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HE . 48« & Nilaparvata lugens T R B R F B ERG EH T TR AR NAENKERE
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Research progresses in endosymbionts of the brown planthopper Nilaparvata lugens
(Hemiptera: Delphacidae)
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Abstract: The brown planthopper (BPH), Nilaparvata lugens, a major pest of rice in China and South-
cast Asia, harbors a large number of endosymbionts, which are considered as important microbial re-
sources that can be exploited and utilized in BPH biocontrol. The endosymbionts in BPH are rich in spe-
cies. Among them, the primary fungal endosymbionts namely yeast-like symbiotes and two groups of
bacterial endosymbionts Wolbachia and Arsenophonus were focused at present. Traditional methods for
isolation and identification of BPH endosymbionts mainly include in vitro culture technique, cloning li-
brary construction and PCR-denaturing gradient gel electrophoresis. Recently, the depth of research on
BPH endosymbiont diversity was greatly expanded by the application of metagenomics and high-
throughput sequencing technologies. Endosymbionts are not only involved in host nutritional metabo-
lism and hence provide essential nutrients, such as amino acids, vitamins and sterols for host growth, de-
velopment and reproduction, but also mediate many physiological processes including virulence varia-
tion, insecticide resistance and pathogen defense. In view of the key roles that endosymbionts play in
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host growth, development and environmental adaptation, the endosymbiont-based biocontrol strategies

for BPH have drawn much attention in recent years and shown a promising prospect for application.

This review first gave a brief description of the main species and their biological characteristics of BPH

endosymbionts, and then summarized the techniques used for the isolation, identification and diversity

analysis of endosymbionts. Next, the biological functions of endosymbionts performed in BPH were

systematically reviewed. Finally, the application potentials of endosymbionts in the biocontrol of BPH

as well as the exsiting problems and future perspects were discussed.
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¥ K E\ Nilaparvata lugens 5 J& T3 H K&l
Bl BAT IR AT M R TR S AR e I KA
Ry FEF L 4 RECY R rEE R, HaefEKAE
R 3 A A b IO R B S AR, AN AR B K
FERVTL , 17 ELE B H 7 BRI 2 SRR R A 41, 3 1A
PRAS TR, BMGFR BB , 17 LA B AL HE BRR AR
o FTIIAT 28 4 S K R 2 , ™ B e KRR 4
A (B HFAE,2013) o A 3d i Z2 R4 64 R L
R T2 A BB TR 2 M AT REU 4 T AR —A~
AR AR ) (FRZL AR 4R, 2017) o

B R N B K A T ks AR TR 2 B
T Ak s rikds B (Ei) 2 5m &
JUT A W is 8l , 2 ARV BE v i ok 5E 4
& W) — 25 5 2 9 R (Crotti et al., 2012 ; Douglas,
2015;Masson & Lemaitre, 2020) . B HLpy3EA=Fia]
e FAEFREEO R RE SR, e E TR
Uk T 18 X IR RUE Y AR A Sl R
B HRAERE T , TS e 15 ERYAE K A E SR %
B SR A RN fe 928 B A 45 5 F2 (Su et al., 2013
Skidmore & Hansen, 2017; Blanton & Peterson,
2020) . [F]dgF Hy oy mURT A5 FL At 30 H P R —
FE A CEWR N IMEE R AR TR A TR I
[kt b 5 1E R R Z DB R T BRI AR 1 G
% (Noda & Omura, 1992; Tang et al., 2010; Fan et
al.,2015), 4Rk, 4 CEl S N E R AR R
WF 5ROk B A7 B E AL, JF 4 1 R P A R
o CEUAY “ DATRG BB A (FR5 (45,2016 ; Gong
etal.,2020) . i WIAAHE KE N LA TR BRI A
FZ RN, 73 B AN G N AR T DT H AR )
SEUIRE LI LARTR U PRSP FOCHEA T . AR
RSG5 CEUN A T R T S R, LS4
AN LA R R SR o B S R S AR
YeEDIReE TR I AR R EAE B 4 )
I VS BE FIAFAE () AT 2R A 94, LU 5%
iy RE S N A T ] AR AL DL RO Ak T3t

