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Abstract: Genetic pest management ( GPM) is one of the most efficient methods to control or eradicate insect pests and has been
carried out worldwide with notable successes. Some classic GPM strategies including the sterile insect technology (SIT) , female kill-
ing system (FKS) and release of insects carrying dominant lethality (RIDL) are reviewed here. The development history, technical
characters and application of SIT, FKS and RIDL technologies are introduced. In recent years, many new molecular or biological
tools like the homing endonuclease gene, zinc-finger nucleases, transcription activator-like effector nucleases, CRISPR/Cas9 sys-
tem, medea element, the killer-rescue system and the Wolbachia-cytoplasmic incompatibility system were proposed to improve GPM
efficiency. Some new tools were already used in control programs as next generation GPM strategies in some countries. The GPM
practice in China is limited, and both basic and applied research on GPM should be enhanced, as the GPM technology can help with
the sustainable management of some major pests and contribute to food production and human health in China.
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ZFHL” (Srain replacement ) IS, A A T DL
Ye oK FL v ( Chromosome translocations ) 28748 [/ 5 1=
WAL 9 D S ity R R 46y T 1 A 4 5 DL 1)
% ;Yen & Barr (1971) 42 H Al FH N 4= B Wolbachia
T 1 %) 440 7 5 AS 25 R ( Cytoplasmic incompatibili-
ty) 5 HURE 70 AR — b2 5 42 100 bEE Tm)
(Sex ratio distortion ) % W&, BJi i3 AT 35245 (114 1) kb
E ] F ( Sex ratio distorters , 18 ¥+ M B IR HL K
fATC T TEIE T 2 R v 5E 0] K B N IEPE (Lytile,
1977 ; Suguna & Curtis, 1974 ; Suguna et al.,1977) ;
80~90 4FAX, HfEMEEHE R St ( Female killing system,
FKS) B ¥ & (5 B0 b R0 e A Ay vl i, i0E — 2 4
F+T SIT Wi H B%0F (Foster et al. ,1988; Franz et
al. ,1997) . SR1T, f THAR AR BRI, ik 22 i AR
REHAUF BB AR WX B B, o BB ] T 58 b
Hr, BRHTE 20 42 /5 30 4R 56T GPM T 5 mg 14 1
FAF 5T A AL T 4525 B BE (Gould & Schliekelman,
2004) , 21 220 FAEY S A ARG B
Lt B P & R GPM i A — 2B il B B
2000 4F, “ LA W BOE L R L HL i R R (AT
oA« BB HEBIEH R ; Release of insects carry-
ing a dominant lethal, RIDL ) # ¥ & , i 1< 3 A & 1
SCERME 1 BT B RS B U8 45 ( Heinrich & Scott, 2000
Thomas et al.,2000) ,

1 SIT

1.1 SIT WA RHESHE

20 thag By PNy Cochliomyia hominivorax
( Coquerel ) J2& 52 PH K fili AHT F1E Py b X IR 1l 80 )
(ELFEANTEN) I FZR T RER A TRHRIZE
Hryfed, £ ER A Knipling 8 - 38 £ %5 B
R B SR e A2 IO A T R AR S A O TE AL LR Ih
WNAFREAE N5 I A BF A FhRERE A 7] AR A 245
il 5 B TE N IR 1T 2 A 850 T Befili B
AE . 20 4t 40 44K H. J. Muller 20452 % 948 5
BEMS S EUR AT ; Bushland (1951) Zead 340
e 92 T X O X R E AR BN, RS,
Knipling (1955) 84 R Gu b A T SIT AYHESFIAL
R B T A R B SR AR R, 20 R Ab
H(AN™ Co-y LB IR) i H MAH AR TEAIE Y
R ] HEAN 7 e R R R I 1) P i) 5 BB 4 A e 2
e, TR P AR R A IR IE S 2 AR R B 2

AT B, B ety i 25 R AR L 2 AR R bn 3 e
FhiE, [RIEE, Knipling (1955) 48 H 52 SIT #4401 [A]
BRI 5 A 251 . B s B HURT DLl KOS 1] 57 5
AEHERFEES —EMY B, AF FRAS
i 2 REAR H AR B R3S BC BB ) 5 M R A 4 RS i —
W, USRS Z2 Uk, AN B M B AR 16 120 5 W A
FURfE O 2 5 H A B H B AN B A N RE R
7 VU 258 0ok R T B R AR R 2 2, DT A R
TN B HOER KR Aok BT AR R M R
Knipling $5 1, B B E HL 5 B2 RUME 14 iR 2L
o E (R EL ) B, BRSO, T AR &R
YRR B A R i A ) — AR s B e IR
A AR BE LA 2 ¢ 1, AR TT DATE— B R L FRAIG
Je R (AT () 2 Ha ] g R R 3 A B 22 1) B IR
G ENY A=k S Ca R iR = NI NI AW '
R TR A, PRI, Knipling #2Y
KAE SRR (9 = 1) kT AT BRI H
(El1),

90000

‘ 90000
‘ 90000
:1

!

