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Abstract: Many tephritid fruit {lies are economically important pest species that can destroy fruits and vegetables, bringing can be a
barrier to international trades. The Sterile Insect Technique (SIT) , a species-specific and environment-friendly pest control method,
has been proven to be highly effective against tephritid pests. Genetic engineering has a potential to bring great improvements to SIT
and facilitate its applicability to more insect pests. Much progress has been made in the area, which also became a frontier of genetic
innovation. Here we describe the principles of lethality systems based on the tet-off inducible gene expression system, same case
studies from Drosophila and tephritid fruit flies for the improvement of SIT, and the application of similar systems to other agricultur-
al insects. The progress to develop a genetic control system on Bactrocera dorsalis is also briefly reported here. The genetic control
strategies based on genetic engineering and SIT is believed to play a great role in the Integrated Pest Management (IPM) of tephritid
fruit flies and other agricultural insect pests in the future.
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S 2 HUE BU# H Diptera SCHEAL Tephritid-
ae , it A7 A BRI HGHT FIE A i X PR B L |
W EJEE)T B E A, R T EAEYR T
FRON Al BRSO BB R SR R
JE T 1% Ht By BE R B | A6 55 1Y B 5 1 S 1% 1
(Hardy, 1969 ; Lysandrou,2009; White & Elson-Har-
ris,1992) . HETC i 5% /Y9 528 25 B U i 500 J&
4500 7l Hirb 250 Acih BAT 257 RO (AR,
2013) . HZUFE SRR g =80y 5 AR
R SLWEJE Anastrepha Schiner JESZMEJE Ceratitis Ma-
cleay LEATE Rhagoletis Loew | BEEE LS
Bactrocera Macqart AN EF LW E Dacus Fabrici-
us (JPHL5E,2009) o Bl FE PR 5 51 shny H %
55k, SIS AL A B LA A
J Ay T SRR 3 11 5 v ) ARG [

it B U B H R (Sterile insect technique,
SIT) (Klassen & Curtis,2005; Knipling,1955) 5 K
iR (Male annihilation technique, MAT) ( Allwood et
al. ,2002; Cunningham,1989) #H%5 &, I A5 R B 5 F1
BEA b s g 26 T RN i [ 3 e, JF 820 & eI
BLUA RS A B BOR R 4%.0 1 R XI5 45 3 3R g
( Area-wide integrated pest management approach , AW-
IPM) Bl #54& 2 (Klassen, 2005 ; Vargas et al.,2010) ,
SR LSRR B B AT 48 A 5 AR D B HR A
TEASHLSE G JIBEAR 2 BRI b 1R 1 55 BB, [7)
I, E TR B R 2 RORFRARB IR ROCR i 77 et
e B 38 4% P 9] i 2R (Genetic sexing strain, GSS) 7E
BRI R A X BEAS 1 SIT 725 24 Fhh
BOFE T N FH ( Morrison et al., 20105 Scolari et al.,
2008) i 35 148 i Xk B o 5 DR 20 3 A 7 4 i G S
MEHRNFRIEOR , RBUE 7O IRAZSE SIT YIRS , AT
KB B BSOS E BT RCR

UEAER , FE HUB B T BOR BRSBTS T
— RV E R A SCE R T T R R A
tet-off PN Fe 15 R GEHY B AL A T VR R B FEA S BN
ARG FNFR 73 I2 g 2 dob i RIFSE ke, DL KA
IR ZRAE H A AR B B g o I 0