AR REFTIAEET AR S

1 B RERNEEENEEMRREEY

1.1 BYRRNEEER

5280 H R DL 2R Y e g A
AN, 40 CEVA R A B AR B, BB
I/ B (yeast-like symbiotes, YLS) , 2 #5 K &UA 4
e B 1 10 9 B B (Noda & Omura, 1992) (£1) .
Noda et al.(1995) & Y i B BHA /NI 18S rDNA
FED P e R GeB A R, R R AR TR SR
J& T FRER T TR R A2 A A H 4 R Hypo-
myces chrysospermus 5= SES R R . Bl 510t
FEBNAE SR LIS R AR P 515 B OFS
HoAtl, 56 Ffr 50 R AH W B PR 91 R4 T HEX , R IZ R TR
SR BB T PR 1258 R 9 A A TR H L (Suh
etal.,2001). P, A% ¥ Noda Hiroaki 7/ Kl
SRR TR B SE IR R SRR 258 IR
P4 3% T 17 Bk A Noda 18 . Fan et al. (2015) 38 52 /55 3
EIFH AR RS TZE 2R AP E R,
H2 2 1E A 44 N Entomomyces delphacidicola , It
BN ZIAA] o R4 (2006) il 12 VR U
L (B W & BB 5 B A T U Bl i
NSNS SHIY IS E N7 AT I E BN
EERKBIE, KE—MTE 10~15 pm Z 8], 58 3~
6 um, Wang XQ et al. (2021 ) 18 12t f R = 4 45
FOR A AR DK Yo HE 3 = G ah it 2 81,
B M BRA TR %) TR A B L, AR i 1
AR 22% . 52 (2013 )@ ik B HE ST &
PRSP B IR BB AR B A A B i AR i
el , HARAR CE R RS AR A D P HU s
W 4 CECPIG S HE R 2RI 0 s FOZR AR ME B
HpAR N B v T AR, LA R U
B BRI, T BT A 2 fe e W T B
TRPZ B B & B I T 23R k.
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KR A e CEVIMAA K E B SR
G A RG], 75 B TR AU %R AT
LI X3 A AR T B 1) S 3 R Hh R ) g 4k
s FE R U IR TERR R P9 R S et R R R
AN IR v, 22 IR B i S Y DS R A T R
TR O ST BT, S0 2 A A O R A0 ) i v 4
JH, e 30 A A P A 0 7 200 i - 381 58 B LA
[ I B i 4, B 2833 A B 41 B (Cheng & Hou,
2001 ; fafbkfEk, 2018) . AI UL, ZRPE AL AR FRITE HUA N
JEIE T EL AR I T S SRR s 4 R A T
TRIMERR M4 . Nan et al.(2016)WF5E & IR L5) &
PR D g S P PR IS P R e A e A D SRS 1Y b e
T 20 R 1T % 21y 280 5 40 1) o P v R
MIVEH

B T 2RI REAL AR A, H A AR s B ARG 57
G3FFRIC SCEERG e 1~ e ) 7 S B R FE A
TR P SRS I B T g A A [ R Sterigmatomy-
ces halophilus (FKFREE4,2009) | f# AR HB ECEE R Yar-
rowia lipolytica (3K FE 45 ,2007) AR 22 ¥+ Candi-
da sp. (Pang et al., 2012) | Z= 1 52 5 0% ¥ £ Pichia
guilliermondii . F3BREERE Cryptococcus sp. VA i %
ARG SR R R A A ), Hoh Zeth 52 BE iR

ARSI E O 2200 3 96 Z A HORBIHIE S A
o REUE AR T A E AR R T 2R R
4 (Dong et al., 2011; Hou et al., 2013) . &K
T, MR TR A B, XA R EUAR P A I A
PR AE P RE B A AR T SRR AT .
1.2 BXENEEAE

Ay RSk | B AT (1 75 il ) AR AR K
LAY . A (2010) @ A PG IR G K
A\l 18 N o 2 3 T R4S ST & Acinetobacter
ZERFT R ® Bacillus 4 W J& Chryseobacterium .
T 5 & Enterobacter KX C X J& Erwinia F1HFT
W J& Microbacterium TE N %) 6 J& 4l I8 ; Tang et al.
(2010)38 5 16S rDNA SCJE 7347 A BLE K LA P 5
J& TASIE ] JERERE ] I T RAUAT ] 44
I TE 18 R A= 4 . Zhang et al.(2019) 1 i 5 18
WFHARTERE CEWE AR 5 b I e 25k g T
1177105 J@ Y SL A 4078 , B & U b O A s i 2
AR T EERE TR [V FIZAS I TR 1], W AR 2 B 22 Ak
1199%., B, e CEUE 2R ME T iz
A B IR IR B 58 FRAK Wolbachia FIASHETR Arseno-
phonus PIZEA T (Bing et al.,2019) (1),

®1 B YENLEFETEMRR LEMFHYE

Table 1 The main taxa and their biological characteristics of Nilaparvata lugens endosymbionts

eIt GEN Hikasitiv i 77K 275 3k
Type Species Tissue Transmission mode Reference
WIVERTE  ERERIUAER B IR R GRS T E AL Noda & Omura, 1992; Cheng & Hou,

Yeast-like
endosymbiont symbiotes

Fungal Abdomen, fat body,

hemolymph, ovary

WALAEANR  IRORE S IOIR SR Wl &S g A
Bacterial Wolbachia JiE B L
endosymbiont Head, thorax, abdomen, fat
body, intestine, ovary
PN ) U SNIZEENTIE
Arsenophonus  Fat body, intestine, ovary

Vertical transmission

SN SR (5t

Vertical transmission,
horizontal transmission et al., 2013; ZEH 445 ,2017 Jiang et al.,

o F %1%

Vertical transmission

2001; 15 = , 2013 Hou, 2013; [% ¥ 7
4% 2006 Chen et al., 2006; fi] K 4% |
2018 He, 2018; Wang XQ et al., 2021