Tl i

Log scale

R AR

Generation after release
B 1 FEERRFEAMFMEHEHIRiLARE ( Knipling,1955)

Fig.1  Control theory and release model of sterile insect technology
(Knipling, 1955)

1.2 SIT By F

1956 4T | SE [ AR AR 4A 7E b 2 HL Ik N 55 £
T SIT B KR B2 B AR BRI B | 1957 4F—4> KA
ST M R R MR T % T &R
AU PR 6000 73k, [ 1958 4F 5 H e, %k
DL T5 AN 75 W e 0 0 3 10 ok 2 B 3k B o3 45 M
PEATEFANBEIL , 1959 4F 2 H 37 A bk MU b 7 41~
B BRI BEARBR . 1962 4F 7675 v 5% 7 M K H i &
T 2 AN KAV FE T, 76 36 [ 7Y R 45 M B
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AN IRTENES | 1964 4715 50 5% 7 T 28 P4 RF N (48T
R I M e e MR 55, 1966 45 55 [ A 30 5 A i K i
IR e e M A S AR B, O T B Lk i AR R
N EFAL A, FEE LB 2 E AR T PME,
H4 SIT 11 H ] B HEDE, 1991 45 5 K il 124 g A & A4~
SV EFHARBR , 2006 4F EEAS 2 PR BR ( Klas-
sen & Curtis,2005) , 2006 4F, EE LT SHEED
B ZEMA R 1T (Pacora) SAEB R T AT REE T
7T g JE AT A KB AR g i 2000 ~ 4000 7

S, X ERHEiE bR 25 4 S S A OB E 5 B LY
AR, L T A YR B (Biological barri-
er) , AR IEH AR LN T B AR . 36T SIT BHTK
i BB T AR 3 I I 2 4 1> A 38 R e 38 U ol Y
e 0 B BRI 25 v A AR AR 15 4226 0T, TR AN I H 7R
ENDZA 20 SR R A F] 10 1235 IT (Klassen &
Curtis ,2005) ; [F] A 2 0/ 17 R 25 9 {8, A R |l
PRBRE T 254 1 7 Ol FIBREE B f Rl 2 J (1 2)

1962 - 1966

1972 - 1980 A \

[] 34K Not endemic
[l #B&IX Eradicated
M SITREESHs SIT barrier
[l /17X Endemic

2 FI A SIT £ 3£ [E K 3 [ 52 MR Bk 38 K B 42 e 8 Y 2% 2% 8] ( 20 B Robinson,2002)

Fig.2 The eradication program in north and central America using sterile insect technology on Cochliomyia hominivorax (modified from Robinson,2002)

1976~ 1977 4F, f& b Sy 4ir | 85 94 #F A1 56 [6 2 %
T T4 R SEWE TR ( Programa Moscamed ) B 13
W MR F2 N A2 R T SIT i 3 v 7 S g
Ceratitis capitata BRITESGH S0, By 1k H AR A 2574
FEASEE LR AR 3 D E R BRI, 7RI R
AR (1977 ~ 1982 4F) BBV R} R A SIT 45 & 454
Kope A= Biiia AUBRBIT G A B i S5 4 it , K
H A S DA P P8 44 B0 O (5 T BR 6400 km®)
B (Villasefior et al. ,2000) ,— 25 A B M U 117
B 25 fy fh L S, BELIE T R db YR, H AT,
ORI E DAL VAN I N 15 T 9NN Sl e i = - S
T RO I 25 AC KA B H, 1 v it SR Y
& H R BRAL, HAh, fErh SE AN & Db X B
IRILZ BRI | fadh By 4 HEARH 3 | Je
R B A E O AR B AL R i T SIT B E |

20 20 60 41 5 BV N HE £ T SIT iR
B T 4% /NSE W8 Bactrocera dorsalis ( Steiner et al. ,
1965) ;70 4EACB /R BL 2 15 KB 100 T kA F IR
{5 i Anopheles albimanus , R REAR T Hofe IO

TR AR SR (Dame et al., 1981) 590 4FA% A A%
Ih MIRE L 5 25 bt R I BOR B Bk 1IN SK
W8 Bactrocera cucurbitae ﬂH%/J\iﬂ%( Liu,1993; Shi-
ga,1992) 5 WIHMY PU AR FHIZ B AR BR 1 B
- 22520 Dacus tryroni (Jessup et al. ,2007) ; 32 [ Fl
INEERAE 90 AR5 R SIT By i 33 B 3 Hu Ak
21 %% MU Pectinophora gossypiella ( Walters et al.
2000) FISE 25 Cydia pomonella ( Bloem & Blo-
em,2000) , #RHRAS T HAER . =4, & AR
[Fi) 3t DX 02 SIT B By A s AR BR 1 22 gkl #l
TAEFRED,

1.3 SIT M5 m 58

SIT A JLABAR S (D) MR &L — T
BT B 25 5 [ Y 2 AU B e A2 e, AT
5 b s AR R T (2) AR A
I, SIT W] AREAR AR 245 ey fift T, DA i A 25500kE f 3 et
PE A B B BTG g AR R ECSE — R ) ] L
(3) BiaRCR B3 i 22 A UR AT LLKE B A 3 b
FEARFAERARIKOT, B WA BR 35 8L (4) iR
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Kl H 5 R IXIRZEEIE PR ( Area-wide integrated
pest management approach , AW-IPM) %5 & 5l L4
Vit A B G Y BEB G 5150 A% KRG B

A 2555 Z R R F B, i b X2 Rl B 2
R ANIX S PR 20 2L A A, 28— R R B H AT
2y KR E VS BE (Klassen & Curtis,2005) .

