YRR 2015, 24(2) ;: 148-160
JOURNAL OF BIOSAFETY http; // www jbscn.org

DOI: 10.3969/j.issn.2095-1787.2015.02.008

1B AN B BEAAEISIRE 5993 B 4 11 g H

EEA, @A, REESY, &, IR, Tt
U B R LA IR R T IT H R R E AN FE R E SRR T LT 100193; *Department of Entomology,
North Carolina State University, Campus Box 7613, Raleigh, NC 27695-7613, USA; *Genetic Engineering
and Society Center and W. M. Keck Center for Behavioral Biology, North Carolina State University,
Raleigh, NC 27695-7613, USA; ‘& &R LR FRF 5HMEY FR, LA FH 266109

R e B E e ME  BL A TN AERR , HL F AT Sk = A 3 25 M AL B, B i 3 S ATHSC X L I 42
FHA E’cEmf%ﬂ*ﬂ(ﬁF’%Lﬁbﬁﬁﬂ’Jﬁaﬁ?&o P of SRR B R RS0 7 — 5 e 2 L P o] 1 0 A% 4 (BT 244
FNFRGE 15 e AE R BB MK, 70 T AE M2 Y G e R B AN T3 B4R (SIT) B ST e 7 SR BT iR 4R At 1 R SkEmes, e e %
%ﬁﬂéﬁ@uﬁﬁﬂ%%ﬂﬁﬁ%%lﬁéﬁ(RIDL)i?ﬁi!%ﬂ’*]*%ﬁﬂmﬂ?xﬁﬁ*ﬁﬂiﬁﬁﬁi@?ﬁhi\Tﬁﬂﬂﬁ'}?ﬂlﬁ’ﬂiﬁﬁo
ARSI 1 5t Ae-H AR A e e By 42 v 14 157 P 3 o, 0435 B HHL 358 A2 B 06 1) 17 S RS, LA T RIDL B A AR (9 JU B[] 1 ) 2
TRASRIB AL P i ZR R 20T R Y H ()RS, R 1 It A BN 75 BORAE P B i v ) LR )

R IR AR RIAEEOR RO R EO R D R AR

Application of genetic pest management in the control
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Abstract: Mosquito-borne diseases, such as dengue fever and malaria, are global problems and pose a serious threat to public
health. An estimated 2.5 billion people live in areas at the risk of epidemic transmission. For now, no vaccines are available against
the pathogens respnsible for these diseases, and the mosquito control is considered as one of the most effective ways to reduce trans-
mission. Mass application of pesticides could reduce the mosquito population but it also brings problems like insect resistance and
environmental pollution. The release of insects with dominant lethality (RIDL) technology and other genetic control systems based on
the traditional sterile insect technique (SIT) provide new strategies to control disease vector mosquitos, such as Aedes aegypti and A-
nopheles gambiae. Those new version of genetic control methods are species-specific and environment-friendly, and now being devel-
oped and tested worldwide. Here the principle and recent progress of mosquito genetic control are reviewed. The history of mosquito
SIT is introduced, and the genetic control strategies including self-limiting and self-sustaining populations are also illustrated. The
development, as well as laboratory and field trials of RIDL strains are described. It is suggested that genetic control strategies such as
RIDL are promising methods to fight against mosquitoes carrying human diseases.
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975 G AR SRS ] R H 25 ™ 5, 7 T A%
10 4 Jie g WO R B R B 3t 1R iR AR b LR
A H AR 5 R A F HK (Sterile insect tech-
nique, SIT) ( Knipling, 1970) }%5 & & JR i K 10 B B
BB A T SR 0 T BB IR S 4L 15 50 R
AL TEIE A AR b g |57 I 4 S5 R DR o
AT P i PR 25 R A R O B R ) N T R BE S
A RREAR B BR AR R BT AR AR, AT BE
W ISR S A ) ) A4 (J) 55 4 56,2008 5 Cat-
teruccia et al.,2009; Klassen,2009; Wilke & Marrel-
1i,2012) , 4R, WO B Ay 8 AL B A BOR
WF5E & TR | AH G i Z A T S48 b e ) 4 A O
WA TR RICR , 2R B AR s 1 By 455 vh B
A B KR H 7 J1 ( Catteruccia et al.,2009; Wilke

1 WHIBEEEHAE

SIT S48 i 1o B il 4% R ( Irradiation ) 45 A0 B 1)
T g AR AR eSS o AN AT AR H A
HORRERCRE 19— 3 HU 5 ) HOR (Knipling, 1970)
HHEAYREE R IR ] T AR ™ ORI AR
5 5547 25 (Hendrichs et al.,2002) , SIT 7EBUEB
N E A B P8 (£ 1; Benedict & Rob-
inson,2003) ., RIGAFH MBI TBR TiRIEAT
LIAN B 546 2% A F ( Chemosterilization, Ch) iy
JA 25 T ( Cytoplasmic incompatibility, CI) | 4248
AHE (Hybrid male sterility, Hy ) . i %4 53 24 9K 3
(Meiotic drive ) | 4 & #% {37 F1 # HE ( Chromosomal
translocation and rearrangements , Tr) % | H: it DL %5 R