Hit 45,2000 Gan et al., 2000; Zhang
et al., 2010; Jit & 5,2013 Qu, 2013; Qu

2017

FIHE4E,2010 Wang et al., 2010; Qu et
al.,, 2013; % 5% 4% , 2014 Chen et al.,
2014; Vijayakumar et al., 2018; Zhang et
al., 2019; Guo et al., 2021

IRIR L v [ — 2812 AR T B AR I AR
RALAEANTE , REAT7E R0 5 T Z A 22 B 3 B AL 4
A AT 3 ¥ A RN A AR A SR T AEAS [R)AS
MR ) 5 47 7K A% 3 (CH % 5 45, 2000; Landmann,
2019) . R P38 175 T MBS SR RN AIOME A B
PEAC BRI I SEALE R 18 AR M B SRk
SR $(Bi & Wang,2020;Guo et al.,2020) . %
G FIZWHORUE ISR IR 5w AR ) V2 A7 T4 L

AN R R REAA PN, O N0 A 5 1 2 P YR AR
WM DL B R YA G O B 57,2013 2
45,2017) o JH B F 4R (2013) 3 53 52 A 2¢O E
PCR 5 A T F [ 22 4~ A [ s BLFP RS K B4
PITR IR B 5 FCAR (R RS AU, 45 SR BH 21 AR o
HOAT AN AR B A IR R 2 e AR B e, i — 25 XK R
EL 5 FOAR R A RS REVIMACR [R] & & B BERIANT]
ZH LR AR S IEAT RGN, 22 PHME B R e i P TR R B
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i PQAAR P 288 — P22 v T e R, e o R
PR JI L o DA 1 785 i 2 il 3 oy T S AR ol
HIRIR B 5 [OAARTE RS AR LU () o A 0 S &
RS W R TR R B v (A& s A ey, 7R
AFEA LI, B A IR R T 5 O AR B L Sk AR
HRAEREL = . Zhang et al.(2010) 18 13 2432 i 5 11k B
IR IR O e O AR T 3 2ok ) R 28 B9 3 A% 25 118, B
X o L O s R R A A A — 2R, Ju et al.
(2020) BFFEIESEIR /R T v FOAR L PRI 20 v 3 A S8 8 1Y
YRR RS ARVE R, nlal i S e b5
ek FORIE S REVEFERE ) . BREA T8 F4E
FE DI REST , ST BIFFE I e IR IR 7R T 5 FGAAR T L3R
b AR A A R M PR A 3 s T Rk ik
T A A 32 % bk o bl 25 Ak 22 A 245 i Be vk (v
2019;Cai et al.,2021).

ARMEE TN B BRI — 285 WAL A A T, 45
TREVA P Y R TR R T 2 A (2010) B SRR, T
Jei Ji 5 (2013) FLFH 168 rRNA 3 K 8 A 16 3 [
A [v) 1t S PR 4 R L ARG D ) R I P ) R, R
4R F A R R HORIROC R S5 EURHRUR EUR
B AR N B AR TR 5 H A3 Fi2 B2 R i R
FEAL T CENRI AT, & i R 1 I 3
i e, BAERE R EUR] A 5 IR R T R LR
FAESE P A, A — PP — M L&A 2 R Y
LRl BRI, SO IF 5% & 3R IK IR B v ERAAR I I TR
Al PR e A7 F IR — A M B R R R AN R s B
e v 2 b 3 2R 20 T Y SRR G AR A A — o 25 S
(Guo et al.,2021) . KT T 7~ H PR A FIA S
PRl AT 3 25 52 o) B2 e R 2 T A RS (Yun et all.,
2014;Liu et al.,2020) ., R, B F ik 2E 4 i)
AT eSS TP RE R AR A DG, 5ik
IR A A 38 5 X2 [R] |, 2% I B 7 T 3l s 32 B9
(AR BT A T B R s AL R 45 5 A (Qu et al., 2013
WRF45,2014) o HET, 80 55 2 AR m i iy HoR
X % e T 4 6 PR 2 5 1 1, 2B A IR 27 o BT
AR HC ] R4 R4k A 2K (Fan et al., 2016) . foHT
5T I, LR BRI A T4 K UG 5t L 7R B
B & Metarhizium flavoviride 12 YL (Y B T RE 11, I+
SR s XA AR R BT GRS, 2017
Pang et al.,2018) .