®1 AEEZK(MX)RA SIT AINBESRBE KL D EER

Table 1 The agricultural and sanitary insect pests that were suppressed or eradicated from different countries or regions using sterile insect technology

L H Insect

[H %K (H#11X) Country (region)

2% Mk References

KBTI ERE Cochliomyia hominivorax

W& /NS Bactrocera dorsalis
JRSEME Bactrocera cucurbitae
& /NSEME B. dorsalis

R4 225008 Dacus tryroni
KRR Glossina austeni

KR G.morsitans submorsitans

AVGEFSLME Anastrepha ludens

PUENEEFISEME Anastrepha obliqua (Macquart)

Ho VSR Ceratitis capitata

for J@ e ML B TR S Antilles
FH USA

o B 44 5E S Mariana Islands
H A< w28 5 FEE )L S Okinawa and Kagoshima in Japan

WA PEHES Western Australia
HZEF|. Tanzania

Jé H AW Nigeria

P4 AF Mexico

EIE SBVUR fad SRR LLES) B RIEH A
ZF VUHEZF USA, Mexico, Guatemala, South Africa, Israel,
Jordan, Tunisia, Portugal, Spain

Baumhover et al. ,1955
Wyss , 2000

Steiner et al. , 1965
Liu, 1993; Shiga, 1992

Jessup et al. 2007
Vreysen,2001
Takken et al. , 1986
Cayol et al.,2002

Dowell et al.,2007; Caceres,
2002; Barnes et al., 2004;
Cayol et al.,2004; Dantas et

W5 /NSEHE B. dorsalis Z% ¥ Thailand

MR SLMR Bactrocera correcta

i iR SCHR C. capitata

FEFEHESME Anastrepha fraterculus (Wiedemann )
Ho SR C. capitata

P JEHE SR A fraterculus

IR Anopheles albimanus

KIEBE T Melolontha vulgaris F.

SR EIK Cydia pomonella

MRLLES W, Pectinophora gossypiella

VY Brazil
FHR4E Argentina
Fii it Sweden

JNE K Canada
3 USA

B%/RELZ El Salvador

al.,2004
Orankanok et al. ,2007

Malavasi et al. ,2007
Guillén & Sanchez,2007
Dame et al. , 1981
Horber, 1963

Bloem & Bloem ,2000
Walters et al. ,2000

AR R D, BT AR S SIT A A7
TELLT BREE « T 60 = A 20T Be X o P ) e e A
T g (R A R, — AR B L B T A 7 AR I
TSR R e 32 fh g [k N TR 3R
R SR AL SRR A SRR A I ) 5 R 1 3 A% AR
PETERD B 5 | 2 L TSRS R RN N 28 2 % B o
IGRR , BifiJ5 T 28 48 FEE 41 A r Il 5, (AT A
SRR KR X M e 808 F 9728 ek 5 A AR
PR A3, S BOB ORI 1 B A A B Y BE )
72 7% (Bushland , 1971 ) ; K T4 55 5 6 Fl i o
WAL, R R CATRE ) T R 2SR I ) el s |
Wy 51 5 A2 R IR B 55 ( Cayol et al.,1999)
AN AR SRR PR AT 52 0 B SR TS ShRE ) e
AT AR SR AR AT R 1 2 P TR A5 SR BRI
TXLEFZ MR /)N B A L ) 28 R A AR T A
SREEHL, G H A 4R S AN B SR 1 22 B S 4 1o
TE SRR 20% ~60% ( Shiga, 1992) s MELL W T5 | R4
TEA Y SIT 35 H oA B H AT LU o Mt 2 SRy i

Sl AERERIC S R 200 DM A5 188 25 Y AR AR N
T3 G, I ELASE 2 by (0 JiAs g o A4
£ (Hagler & Jackson,2001) , iX S5 [ 7E— & F2
JE EIGANT SIT BYERAEXMERE ST LA TR A
AR B IR IS R T SIT 7658 25t E R

2 FKS

2.1 FKS 2 5RE

158 SIT SR BRI S g J2 (] Il B 30 AS & 178 M 1
VR R (PR L) AH ST E AU M HOR AN
FIABFLERE, P 7 0] SIT L B pkco A 7 1
HJ7EE” (Sterile male method; Knipling, 1959) , A
B ME OO B A 5 ORORE B AN R AL  A  E
(S, H RIS R, AT 23 HT e (¥ ) B
72N AN SEAE ) | MTTTRE A S (g R B E ) i 5
s, R, FEAR S SIT 36 Ak o8 A I
KT FKS, B FKS R G AR TS B AR 46
WERARIC I SR B R RITE N 1Y 2 Fh o2 2, &
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HOE PR B AR AE T AT AE [ A= 77 S ME T B
H, p A 20 A B A R B RR A 351 R T R (G-
netic sexing strain) . F4 @35t 1% P il R 2 /DT B
A2 AR (1) BAPERN X AR TR PRI A
FFBOERA ; (2) fetlid it Y e EARES 0 3 il
RAZE MR AR 25 JE A TERLIE i SR TE N Y
ZARGH H F dud Y e s S — > B
“HEME N F” ( Maleness factor; Willhoeft & Franz,
1996) . AR i Gt (O ARS A0 HF  Ye 1A ) e
PRI AR B A B AR AL BE R I 4R Y G o i
AR MERE IR 5 DX (181 3) I8 4 A O B AR
SEIEBEMC MR B 4 G, A 58
T —FE PR 5 TP S A RO 2 e PR bR T T 2R 1 2L
SR B2l G -, AR DLk PR ic Ul i HL
RETEZRAT A 3 T (an#iii) Bt