& Marrelli,2012)

1 155 SIT FHARIERUIFEBAE A KL A ( Benedict & Robinson,2003)

AE N HHR)1Z (Benedict & Robinson,2003)

Table 1 The application of traditional sterile insect technology in mosquito control ( Benedict & Robinson,2003)
Yy IF Ji) HiS AEFBL Bt S Bz 4 27 SOk
Species Date Location Sterile  No. and time released Objective Outcome References
35 J A 1960~1961 FKEMT HLM  Ga 460 77,43 JA PR e il ENTES Morlan et dl.,
Aedes aegypti EA G R 4.6 million, 43 w  Population reduc- No effect could be con- 1962
Pensacola, FL, USA tion cluded
1967 REFEVEPE LI Ma L7 M 2 ] BN 1084 A Z RG24 Fay & Craig,
R Lk 17000 males, 2w #HA R NREA A 1969
Meridian, MS, USA Morphological al- 2 of 1084 eggs were to
lele introgression marked individuals
1971 E[IFF Model Basti  Tr 3 MR 2 etk G MESGEIEAEE ST, Kl Rai e al.,
Model Basti, India 30000 males, 4 w  Persistence of tra-  £|3FLE 57 1973
nslocation in wild  Males were competitive,
population persistence of transloca-
tion was observed
1971 E[J# Shastri Nagar Ma 5 JrlfERL 4 JH ENivE S5k PN TN T A RE , B[ UL Rai et al.,
Shastri Nagar, India 50000 males, 4 w  Allele introgre- SRR SSECPN 1973
ssion Males were competitive
and introgression was ob-
served
1974 EEfEE Ch, Te/Sg  4.05J7,6 d, 3 HEWCCEISESS  HEBGRSESRES) Giover et al.,
Delhi, India YR Male mating com-  Males were competitive 1976b
40500, 6 d, 3  petitiveness
experiments
1974 HRLFER Tr 577,10 FIRETE I, ¥y WA AE, HETKH  McDonald
Mombassa, Kenya 57000, 10 w E P e iR 50, MR et al., 1977
Population reduc-  FIALHRFHEIL B EVEM
tion, semi-sterility ~ Semi-sterility, but no
long-term persistence of
translocations nor a great
effect on pupa and adult
1975 HEWH D" Tr 3.15 75,9 4 TR e sh 2 RS B A= TUMERL  Petersen et
Mombassa, Kenya 31500, 9 w Population reduc-  ACECF=IRHLIOZ AT al.,1977
tion and dynamics  JEfRASBELEIG Z 1

Hybrid progeny did not
survive to pupa
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Yt i [A] b ANEFB B SR Hbz ERE 275 Sk
Species Date Location Sterile  No. and time released Objective Outcome References
FErEe 1990~1991 EEGHFIETMN  Ma 2007 3WEERL MR ALK AL AU E RS A Hanson et dl.,
Aedes albopictus IR 21000, 3 releases  FEHE B A Evidence of introgression 1993
E. St. Louis, IL, Diapause and rare
USA electromorph intro-
gression
I P 1970 BEZEHARE T Bet7,8 JH FRE MR, F8 4 A 2 45 22 5 i R Fh Cousserans &
Culex pipiens BB 100s of thous- rE T Al i
Notre Dame, near ands, 8 w Population reduc-  Persistence of transloca- Guille, 1974;
. . . . . Laven et dl.,
Montpellier, tion and semi- ste- tion and population re-
. . 1972
France rility duction were observed
B I 1967 it HE CI 5000 3k-d™' 9 A FhHFIHT: PR T Laven, 1967
Culex quing- Okpo, Myanmar 5000/d, 9 w Population elimi-  Population eliminated
uefasciatus nation
1968 EHE PP HIiE Ch 2500 3k-d™' 8 JH  FPHEE ANEREER, HEE  Patterson et
Seahorse Key 2500/d, 8 w Population reduc-  F&5E al.,1970a
Seahorse Key, FL, tion Increased sterility, but
USA plateau in the number of
egg rafts
1969 EEMBE Bk Ch 93 J1,12 JH TR Al FhBE Rl B IE T30 4> Patterson et
Seahorse Key 930000, 12 w Population reduc- A SIT 38 % al.,1970b
Seahorse Key, FL, tion Population suppression/
USA elimination due in part to
SIT
1973 i CI+#T/Ch  11477,9/10d,2  HESGEPSQEAES)  HERGR 524 fiE Grover e dl.,
Village near Delhi, W5 Male mating com-  Males were competitive 1976a
India 11400, 9710 d, 2 petitiveness
experiments
1973 EpIEAE L Tr+CI 2300 J7,14 8 FhitEIRA M B KA APE M Cartis et dl,
Village near Delhi, 23 million, 14 w  Population reduc- 1&Z (i il BHERAE, 1982
India tion Kk v il
Sterility due to CI and
translocation with popu-
lation reduction
1973 s Ch 3800 77,25 8 MEVEREMANEE  90%IIAGERF, B Rai e al.,
Village near Delhi, 38 million, 25w  JEfkl TCHA 5 R 1973; Ya-
India Population reduc- Up to 90% sterile egg suno et al.,
tion and sterility rafts, but no clear popu- 1978
lation suppression
BB 1977 FKEIARETEM T 7.6 71,4 JA RN TEH] AR Asman et dl.,
Culex tarsalis CA, USA 76000, 4 w Population reduc-  No measurable effect 1979
tion
1978 KEAFHSETM  Tr 1877, 10 J HERGE 4 RE ) HEBCHE 5 B A MR Milby e o,
CA, USA 180000, 10 w Male competitive- 3L, HY HOFZESfE 1980
ness Ik
Evidence of matings, but
dispersal and competi-
tiveness were low
TE T AR
No evidence of popula-
tion reduction
1979 KEHFERTM - Ga 1371 R SIHERESEr LA LT Asman e al.,
CA, USA 13000 Population reduc-  Increased egg-batch ste- 1980
tion rility
1981 FERIFREETM  Ch 8.577, 8 Ji PRI S A IREISEHL, THEFEE  Reisen et al.,
CA, USA 85000, 8 w 2EHAT R 1982