1 &Eid tet-off R LI B RS EIEHIRE

AR
FHFIEN BB BT R AT HRY, £

BRI S Z W R R tet-off JE KRB R S5
RS G R I, W5 RY], KIGHFTE Escherich
coli % J% - Tn10 H U 3F 2 BH i K F ( Tetracycline
repressor , tetR ) F] 5 WU R 455 | TS BE 7 P 1 19
PUIR R B PE YL F ( Tetracycline-resistance operon,
tetO) , I ZE DU IR ZHAFAERT , tetR X tetO A FHiE
YEH, T sk BEED 5 301 ( Gatz & Quail ,1988) . K
BEJRRE B tetR HR A0 3R 7 B AR IR 5 5 4l 2 7
(Herpes simplex virus, HSV) [ Viral protein 16 &
FI G SIEAL X (VP16) A 1 —Fal & & H,
BV DU A 2R e 3% 35 TR ( Tetracycline transcriptional
activator ,tTA) , W tetO 5 4l i 7 ( cytomegalov-
irus, CMV) Ji3 2l F 41 & W tTA Wi . 5T F (tTA re-
sponse element, TRE ) , H ILE A5 3] T tet-off JE K
IKBOTUH 2 Ge (Bello et al. ,1998; Gossen & Bujard,
1992) , PURRRAAFAER (TA HHEEE tetO il
S CMV JE 3l F X% i K Y J5 sh D g ; IO =R
WL IR B — 7 R B, DU R 5 TA AL G, M
T tetO A TA (& 4e, I ICIE# & TRE T
e RE DR 0 3 s A

AR HE L« HERL N MR bk B 2k &
ey H BRI A5 A 1% R G MARTE A Y
IRBY AT, i T BOUHER” 1 KRR M52
HAMARSET:, M AE VU R AFAERS, “ BOOEEL R A fig
FibMATTIE H R B AT (B 1A) o A IS
T ARIK - B0 «TA XT3, w2 T
BEP IR FE, SR iR 7K - 235 1Y (TA 2 10 41 Y
A BT HE AT RE R WO 2R 00 25 1 BTk i
YEHZ BN T4, Gong et al. (2005) 34 ik B4
XFXOTCFBAE R Gk AT L, 153 T BT EUE &
G, TEZRGT (TA KIE T s ias N+ 5 80t
RN A 1) XU DY BE « ZETC PO R 3R 45 18, B fifi 7K
FRIBAY ATA HH A LU S5 tetO, Wi fi 5
KA (TA 15, HEAIA TR 3 (TA (19 mRNA F2E 1k
FNEL AR PR, B AL R R ATk B R By
I AETE DU IR R 2600 T, (TA B3RS g
1l AT ol e s f DR 7 AR K S T AN 20 AR
&R (E1B) .



5 2 1

B A IR AR R RS SIS AR i B - 163 -

B1 MEAEFMMENNTERIERERS (A) RATHEHRIERES(B) (2 H Morrison et al. ,2010)

Fig.1 Etracycline-repressible lethal two-components system (A) and one-component system (B) (modified from Morrison et al. ,2010)

2 BEEEFIRBEBIERGEE
2.1 WTHEUHSRER RS

Thomas et al. (2000) 3845 T FEIE W8 Drosophi-
la melanogaster ( Meigen ) ) MfE P 45 57 BO0E 5 R | 1%
TR F IR B T BE BT 0k R G b 2 1Y - LAE He
FF IR 1 OY B AR 1 yp3 BRI S 3 FEK 3l tTA
IR LARE A I TE 22 19 Ras64B " FE IR AL
N ZAR T B A i RAEA R SR AT
A TR TETC VYRR 25 1 T Ml s AT, BT
I B TR Y B E RO R SR L (Release of
insects carrying a dominant lethal, RIDL) [ 38 J
ST TR G 5158 SIT ML,

Heinrich & Scott (2000 ) 3£ T2 ) i) B8 B 7
Sl S T RO M E R R BOOE R G LR S
TP T 7E W HUIR DA TP R S R R R DR B AR 11 gpl
FEPRAYJE Bl 7 AT AR S 20 e 0 T ) Sk A AR A B
K head involution defective (hid ) /3 ) ¥4 B Bl 2K
PRFEON B, AR AL e A &R o (TA BYRIX
W B R S RN R ypl BB SRIE TR
PR TEBCA IR R B 54 T (TA 5 tetO 4550
iE— L AR A A T 3 R hid FERR R 3Rk,
Wk He i 107 A 1) ke 2 2 BOHBE T 5 A7 7R DU 36 R 2%
TLTA 5 tetO 455 52 B0, hid H: P 6E
Ik ME AT TE A (B 2)
2.2 WITHRERRBITE R