X Y-A AY A X X A A
sl tsl tsl [ sl
wp*t wp wp H wp

X
MALES FEMALES
e 3
(phenotype: wild type) (phenotype: wp tsl)
KA. FAER RAL: wp tsl

B3 BEEUERFBNERGIE (Franz ef al. ,1997)
Fig.3 Basic structure of genetic sexing strain ( Franz et al.,1997)
i e B ARRS AL e AR B EERRIT (wp . LTS ) RIZRAE
BOOU (1sl I EBUREE ) B AR RSO PREHER] Y YL fh,
Y-A ALY PO RE 2R B A-Y AL E Y AR
BRI HANEA B X X e A F Y (fk
Y-autosome translocation was linked normal " wild-type" alleles of the
selectable markers white pupae (wp) and temperature-sensitive lethal
(1sl) to the male sex. Y-A: Translocation fragment carrying Y chro-
mosomal centromere; A-Y: Reciprocal translocation fragment carrying

autosomal centromere; X: X chromosome; A: Autosome.

Robinson (2002) £45 1 19 /MRl 8t 1% 5 1
Al AR 3K B AR A LA, BRI B
P, 38045 8 T it R B A 28 5 4 SR i 2 1 ), o
REIE B Y A 3 o FhOE 09 W3 0D W0 Foster
(1991) 438 B MR FI AR 54 88 Lucilia cuprina %1%
EMER RT3 S5 SR RS A E IR
ﬁﬁ@%&“%ﬂ%@ﬁiﬁﬂﬁ( Inversion ) ZEAL s R R) B
IAEA G T 551 T IOH R d A & F T &
SR DR MR IO A G (0 AR 5 A A 1o

251 AOME AL TR o e G A b Y 5878 Hh e (R RS L
HEAER]Y YA N RO HUASORE Y g R
b 2 7 AUE R YR I By 5 A M e i
YL RSB E ) 1 3dh 25 1A QM oL | 325 J A BT
HEFPRE 509 AN E 5 AT Y ME HL P05 R JOE e 22
BCJ5 , AN 4E DUEOR e R Y G (iR 58 5 9 ]
A% 3 25 TR, 8 U B ERNRE 90% A F . AR
[ i) 2 FEAN 7 R A 58728 W B0R 1R T, B9 AR AR Y
FET K =ik 98% (Foster et al. ,1992)
2.2 FKS B A

1970 4 i 10 T3 3Kk RE PERL Culex pipiens 1
L TEME ZRTE 8 Jl N BRI 3 12 [ L ARG B B
VT AR RN R RS S AR 5 A 2
FRE, T HL R R BRAR T H AN RE % 2 (Laven et al.
1972) . 1980 4F FKS T AR KRB IR A 2 A
SEIRF | BTHAAHL Anopheles arabiensis i54% 7 1
a2 0T LLSE ] A2 77 Y 99.9% o Ik P FLOPI AL R 8 ik
90% ( Bailey et al.,1980) , 1984~ 1986 44 &k 5%
SE T it 2R 1) FH R R 1 1) 1) ) 1 5 e
HAHZE S (Foster et al. ,1985) , il #%E FKS AHXT
2  WRIMER 2 e /2 SIT 35 H R E 2R, 200
Bt e M h RN RS B T R AR A
I, SRJ5 RS 31 H 1a) i R TR ARRE A, e TR 6 1R
EME S RIE G AT AR R AR T
P 2 IR N 28 T AT A 22 O TR AT R A F
58 HITAETFARI T B BRI, BA st P ih 221
19 NrAbR AT IR SO Fh g Sl el Lg T
RIS T EAE S5 SIT W HI T H ) s 2
RESCRAOA P SR s e R (R 2) .
2.3 FKS B R 55RBA

AR SE VR AR T & A SRS AN 7 1R
BCA AT RE , JORIE I T AN E e 5 B A R S 1T Y
HE (Mclnnis et al. ,1986) ; 84800 T A4 5% 41,
B A P B b R A R A T N R
Al W S O RS R T MEYE S 1 5 R 515
AR B A1 M LTI S B e B T B RO,
QX v T S T B R TS B M R LR
WE HEPIVEA T R R P ERCRR m T 3~ 4 1%
( Caceres et al. ;2004 ; Rendon et al. ,2004) ; IL7b 5t
e Vi R0 T RAEARIC RS 15 B CRTS:
INTE A A S SR AR | BRARR 1 AR 7 A
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x2 tHRSEENARER SIT I BE7=6E SRR KM (Franz,2005)