Population reduc-
tion and mating
behavior

Assortative mating was
observed and there was
no population reduction
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Species Date Location Sterile  No. and time released Objective Outcome References
1982 FEMAREEM  Ma 15.9 JrMEREd,  ZDHRIE SRR BN, BEUS 2 Reisenet dl.,
CA, USA 6 A A SRR T AR 1985
159000 males and  Introgression of car-  Allele frequency increased
females, 6 w mine eye color mu-  and persisted at a low lev-
tation el for up to 2 years after
releases ended
B 1977 LU Tr 16.7 97,2 A MESERGE e O T2 % R SR ME Baker e .,
Culex tritae- Punjab Province, 167000, 2 w Male competitive- IRl s 4 S T8 1979
niorhynchus Pakistan ness A U i e
Males competed well for
laboratory-reared females,
but not wild females
SN TR Hb 252 R T
Foft e s il
Immigration  prevented ~ evi-
dence of population reduction
RO 1972 B#/K I £ Lake Ch 440 77,22 Ji e I il GRHRIE1SS Breeland et
Anopheles al- Apastepeque 44 million, 2w  Methods develop-  Population eliminated al., 1974;
bimanus Lake Apastepeque, ment and popula- Weidhaas,
El Salvador tion reduction 1974
1977~1979 BREZKF##  Ch, Ga ML G R FOREREIN S, [HREAMEY  Dame et dl.,
W 100s millions Population reduc- FhEET AR M T 3R 1981
Pacific coast, El tion Population  suppressed  in
Salvador contracted release area, but
unexpected immigration be-
lieved to reduce effect
JEASHE I 1979 WEEHHH Tr 3100 SEFABIMEBOR SRR RIS R Baker et al.,
Anopheles cu- Pakistan R MEI 22 Assortative mating did not 1980
licifacies [ii=wal appear to have been select-
Mating with wild ed during the (difficult)
and released colo-  colonization process
ny females MR S 384 )
Males were competitive
1980 LA Ch 7500, 1 J SEFARIMERON S I FEAR, (HAT LYY Reisen el
Pakistan 7500, 1 w RO ZE B R 1981
it fig Males were less competi-
Mating with wild  tive, but dispersal, swarm-
and released colo-  ing and mating were ob-
ny females served
MILLIAEI 1968~1969  TidEAIEER Hy 2477, 9 8 e I il RILGVHIIALHICT:  Davidson et
Anopheles Burkina Faso 240000, 9 w Population reduc-  No significant effect on  al.,1970
gambiae tion egg-batch sterility
PHRE R, (54
WIE g
Dispersal was high, but male
competitiveness was poor
TOBEHEEL  1959~1960 ¢ [E M2 Gk Ch 43.377, 48 JH,  FOREFRGIAE S TUARABERS, B Weidhass &
Anopheles FL, USA 2 AR N WARE Schmidt, 1962
quadrimacu- 433600, 48 w, Population reduc- No population reduction,
latus 2 locations tion and semi-ste- and no or little semi-ste-
rility rility was observed
1962~1963 3% [# f# & H i&  Ch 5AANE MR MERCGES T, i HENEER DI S B AR Dame et dl.,
Panasoffkee Creek TRV A 28 I PR IE N =R IR RS B I 32 i 1964
Panasoffkee Creek, 50000 colony and ~ Male competitiveness, ~ Mating with wild and
FL, USA wild males behaviour, and steri-  colony females was ob-
lization methods served