2 HERNEEFNIBEERSHME
DA
TRIRAR W5 3 AL 2

SEAE AR CEUN AR RN RS S5 A A 2 R
IR S i PR I s S R L DR R S P 0 N B
BT, SR T EUAR N ORI AR MEREA T AL, H
TSR R Y 2 s s g IR A M2 . S
HH IR 1% DNA e [ SC 2 13 AR 1S P 68 52 5 I Pl VK
(denatured gradient gel electrophoresis, DGGE) £ R
FEIETREE A ic SE R 51 | s DRI ik
T30, vl LURETFIRE Y20 B B R i A ZE T T R
HUA NI A T T RAT — s P SR kg
ARV BRE, BB AU T4 RN A Y
ZAEVE. AR B S T AR HOR I A R
LA R 56 T8 U PN e A Y 0 B 2
LAV TS 7 TR T RS TR KGR (£2) .
2.1 BIFEFEAR

A B B RS S R i 9 R N SR A TR AR )
PR ERAR B, X 518 FEAERR LU
R e T A A B BOR B B2
o CEUR N R ST SRS P A Y 25 S 3 30k LA
LA TR 5325 BRI IS TAEAR IRIXE , — BARHL
PRI K IR . Nasu et al. (1981) FI - # i A 55 5%
¥ DA T BRI 5 A e 8 S 2 Bk TR AR L (AU
W LW E AL AE T . Kagayama et al.
(1993) 7F_L iR FE g Je ity oot T s iR 32071k,
B AR R ELBR o3 25 21 7 BROE A W] Y LR T
Pk, 25 18S rDNA JT81] L XT3 A1 & 30 L 1 5 e iy
Saccharomyces cerevisiae W ES R RIT . Tk IR
45 (200752009 ) 5% FHIALAY B BR BT 575 AR KL
TR BS T 2 MR A B, 28 % 43 0l R i A HIS I
e B 0 0 5 A A T B, (H R 0k 6 A7 S0 IE
Pang et al. (2012) 5538 52 i 05 1A 53 B IR A 1 45 6 40
T AW E AR A CEUR A N 2 B3RS 1 R 22
235377 38
2.2 DNATEREXEHA

DNA 5 3 SCEH AR SE LUFE f BSR40 5 DNA
RS, P 5 1760 Gl A 0 2 i PR (I A 7 16S
rDNA FIECI ITS ) ##47 PCRY 1Y, IF- B4 T 4444k,
P HEAH B Y DNA 5 RS, fi i i s i P g SO
TR H AR BRI 81 5 A AR 7 51 Kt e it
A7 HORT , MR 7 SRR A X A AR Wit A T4 S5 N
YE . BT IZEORC N TS REUN AR A Y
ZRAE T, A4S (2011) 27518 AR s 57
15V K 168 rDNA SCHEIN Rk wtoe 1 CaEliE v
LA AN AR R B A A5 TR 2R B 3[R AN BT
Acinetobacter sp. FNEX LG Enwinia sp. 75 N 1)
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10 43Fh 402 . Tang et al. (2010) M2 T 3 S AS 6] #5
TREE AR N A A Y 16S rDNA U, A
S B T AR TR R B e AR BT G AT 58 Entero-
bacter asburiae 1§t [ 1B 5. Bl 7 Brevundimonas

diminuta 15 P ) 10 Fh A 05, I38 1 28 YR 4%
A AN HA 2 MR AT T LT, KB EA]E
TLSEA T ME R H 0 A= A A 2R b, i B B Bk O g
PN U BTN E A

R2 BERANLLEESIBEERSHESTRAR

Table 2 Techniques used for isolation, identification and diversity analysis of Nilaparvata lugens endosymbionts

HARAH FELA T PILA AR SRR
Technique Main advantage Main disadvantage Endosymbiont species Reference
B R RAESIRRE SR RRRCR MRS, RIRHE IR LE g SRR B B 22 R N3 Nasu et al., 1981;

Culturable HFER

in vitro Capable of obtaining B {AR 57
culturable strains
repeatability; most
be cultured in vitro
TERE SR TCHRARINETE MERG TAER R, AR =

Clone library V£ Heavy workload,
Culture-independent, high cost
high accuracy

KEBNILATRE I AP BROCICHE | 2E MO AT o R AT 38 55 ) /D Kagayama et al.,
REETE TP
Time consuming, poor Yarrowia lipolytica, Sterigmatomyces halophilus, 2007 Zhang et al.,
Candida sp., Acinetobacter sp., Enwinia sp.,
endosymbionts cannot Bacillus sp., Enterobacter sp., etc. and a few
unclassified species

RIRE TR AN A R FIRE L Tang et al., 2010;
EFFIR AP AR R S 2 B 2 & 55, 2011

Wolbachia, Acinetobacter sp., Ochrobaclrumsp., Lietal., 2011

1993; 5k ¥R 8¢ 45,

2007; & o,
2010 Li, 2010;
Pang et al., 2012

Herbaspirillum sp., Leucobater sp., Enterobacter

sp., Brevundimonas sp., etc. and numerous other
bacterial endosymbionts

PCR-ZZMEAH

JEBERCHIK e, R AR

PCR-denatured Culture-independent, Complicated operation, Yeast-like symbiotes, Pichia guilliermondii,
Cryptococcus sp., Debaryomyces hansenii, 2015

Wolbachia, etc. and serveral unclassified species

HREERR LA Wbk H &S I HEE IR Vijayakumar et al.,
IR S FR A AR METR B2 T VD IR SR ) 2018; Zhang et al.,
KA ARYEERD

