L TR it 22 SOME 7 O O R S PR OO, DA
TSI B $UH 1A 3910 43 285 D b e T 8 %) g 3, 3 1
AT A #E T 100 J7 350 ( Concha et al., 2016) , %
Haur ik, A M i S208 Ceratitis capitata F185PH
B SLME Anastrepha ludens VA Fh 4% Ml B B2 44 520 TE K
PUASER 5 bR PP 0 2 SR, Al B 1 Rk
& (Augustinos et al., 2017)

TELI AT PR 53 BRI O T, #B I 19 7 538
W ME— I TR IE £ . WO RS P ISUR Aedes F
JEIUR Culex , ¥ — 53RN W R/NA—2, B 280
BRISC SR T T 0 0 R /0N 2 AT BIL A M G
( Papathanos et al., 2018) , 7E= S H| SIT BiigH, F)
4 J@ % 200 J7 3k S0 Aedes albopictus T 1
AT THEROT S ZOT AR T 26% ~29% 1Y I
v, W d Y5 924k 1. 2% ( Bellini et al., 2013) , 3
T MERER /N Fay-Morlan 3% 38 3 Ge bl , X v [ 4
A5 B A SUEGHET T B A AR AR E
ARAAGE G S , B 1 I 1. 97 AC MR, HERL
WAL 22, MEWCTS YL R 252 0. 3% (Zheng et al.,
2019) o FIHEE T 28 0 J5 ¥ 0T B JE RE 55 19 1 2L
PSR Ja8 ) JE V8 0 1 3% Ko FHIC Aedes aegypti FI
PR TE WAL Aedes polynesiensis HEATB5 16, MM
PEH R & A o E RSO ] 3 1 7 e e T
WSO N TR, B /N SRR 500 Sk gl aE A7 1 )
418 (Papathanos et al., 2018), X S8 T3k
1 ARMERRAG H BN F B A BT i R g R
KM Glossina morsitans morsitans W HE 82 247 DL N
1, VR e HUR A, TS B A e R R Ak B
{18 SR SR g e e T L 3 ol e N T3 T R R
AT LA i 0 3P 1k B B 4 9F 47 43 B ( Bouyer et
al., 2014 ; Seck et al., 2015) o F&T B b P40 5k
WA PE R 53 B 7 ik AR 77 T 500 T3 Sk A5 B Glossina
palpalis gambiensis T 4L, F T4 B € P9 I R 4 200 &
I (Seck et al., 2015)

T M 300 S0 H S T A 1) G 8 5 SR e &l
HEATRINE 7R T B TR R e B I e DRI 7T
B3 DR B s A, 38 0 40 R B 25 IR
Hd N Ve T el 92 M i 4 dU Uk B (Agnew et al.,
2002) . [Htk, 75 B HUK &0 RS R E A A T R
S e 2 18] 4 35 4+ (Phuc et al., 2007) . fE4R IR %L
AT B, TR 1 A3 B AT LAY A R Y
6] 573 )Mk FE RS FR i b, BT A e
)5 5 AT LA AR AP e A ] e T N B AU o RSB 3] o

