T353R Journal of Plant Protection, 2022, 49(1): 231-239

ETHAREY N EF iR AR XS5 B it B
Fh4 x B Exa

(PR B S IBEFET, Al R LR G BT R R EE A 580 2, LA 100101)

FEEE: 3Lk AR M JERF R R ELABEAN, AL 20k B2 2k N R R R E
KB oG R Br 5 £ 2R AL S By 45 w40 5 25 7 38 s 09 SRBT 75 2 A BB SR SFAL 47 26 ) 4
PG 2 A T IR R AT SR B R A Ao R B S R AR AT 09 2 A R B 4R AT Rk, A
AR T VA B I ) RS AR B R AP AL R A B SR R B 4269 B8 . A SUR I de i B ik 2 A st
I R o 42 Rk, IR T IUA G A S0 R 1 i AR AL

KR : SRR AR A A ARIES); W R

Advances in prevention and control of mosquito based on microorganisms
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Abstract: Mosquito-borne diseases, such as dengue and malaria, pose significant global health burdens.
Chemical control is the most traditional mosquito control strategy. Chemical insecticides cause serious
environmental pollution, and mosquitos are evolving drug resistance. Thus, it is urgent to explore new
mosquito control strategies. Symbiont and genetic engineering are two promising new strategies. Symbi-
onts and genetic engineering can control mosquito populations either by population suppression or pop-
ulation modification. This review focused on the above two strategies and discussed the latest research
progresses.

Key words: mosquito-borne diseases; gene editing; symbiotic microorganisms; gene drive; mosquito

prevention and control

DOI: 10.13802/j.cnki.zwbhxb.2022.2022809

DA H Ay A A% 78 1) D e Ay I D,
1 W M A Bk, H™ 5 U N S A A R
(Gould et al.,2017; Mavian et al.,2018) . &N, B4
# B (dengue virus, DENV) (Messina et al., 2019;
Xu et al.,2020) JE R 3 Plasmodium \FEfL15 TR
7% (chikungunya fever virus, CHIKV) | %& % 55 (zi-
ka virus, ZIKV) . 3 #% 7 (yellow fever virus, YFV)
SR SR AR RS IR 29 3.9 /2 N, T 9 600 7

N 7 347 I IR 2 3G (World Health Organization,
2011;Steven et al.,2021) . 1 BUIX —J5 R H FEH
SRR AE W I RPTESTE TTAE A S AE
Koz g Ml i TS A R A () b Sl P R A P S s 3R
AT )BT A M AL R | T AR R DL s
R SIS T A i DX ) A2 4 3 R ] ( Ci-
ota & Kramer, 2013 ; Kolimenakis et al., 2021) . M
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& (R A ZEAF, 2013 5 AR 45, 2018) , [RIHZS AT
IEF TR ARG ZAME T E I s T
AU PRl R 00, e B AU AL Ry
I 51 A 46 B AL T A R B AR (B R AR
1990) . H [ 20 8% & B0 A ISR A R JE P2 B A
AT AR R (FIFR ) 22 HU AL Al A
(EREE,2012) 0 Frlk, SORBE IR AT FH
A L S T G R A IRl A 2 B2 5L

150 R WA ) 7 3k Tk e 4 A 4 T b A
UL T P B 4, K — 3 52 0 3% T 6 IS I Fry B
H i P (2248 45, 2009 ; Scolari et al., 2019) . i
an, B Aedes albopictus XAk WA =42 T
Ptk (Pichler et al., 2017) , 1 [ BE IS5 A 15 Bl 2
IR s S ) Bl AR B T K IRAE (Moyes et al.,
2017). PHL, 38 VIREEH R AR o TR
P WA L = fh B AR T, A SR A G ) B e D 4 o)
PN, ARk, Bl T P SR i TR ARG 3
PR 2 AR VA R, IS Rl A 0 B s s i
FRIVER X s bt ol A 2 114 35 DR i A ) I T )
Bif s AP & J o AR Rk R, 3L F i
SEPR G A S S B 4 A I S R A T A
VAGH , Ry SRR 7 4 B AR B L ) S B

1 BT A MM SRR IR

WOl AR A YRR B Z, H) 2 504 T
HER IR P54 E P (Gao et al.,2021) , X4
oA (R TAE PR uE S AT DA S 5 iR i A2 L P2
TS 77 45 D A8 (Cuthbert et al., 2020) , (A4 />
o B B e e AL RE B RE T o AR A4 1)
IR T RIS UE S ) EA B 45 O T i i e e il
E RSB AL . AR SORE g A R it
TR BT 43 A LA 2 8 (1) Ssg i A= A= 4
XoF ISt D A A ) 5 (2) Mt e e A e A W ned i e A A
FURE Wl It s B p LA & 1 s .