Table 2 Approximate worldwide maximum mass-rearing capacities and strategies for sterile insect technology

achieved at one time for different species ( Franz,2005)

PFh Species B 7/ Million/week PER X 43R M Sexing strategies

P ESEME Ceratitis capitata 3500 FETIR P HURETE (1sl) 9 Y- G iR FE L
Y-autosome translocation using a temperature-sensitive lethal (tsl)

HRBHAZBERE Cochliomyia hominivorax 500 P

JKSZHE Bactrocera dorsalis 280 Jo

BRVGRF L Anastrepha ludens 240 7

1% /NSEME Bactrocera dorsalis Hendel 100 Jc

FRELE HL Pectinophora gossypiella 84 g

JInh He i SCE Anastrepha suspensa 50 G

VY EN B4 52 Anastrepha obliqua 50 ¥

R4 245208 Bactrocera tryoni 40 "

JEMRIESME Bactrocera philippinensis 20 ¥

SER B Cydia pomonella 14 G

W Delia antiqua 7.5 I

IREFEIL Anopheles albimanus 7 MR, V-5 Yo RS O, BR A v
Pupal size, Y-autosome translocation, propoxur resisitance

WPAE 4 M8 Chrysomya bezziana 6 7o

MRS Anastrepha serpentina 5 7

NS IR LM Ceratitis rosa 3 7

B SR Anastrepha fraterculus 2 X

WIMESEWE Bactrocera oleae 1 Jc

SRR IR Lymantria dispar 1 P

TR PG S8 Bactrocera latifrons <1 b

FHRUE Ectomyelois ceratoniae 0.54 g

KR Glossina austeni 0.09 NLIX 385G 41 A i

Manual, sex-specific time of emergency, infrared screening of pupae

FKS 76 #b o S2 g SIT 100 H A i Bk 2 iz i 48
NATAU)A B i AR i FH 31 At 5 R B G
Hh H8E 1% P A FR Y B SRR R N A
Fil, A —35 HAn Y dh b AT 5 S A8 & — Ak
HOME T RO Y 2 R JOVE ORAIE RE A5 TR 3 5 3 1Y 1B HE
PRC IR B R AL Qe O AR A e — A BEHLE
T, Hastfehee AR R BE 1 B T 4L R B8 o7 or
H R R — ok JF iz k5 Y
e R BRSO L T 5 G (0 1A 18] 5 78 1 1B 1Y
— BT B, (H XY RE ST R & ) AR, i
A AR 50 35 0 4 M A A T B S8 AR e R gt
EARFE AL R R AL 20 T A5 0 &R 13E 1k, 4o
M v SR 35T H v AL E P AR R T AR RS
RLREAR T B ™ B &L 1T HA R A A i A
A REFAT R I OB, BT LSE PR B AR SR AR
% 15 (Robinson et al. ,1999) ,

3 RIDL #AR

3.1 RIDL #ARH% RHFE
Rubin & Spradling (1982) il i P ¥% J& 7% 4

TR L R4 A SR Drosophila melanogaster A FER 4 |
PAG TR BRI E U &R NTITET T T
N Rl B 2k e H 9B R T Bl S B
FIFUG A W 222 3800 1o B He 5% 38 1 HOR TF &8 1
GPM 3ilg . M 20 t42 90 4ERE] 21 2297, ZFh
B JOE - RN T B R R S AR R R U TR
3Jj(Handler,2011; Robinson et al. ,1999) , 2000 4,
O 1F S [ AT 7Y 2% A FRHAIE AT BA 530 ik 37 B — il
FeT B U R T R %) RIDL ( Thomas et al. ,2000;
Heinrich & Scott,2000) , %4 A F| FH gt 4% T 72 )5
2 AN R M T R R BT R A AR
FEIEDR e SR I SO hRie S o M T —A
24 ¥ FE F ( Transposons with armed cassettes,
TAC) , fE R WL BTG 5 T, TAC 4l A B HU kA
H I RGRE B R, Iz B B o a5
i Z5 5 BF A B L RSSO PR SR AR TAC 1R
TRAET, MMM S AR AR ZE T TAC 5 B A Y
SEIC 5 AN 2R B ) BE T A 2 22 75 DL TAC #9382 A5 18 1
B B 2 2 AR5 P5 D TAC st f& 121
BB AL LA HEARS TAC #95E 5 DU 313
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ISP A R0 RE B4 BT AT A, e AT R bR Rt A B
(I 4; Alphey,2000; Alphey & Andreasen,2002) ,

A X R

J_{_l

N )‘( N N
4#4&4‘5*‘9

B4 RIDL &7 8125
Fig.4 Field model of the release of insects with dominant lethality
LRI AR TP DL, R I CR B A P L,

Red wing represents a dominant female-specific lethal transgene

copy while green wing represents a wild-type copy.