B AN A AR T 5 5 B A AR M 1 A
WAZHE , 7 HE AN E R AN, BEUS I B A 3 SR Pl A 2
JE , B B IRARBR AR IR

2 XHBEERMERNRERSTLE

XA H B B BAT Z2 R AL ke M 00 Fo34k (
1), Y Fh BAG R M Drosophila melanogaster Jz:
XX/XY G (Rt 5l P 2R G0, P 1AOBURS 7] 6 1Y)
X Yt R % 325 5 0 (X chromosome-linked signal
elements, XSE) {E 24 9] 4 14 il £k & P 5 J5 3l Sex
lethal (Sxl) F:R B K, SXL & (185 transformer
(tra) F1 doublesex ( dsx) F:[Fl mRNA Fii{A&3E4 7 M 1 45
S (iraf, dsxf) WEPERE ST DSX AR 45 S HEM: 43
o XY AMEREAE 5 9 XSE A LU 3l Swl HE [
(2235, T3 tra T dsx P mRNA GRS T HENERE
S B (ram, dsem) | 77 A HEPEFF 5 DSX EE 4R S
T M 43 4k ( Erickson and Quintero, 2008 ; Lucchesi
and Kuroda, 2015; Vicoso and Bachtrog, 2015) , ¥
FM Musca domestica 1, P 51| e 2 28 i B 2R 22
¥ male determiner (Mdmd ) W1E1E 5 B Kk E, 1E
XY HEVER A, ACAGR AR Mdmd FH1EGF HREA
tra IE0) BRI E 238, B ra T dsx FEPRI AT 1
PERE 5 59 U, 2 100 S5 30 e e s R P 1 ) A
7 XX EVERR AR, Bl Mdmd 36D, SR IR THREAR )
tra FEPR P TEMEVE ST — > F SR I K B ok
AR YIRERY TRA #1H, TRA 1R dsxe JEA7HE
PERR 5 55 U], 58 BOME PR P 51 e 2 F1 34k (Sharma e
al., 2017) . My SEmEVE ) g BEAE S AL T
Y Gufa R 1 P e 22 [T Maleness-on the-Y ( MoY)
( Meccariello et al., 2019) ., Y YL@ RZERR) MoY [H
1EGF i ra FEHTEA, T30 ra BT HEVE R 7
oyl IEBEMELRE . XX RIGH T6t=Z MoY B[,
tra WEPEAE S B B 1] A0S AR D RE R 1 4
ShMEENE S % B (Pane et al., 2002; Gabrieli et al.,
2010) . WeFrEREBRALT Y Jealk kb geE
R 98 2 0, 3R S O e, X LG I 4 B0 Anopheles
gambiae M I Anopheles stephenst T Bt g Kt
Nixc, Yob I Guyl 45 dsx K& K FEATHEPE 5 55 57
PESFOIRRIR  SEIMEPEVE N K B o MEPEER D Nix,
Yob F1 Guyl FE[H, 53 dsx FE K47 ME M Fr S 55
DIAIEE 3k, DT 52 B ¥ P 50l & & (Hall et al.,
2015; Criscione et al., 2016; Krzywinska et al.,
2016) .
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BRGHC RIFEEE  Sr R g oS SRR
Aedes Anopheles Anopheles Musca Ceratitis Drosophila
aegypti gambiae stephensi domestica capitata melanogaster
XX Xy XX Xy XX XY XX XY XX XY XX XY
Nix Yob Guyl Mdmd Moy XSE

v v v
dsxf  dsxm

dsxf  dsxm

I
L ler
Qo @ e @

]

dsxf  dsxm  dsxf dsxm

[

dsxf dsxm

|

dsxf dsxm

K1 XG# H R P E 355448 ( Erickson and Quintero, 2008 ; Hall et al., 2015 Criscione et al., 2016;
Krzywinska et al., 2016; Sharma et al., 2017 ; Meccariello et al., 2019)

Fig. 1

Sex determination pathways in dipteran insects (Erickson and Quintero, 2008 ; Hall et al., 2015 Criscione et al., 2016;

Krzywinska et al., 2016; Sharma et al., 2017 ; Meccariello et al., 2019)
dsxf; doublesex %% 7S B METE 4 F 4 W Female-specific isoform of the doublesex transcript; dsxm : doublesex %% sf 7% B HEPE 4 5744 W72 Male-specific

isoform of the doublesex transcript; traf: transformer ¥ s 7 (¥ Wi 45 544 I Y Female-specific isoform of the transformer transcript; tram ; transformer %%

SN R E R4S S P .Y Male-specific isoform of the transformer transcript.