1.1 R Yo s i e s B 4 il

P SCHRAE , AT DA B A2 A e s Dt g g e 2
He B AR W) AL 4 R IR VD R I Serratia ureilytica
Su_YNI1(Gao et al.,2021) . V0 R F & Serratia AS1
(Wang et al.,2017) | 5% 7% J& Flavivirus (Saraiva et
al., 2018a) . 5 B o I W} 8% £} Wickerhamomyces
anomalus(Walker,2011 ; Cappelli et al.,2019) Fl {4 fT
J& Chromobacterium (Saraiva et al.,2018b), X%t

TR T IR B R 5 2 SE vl 1 B A IR

R e A B IR R, i ikib 5
B Su_ YN B R 5300 19 09 i JUs i (antimalarial 1i-
pase, AmLip) X FJ¢ Jit HUfF 1 #2808 55 M (Gao et
al.,2021) ; B BEJE 7 A= IO Z IR 241 | DENV-2
(R BE 1, FEHER DENV-2 i [ % % ( Saraiva et
al.,2018a) ; 5 B SCDURHIRE B 7 A I BOPE R 3R
T Dt o 3R T A= ) R 3R T ) ) SR R A, R BIOE
Ji L T A 473 )5 S0PE (Walker, 2011 ; Cappelli et
al.,2019) . BRILZ AL, —FilE i 65% 1 B LR N 1
AWMU 1R TGz 56 T (Hilgen-
boeker et al.,2010) . 1% FR AR IR B 5w AR Wolba-
chia, JJ& T30 e AR . TR IR B 5 PG AR 2 —Ff
FERRASRI AN T, AU REXT B A T AR S RN, 18
AE L4 5 U009 5 AR B AR FH 2 1 He 1890 i (Zheng
etal.,2019; Utarini et al.,2021) . KR o8 [Gf&RA] DA
T L 5 B T A R ) o S R e
ST SR BT ) 7 e s B ) B i i (Kiku-
chi etal.,2012), BATIBTFEUED], TRIK T 5 FRAARRS
DENV .CHIKV . YFV  ZIKV FI74 J& % ] Ji§ 7 ( West
Nile virus, WNV) ¥ i 2 19 B 5 20 & (Moreira
et al., 2009; Hoffmann et al., 2011; Ross et al.,
2019) o IR R T 5E PR A ] T e s iy 428 1) F 5 30k i
mE 1w,
1.2 X R R R Fl & B R

g e A f AR R i ) A A R R B R 43
R 2 FAILR « — 23 o O W [ B Y S R G
T3 0 A5 X S it R AR B8 T 5 o) — b 22t
AT W e 4 e R A S A s ) B ) RN A e
(Allman et al., 2020) , 1 i 5 EOHK A T 10 HL Y 995 5
PIERGSZ BN R o e A A S AR T AR T I
Toll , % #% B[ (immune deficiency, IMD ) Fl i 24 iR
¥ i (Janus kinase-signal transducer, JAK-STAT) {5
AL S 3 e KA s R 5t (Xi et al., 2008 ; Garver et
al.,2009; Souza-Neto et al.,2009) . Toll 2%} T H
=% I PH PR 20 T B TR R BE AR S 9 AR
(Shin et al.,2006; Souza-Neto et al., 2009 ; Cirimotich
etal.,2010) ; IMD iR 44 3= S 24 il 4 2= [Q B Mo A
A JF R (Cirimotich et al., 2010) ; JAK-STAT &
%2 59585 B i (Souza-Neto et al.,2009) . BEME F]
FH 3R S B ] A g Jert ) e A B A v o TG TR
J& Serratia Y1, ¥ Vb & & W Metarhizium ping-
shaense . BR{ [ 18 & Beauveria bassiana ik /5K 15 5,
[G A FES U 4F 5= M 2 (insect-specific viruses,
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ISV), SRR R B 7E AR WA 225030 patibility, CI) (Werren et al.,2008) . #4h, ik /KE 5T
AL, LB T R A s s . ARt EAT P4 ISR, Toll A1 IMD s A2 A fiE 1, Wi
BB P EELL P E B 5 RFURME P s 3 A B HEAE /) (Bian et al.,2010) .