PLF 2R G811 B A 1 PR 7R AR A RE v
Fik, LAz R 58 2 A8 R A REEOAE , T S92 g 2
T ZTEg) m fe F an R AT LSS EUIR G I 30,
DRy D) sk S R ) A 5 ME R S A O e, —
SEFEE b BRI AR 2 XU, T L3 K R A A 7
A

Horn & Wimmer (2003 ) 1] F 78 I i 400 e ek
# serendipitya (srya) Fll nullo F&H 03 3l F >k 9K 5

tTA I2IK, L) hid FEFBOEEE R | 53048 2 i
FHNIR S 2 AK ( Embryonic driver) F1E5E0 0 28 44K
( Lethal effector) , 76508 Il D4 2 T RS 25 14 2
ARG, ZARG T H srya B (TA 78R0G 5] &
ik, WU R KA (TA 5 TRE 454 38 342 40
FE DS T B hid A9 3507 BB, AT HUAATE R i
WPET MAFAE AR R 554 T, AT LI (TA 5
TRE (455, hid NREFRIK IR AT AR IF IE W K F
(K3).

absence
tetracycline AT

TTTTTTTTeTE
\A—+
Female fat body

B2 MIRRFENEEERNTHEESS
B % 5t ( Heinrich & Scott,2000)
Fig.2 The tetracycline-regulated transgenic two-component

female-killing system ( Heinrich & Scott,2000)

ARG A b g S0 Ceratitis capitata
( Wiedemann) ( Schetelig et al. ,2009 ) FIN#§]) #4252
I Anastrepha suspensa ( Loew) (Schetelig & Handler,
2012a) L HE ST, HiL R S ) S 1R O &
G SRSl it FR OV FR ML i B B 9O IR
AN 4 F7R 3RS0 it FR AR i 7 AT 43 i R A LT
@9EHE H DsRed MERAILEH EGFP T
FAE AT R BOFE it 2% (] I 5 A B 3l TT 47 A8 oT
7, R Rakx 2 Fha .,
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Fig.3 Schematic representation of a conditional embryonic lethality system ( Ogaugwu,2013)
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Fig.4 The fluorescent express pattern of the medflies (driver, effector, and lethality strain) of two-component lethality system

(photo courtesy from Dr. Marc F. Schetelig, Justus-Liebig-University Giessen, Germany )

23 BLHRBHASERRS

Gong et al. (2005) fg 4 T BT B R 5
T AL BURL pLA656 Fl pLLA928 | X 2 ANk R b
ICHLITH G ER (3 T A B PSR A B e
T RIEIE B TC Y 2H R AR ], SO B 5T Hh R
T hsp70 FN R 31T tetO A0t %00 T 1Ak 58
RPN () (TA (tTAV) 4B, Br HE 3+ 8 SR i
hsp70 &R J 3l 14 30 i 0T A i B (L4 i Sl
LR SRR W 7 81, HE T L 2 2 25 FA i 1y
IIfiE) ; pLA656 HiH ubi-p63E 3 B FUK BT (58
% 11 DsRed2 23k, 1 pLA928 H1 Uy HrS H458 - F
IE1 JH3hF.

FHIX 2 AR G) iy it Se g E A Tt (L e 4k, 3k
5T R EHIEM RIDL & & K aid i d 5
B A AU e SR D S RS PR A rp 4 B DL
GRET TR R AME T, SR IR K (TAV
IR BRLIET %5 R A TG 1
TRAEE 3 98 L R IR R R X 4, BT AR R Pl
tTAV [k B8R 3 B0 5 i — 22 3 4 s i
FETCWUIR R AT, B S 5 28 19 b v g S B AR /D

(1.3% ~7.7%) REAF 1% 2 45§ 19, B 2> %5 (0.2% ~
0.7%) 7] % & 2 i ( Gong et al. ,2005) ,

T LT, Morrison et al. (2012) Al Sim-
mons et al. (2007) ¥ 3 T Bikr OX1124 FfF A4
M Pectinophora gossypiella ( Saunders) RIDL fif 5
FRAE | 2SR i A5 5 Ak i AR 00 40 SR B R AL
27% ~46% , SBT3 tetO/(TAV 75 HIEP 20
P8 DUEOT TRORBE R, X R AT O S
ET & 24 1et0/ITAV B R 0X3347 . 0X3400
F1 0X3402 , 18 12 352 1% e A A5 3] 1 AH L A9 e 16
i 0X3347 F1 0X3402 1533 T %) dH BOFE %
100% it &