3 XHB R R R E SR 5 5 R

U5 B HOME PR ) K 7 DGR AR B P, DA T IR
HME S P IR AR R B TR SR & 7R 2 Fh 3 JUh A DU
Fi, #] A RNA T 4 ( RNA interference, RNAi) ,
clustered regularly interspaced short palindromic repeats/
CRISPR-associated protein 9 ( CRISPR/Cas9 ) i il
e REBOR e B B iR & & AU 1) e s O
LRI FEAT Va2 AT LA™ A i O ) B PR (32 1) o
T 58 42 03 B AR R A AR 8 D 125 R A 7 G A e L AT
i e e = £ R b W Wy 7 B 1)
THEPEAGE U H AN E o TR IR B, 33X Ll
AT 55 e B A B W R 4 (], AE FH [B) RS 0 R R B
1A USSR R o b v SR B S D e R TE AL
JA BN TR R 235 M EE RNA HE [ P 51 phe 5 6 i L
tra, 72 95% MEPEF 5% BUPEJE A, K2 B
RUMEVE (XX) & & W HEVER B, JF H 2 ol 5 /M
(Saccone et al., 2007) . 1%/N3EWE Bactrocera dorsalis
ARG AT PR e a2 S S FE ] tra B tra-2 YR IK,
FEURACH B 96% HIHENER 4% A RESS LA &
XHEAMA (Liu et al., 2015) , 38 2R3 S i 4y iy
RUTE dsSRNA RS Y rh sl 5 iR IR 5k dsRNA (14
B, T ra-2 BRI GR , SFBURIUIFIE R 2028 50%
DL R i 38 97. 6% 19 T 14 M 53] i 1] ( Hoang et al.,
2016) , TR S AP dsx KL MEVEE AL IS ,97% 1Y
AR A, 3% A B METE B2 28 W i o 3
(Whyard et al., 2015) . 7 X] H 7 2 50A: 58 40 0 5%
i 23K Yob K& DR AR A MR A 1) P 5% FE I &R L i

B JE A T5% NHEYE ,25% Sy HEVEAL 1R & MV,
FI AR A7 RE 7 WA RN AN [ A 5 79 P 3 R e s
¢ 3 2ok e e DR Py T 0 e R R P 5 4 e £k
M3 HE M ( Kizywinska and Krzywinski, 2018)
Al F CRISPR/Cas9 % &t i Bk 0 &) 1L #%& 52 g
Anastrepha suspensa tra-2 W3Rk, FEUG L 42% Wi
P 47 % J AR 11% Sy v T R 13% A
T 22 0 U 33X SRy T i L g S v O R B B [
AN R G 8 T T RE (Li and Handler, 2019)
Yob HEPR 2 [X] VA2 Uk 14 Sl e s PR 5, P48 s
BEPAMEPERE Y U1, WRR I Yob mRNA 33
JE 43 & F o ME vk & B ( Krzywinska et al.,
2016) . TESR R AP i ik 18 45 b P e SE PR Nie
FEPIAY IR, SC 1 e DR AU e e o) e Y 1 2 A
(Aryan et al., 2019) , F W] H H B AR D 5E H 1
(1) S A 2R R A R 1 T it FORE R AR 1) K e
JiT) o f5lE, Kandul 55 (2019 ) 7 SRR b T %
— A 100% AN F HEMEILE) REE, RGO RSB
Cas9 £ b R 5 [ Rk B-fUE 8 A (B-tub)
I CRISPR #LARIE M sal fily RASE, AT LASEEL F1 4K
PES 38 , ARAS Y e BN F HRA AR A BUAR [ 1Y
HCTES T

4 X8 E MM SR RTE S B R R
U 5 PP BB T 3RA 9 R T

Hh— B B R G T DU BRZ ] 28 G ME P 5
PERIR (R 1) o IR G REE RO R TIF R
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Table 1 Sex separation methods for dipteran insects and their mechanisms
Tk ELZN P 73 B HL Fhk ik
Methods Technique Sex separation mechanism Species References
P e 2k i RNA T3 ULER tra F tra-2 F:H Hi o W 52 Mg Ceratitis  Saccone et al., 2007 ;

Sex ratio distortion

RNA interference

K FE A (Y BORLRE
Transposase-mediated plasmid
integration

CRISPR/Cas9 pjil%:
CRISPR/Cas9 knockdown

Silencing of tra and tra-2 gene

ULER dsx KeK
Silencing of dsx gene
TR BORL F3h Yob FEIA]