Ch AL AE T CLANMI BT R ; Ga.y HT4; Hy 2458 AN F s Ma AUBRIC (EAR B AL ) 5 Sg. 4B R I Tr. e K 5 L A EE HE

Ch. Chemosterilization; CI. Cytoplasmic incompatibility; Ga. Gamma irradiation; Hy. Hyhybrid male sterility; Ma. Marker only; Sg. Segregation

distorter; Tr. Translocation and other chromosomal rearrangements.
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2 WFEERIARNEE R
21 FhEFEH

AR PR TIRON o (R A R A RE R 73 1 1
HOPRE RS A A2 T SO AL 4 IR 5 k27
E2ipn SN SN~y O (BB i s Y = K71 7 Y VAE |2
HAREE H PR5E 5 G 25 ] @i, X — S mg 1) 2R
FBAUAEAESE SIT B RET BE BOPE AL B B iy
77K (Release of insects carrying a dominant lethal,
RIDL) | X 8 4% 4 1A % 85 0 10 88 3 D) il 56 [
( Homing endonuclease gene ,HEG) 24 AR H
Hi R (Incompatible insect technique, IIT)  ZFE—FK
B (Killer-Rescue ) 225t . 207 5. 1R A ( Multi-locus as-
sortment, MLA ) &5, 7E MR e 1) S s oy | a0 25058 it
JE AR R A R PR AR A4 1 R PR AE B AR AR e b B 7 K
IR 33 (0 41 185, ST S 380 HURfVREE I o SR s o i
)z W2 3 BB iR F Bt Z — (Alphey, 2014) ,
EZHARAAFTE—LEXE L) v il 1 B s, e 0l 02 y ST
LR AEAENS T M WO F 1 () I IR 1 B Ah o 5
(Scolari et al.,2008; Thomas et al.,2000) , 3T
g A 16 A R M ) ke AR 8 K R B K 1Y RIDL I
fsRIDL( female-specific RIDL) ( Alphey,2014; Hein-
rich & Scott,2000; Thomas et al.,2000) , BE % B il
ol 5% 1F B0 5 I 46 A F i R ( Homozygous
strains ) P HE R, 2 2005 1 5 3R 5 55 A 70 e 22 il
Jo , WEPEJE AU R S B R B R TR BB T, T R
Je AR S5 BT R 5 B A U se e, 51 H
PRl i s /b | 1 2B UE £ 2 BB AR BR AR
T EL T 55 s S 2B ) 9 1 4 ( Catteruccia er
al.,2009; Klassen,2009; Wilke & Marrelli, 2012)
Y445 SIT AR L, RIDL X5 sk 22 e AP A1 A= 4738 &
BERHOMR, BAe % T A B AL BIRYFRTY, (SRIDL H 2
AN BRI 07 1 | 3 Ay Bt KL R VE TN 8] ) 18 542
AT HRAY R G (Phuce et al.,2007; Thomas et al.,
2000) , KR4 1T N1 7, BA 0 i A5 45
IR (Alphey et al.,2011; Black et al.,2011)

HEG %Xl 2 48 3 2 A H] HEG BEHERS E 1) 75
MATEGL AR 1 FF 2 W BE DNA JF 81 2Z 1] i 4 A
MR IR Ge R — 2% B A HEG JE I, HEG
K VD5 o5 — 2 G e fA, I LR & iR 647 2
il , B homing M 42 ( Sinkins & Gould,2006) , T
U9 5L N BT 1-Ppol X5 X Y (a4 7% 811 28S 10k

PRI IR ) o 52 ) 1) 5 B e S MR 0 22 ((Nolan et al.
2011) , IS HER X QO ARUERS, 7T ATER 1%
At R OIE] X G R T U O A7 5O
PR X BRI E I 2 B RIDL;
TG HS Y @B e A A MBS A I T, A
MAEIR A 53 248K 3l T $7 8L ( Burt, 2003 ; Catteruccia
et al.,2005; Deredec et al.,2008; Windbichler et al. ,
2011) 1 1T WA T R N FEAE TR Wolbachia HY
JHE 5 AN AR 2 ( Cytoplasmic incompatibility, CI) , pecs
HE Wolbachia ¥R BT AN 45 4 3 465 417 A [m] 2 Y
Wolbachia WIMESZZHD , 75 F 7= A= B AR 25 P, HE
Ja ARG IABE T 5 1 & R FR 2 7 Wolbachia 11 M
MEBCSETE ™ A 1 J5 AR AT IR & B T R IR 2R I o
FCAA , AT #5747 1% Wolbachia W i 2 7F BF 4= B
U 4, B ¢ R IR RE AR B e Y %50t ( Alphey
2014; Hancock & Godfray, 2012; Laven, 1967;
O'Connor et al.,2012; Werren et al.,2008; Zabalou
et al.,2004.2009) ,

22 TEER

TR A2 T8 4 BE A8 1% 178 95 [t ) 1) s L R
Frde o JoHE BUW Y i & (Alphey, 2014 ), H 2T
FHEARAFE B A 2 (Underdominance, UD) £ K |
Wolbachia WR3h 2 5t Medea JUAF IR B R Gt 55 FE T
(Transposons ) AL R G | Y YR &P HEG Ik5)
RGAF, TEMRER RS b RO B PR RE A% 7E H AR
PR B Y, WO e SRR W e R A
FEPR UK B 2 Gt 2 6] 52 2 () A0 OC ROR R UK
WSS RI RIS, HATE IR Wolbachia W3] &
4t Medea BN RGE 4 iU RS WA R+
AR HEG 45 ¥ G it ik BUBEHT 2 B9 7 4 ( Alphey,
2014 ; Chen et al.,2007; Moreira et al.,2009) .