FITH A RIDL AR B B &R i WL T B2
KHIPUIA 2 (Tetracycline ) P85 & &, H A5 00
PERGEFICIF R GE(Alphey et al.,2008) . fEXUL
{4& 22 v ( Heinrich & Scott,2000; Horn & Wimmer,
2003; Schetelig et al.,2009; Thomas et al.,2000) , )5

A ARG, TFRE
Two-component, no Tc

r

tetO

B wiuzg, mmsmx
Two-component, with Tc

=

\

P m
P [

tetO

St (Driver) 1853 % i3 301~ (e 5+ ) 3l
+) 3R 3l PO 3R 2R S X0 R F- (The tetracycline de-
pendent transactivator ,tTA) i) 3% 32 | T RN 7T ( Ef-
fector ) MAALFEFE SEIGTE T tetO (LIYAE TRE) (He/)
Jri 8l ( Minimal promoter ) FIS 3& A (7 61 7 M PE
FRIHENET) , HH tetO HKIGFFE Escherichia
coli VUFRZE N F (tet repressor,tetR) i) DNA 25515,
5JEE HSVL VP16 8 H AR SRS AL
I TEBRZ TURR RIS ATA 5 tetO 454G, SRShAK
IO R MM TR SRR L T (8] SA) T 7E DU 3R
RIAERISEE T ATA TCIE Y tetO 456, A REIIE AL
I HELA 35 B R G PR WOCH] (I 5B) . 7EHR
HFIRZR T (Gong et al.,2005) , £, 7 MM 47 55 55 45
W T (TA AV RO B, i BE tet0 [
i NMash sl Btk fEs = AR &, H
A MEFERESS =42 (TA K ATA 5 tetO 454 5 H0E 3
ZATA HYFRIK, AR ER 52 S35 1 (TA AN IR R AR,
TR EE Y ATA Fe 2 BMEPESE T (8] 5C) 5 T 7E DU 3
RAATEM S5 T ATA TS tetO 454, AigiE K
tTA (1) 2, A RGPS YOCH] (K 5D)

C wnpzg, TNFE
One-component, no Tc

s “!!.|‘ 50
D Death ? Death

tet0

D wrmrg, Anmz
One-component, with Tc

tet0

B 5 RIDL BB THRSEFIWITH R % ( Alphey ef al. ,2008)

Fig.5 One component and two components system in the release of insects with dominant lethality ( Alphey et al.,2008)

3.2 RIDL ¥ AKA KA

RIDL 45 A 1 T H [B] 9 — S AR 4
TAC R AEAE M i 2R WA 251 HL 28 5 WP A A A AR 1Y
T SCHLLL B AEBE T, 2006 4F, 35 E AR
HYEAEY A Oxitee SEFFE T — L R
1 #5 H 9¢ 6 k5 30 ( DsRed ) Y 38t 1% & 1fii & &
0X1138B,2006 ~2008 “FEL VAT J7 ) OX1138B i &
FRET 4% B9l Bl 1) 92 [ W 1) 52008 M %) i A€ []

L5 ],0X1138B 5 SIT ARfEREL T &R APHIS 1£
e SCTHC YRS R ) 0 TR % 25 5 (Sim-
mons et al. ,2011) . P53 E LM HB5 Oxitec JF—
AVEF R I EE T K 1 RS AR L4 H M2
BEih & (Jin et al.,2013; Morrison et al.,2012)
2010 4F: Oxitec 5 Eh 5 PG BUN A A , X8 5 405 1
F AL R KA L Aedes aegypti B RIDL i &
OX513A AT T AR BB SMRE I, 45 R R B



- 88 - YRR Journal of Biosafety

%24 %

OXS513A 5 [R5 B B A RSG5 i R A3 7%
mELEMS R ERA BEE S (Lacroix et al.,
2012) ., HULFIES, Oxitec 7ETF 2 HE 5 %) OX513A
AT T R AR AT B (5 B X)) B AR ol i, 2%
7R RN OXS13A B U Y b B A AU A v L
A R SER5E RIS BLRE /T (Harris et al.,2011) 17 H.
R b 25 AP 2 i P £ 350 S s ) e 2% B (Haris
et al.,2012) , AL, B 2011 4 2476 BTG A R TT
(R SN INRET 2 I , OXS13A RERSA S HI A ]
PP ISC P B A= AR AR L, DT A 2580 B L o A
JEPE B I AL 4G (Alphey ,2014) , 2014 4F B[ |
U B E R WG 4T )5 2 RIDL 3 H | DAB 4
[ ()55 JELISC T ( Alphey , 2014 Patil et al. ,2014)
3.3 RIDL H945 = 5ELBA

545 SIT M ke, RIDL BA JLAME 5 AN 5
AR R AT, NS SRR R Gy %
B 7 ZETC T 4 RE ) A AR A S G A R L (e
) BRIHE LA A 75 6 S R 500 s 1 T i 1 SIT 17
RIDL NI GB42 N F F 28 B o BAT S5 iy 2R &
Sk PRUMAT A K & 3L ki i B A A,
F TP i 2 0 o R e SO RE R ) fk 2= 5 (Y
IR, dki i R ORI AE T KRR T 1 772 A
A IR RIDL i Z00 AN 5 2R M) 5 M 1
W RTE T B 850R , anT5 B2 1040 1h B R i 4
B /b K B4 ) 80 9 B 1] B 6 ( Schliekelman &
Gould,2000) ; HH T T A Bl B AR & AT st A% 1y
PEHRIL, FT LA I H ST 5 A R g