Yeast-like symbiotes, Saccharomycetales sp.,
Penicillium sp., Wallemia sp., Wolbachia,

gradient gel
electrophoresis repeatability
FIHAE  THRINGSE B AR
Metagenomics 15 , o Il 3 FEpR High cost
Culture-independent,
high throughput,
high-speed detection

high accuracy, good low resolution

Arenophonus, Pantoea ananatis, Serratia sp.,

TCTFRINEFE e IR 2R, R BRI E B SR e R R | R BkEER: . Dong et al., 2011;
FEME R BERE VKR B e FOARAE B—BE R MEFP Hou et al., 2013;

Xu et al, 2014,

2018; K A%,
2019 Wang et al.,
2019; Zhang et al.,
2019; Wang ZL et

etc. and a large number of unclassified species al., 2020; 2021;

Shentu et al., 2020

2.3 PCR-DGGE A&

PCR-DGGE # A& 2% PCR 1 DGGE #; A A1 4%
B —Fh DNA ZPERINE A , BB /3 HEK FE AR TR]
17 FAS ] (0] DU — 5625 5 ) 1) DNA R B .
A AR 0 LA [ 3 DNA R PR H: 9 3 A% 1 1R 1)
HEZIGE ) AN [ 17 LA AN ) P9 A B T, 3o foff HL e
AN P A 2 P ) (PR 2R s Y ke ) 1) 3R R s P
RGeS v ) iR AT SR AN ] 2 T 3550l Pl o R ok
W25 B A E R b S 25 S v 1 R 3
WH ARSI 72 T SRR R EREERE S T
YRR 2R 0T, I T T R R
A A YRR L 853 HT . Hou et al.(2013) i@ 1
18S rDNA 1 5.8S-1TS J¥ 51 Il % 2% & DGGE % RilE
BT 48 CEUR A 2SI B A T 2l 52 B AR
REFMB 22 B A5 B S — S AN BB 77 10 oAl
B R EE T CEIL A BRI 2Rk

Xu et al.(2014;2015) R HIZE AT T A E & B
Bt SR FEAIE LA SOAS [R) 8003 AP AR Iy
A AR TR 1) 2R A5 R 1~5 W 25 Uk Y
LA G GRS 1) 2R 22 5 B 3 (R 5 1 iy
AR PR TEZE A ELA A AR L . BRI RN 7 2
IKFE SRR R M G EUA P S A R R S5 R Y
B, AR KRR SRR A T BRI
LA AR 2500 5 U UK RS S A 48 U
WEZ RIAAAE 5 2 57 (Xu et al.,2015) .
24 BEEFEASHEAR

T TR A 2 A 35 v 4 A st A ) T 1
LA AT SR AT B TR A Y R B 4 . R
SEPR AT A2 ARE S v i A A R R 4 R tF
FEXTGE , LA 20 M T BEF 9T BORE T 60 55 il 4
T P ) i A B S LR D RE o IR AT LA sk
T W o B R R A R, REAE R R oy
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i S E R R 2 S, O T
SRE BN A RUED M 2R . &R,
PN A2 2 T ] 2 R 2L P R 2 %o 4 R AN []
B DI AN [RPE B FIAS [R) 2 2R ERA 14 9 S AE B RS
AT T IR AT (Zhang et al., 2019; Wang et
al.,2020) , JF3FAL T 22 B 4T 4 (Shentu et al., 2020) |
Hb HEOR R (Zhang et al., 2018) 7K F5 & #f (Wang ZL
etal.,2021) UL K A& 255174 (Vijayakumar et al.,2018)
SR Z N REN LA W2 . R H
45(2019) R F Hlumina Miseq I J3 4 A 38 125 46 0 20
P 16S rRNA FIELF ITS 791 R G747 1 #8 CEUR
Hfi7 T8 PN A TR R I A 1 RIS 2 R VR 4 A 2
B, HERER T 7T TR 3 AT AR
FNFRETE ] 53 0 2 i 18 40 T AN LR AR 3R ], 3R
Wit CEUIE AR R 20 A BRI HIAH
[R5 s AT 148 REUK IR & & Bk iy A
T AN A LR RV S A A A, e IS TR EL
AR T RS2 VR S A Bt 1 32 1 2 7 D 40
F0P 30 1 A8 4k (Wang et al., 2020) . Wang ZL et al.
(2021) EE T2 HE AR I T A FBCHEER S
TREIAIE AN B 2 REVE , 45 Rl CEPTE AP RE
Y T 20 T 1)~ B e T VBB, Xl
GERAUEN I BT A R LARERA U7 Rl
B R AR T 5 U E B 5 B o i8R
iy REVS AR A W D R R LRI A 2 T )
2F A