BRI AL R A TP RE F 32 A IS AL 1Y DNA
B ZAAE TR BN A, At K28 B
RARBEARITEE, BET, 5T E )z
T YA, F T TE G ORR R 5 0 4
AATRE B MIF AL PR R 1% B (004 8 A 3 A
IR IS WM R, R BRSO Trichoplusia ni 1Y
piggyBac $5ET-RERFFIURA] TTAA A7 45, JH AR VI BR
Ei SN Rl e A MR BE DR B RN LT A
SRR AR ITCYIFPER ], 2 st 2 1 R g b )™
12 5% ¥ 2 — (Fraser et al.,1983; Handler,2002) ,
H TN piggyBac %1 C N 3AT 1 BUEAY 24>
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WAL AL M & (Fu et al.,2010; Phuc et al.,2007;
Wise et al.,2011) . WAM, W55 & W Hermes (Jasin-
skiene et al., 1998; Zhao & Eggleston, 1998 ) | Minos
( Catteruccia et al.,2000a.2000b) . Mariner ( Coates et
al., 1998 ) SEHG e - M PR Il D e A\ I 1 A i 2R
UGB LB R . TR AR RO IR 1
JAE TS v ) 3 P Al LI AR AT 4 HO N A
T — & W) R FR M (O’ Brochta et al. ,2003) , Kt 7
BRSO B fURE S HLAR % B % 9 F- (Ras-
gon & Gould,2005) , Arensburger et al. (2005) &\ 7E
IX] EE P 4% B Anopheles gambiae " /BT Herves %% JE
F AH AL 5 AR

WEETR Wolbachia RERSIH I 15 s i LY 7 B 4
P2 77l AR Isr A AR 3 4% 45 7 3K ( Brennan et al.
2008 ; Pan et al. ,2012) , 75 5 WO 0T TR 3304 W Y
Ptk (Bian et al.,2010,2013; Moreira et al.,2009),
FVHEL 22 3 B I I 2 ) 0 SR ( Walker et al.
2011) o HFHTsm A IR T FE AR O AR b 5
M ASHA 251, itk Wolbachia 328 A 3 #5 2) #1047
Fe b, ST 2 S RE b ICHE , MOAR I B s o] 1
ORI, T RIS T Tribolium castaneum 11
Medea TCA- R 5 Bl SO X8 55 D 0 26 0 0k 1) 7
H: (Chen et al.,2007) , Medea Juf4HHE R 5550 5
FIRBXT IR A FEERY RNA S8 RS2 RS O
SRS TG R A AT, W T
BRI EAT B RS 7 R AN, )5 AR 3
LR RREIL I PREFE T, 215 15 B RE/ AC FR IR A it
FEREP DB (Alphey ,2014) o T8 3 YL (o 44 5 v 45
WAEHAE = 0 B AE A (Curtis, 19685 Davis et al. ,
2001 ; Magori & Gould ,2006) Fl Y Yok iE4i1 HEG
(Alphey, 2014; Burt, 2003; Catteruccia et al.,2005;
Deredec et al.,2008) L AEIR S FPHEREAC, AS[R]FhE
BABARR IS BRI SRR BAR A Wolba-
chia ZR G A R GE T 2 2 W) n B EL
T, RN i 1 e F RGN HEG 52219

AR ICEICER WAH XS HAI% ( Alphey ,2014)

3 RIDL &R
3.1 RIDL H#ARFREMHAGRE

LT tet-off Z8 58 45 A5 0 Kk PR 1) 2 35 2 H P
RIDL AR S B o e S M B iy i £ 7 X, 78
tet-off RGLH, M KIGHFT T Escherich coli H)%% JFE T

Tn10 B VY 34 % FH i K F ( tetracycline repressor,
tetR) 5 UM ELE AT, tetR ASBERHIT DU IR Z Pt 4
Y\ F (tetracycline-resistance operon, tetO) , Al Il T Jiff
B SR AN AN, B tetR HUER 531751 5 B4l e 92
BF VP16 G I PE DX BLAL 5 O MU 3R 2 e s DA
F-(tetracycline transcriptional activator,tTA) ,tTA 5
PR/ HEY K H B Boks 8 3 TN tet-off
KA tetO 5 CMV Ji7 3l 44 B U 25 25 1) 7 T
4 ( Tetracycline response element, TRE) , TRE %4
o7 5 DR 2 S ONE AR T A SE R tet-off
FRIK ARG (Gossen & Bujard, 1992) , 7EHLZ PUFFE
I, TA 55 tetO 255 51 280 i i (K 3 38 5 {HL AR 1] 37
FAAATETUIR R I (TA SRR GTAE tetO
4G, TOEEROE NI RON LA YRk