Plasmid  injection  causes

overexpression of Yob gene
tra-2 FEIH B RER

Knockdown of tra-2 gene

capitata , [ N
Bactrocera dorsalis , 35 J AP
Aedes aegypti

BB i

Aedes aegypti

X L AP A 5

Anopheles gambiae

TN LA S

Anastrepha suspensa

Liu et al.,

2015;
Hoang et al., 2016

Whyard et al., 2015

Krzywinska and

Krzywinski, 2018

Li and Handler, 2019

AA B

Visual separation

R R B S I BURLRS
Transposase-mediated plasmid

integration

Y Qe tafh i
Chromosomal translocation to

Y chromosome

ITLLAMRAR

Near-infrared photography

ML E B

Computer vision analysis

W A2 I 2

Protandry selection

LB SR (9L 1 (red/
green
RFP/GFP) F1ic

RFP or GFP marker

i tra & FFE 6 HRIE
Y ITA RE5¢

tTA system using tra intron

fluorecent  protein,

and fluorescent marker

B2-tubulin % PNARIC
PN
]
Fluorescent marker integration

on B2-tubulin gene

Y BRSO hRiC
Fluorescent markers on Y

chromosome

Ui e, — Ak

Pupal color dimorphism

B A
Pupal dimorphism

R s

Pupal dimorphism

W e - 401 A

Collecting first pupations

Xt SE $% WL Anopheles
[T AR S/ e

Anopheles arabiensis

gambiae ,

Lk i

Lucilia cuprina

Hr [C M Anopheles stephensi
e K AR Aedes aegypti, Bif
PLAA L Anopheles arabiensis

i HHE SR

Ceratitis capitata

DI

cucurbitae ,

Zeugodacus
AN
Bactrocera dorsalis , 1k S
Bactrocera carambolae, #% 74
EF 4% W Anastrepha ludens
1 F W8 Glossina  palpalis
ST
Glossina pallidipes
H 8 B0 Aedes albopictus
BRI AP Aedes
aegypti, P F| JE 7 I G 8
Aedes polynesiensis
SEQPE
Aedes albopictus

gambiensis

Marois et al., 2012;
Bernardini et al.,

2014, 2017

Li et al., 2014

Catteruccia et al.,
2005; Smith et al.,
2007; Nolan et al.,
2011

Condon et al., 2007

Mclnnis et al., 2004 ;
Isasawin et al., 2012,

2014

Dowell et al., 2005 ;

Moran and Parker,

2016
Zacarés et al., 2018

Bellini et al., 2018

WM SR B
Female conditional
lethality

e P A 5 B BURLRS
Transposase-mediated plasmid

integration

Je S fie A TR B R Rk Y
PRRIMH RS (TA
Tetracycline-repressible
system tTA driving expression

of proapoptotic transgene

Jin ¥ L #e 52 M Anastrepha
Wohoig S
i g i

suspensa,
Ceratitis capitata,,

Lucilia cuprina

and

2012;

Schetelig
Handler,
Ogaugwu et al.,
2013;
2017

Yan et al.,
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4732 1 Table 1 continued

ik BoR PS> E B S SCHk
Methods Technique Sex separation mechanism Species References

FEF tra PERASESEBTUIR L b W SZ MR Ceratitis  Fu et al., 2007; Ant
SOLAUT ISR EIHE  cpiata, B MG F % 88 e al., 20125 Yan and
% Bactrocera oleae, il % #g  Scott, 2015; Concha
Tetracycline-repressible Lucilia cuprina, Xf Jig i %8 et al., 2016
system; sex-specific splicing  Cochliomyia hominivorax
of tra and lethality effector
T actind WEPEFR AT BRI Aedes aegypti, H Fu et al., 2010;
X PO E I R 45 LI Aedes Labbé et al., 2012;
Tetracycline-repressible albopictus, Hr K $% W  Marinotti et al., 2013
system: female-specific actin-  Anopheles stephensi
4 regulatory region

mRNA 75} WS mRNA 3338 Yob X b W %2 B Anopheles  Krzywinska et al.,

mRNA injection

PR E Y Gefaik
Chromosomal translocation to

Y chromosome

e (e A 5 0 ZE PR 1
Chromosomal translocation to
male locus
B
Blood meals spiked with
toxicants