3 B CRREERERNEYFIEE

AR 51 BRI PR L R IR R T
HEH R AEARFF KRR . A58 BN, A A
ey RV K & B MR EEIE I o B vh & 5 3 TR
H, 251 3098 35108 (Wan et al., 2014; Fan et
al.,2015) FUFEMEARF (Li et al., 2004 ; [455,2013) |
fi B A0 (25300, 20205 Cai et al., 2021) M2k 4
BB (RS, 2017) S5 i 2 A HA A R (R 3) .
3.1 B5BENEFRSGITE

o R E LA IBOK FE ) B B £, K R )
B T P B SR AN A AN JE DA A R
AR AR SBITR SRR . AR
B 2 H R A R EUR A
HARW & B KA, UIZER A B EH S 57
5 (Blow et al.,2020) , 5 QEUA PN S EREILA:
PR IR R B2 v EQ A RN R A BT B BT A i R 4R ALy
BZ BRI, G LT LR | S A A R A

(Wan et al., 2014; Fan et al., 2016; Ju et al., 2020) .
R AE(2001) K BGR (2D) A B A48 R EUBCE Bk
ik 42 i R0 2 T N T AR E LA SR Ak, S R S
B RB M. T E#EAE(2005) & AT A 5L R
X (/D) A S R EAE R A I I R R TR
SR , H O E LR 0 e/ X 4 R P A T Y
B A — BRI 2 e R A TR 25 %)
iy RE Z TR SR TAME: . Xue et al.(2014) X}
IS AR N 2R R A B S B R T T
WA B R ZH K FIOE T F R e, 4 3L R 41 7
B 43 M4t SRR WG KL [ B 3 DR 2 e A YRR IR
RN IR A R 5 10 FPodb 75 S IR 1Y A B AL
ARSI A P R DR 2 rp g T R 2 3 1 e R )
GRE . 1 S e k = A R EERRE T, 28
P g S A B T DA R EVER L FS B A A
0,25 P450 JE DR 15 15 C-22 =4 Fng L4, mf LA 7
A 2 o T A ) ) TR TR 4, 4K EL AT R %
Hh ] e Pk — 25 B LB, T o8 50 8 1 I e
4% (Noda & Koizumi,2003) . JHAh, 2 ip Aty
BRSP4 AT DL G i Q3 PR A Hh B2 9 G 43 IR
PR , AT A A 2 AR R 52— PR IR R A iR
#y REVAE K & F 12075 P it (Sasaki et al., 1996;
Hongoh & Ishikawa, 1997) . #& & ml P4 24 4 7 U
AT ABRAN IR LA BRI CETE LR R AR
AR L ARG, AnTR IR B v IR BEAE = A= 4k A= B2
FIB7, 1 A 1 P 5L R 4 b R & 45 4642 2 B2 BT I
PP 45 B 4 A= 32 5 L K 7% (Fan et al., 2016; Ju et
al.,2020).
32 SEBENBEUTRITE

B A U KRS SR M TR A A CEU
— RIS . SR, 48 CEVECE R e 5 e
AR AT R B SR AR R 4 . 4 R EECE
PRSP K AR B Ml CEST IR R T Wi T
KA RPER . AR, WA TR 54 CEn Rk
FEAR S % U AH G (5 iP5t %5, 2001a; Li et al.,
2004 ; IS5, 2013) o B R EE4E(20010) F1 Xu et
al.(2015) W5 T A [RIECE v CEURIRE P AR TR AL
S B AR A KIS BT UK AR SR _E AR
B A K AT MBI G A B, 45 8%
AHAE QLN A AR 1728 f B R X S R R 114 R A
FIFRE &R 2 A REESCE A R EE R . &
= (2013) FI I SE I 5 ) 2 B PCR ARG T 2 17
RESEAR B 2ol 52 BE R B R R 22 e B): 3 Fb py AR
FLIRAEME WS W K AFAS [P A B i 228 AR




280

LR/ T

50%

B, BB PUH KRS fE G 3 A A B
Ho 38 SRR B R I A B b R AR R A
2404 R, T E 5 3048 REUH AR B B T
Ui A1, Chen et al. (2011) ffF 78 & Pk (2 ) A= T
14 R EE U BT EK e i Flr ASD7 FITIR26 Ji5 L FHe
W AR AR B AR R SRR 7 B ) I I T IR R
F A AR M L Y B s R A B
ANREA LI TG IR B IR T, LR Py e B
AR T 2 BB RN i — FhAME A ALE . Yu
et al.(2014) 15 T B KRS T S Fp 9 4E €l
NE MRS 2, ke B i 54 KB ECHE AR A G
(A R OC L IR, 4G SRR 12 AR TR Jim JS i f 3

RIEN . PRT(2013) IR AR MER RERS M5 KA
XFHUHE KA L AN Mudgo FUECHFRE ST, FERIAAA
B 20 ME TR A0 48 T U B R PR BT PR K A G A Mudgo
LR R N BT, B TR T
W25 53R T, B K REHt SRS AP A4 R EL L0 %
FHE 0 0 1 200 T s 2540 5 EE (BRI A7 A 5 22
5 (Ojha & Zhang,2019; Wang ZL et al.,2021) . %
AT DATEAR 2 A9 s 1] A It 1 e v KA S A O I8
FCHT R BCE PR RE , B LUBEAS ok A R EUAS S i
R AR 5 A BT AR, DR 2 2 A I A AR
P AT REA RS R PR R AR AR S B 4K
KT AT R PR AR R B R R