TR E S AL R IC I e R AL it B2 RIDL A2
A FE R OCHEL IR AR 3h 13K sh 2t bR id
SEHF T B LR BE 3 F—2 LR 3R
AR 2 R % R R R A 7 A T 2 A X R, 7E B
RIDL it R4 @R 10 [F] B, A B TRk v R 5
NI, 2H YR Bh I R B R AR KA
SR AR IR AR AL ., B[] Oxitee 23 AR H]
HIAYA 3§ Hr5-1E1 7 1 1 RE R A 18820
PRI, 4 B F K DsRed2 o GFP B35 KA I Aedes
aegypti HBRAEFOCIEEE T IE Mo UL (& 1A) 5T &
iX Hr5IE1-DsRed2 B4y HUITZL Sk 52 B BE 59t
B FEIE R A AR POLE S (B 1B) . it
b1, 3xP3 Je ) 1 R T A T s 9O
Fric, LIRS0 AmCyan (B 1C) 8 DsRed (& 1D) %¢
JEHEATE R B fRsOt i 28 P B3R358

HAGIT A& BT RIDL i 3 E2K H Oxitee 24
A, AR5 5 S I SO Aedes albopic-
tus FUX] LG #5055 A 9 it 32 2 28 10 A H (8] R T
BrEt (2 2) . Phuc et al. (2007 ) 38 1 BB 55 K&
B, H TR 5 E AN, #5717 160 40 3 3k &y
(% RIDL i £ 5 FL 90 5 200 HE, AN AL RE % R I
AR A 6 He PR | T LR S PR bk 3 45 A
R E Y, B A 4 0 B iR ROR 5 8 i R S
Iz RIDL /i & LAS513A (OX513A) #4750k, 75 1 &
Gor TA Sl R EZ S5 G etO TR R | B 2355
FAEH &5 T TA B e s 0 I T e 2 00
B Z AR R PR AE BT R SE (Gong et al.,
2005) o BLA, Fu et al. (2010) K sfEie €47 LRE R
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%24 %

Ja 3T AeAct-4( Muiioz et al.,2004) 5 (TA Jufi%EHE
P tet-off BRENERA 4 20 L U4 T FE K Nipp1 Dm Fil
michelob_x 5 TRE &4 B R0 2044 R 3K 3l i &
0X3545 437 55500 5 & 0X3547 Fil 0X3582 4=,
FRAT M 5 A DU A 2 i = 1) 5| & %0 i R A
RATHLA R S b0k T 922K T RATRE I L T8
WAL LA 3R 65.8% ~ 98.3% , T HE I K 52 5
i) 5 1247k 2 B 7 B2 6 35 (TA MR B3k ik , th s B &
IRBOHEHE R B 00 A R it SCRRAERUTT Y R 4
(Alphey et al.,2008) , [FB}, Fu et al. (2010) | H
AeAct-4 A8 FHE TR THREIFH AT
0X3604C it &, U AFEAE VU R I, o 7RIk

{TA FECCATHLANAE I T, JFAAME R LT 43 Jo il ,
T HEICONANRZ 52, CATRE T X I8 3R R 28
Bt Kok Af %5 % 56 1 5 ( Labbé er al.,2012), F Il
OX3604C 25 b 25 [ T3 T tet-off J85 T Y M4
BRI ER, Wise et al. (2011) P& T #: ML
0X3604C ffy R MEBH T SIT W1, LR ELXMAFT
DL AE I« B AR AU = (8.5~10) : 1,%
JEREC 1 I, 10 ~ 20 J&) {8 W] Fe i B Az A0 e o
Labbé et al. (2012) R S AealbAct-4 TG 5)
THIEE T RIDL /i £ 0X4358 FHHUE 175 0X3604C
LRI ZE SR, e Actin-4 J5 ST ROMEME CATLER S
T M P REAEAS R BCF-Fh S R SE

E1 BEREAEDUEREEHRRPAREERCHZEEER (EH B%EE Oxitec 28 K Luke Alphey 1 +124)

Fig.1 Different fluorescence patterns in genetically modified strains of Aedes aegypti ( photo courtesy from Dr. Luke Alphey, Oxitec Limited, UK)
A Hr5-1E1 JR 3 TYRS) DsRed2 1 GFP TE4) MU i93238 ; B 4 HUILFL L 3K HrSIE1-DsRed2 , BE 15 2RI ARZAL S PR 5
C:3xP3 JA sl FIK Bl AmCyan TE Keele-2 i R N2 H 192335 ( Nimmo et al. ,2006) ;

D:3xP3 J3 81 F IR 5l DsRed 7E 0X3576 i RIZEM A H ) ZRIK (Fu et al. ,2010)

A: Hr5-IE1 promoter drives DsRed2 and GFP in larvae; B: Anal papillae of the larvae expressing HrSIE1-DsRed2, with a nuclear localisation signal

giving the spotty appearance; C: The 3xP3 promoter drives AmCyan expression in the optic nerve in Oxitec Keele-2 strain ( Nimmo et al.,

2006) ; D: The 3xP3 promoter drives DsRed expression in the optic nerve in 0X3576 strain ( Fu et al.,2010).