P A e i A 40 LB AS A 45 (cytoplasmic incom-
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SIT: RHEAFHA; CL: A ; RIDL: By eSO, SIT: sterile insect technique;
CI: cytoplasmic incompatibility; RIDL: release of insects carrying a dominant lethal.
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Fig. 1 Control system of mosquito-borne pathogens based on mosquito symbiotic microorganisms and gene editing
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Table 1 Wolbachia-based control of the mosquito-borne diseases

Ay 4t 27530k

Year Conclusion Reference

1980 IR/R I3 [GAA 55 KPS e 4 i 3 ) AR C R Wright & Barr,
Wolbachia has a significant symbiotic relationship with Adedes aegypti 1980

1983 FEJIR IR L 7w PG AR S (iR €020 WA 7 ] 8. 25 B Awahmukalah &
The developmental duration of Culex pipiens pallens was significantly prolonged when it lost Wolbachia Brooks, 1983

1998 IR IR I v FRAATERP ] HAT H SRR , A -2 A3 Wy i JE R BE AL RIR R I 5 R ATE YA Bordenstein &
HEHBOPE B BEE 1 R AF LAl Werren, 1998
Cytoplasmic incompatibility induced by Wolbachia lays a good foundation for the study of host-symbiot-
ic coevolution and the role of Wolbachia in speciation

2000 JIESE T VRIR B v FARTE I HOHR 1) 12 504 S AR B (24 i Hh i v e 2, UK IR /R L 5 Kittayapong et al.,
PRI SERYLAL IO A 732, 706 A5 A9 89 FhEF A e e P ) H 28.19% A IS AU IR R B 5 [ fA 2000
The widespread distribution of Wolbachia in mosquito species and its potential importance in genetic
control of disease vectors were confirmed. Wolbachia-infected Anopheles subpopulations were differenti-
ated for the first time. Wolbachia was detected in 28.1% of 89 species of wild mosquitoes

2002 TRR P 5E FAARAE S FE IR S8 R 5 R g TE 52 Kittayapong et al.,
Wolbachia proved to be an excellent vector for gene drive 2002

2002 TESLIR/R 5 AL R RIS 5RO T Hofd AR 50A T ZEME4F , 2002
Wolbachia transmission is maternally passed, which participate in the regulation of multiple reproductive Gong et al., 2002
behaviors in hosts

2004 IR 7RI 5 FAAR AT L BI7 S50 0 D) 42 478 P AR A b b A A i Rasgon & Scott,
Wolbachia prevents transmission of mosquito-borne pathogens and reduces mosquito populations 2004

2005 FES AR ENT TR I TRR T v IR L T T S 207 A M B A AR A Xi etal., 2005
A stable population of Wolbachia was established in A. aegypti, and the cytoplasmic incompatibility
mechanism was confirmed

2006 TRIRE ST AT AL B Prfidse S prtsert o nT VR SER GRS RGN R IEA THE R Ruang-Areerate &
Wolbachia can be transferred into the vector species 4. aegypti and can also be used as a gene drive sys- Kittayapong, 2006
tem for gene manipulation of vector populations

2009 IR 5 FRAACI R ) A 7 388 A 47 ) e i/ B PR 2 A58 S A2 o ) T A 7 3R Mecmeniman et al.,
A strategy is proven that genetic control based on Wolbachia symbiosis with mosquitoes can reduce 2009
transmission of dengue and other pathogens