Al & % CRISPR Fil Cas9 )
N

Cas-9 and CRISPR guides in

different lines

FEN

Overexpression  of Yob by
injecting mRNA

Ik RS

Dieldrin resistance

b7 QENIIE /IR e

Dieldrin resistance

11145 75 A P 24 A 3R A B
Ivermectin insecticide in blood
meals

[F] B B Bk B-tubulin F1 Sl F&
Simultaneous knockdown of 8-

tubulin and Sxl genes

LT (E 7

Anopheles arabiensis

gambiae ,

EDR(EELTNg

Anopheles arabiensis

IIERXISETe

Anopheles arabiensis

[IERLISETN

Anopheles arabiensis

Ry

Drosophila melanogaster

2016

Yamada et al., 2014 ;
Munhenga et al.,
2016 ; Dandalo et al.,
2018

Lebon et al., 2018

Yamada et al., 2013b

Kandul et al., 2019

3 7% K F ( tetracycline-repressible transactivator,
tTA) JtTA J2& & A BB 7 51 4 S R3] U 34 22k 417 i
DNA Z5EFtE — KA S B H . 528 LifE 3
TIPRTE A TA 85531 T ke 7 2 K791, Ja 33
NEERACHE R Y Rak . FE VU PR R AFAE 5518 F ,(TA R
RESS G 2R, DRI AN 2 S 3R 9t 2050 0 35000 2 1A 1) %
iko —J7 N TA PO A K 1Y K3k, J) — M
(TA B S RER il K BOE ., BT MU R I R Gk e
VIR e PR D31 ot 2R A A D B 3R % R R v A 7
B, B R TE 5 %) R Ak S R e A L, dk/D Y
R FEMEMEEOE, BB A 50% 1k R HAUS
ARAR R HE P ( Schetelig and Handler, 2012; Ogaugwu
et al., 2013; Yan et al., 2017) . JI#H b4 5208 T K
T T DURR IR A A RGN &R G, A TR iR S
JA B Ja S IR T A BT R M e R AR A,

BURIG & B B M SE T, e R S AR 80% ~
100% bt o ARSI rp , F I DU RR 2R R G
TIEAL 30 000 Sk L IR, 245 100% g EE
AR, ZR BT AT LR T 8y L 42 S5 i R R0 AR 1] 752
(Schetelig and Handler, 2012) , F|F tra % &4 5
S P B R B B R B 38, ) A S b i
SCBRMEMESOE i &R (Fu et al., 2007) o TERIRE R 52
W8 Bactrocera oleae % 37 W) ik 1 B B &R &
(RIDL) it Z 38 4 Ml e S 2Ok, S Bk HUR
A HBEESRA SOt . i R R RO B A i &R
Tt REASTE 28 P 1 5 v A S50 T 53R MUY SR S e BB A=
FPRECAnt et al., 2012) o FIH tra 5 D5 EPE R 5 1
SR U8 140 M SO0 B R AR S5 6 (10 7 125, A
A LR W Lucilia cuprina AU JHE AR B DU R Z 51006 19
WEPERE S EOPE 2 48 ( Yan and Scott, 2015; Concha
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et al., 2016) , Hrh—Fhxf g i H /i IEAEH 2 K
FUBLR FE I H 1Al (Scott et al., 2017)