*x2 BELREMNWH RIDL RF

Table 2 A list of the reported release of insects with dominant lethality ( RIDL) strains in various species of mosquitoes

2 et i A Fric BEIRET AT BN E= BTN
Species Phenotype Strains Marker ~ Transposons  Promoter Lethal gene References
5 KR KB OX513A DsRed piggyBac  Act5C ITA Phuc et al.,2007
Aedes aegypti Repressible lethality (LA513)
LA882 IE-2
SRR S B0 0X3545 DsRed piggyBac  AeAct-4 NipplDm  Fu et al.,2010;
Female-specific flightless 0X3547 Wise et al.,2011
0X3545 michelob_x
0X3582
0X3604C tTA
0X3688 AmCyan piggyBac  AeAct-4 tTA Labbé et al.,2012
0X4358 AealbAct-4
HEfi SRR S B0 0X3688 AmCyan piggyBac  AeAct-4 tTA Labbé et al.,2012
Aedes albopictus Female-specific flightless
0X4358 AealbAct-4
X L 4% 85 IR S M 5 B2Ppo eGFP piggyBac B2 wbulin  HEG Galizi et al.,2014;
Anopheles gambiae Female-specific embryonic DsRed Windbichler et al.,

lethality

2008
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AN RIDL it 22 7 X L IV 4% 05 7 A A gt 4% 45
i U T HEAR R . Windbichler et al. (2008)
R TR ME IS SN 1 A R 5 R IR 1Y B2 tubulin
( Catteruccia et al. ,2005) J3 3T IK RN FE K HEG
ERIE , S B ACHE B IR iR BASE T, KR 3 2l A8
TR AR AR B, H PR Ok Ak 2 B AT, i
T HEG 15 X L% 8y 28S BORHA R i
A4 e BE AR SRR E  E B2 tubulin 3K BT 7E M
WOKS 5 & A1) X e fhk 2 3 AR IE fE D]
FIBEF AR X YA | 3R b i 5 3 A 40 i 52
e Jm S 205 RUEBCE R IR A ZE T 7 A 1 R ARULF
oA HE A RN Sk DAL ) i I ( Windbichler et al.
2008) . Galizi et al. (2014 ) % BRI FHZH A 1 i 4
BB RO IS AR TR 95% DL E R R
HAHERCH) AR B RE I AR SZ I RS20, B2 6 AU i
FREE AL /P T JC VL BT, A A8 e R S A%
PR AR AR AL T B S A BT T
32 HERE

WA B A T AR &L b2 i F
(¥ RIDL fifs 8 BT P AN QA SR 5 v i S f
I ] Y SIP i 5 25 T R A% G PR B AL R B, A
AT MR AR b BEL T OB 1) £ 16, 110 RIDL & 2 g
T 1y s ] B AP 1) — A E B AR AE T RS 4%
7 FA) S PRI, B DR ) E AR AR A% o 4 O RE ) K
Fa B M (Scott et al.,2002) , RIDL i & 7E H IR AL
AR A (AT R 5o PR AR ) | BOFH (2S5
FeJ155) Y RATRESIAE) 3 A 3 A ) 2
S B35, FE TR A% 326 BE 77 ( Massonnet-Bruneel et al.
2013) RYE EEAE bR, WEFERI, AL 1R A e )3 1
s LAk A 7 FAR O A A 223k DL K AE 1) 57
INF SR ARG 405 il 28 R A 3 26 S8 B0 251 R 19 A 4R
TEFEIE T A P RE XSS AL B M it 2% 19 328 1 4 7 2 52
M ( Catteruccia et al.,2003; Irvin et al.,2004; Mar-
relli et al.,2006; Massonnet-Bruneel et al.,2013)
FI R FH R 2219 OXS13A i 2 , SR B9 2 41 AR S
B Aa5C, HXT3E A BE B 5200 T R b4 2R 5 1
J& 3 F 8 K ( Massonnet-Bruneel et al.,2013), A
I, A ZUAE S 58 8 A () ik 2% 47F R %) RIDL il 5
IS G B MR HOR M AT IR &, 2 A2
E R E %07 mF R 1) 2 058, R4 T RIDL
i 28 BRI BT AR E ( Benedict & Robinson 2003 ; Ya-
kob et al.,2008) , .24 HRIE 1% PAFIT 45 BRI A