H HTF A RIDL (i 28 #0528 FH AS [R) e 5~
fEifisk , TAC B REALIR A B L A, HoAH AN SR K
FREE B oE 1 200w L R 1) 238 80% R RIDL il & 1Y
AR, AR A 75 B 2 A e Ab i R A T 0 1R
A s 3 TAC — R IR, T2 N B AR RS B
AR B GBI B RO e R R e S B R
SETTIF BRI PR TT RE -2 TAC 76 P s ] V52
7 B RIDL it 3 (9 38t Fo P | 320 1T 75 2 38 1
TE T BUH 5 B8 72 3% (Schetelig et al. ,2009) , iX 46
(] AIN T RIDL Fi5 39 (R4 A HE B R A
4 INEERE

oA Z 8 R kR R (R 3),
GPM C &0 4 E bR T By iA SR B 8 K%
HEABMFBEZ — fER %R R

IO IS, GPM 6 e B ZAS 2 R ), 7EHARZ
i b B S AR AR AR R ST
T PR TR A, T 4 H AR 0 R AL &
TGRS RS AS R IR S A R AL TR
PRAEZ L W H AT LS B A s R
GEF AT TR AR 0 AT A TP 2 R R VRS A 5 3 H
WA G B 2T R S5 ke e B R
W 2H G W H 5 A A G A s 1L 4 H R AT
S S50 TR TR AR A b R R AT A A8 A R A B
TEBCR)Z 1 L, B 2 BN T8RS0, il
S A AR A L, et 2T b B
T B N A TR A R BE A B, W 2l
RARBBRARFN A, S5 2, % GPM B 5
AT IR R FE KB B A5 {2 48— GPM
T H B SR MLt Bl A2y KL AS RS TT
T PEAN AR AR DAL A B A BEAE GPM Bk
S YN A IREE EYNE R

TS 3E BB IR HOR A e i 2 AR L A=
PRI R 25 ol DRI 2 5 i T BRI 35t 4% 7 16 SR S
AW T &, i HLA% R N VI FE ) ( Homing endonu-
clease gene) FFFEILIREE ( Zinc-finger nucleases) F%
SRV PR AR A1 R - A% B2 1 ( Transcription activa-
tor-like effector nucleases) ,CRISPR/Cas % %t ( Clus-
tered regulatory interspaced short palindromic re-
peat) . Medea JC 1} ( Medea element ) . Killer-Rescue
A48 Wolbachia-#ll 8 5 A 55 FPE &R 48 ( Wolbachia-
cytoplasmic incompatibility ) % ( Alphey, 2014 ; Fra-
ser,2012; Gaj et al.,2013; Gould, 2008; Gould et
al. ,2008; Sinkins & Gould,2006) . 3L [F 20 ] /5 4
ARIY K SEAALHE By B 2 B A W 58 1 T 4k R 4
e, DT R R T 3 AT T A 00 118 3 2 42 1 SR s 2
(7B 282 I T EL R X R A i R
AU AT A BE PN I P O AT RE , RORFEIR T GPM
B RS A R AR AE RS, H AT, 58 [ & ok 9
EIR I D R AN SN i AN LR SYTITR S N
UELEZNEEZCEEANRME FES T T —
R GPM I H , IR ETE GPM S A0 B i, %
T GBAL B IR R AT LT 2 A 1, PR a )
T AR SR AP et e 0 %) F A Rt el 5 K
A FHAYIT RS AL B G 0 LA AN ST, SEBA
HA AW ) AT 5 S2A BRSNSk AR AW 1 A 5%
Miti, iR TR R B B A A 4
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#3 FHEEBENEZRELEFEXEH (KB Robinson,2002)

Table 3 Key events in the development of genetic control of insect pest ( modified from Robinson,2002)