24 BTUHEURRHEIERS

S RIHE A O 2 A REEIEA transformer FI
doublesex Y1775 M 1 2% 57 87 DI B 4 ( Black , 2003 ;
Park et al. ,2004; Saccone et al.,2002) , FEMEH
trasformer W) 4% X & A7 2L BT 1Y Sh
TR W, T E R i 8T DR A BT (K
5A) KL AT 4w D HE Y Tra 85 [ ( Pane et al.,
2002) . AN I BOMEME R 55 BT DAY N 75 T AR
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FERAA B FE R ) i DX, I8 20 D B ok
5 transformer JEP AL IEARL , 12 5 PRKE 70 fE A
IR (E SB) o Fu et al. (2007 ) ¥4 H AR 52 i
transformer 3& A ( Cetra ) 1) M ¥ ¢ 5 55 U] oG 14
( Transformer intron , tral ) 5| A Z| kL plLA928 H1 15
B R pLA3097, fifi («TAV HAEFE M sk i 235 9B
2 BFIEH & 0 ME A GER K (TAV, T SE 3
TEPERR S A R B RO

T RS, Oxitec 23 7] B 2853 5l 75 b o g 52
E (K 6A . B) ML Bactrocera oleae ( Gmelin)
(Bl 6C, D). &% P4 & 4% SC Wi Anastrepha ludens

( Loew) FI/NEIH, Plutella xylostella (L.) kST T
PE4 HL 100% BT 1Y MR 5 P40 K B BOE M &R
Tan et al. (2013) ffi FH K & Bombyx mori (L.) B
doublesex FEH ( Bmdsx ) WEVERs 5 55 U1 o0/ #4 #2251
kL, 8 B AR AT B T 5 A i MR A S 2O
Fefbhn &, T RMMBEI, Li e al. (2014) Al
Scott (2014 ) LLHA 2§ Lucilia cuprina ( Wiedemann )
ISR H hsp70 FEH (LehspT0) Ji 8 F FUH: trans-
former FE ( Letra ) MEPEFF 85 V) N & o0k 554
FEEAE N JOAE I ARAR: ] o e %) P A S B R

A
I 1
atg | 1
cora 1 1 1
genomic ] 1
I 1
I 1
F1 J:;\/,/FV—I —
J : N
I 1
s 1
Sy "
1 1
nuga 1
M2 I::j 1
I 1
B I 1 1 kh
LS ’ P e s o >

5 ’
Insert Ceira al;g P
intron into I e
heterologous

coding region

B 5 irhiEseEs transformer B ( Cetra) B R B (Fu et al. ,2007)

Fig.5 Sex-specific expression by alternative splicing of Cetra (Fu et al. ,2007)

OXM3864MA WT

OXI864A0 WT

OX3097D wT

&6

OX3097D wT

B 45 F 2 5E RIDL S 5 OX3864A (HiAriEstEE. A, B)F1 OX3097D (H#isLdE. C, D) K

RRFAEK (B R HREEWRARRQE Dr. Luke Alphey $21#)
Fig.6 Expression of the DsRed2 fluorescent protein marker in OX3864A ( C.capitata: A, B) and OX3097D ( B.oleae: C, D)
(photo courtesy from Dr. Luke Alphey, Oxitec Limited, UK)
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2.5 WHiEMSrREREBE RS

H1 B9 B A R R R A e R Rk
IX BB M1 R S BOPE 3 S8 H BE TR B R 2
BE 5 T FRTTA B MEVE R S B R G (TA BYEUEAE
PSS M AN B, BRI SRR T I HIZ R LRI BT
7 A DU PR ZE I 2 #5157 ( Schetelig & Handler,2012a) ,
T RE 234 i ST AE Y R R XU, , T A B AR ) 2
FI XT3 22 G 5 BUMEPE 5 5 IR IR Bt .