SEA—8 (HEAT] LIS A0 N 4598 . RIDL § R 7E
AT SRR BRI BRE ) A T — 2 T R
A2 AR R LA AR B R Y 22 57 5 53X AT DASE 2o
E— AR SRR R 5 145 B0 W0, S RO
s B4 il 22 AT B T ARA FRAR A AR (R 3)

H Aij HH (8] 2% 1 RS i i o8 E B4 vh TR
KAL) OX513A i &, Harris et al. (2011) T
2009 4E7E Grand Cayman 3B [X 7 K 4T T OX513A
T 1 FE ()RR IC , 45 S 2 W, B 0 1) e s e 1 20 5
SY eSS RO TSR B B AR MO 2 1Y
BEHRR D), R WSO ) IR A H 1) &)y L RE A 2]
BN, FLBHIT R4S H R B Wi i , ) e T RIDL 78
B HNB AL AR AL TR RE R T A A, B A3 B
KRB, Y H () B A RURIRBE i RIDL & 3 A e b 383k
13% ~ 57 %05 A BB D 0 6l B ARFp R, UL, Harris
et al.(2012) F 2010 #4775 2 IRBEELAIE ST , B 4
~6 JE 5 W AR TR REAZ 2P0, 11 JERS RIDL « B7AE
MERC R IR 25.2 ¢+ 1, BRAR 9Ot L Rl 88% , R W
OXS13A i 22 IS T X B A= R A R, Lacroix
et al. (2012) 7E 5 2K P4 . Pahang Hi X L #4751
OXS513A FHF A= 7Y S 55 % 5 R (R, 45 R 3R,
RIDL fit AN 2 %) N 2 {3 IR 7 2 A L5 i
OXS513A FIEFAERIGAr A Y, AR RITRE I — &
ok 553 EL RO it 11 el 3 BB 4R vR LR AR . LA,
Alphey (2014) 7£EL VPG I FH OXS513A i 2t 5 ) b
SCPLT X 2 A HARFEE Y 1, I FLIS 22 0 R RS
P T B FE LRSI
4 P&

WEANE H AR BT Mok B O F R 5 5%
MBI R AR &, B PRI R S REE 2 4
Bl ms s EAEYA BT B, HA L 56 )ik
MELLE B PR S, BED, B 2T & T AR X
Iz PSP IXT LS F BSCFE PR A AR 22 3 I i
TR S G A RIDL $h &, i T —
FR NG P I A e A P PR A A 3R K
OX513A fh R T L SCHL T H BB, 35 E T RIDL
FOARAE 7 WO v i v AT, R A R R
I %o AR A B P s s o RO L L,
PEVPAR B AL B o R 038 W M 3T BRE ) A B R
1 AT R AT WA R
RS ST OCAR R LA, 5 B AR Ry BT TR
R RESE I (] 45 2 1k ) d O R TR I 1 0 LR )
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(Alphey et al.,2011; Atkinson et al.,2007), LAh,
BARFEHRIHAR 5622 Biih AV BiiG 2 R il s

TREMR-E5 L, R BE ST 205 il 4% S A0 BEL DRI A 0 | 8%
RS RIS 9 e LA

*®3 RIDL REENMHHEANFARER

Table 3 Reproted fitness of mosquito strains carrying genes with dominant lethality under laboratory conditions

(HEN S Y0 A I SLRFE ©AT AR Z:7% 3k
Strain Body size Reproduction Life span parameters Flight Physiological parameters References
OX513A  HEFAR /NS L JTTHEER Y piEREK 5% TCATHER R ARE/ROK LA A Bagiclowski e

AU Comparable  Larval survival : 5% lower A% fisaaree Sl al.,2011a . 2011b |
Smaller/no B FAREAIRE TCR M ;  Less distance; slo-  Glycogen/sugar/lipid ; 2012; Lee et dl.,
2y W B R WA R R R EA wer similar 2009; Masson-
RTUAS /N FEAI X 2% MR PEAR . net-Bruneel et
Reduce ( increase Adult longevity: no/re- =AU al.,2013; Naz-
larval density) duced, decrease (increase Susceptibility to insecti-  ni et al.,2009
larval density) cides: similar
ARURHEAT 1 d, HEKLR
LR 1 d
Pupation: one day sooner,
delay (increase larval den-
sity )
BN LS BE
TRATC R
Basic life-history and growth
rate: no
OX513A L& TEER - - - Lee et al.,2013
2 W A No Comparable
15
Semi-field
0X3604C  JCHIH - - KATHE B BRI, BEE/BRKIE A YIS R Bargielowski e
No {ELRY [R] /b BE HIESRE T al.,2012

Similar distance;
less time

UEZNE 7| R
ANF
Tetracycline; no effect

WP, ASINPUPR R A

iRl
Glycogen/sugar: similar;
lipid: higher, increase

(add tetracycline)

&% 3k
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