actin-4 FEDIMEPE R SR8 R G AE Z AT
T R A R IR BOE RO A F . T actin-4 7E
WEMERATAHOCHIL IR rh e S e 3K, AR PRI Rk R e i
PAFHRIEA B4 ATRE S O MEME, JF A2 3 8L
MEMEBE . R MBI, 1 SR ISORI T A% 0 2
RMIXFE—DRGE, D AR T B0
KATHE Iy A (Fu et al., 2010; Labbé et al.,
2012 ; Marinotti et al., 2013) . REZ RS IELIG
WFFE AR, (2 U PR 2R 2 52 i 17 [ 42 W0 3
T W aE s O 400 3 L I , 5 37 B AN JE BRI
VIR P 30 4 M B 25 B e e P9 5t L ( Sharma e
al., 2013 ) o K2k DN BoPE S5 A7 58 K 5 Ao 28 BT 44
WL Anopheles arabiensis Y L @R | S 30U0E ISk K
FRI T B e T K TG ) U, DT S 3 A A
(Yamada et al., 2012, 2013a) . Lebon Z5(2018) 7&
FIEC IS b Tt 2R ALY 2K FRGRI e i 2, AR5l
OYBRBCRIRT] 98% o MET FUA MERCE £ I, 7E Il
IS IR B B UL B S B BAT A7 2 Ot ] 3 e
HMERCEICE & AR R 19 % 4 d S A8 T, Tk
WORCE J5 A 151401 (Yamada et al., 2013b) o 1 T+
YL R BEFSEHE N, BT A SRR T G X 2
ARG T IR F7 0 o B 2 2R

5 FGHHEERWALER S B RE

PESI A 373 2 E AR 2 R F b Ag 20 H] (R
1), UNAEREG /NS0 Bk 3208 Bactrocera carambolae |
JREEME Zeugodacus cucurbitae F 8% P4 &f 32 b A 3@ 1o
XU 0 0, o e B IR 1) 5 A g A T 3 A R I R
(GSS) (Mclnnis et al., 2004 ; Isasawin et al., 2012,
2014 ; Zepeda-Cisneros et al., 2014) , % 766
IKF) 100% P47 5325, 76 H ] 56, 5k 2 35t 444 1]
AR LA B854 J1 (Mclnnis et al., 2007;
Isasawin et al., 2012; Orozco-Davila et al., 2015)
M T 98 YR T A A G, i R TP AR R
B, TEMELLUR BB 2 50 0 58 2 I R 0T, AL
PRV SRR Bl DO EARIC A Pk S5 73
BT o T P20 35 K B s BT 3741 42 i
WL RIS B2-TE AR AR R B B AR IE S
BT g e G 8 4 e R 7 B 91 531 7325 ( Catteruccia
et al., 2005 ; Smith et al., 2007 ; Nolan et al., 2011) ,
Condon 45 (2007 ) 7 4y v 15 52 i 41y e w6 3 By Be 2t ~7.

T A RN I B DR S i R L 14 )
B ik o B HER Al 97.5% ~100%

FIFH X HE Y 20K 48 5 1 B2-BE 3 3h
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W B B M i 4 B8 ( Catteruccia et al., 2005 ),
Magnusson 55 (2011 ) 7EX] #2851 3% 4 BUB B I
R Gy — R o B RIS 1% 5 R AR A A
WEVERE S dse BETR N 2 719 EGFP 4l 5 5 (A, i
T dsx FEPIBEATIEVERR 53 35 U (EAT EGFP 4245 KL A
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e Y YL A i e 3k a0 DO B 1, T MECER I
21 075¢ 63E (1 ( Bernardini et al., 2014) , #77 X 4
EARPRIC I P B S R A Y G @ R bR 1 iy 2 )
sl FR 0 Ao A8 7 A A B B DR ) MEMSCRRE DA TG 7 R
Yo R L DR 2R A 3 R R ME OO B R
&b, Bernardini 55 (2017 ) 38 it Fir ] 25 52 4 X LE 0 4%
WCY Jefa (R RIR M9 EhR 0B AR, 78
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i A5 i PR A R DALt %, DA T 5 B S &l e 03] 41
B (Lietal, 2014),
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e, I HoAE B DR e i 32 R i B ) b rb A 210 0 H
(K1), FIHEETMERENE N — S Mr £ 4h (NIR)
AR AL AR BE X B A2 Y (1 2 T ) Glossina pallidipes
(WT) Wi A7 15 43 25, HE R 80% ~ 100%
(Dowell et al., 2005 ; Moran and Parker, 2016), %4
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(Zacarés et al., 2018) o FT [ SUH Ior e e o AL i
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B 600 B #% 38 BUE (Panjwani and Wilson, 2016)
Antonelli 5 (2015 ) A& 3, 73 Ak BEL IS X 35 PR g O
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B /7 %% (Moran and Parker, 2016; Zacarés et al.,
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