AF[E] Date F1F Event 7 X Significance 2% ik References
1911 ST A T Gt S ST RS T 2 RS N BE T Hertwig, 1911
Irradiation of amphibian sperm Lethality of eggs following fusion with irradiated sperm
1917 AR R R W HREAE Runner, 1916
Irradiation of cigarette beetles Radiation can sterilize insects
1927 XOGRURXHRIRA AT SRR AT RAE SR Muller, 1927
Mutagenic action of X-rays in Drosophila Mutational effects of radiation
1944 5 00 5 0 5 | AR SR W) ) o Wi e MR BA R R Vanderplank , 1944
Release of G.morsitans centralis into a G.swynnertoni  Use of hybrids for insect control
population
1950 Knipling 5 Muller 3¢ F R AT H AW ITE {RBET BRAT AN ™ Knipling, 1960
Discussion between Knipling and Muller Decision to use radiation to sexually sterilize insects
for SIT Hand
- - Bushland, 1951
1951 S HT AR i HUGEIHRR I TR BEOEAS
Irradiation of screw-worm pupae Experimental demonstration of dominant lethality in
an insect pest
1955 KeF B R E HOAR R AR R 938 30 H i IR T BT HAR B 5 8] Ak g Knipling, 1955
Publication of SIT principle and simple mathemati-  SIT principle and simple mathematical model
cal model
1954 ARER 170 B 22 3t 51 S b 5 BB A i MR e TEM T B HOAR T BOR TR BR 35 L il 470k Baumhover e al. , 1955
Eradication of screw-worm from Curacao Demonstration of using SIT for eradication
1968 WL WiBE K Serebrovski KT Y AR AL AT FFIRHIEER THIN SN I ABEAR T 17 1% Curtis, 1968a
SCAFFIR Use of inherited sterility as opposed to radiation-in-
Discovery of paper by Serebrovski on use of translo-  duced sterility
cations
1968 FHATH MBTIA A G O AR AR RSB SROARLFFE RN AZMEDFRE Curtis, 1968b
Development of translocation model for insect control ~ Use of translocations to introduce genes into popula-
tions
1969 FA R Y R AN F ROR P R 3345 T 1 i RN B B AN ROR Whitten , 1969
SIT for sheep blowfly Proposed development of genetic sexing strains for SIT
1969~1975 R T AENLGOE R 5T B A ETT SR eHin T BARRB A2 HEMIL  Rao,1974
JRWCF AL R PRI B Many genetic control systems tested against several
WHO/ICMR mosquito genetic control program in India  species of mosquito
1970 U0 A2 R P i 2R A D ) R X T3 Y (0 RFS (LK A R BT AR T ) i Laven et al.,1972
Field trial of release of translocation males into a  Translocations used to exert a genetic load in a field
mosquito population population
1962 S RAT R E AT IR E MO LR F AURT TR F R SRR A AN T Proverbs & Newton,1962
Sterile | progeny from sub-sterilized irradiated cod-  Inherited sterility in Lepidoptera observed
ling moths
1965~1970 8 H B BN F PRI AL HLER A 2 T4 1 ik Pt T i H RN E BRI A North & Holt, 1970
Genetic basis for inherited sterility in Lepidoptera ~ Use of inherited sterility for control of Lepidoptera
described
1980 BT ARZ IR OR B HOR Y 1 A SE Pl AR SR PR B R O B R R Bailey et al., 1980
SIT field trial for Anopheles arabiensis Genetic sexing strain used in SIT
1984~ 1986 2 ERU i R 9 B B FERERIDC SR 55 S MR RO £ Foster 1991
Field trial of release of translocation males into a  Combination of operational genetic sexing system
sheep blowfly population and the release of translocation males used
1980~ 1986 14 f 1R BALER ST AR TR S5 Y 1 3L o
Eradication of melon fly from Okinawa Automation of many components of the SIT developed
1990~1996  Z&5 1R Y SR SR Mt AR Bk HUCR R AT HARMBR R R i Vreysen et al.,2000
Eradication of tsetse from Zanzibar Use of the SIT to eradicate a tsetse population
1988~1992 I H M A B THE WE B AL B HUCRH R BT AR T — AR FAO,1992
Eradication of screw-worm from Libya SIT used to remove an invasive species
1994 AEEMEM AP TR CE RATH SAREEEMANBRAFTHARTHAEAE  Rendon et al.,2000

ARH R AT H
Use of a genetic sexing strain for a large operational
medfly SIT program

KRIZTFRLBIT IS
Confirmation of the economic and operational ad-
vantages of using genetic sexing strains for SIT
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5} [E] Date FHE Event =Y Significance £ UHik References
1982 HUGE PRI NEIE IR AR ML A TR LS A R R R Rubin & Spradling, 1982
Insertion of exogenous gene into Drosophila melano-  Development of the fist insect transgenic strain
gaster genome by P element
1998 Hb it SR G Ui AR I M HT BB AR ERTTAFBAEANMTREF  Loukeris ef al., 1995
Construction of transgenic medfly strain Consideration of genetic engineering method for pest
control
2000 BT IH R MR R R BOC RGN ERER T B R BHEBOCEORE B iiA  Heinrich & Scott,2000;
LRSS Bl FBend BRI S Thomas et al. 2000
Experimental demonstration of a repressible female-  Development of RIDL as a new control method
specific dominant lethal genetic system in Drosophi-
la melanogaster
2003 HT R BEBOCEAR MR RN EIE R AR R BHESOEEAR R FREMIER S Hom & Wimmer,2003
SEE s WIS T e
Demonstration of embryo-specific lethality system in  Development of embryo-specific lethality using two
Drosophila melanogaster components system of RIDL
2005 TEH ST R R BT (TA BB FHTRERBHESIHEARAHNTFRENIFEIYE  Gong et al.,2005
Demonstration of tTA lethality effect in Medfly FE IR
Development of one component system of RIDL
2006 AT 9OEARIC DsRed MUFBZLEY L OX1138B dh & B HUBHEE A & 2R 1 URTE FH (4] Bl OB RE ik Simmons et al. ,2011
BT RE ik 31 HH (8] First field release of insect transgenic strain
Field release of Pectinophora gossypiella transgenic
strain carrying DsRed in Arizona
2009 B ity B i A BOE i R PO RS R BB R BRI ALK Hanis et al. 2011 2012

TFERHmERX
Field release of Aedes aegypti RIDL strain in Cay-

Field release of insect RIDL strain into human com-
munity

man island
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