ZARGE ] LB transformer FE R ME PE R 5
SIYIN &0t wal 51 ARBTG5 1 3058
RGP Y B B AR SR Bk ok A B H 1Y
SRS tral B SR B 24K ( Sexing driver ) JBURL
FIEON 24 (Sexing effector ) FURL , I 3R A5 AH I 15t %
ek 2 100 B S AR AN tral BRIV it 7 50K
Bl A W A i R b FUA M HLURT DL SR (TA
HIFIK SN TRE $3k Hid 2 TSI , 553

;

HUARHE IR (TA B (H HUA ME AU aT DL 3RGK Hid 25
1, DT S B M PR RE S 0 IR IS BUSE ( Ogaugwu,
2013),

T b TR ST B wal 09 500 2K (B
TB) Fe Ak Fir A 8800 R 5N tral (99K Bl 244 (K]
TA) A BK sl i R IEAT AT BB A R BEIAF
HEHRIRR 100% 258, 1077 wal B3RS 84K 5 A &
tral RSOV B BT A5 i 3 1 BOERCRFIK ( Ogaug-
wu,2013) . T FLAY ST, Schetelig & Handler
(2012b ) 38 12 {57 FH 2 S v R A DG 53 - TC A L i)
ST N L S P P R S R G O R
BT LG T 1903 TR S D5 BEXT L 4n
K 8 frn , AT T4 ] W] i 3B 41 (5 G H 1 Fn sk
(S0 ovi =4 & INT(TEL RS S R N NS PA/ ) WU 5 - A A
TR

[ HIRE-jc43]

Iid'™

B 7 BEHESERIEREIEE R FRRRIRIEE (A) SR EHE(B) B
¥R E B (Ogaugwu ef al. ,2013)

Fig.7 Schematic representation of embryonic driver (A) and sexing effector (B) constructs

for female-specific embryonic lethality ( Ogaugwu et al. ,2013)

B8 XHHIERMmMENLZIRESNF(A)MLEEF(B)H
B3 Rk A& 3K K 58 BE ( Schetlig & Handler,2012b)

Fig.8 Comparison of fluorescence intensity in double heterozygous ( A) and double homozygous (B)

of transgenic A.suspensa based on the two-components tet-off system (Schetlig & Handler,2012h)
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3 BIEBEEAEMmAMEN T/ EHE

A7 /N S — T A6 K R g SR 10 T A
B FEFRE KR A Ry HAT e 65 SR e X
SR S (B ISR 2, 20055 TR E B
2014; JEZESE,2007) , H T, /N SEB R BTG
BB R A R G G B IR o £, A
WFFE I, T 030 Bl T AR 245, A /) 552 g BB A1 Ao
E XA AU H ) DL H 4 1R 1 B 24 7R 2R 55 )7 AR
THUE (IR PEAE, 20055 75 R SE4F,2008) o AR
1 X A7 /N S e A A8 BT A ) 5 oK v L M B2 B
A AT 3 i TR B A S TV, O JRe T A /NS
WAL 4 ] H AR ZR A R BIF ST

BT U EABAEARE RGN 5T BETE B
PR EET tet-off MUITHFRIX RGMIA T KM, 78
e /NS i i 2P v A VR I OB R 5 R A A S U
JREE RS, B9, BRI ER R 51
JCPFELAE : (1) RGP m Rk B A R 3 1, LA
SRR TR S0 9K 5 2 A O 0 A VR iR B0 AR Bl A &R
Gt (2) BOCE (Anf2 4n i 98 - 2L hid, reaper
il grim 55 ) , T 1 A BOERON 80445 (3) MEvEF?
SR BT PR G A (i i e B transformer BX,
doublesex WMEPER? 5 35 DI N & 1 ¢ 41) | T g
WEVERR S R 3K I RO BdAk . TEAR B L oy o
J5 | R AR N AR T30 g 38 % B A 5 T S AR A 3K B
it R G RN R PR R S AT BOE AR B IE,
iR R Y IVELC AT