2009 TRIRE 5 FAMR YL L HAMH 7 — RS I i R AR Sy o IRREL S IR S OB e R A e R GERY Moreira et al.,
JABIA SR SR IR B 5 FAAR A S 0 ST HIE v RE -5 45 J A7 e SRS I R] AR, by Bl 4 S A2 R A1E 2009
TR
Wolbachia infection of the host directly inhibit the ability of a range of pathogens to infect mosquito. Wo-
Ibachia is associated with activation of the mosquito innate immune system. This synergistic effect of pa-
thogen interference and mosquito lifespan shortening provide a new insights into the transmission of in-
sect-borne diseases

2010 wMelPop-CLA J&Ye i & AR T 458 M A i A= A7 6E Mcmeniman &
The viability of A. aegypti was significantly reduced when it infected with wMelPop-CLA O’ Neill, 2010

2011 BRIRE FEFpAR AT UAARF AR BCHUR e AR AT R AR R 3 i, 52 M 0o BB =PI S A2 A Iturbe-Ormaetxe et
Wolbachia strains can invade and sustain themselves in mosquito populations, reduce adult lifespan, af- al., 2011
fect mosquito reproduction and interfere with pathogen replication

2012 PRIREL ARG RPN AR S , LIEBER: A1 SR , N i Ay He Al hE Pan et al., 2012
The symbiotic bacterium can manipulate the host defense system to facilitate its own persistent infection,
resulting in a compromise of the mosquito’s ability to host human pathogens

2013 JRAETRIR L g FO M A 20 D 2R P AR S D 2 RNA B2 49458, (ELAT LI 253 ) 20 2 Hussain et al.,
Despite the enhancement of viral genomic RNA replication in the Wolbachia-infected cell line the pro- 2013
duction of secreted virus was significantly inhibited

2014 RIRE ERMRFRAT 7 B S BHSUER TR R RE ST o S TIRR L SE IR AR wMelPop iR Y ICHL ) BE5H Caragata et al.,

JIRGRF T 22 SRR R 2014
Wolbachia can reduce A. aegypti’ s ability to transmit viruses. Mosquito fecundity and egg viability de-

crease sharply when it infected with the wMelPop strain of Wolbachia
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£F3k 1 Continued

Ay 25
Year Conclusion

E S PN

Reference

2015 B4 wMelPop 35 R HSCHA AR SR A 75 THI0ke v, (H RS DA, AT A R il 65 45 HU Nguyen et al., 2015

BRI —Fh T B

A. aegypti infected with wMelPop has strong viral interference characteristics. However, wMelPop may

be used as a means of sustainable control of dengue virus transmission

2017 KRR 5 FRAAHN STT SRS HR T BUMCHL™ A TCIE A7 AR 1, BEABHR e il il Jit

Yakob et al., 2017

Both Wolbachia and the SIT strategy lead to mosquito infertility, and can persistently control mosquito-

borne pathogens

2018 FETIRIREL ST FCAA AR Bs I CL 8 B A2 65 2 AR AL F S 10— R 7E 77 o 40 Campo-Duarte et

B e PSR G IR IR L S ER AR, o S I AL A E T 1 25 A

al., 2018

Wolbachia-based biological control has recently emerged as a potential approach for the prevention and

control of dengue and other mosquito-borne diseases. For example, A. aegypti is less able to infect and

transmit viruses when it is infected with Wolbachia

2019 RIS [RARBEAE LT AR AP, SR 2 R 35 80% , 1 5 WRAIES A JE R B S5 (G4E AU 1 Carvajal et al.,

IR KA BE

2020

Wolbachia can successfully invade A. aegypti, and the high infection rate is up to 80%, which signifi-

cantly reduces the transmission risk of dengue fever and zika virus, and increases the resistance of 4.

aegypti

2020 RIREL S AR wMelPop B i S 25 FRAIG 1 050 ) A 07, (e H B 3 RIS T A 280 2 ] Cardona-Salgado

{14 65 A AR R

etal., 2020

The wMelPop strain of Wolbachia considerably reduces the individual fitness of mosquitoes, and signifi-

cantly reduces the expected infection incidences of dengue in human hosts

2020 TRIR 3 PR 1 32 B U AT BT SR AN T L ETOME A= B A T eV A P BSOR A A5 A B0 TR 255, 2021

FEFERLA , (AT AT LA ) O3 7 B LA A e 2 AN A4

Zhang et al., 2021

Wolbachia has evolved various mechanisms for manipulating reproduction of their hosts, including indu-