AETRIR) 317 AN RIS TR IR IR B v ERAAR ) 22 A AH

R3 B CENLEFENEYFINEE

A AHSCHI ST iR ff

JIE

Table 3 The biological functions of Nilaparvata lugens endosymbionts

A P A BT e 275 3CHk
Physiological process Endosymbiont Function Reference
HIRA KR PR PLA T AR #3845 ,2001 Fu et al., 2001; T [Fi##%5,
Nutritional Yeast-like symbiotes Providing essential amino acids 2005 Wang et al., 2005; Wan et al., 2014;
metabolism Xue et al., 2014; Fan et al., 2015
iRl A PR [E it Noda & Koizumi, 2003
Yeast-like symbiotes  Providing steroids
RIR 5 A FefiteE 3 B2 FiB7 Juetal., 2020
Wolbachia Providing vitamin B2 and B7
AR e ftdiA: % B2 .B7 HIPP Fan et al., 2016
Arsenophonus Providing vitamin B2, B7 and PP
A B Z 5 R KA Sasaki et al., 1996; Hongoh & Ishikawa,
Yeast-like symbiotes Involved in nitrogen cycling 1997
BEMEE S HWEREILA: T HEFEMAEFAR H BT A%, 2001a, b Lii et al., 2001a, b;

Virulence variation

Yeast-like symbiotes

Related to virulence variation

IS SETNANEN SECENAR AR

Wolbachia Related to virulence variation

AHETR HEFEMAE R

Arsenophonus Related to virulence variation
fifp A Qg RIRE TR Fi i XA OB A BT
Detoxification Wolbachia Enhanced host resistance to imidacloprid
metabolism AMER Sy RO AL NEOE R e

Arsenophonus Enhanced host resistance to imidacloprid

fift Hi HIS e B 57 R HOR A BT A O

Yarrowia lipolytica  Related to host resistance to imidacloprid
o R 7 4 el A T Z: 515 1 5o A i B AR

Pathogen defense

Yeast-like symbiotes

AT
Arsenophonus

Involved in the interactions between host
and Metarhizium flavoviride

P i X AR R R R UL A B I AE

Lii et al., 2004; JA] i 1] 55 , 2013 Jing et
al., 2013; f%& 2, 2013 Hou, 2013; Chen
etal., 2011

Yuetal., 2014

[%:7%,2013 Chen, 2013

FE ¥, 2019 Tang, 2019;25 303 , 2020
Li, 2020; Cai et al., 2021

Pang et al., 2018

24 201052011
Lietal., 2010; 2011

TKFEEE, 2019
Zhang, 2019

YA, 2017

Enhanced host resistance to Metarhizium Zhu etal., 2017

flavoviride

33 2E5ETMHBEREERE

AT, il S R AR PR A B

B, (E R Bt 2% R AR R i S B 1 ™

(93RRI, BT 251 PR ARICRIAC 25 5% B, ™ B Bl
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s N AN A SR . AR T 29 R
TREUN AR PR A A A ORI A A B R v R
HEEEHER,2019; 22300, 2020; Cai et al.,
2021) . ZEBE4E (201052011 )38 3 L HcH 6 o obk
FRURR S 2R P A 2R 9 AR TR Y 3 P T )
& AR GG I HROR™ A e L A B R TR
RN 22 D e AU A BEG PE H o  EAE G . 2K |
FH e b 38 4 R VR4 A P 1% e S g
PR A BB B S AU T X R 0 S R S A B
i W EPT 2 M T R A AR (IR AL A A,
2000) . Vijayakumar et al.(2018) FL# 434 T # KL
FE [ e o B R 2 P B ) B i AR R, R R
PriERH AR E NI E R RS R ES T
FRURRAR A, TR0 B R B A B P e B SR RE B 1
F2 B 46.06% , FEFT TR AN AR TE AT 1 10 3= BE 40 )k
30.08% Fi115.49%, Ifii 25 N EBURAIIE AR TE TR 1] o 48
X3, FREIAF T 99.86%. Zhang et al.(2018) F
F PICRUSt % J PR 2H B AR 4 "R AN [\ Ao oy 2
Az A1 2 A R R R AT T 3 A, 5 2R d s A [
TR (i) P A AT A i e A QI R R R e R 25 5
MR CEUN AR I S S B g R
. Cai et al. (2021) i F 7R KB, IRIR EL w6
AT 3 5 R A5 TR T P40 B AL 2R 1 2 A T 5
T FE 0 0tk BBk A A, o, NICYP4CE L 248 K AL
A P e 7 I RO B3 1) — A B BRI IR, LR
TR AZ I R S S 5 T A DU PR R T BRAE R L
PRPIIR R B3 [ e 3R S0 o Bk 55 . A3
WIMEIESE 548 REBT 251 B A OC . Pang et al.
(2018) At W ELH %55 2] S U FITN 78 2 Ff AR 7] A 4
TP T, 206 S 760 R M 1 e RV P
AN U R R T S 2 AR i S b Rk e
3.4 BE5BEIHEERWHIBEHITE