EEIRT YNGR W NI E g IR SR
IRFEH srya MRS FEH nanos 1 vasa 55 AR
IR RBEEN IR0 e EiRE R 3 IX
A vi ke T T-FE ] hid W) cDNA 41K ; 78
B T Mg FE A transformer B cDNA 21 Jf45 2]
THNE TR, sk ki 7R MEE RS 5 05 )
Joft s JFE MM LA B2 o T XOT R IR R 2
BE it F2 Tt TV i B S0 0K 0y 28 AR B R0 284
SRIG R /NS g U IR IG 2 G0 S i AR AT T
HAOLAL 30 W S 0 SR 2% A X AR /) S
BT AL AR TAR IEFE#E AT, LA EWFSR 4 R
ARG /N S IEAL AN T il R, S BRGNS ]
LA B 1A

4 SHEHRE
IR | T E B SR B 52 5 16 s 1) R 18 i #n

TR M R PR R, ORI N 1A AR W AL FR
PRIl 2 AR 2 9228 T 7 JeUR AR b LU AP Y
X % H: M 5 ( Clarke et al.,2005; Malacrida et al. ,
2007) , Sl H Hpg 24 Bk BRI RATRE ) AN
B R BB ) A R R L BT AR SR A9 AR
(Duyck et al.,2004) , 1 4y HAE F 1) B e A
L7 B R S5 A% G2 B 1B BORAS X AT A7 2B
o B B — BAE R THRIT R K e bt
SR E ARG AL AR BT IR TR

Rubin & Spradling (1982) i 1+ P-4% A TTAK 1E
7 57 1 R AT MR I €, 1) 5 R 9 AR i PRI A
THE TR B R U i A OB 5T, 2t 30 2 4R
5 TEAR 22 B Ha rh o L R A A7 N #RAAN
i E N B ((Fraser,2012) . X EEH AR T BN
TE— e B e b R A7 Ak X ) 8 23 A S5 R Ak A= )
WP R S TR S O A
B A BEAIE T 397 14 S % ( Wimmer,2003) . JT4F5K,
T F PR B s A E AR AT UE TR
W R (YR M4, 2013; Morrison et al.
2010) , AR T SIT #9224~ 28 R AY 382 4% BT it &
JEIRTESRME b e SCE A S e S i 45 ST
FF L, RARLLE H /NS AN 5 A S5 AR B e
HAL(R 1),

F B AL R B BAT WMok e R A
I ASFI L B AR FH AP IR AR
KGR G AR T R ICEZR 5 1R PR S 1A
M REES B HORIA R b R IR AR, SR,
YRRy — BB T st AL 1 0 7 L 3 s B P R | 5t A%
FEBARTET 12 L BT A7 AL — 28 ) 5

G, Gl BB 4 A WU TE AT B AP IR R
JHCH, 2 A% EAT R G KT, A 2
FFFE RN FBUN LU AT T — RN W5, IF
T T 38 5 Ak B B AIF 9 R0 R i O A A DG B B 3R
FIEFL( AHTEG,2010; Benedict et al. ,2011; FAQ/
TAEA ,2006; NRE,2009; USDA-APHIS,2009)

HEUR A0 ) R s 7 5% B ) B B () e
— o RZE A &Rl AR 24 R A YA 2
eI RE ) (Zhao et al. ,2003) ,AHCTHE &
B, A SEZe s SIT Bih « i 8 A ME e ™ A= 1 <47 R
Hit: ( Behaviral resistance)” , BRI A] R BB AT
B O B 5 FLAZIE ( Dyck et al. ,2005) o HATR
o ST IR AL B el Y SIT (R R v R B — 3K
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FEIRF- (AnXTTi 52 4

& P AR 200 i R T DR R T
P TA R R ) | T BCE R
AT RE S A7 AR BUH A 8 e PR i AR 2 R

S AP B8 1 MHZEOR P A B R T
Z ) E 2L ) 8 2 — ( Alphey et al.,2011;
1998 ; Maclntosh,2010; Reeves et al. ,2012)

Gould,

FAREAIPTHE RS, BT LA, B AR B2 Rl 2 il
x1 CHRIMEZEEZIERANKLER
Table 1  Lethality strains developed for genetic pest management of some agricultural pest insects
RYGER BOLHL R AT Yifh SRR
Tet-off system Lethal strains Species References and products
WEREES N WEMERR R B0t SRIE IR Drosophila melanogaster ( Meigen ) Thomas et al. ,2000
Two-components Female-specific lethality
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