ction of reproductive incompatibility, parthenogenesis, feminization, male killing, fecundity or fertility

modifying
2021 IRZR Ve FRARBERS BRI S RIS R s MR R

Dainty et al., 2021

Wolbachia can reduce the perceptual efficiency of dengue and zika viruses

2 ETFEEGER AR

HE DA 9 5 0 45 1 2R G o L 1) 4 R0 DD D 4
a3 2R T SE RN FE 4 ML DNA 47
] R L PR AN 91 5 s o A A Al ]
AN AT il 2 PR UE R 5 DR B ) O B . AT Y
N T AZ TR i 2 6 22 50 045 - FEF8 BRI (zine finger
nuclease, ZFN) | 2 &% 5 30 B A% R 1 (tran-
scription activator-like effector nuclease, TALEN) I
CRISPR/Cas % 4t (Koonin et al., 2017 ; fiy 35 B& 1 AL
4£5F-,2018; Noble et al.,2019) . 7EZid iR 4w
A RED IS, TR R E 5 PR A 2 S A 240 T s A
PR T H RS R R IR AT LS g%
IS AR B ) L A2 o) o0k e e B B AT kg R i Y
2.1 ETRAEYERESE X DR R A

T A PR G AR A ) S AR ] DA SO
ANE L ZHEARIR N R AT HOR (sterile insect

technique, SIT) o SIT YR HE Nz, © R —F
W3k AR IR TG s o SIT 38 o B 7 b i 5
HMMERCGIFATASI , S BOMEOTC T B AT R,
LRI RT IR BN RPN H O ROR X ARTE b
541 W Ceratitis capitata 55 3% W P h 15 2] 7k
52 (Lloyd et al.,2010) . fE5EY SIT y H FRBR 7 B
HEEE T SR, (E PR AN BB o (] 4 FR A L A5
NGANTER T A FRYERE AL A2 i S m (PR 5
55,2019) . SLAURY SIT 4ERs RIS SL T CLFHERY
& HUKN A1 %¥ (incompatible insect technique, IIT) £
ARo CZTR IR E 58 FARTE B H v 3% 5 A7 1) —Fif
B 7 = TR IR B TR S e 1 3277 4= CTLL A
M BRI T A B, (R L IR IR o [RAAR Y
S 55 A SRR e ) I SN R LE 5 A, i R R
TRIR U o2 ERAA AN T ISR S0 b R 41 1 Bl 4 ) 85
RHARAE,2020) o TIT M S0 RO T 1k
PR AR 7 22 0 v R 70 29 B HRORRE P N | R R
A SR (Pagendam et al., 2020) . IT H A A B
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R — I R AR R PR R D3k ATREIK DENV
CHIKYV %5 B AL R 005 I i B 22 . (BAZ 4219 SIT
AR A A L™ EE A i g, W B g R fE A A T
Gy B B — R AR E B A R iA B R A R b
P H 33X R e i B4 i T AR MRS .
2.2 BT EERIEX BURER AT

ST RN SIT H AR MY Js BR 1, BHIF A D2 X HE 452
HORFEAT T —Lepfeift | Hrh— bk 5 w2 b 2
FEIER G B LR, IR S5 I LA A ik
WKk BB HCHE A 2 1 BSE B [ (release of in-
sects carrying a dominant lethal, RIDL ) £ A , H: %2
MR T P 2 2 29 R Bt JE - () 0 P R A 7 66 DR M
(Klassen,2009) . RIDL B A% RGLIEHE T Tet-
off RGP BB 131K , B B HURE =1k
BET- . Tet-off Z2 4t M i s I A (tetracycline-re-
pressible transcriptional activator, Tta) A& FH:AH R Jo {4
PR 2 EE YN F 17 51 (tetracycline operator, tetO ) #) i,
(EEASF,2015), 24 FIRIERE dUfA ek i it
S EUCRE R R AT, AR RIDL £ AR Zb B
J B B SRORT DUTE B 3%, f AR L ADEL rh s i g A R
JIEAUY) , X 2L i e 45 6 tetO TUF i B
e I, T 235 RIDL i 2 R LAY 1E 5 7790 o
4 RIDL fift & 1Y B BB B B AM s L 216 5 B AR T
5 B A AU B AT, JF-4 RIDL il 5 194 55 ]
RGBT A B i b SBOL S OISR, ik
B TR AR E Y 2R by R 21 Ry 35 K
I Aedes aegypti 1) RIDL /ity 22 9K &) &t P EHE 3 (A
VP16 W335 J5 T DA i e & e kiR g S
RS M S L E ST (Fu et al.,2010)

FEPRME R i ) MR B H A A f A P B R 3K 5l
A FEARAZ O, HE T S0 BUEE PRI IK Bl S B 1) S . LB
OK BTy 2 AR R (A AR Bl R D R AR R AT H )
WAL R 3 (Alphey, 2014) o 3T CIALHI Y
TR 77455 R L B S AN 2 SR DR R B A DTl 3 [
(homing endonuclease gene, HEG) /i 114 3 [K 3K 5
Fe R ¥y R B 3R 4k +5 AU 1 5 H 3K 3l 56 B (Alphey,
2014) , i %45 4 SIT A RIDL £ A Sy [ PR a2 AL 45
TSR o TR IR R ] SR W o T84
FUEE T FRGESp BRI 42 i O W A T e 1 3t
TR BIPR R e PR 1A (TR T 745, 2019) . A
PRIBIK ) AT 43Sy 4 T 4 PR 3K 5l R 4 125 X PR K 3
2RNRYE, AT IK B R g8 AT LA el i PRk
AR B TEFIRE Y v, {345 B PR IR AR SR A
H PR, 238 2R 6 8 B 3 (Gantz et al.,

2015) o ZFRGAL T 1Y B G 4 R ZFN  TAL-
EN. CRISPR/Cas9 fil H: HEG (Windbichler et al.,
2011; Simoni et al., 2014; Gantz & Bier, 2015) . F
H1, CRISPR/Cas9 Fll HEG 4\ 3 14 & K 8K 5l 2 A A [A]
AUMLEE, {H CRISPR A5 5L A SR S 7E DT H A 5
[&1] B JE J¥* (protospacer adjacent motif, PAM) 4% ¥4 {3/
FUN T i sgRNA i H E HEG A 5L 9K B i
o SR E I D) s SR A, AxTin R SR B R 40
{187V S5 R 5RO ) AN W) 338 AP T R S OB T3 G 4 11
Py feh 4 R e B A BRI R A R DN, R B S B
Fift I 446 ) XU (Grunwald et al.,2019) . JEF k%
W, o3 A R 8K 3 F 8 S HATT AR Y A A UK Bl &
LR AN 13X — W AE AU o AT g Y Cas9 I
sgRNA [ 3k &5 73 1 43 5 i B 7E IR i B L 2%
Qeta AR 1o ZOTEEAUNSR TR B BRENROR i
REfHT Cas9 23k & Fir 4521 119 5 R S A1A o R 8t 1% o
At PRIE AR IE AR sgRNA 38 & T i LR 45
Bt (Noble et al.,2019) . i, 432 ALK ER 5 &
Giit—L 58 TR MAERE IS RGN L, N EEH
IR BNEA 1 e S HoAE 1) 07 B3 1 I8 S LAl
3RE

LT M e A A R DR G R AR Y
JEE I B AR AE AR AL IR 45 L AR A UK (H 2 TR AT
I THERERE G B . PRI, SRR BOG T U508 5 1 By 4
T ARG B 45 05 X0k 32, Bl & b 45 G 8 e
AREEE LTI B it . A, A5 A
BAERE WG s BB, B A 1 iR MR |
N BCAIMIE S PR 1 A2 A R A, 3 RT R b
o I AT A B it JIC) 4 7 B Ry P H B U
Ji A T 5 1) 328 W i , NN B % & B R X
2 o F ISR D B 4 AR s T e, PR T RE 1Y
AN R, AT DASE 2ok AN W N T2 ST ARG 2 F
Tt FARBY AT F M . E RISt i B 425 %) 7
TR WT R BT N 835 (H S A B IO S Y
B 0 TS ASBERAIE , AT 75 42 vt IR0 H Bl
TR o OB I Y B P AN S R — ) A PT A S
PR , 5 B 22 J7 WA M — &L DI [ o7 T A S 3
I I P B 4
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