L B IR A ) A i R B T O R AT
DL SR Gy (i 5 = B 2 M A5G 22 A A
ARG e A, Ho ) R AU R
T2 B o R A A RE R A T B A A 2 K
A, SRR SRS BB A T B R OR N Y T
(Tang et al.,2019;Peng et al.,2020) , #RTfi, B HUW
JREC R4S KAV BUR R ) 21 2 R R i, dh
PR AT AF F2 I R AR R 45 I KRR I FR
il T A B R AT 2 B R AL N . Sl
TFF9 % B J L TR B R AR YR 548 a3
AR AVEREUIARDE . WAHOUEE (2017)WF58 & 3R
o G\ PN A 2 DR R AT B I 2 e T SRR B

SAR R YRR TT , HaAx A S E F 32 IR 1) 250
M, A=W e IR0 W, B S e A X KL R
T AR A A= 8 B S A A U P i G o
2SI Ie 45 SR o, A TR T BB I 5 A
R IL PBR EEL A ) R TR R A X B R AR A
L ARE 11 (A ,2017) . eAb, 3KFR4% (2019)
FERFIE A CES 0 D B R AR R v A B, Ak
MRS CEUS B R 3UE EIARN IR R, M
TRV PRI A I A SR 2R B R LA B DA
5, B AR AT BEAE G EUAE FR AR [ A B R e
FEAEE TN 25 18] 58 4 10 S SO B 304 R 250 ok
A B BARHLE G SF AR S — 2B TRAGE .

4 AHEEREES CEPLERRIRN FHERE

Tt P AR 2R B KR pOvE S A S TR A
ey RERY 2 M SN SR, 4 R AT 24 1R Y fel
FEANECHE P A PR e E R ARG R BTG
RHOR . WA B AR Ba v — R B R,
TEty CEVER K B0 B i N R b R A
FEAE AR T N SR B s TR LA
TR TS AT RS AW, AR AR
EATE SR

BET A TR Y LB U B4R g 322 LA
T3 ERAR (1), 55 1 R 2l 1 v n N
A TR A IR 790 B AR 7 A B e A
Oy, BET AR FRAE ST B2 M
Jeid i H AR N T gy i e £
AT O AR EBEAT RN AL E I R AR AU L &
FUR AR A A S BRBE | 35 3 R0 T ) SR R
H . 553 Rk i i i L TR T Bos LA I
PEAT ML B0 L I LAHAE g v ) 284K S0 [
TR F AR R, Rk EI0 ] E E AL
i A B A B AR RCR . T 2 F LLBR R
H7 AR H AT C 7R E Ry 0 RS A B
HE. 1 Shentu et al. (2016 ) 38 iz 44 4% B 5] 5 4% HU)
BCATL et QL , 4 SRR W25 1 PTAR R b AR
LA AR TR RS L DT I 35 4 v 2% R0 R
AR P30 . Gong et al. (2020 ) i 15 4 Jifs o A
S5 77 RS S R P AR A SR T TR 2R 2 3 LA
B Bk (K RE\ Laodelphax striatellus wStri 1K /K [ 50
[OIRRR R ) N T e 24 REBP N, D ge sy 1 af
100% &2 et A4 14 L wStri 75 e il 2, 1% R AE
AN RERR G EIES RN D0 T Al 5 e e A 40
FLBTASEAN, AT H SR T, HLAE 2% Pk
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A7 5% 45 9% B (rice ragged stunt virus, RRSV) i) f%
o 53R LIRS B H TR e S R
FAGEG R UEE . 1 Wang et al. (2012;2017) ¥ 5F F%
IRHUIE RN 53 1Y i 18 e A 20 1 VD B [T Serratia
AS1 RS AZ B4 Pantoea agglomerans 51 AT )
Ji , FERRAELEAE AR B R S A i SR IO
Y D S, AT A 380 38 AT S e A2 408 9 9 1) BE A S8
BT SRR TN T, T 53 Al 3w iy By 45
5%, 4 Whitten et al. (2016 )44 PG {£ 8] & Franklini-
ella occidentalis WA= 2 TR DR SC G P ot i
AR T Bk v il S RNA (double-stranded RNA,

T BRI R LA B

Disruption or deletion of endosymbiont

dsRNA) Y38 18 4, 223805 A0 I #) DRCSC [ R )
FE SN dsRNA R R A I B 25 #0051 3, I i ad
dSRINA 41 53 9 45 5 P v 280410 ] 268 R 2 ks e A (D
RNA 410 K A6 B5i 2R, H AT 3 Al
PR 3 R LATRNG B i A b A7 4 CE B W FE 4
1o T R A R 2 P A A E (A5 1 i 2
A AL DA 4 2 T B 18 A2 9 7 i 3500 T T4 R L
B £ RNA THUAIAREE ARG YISE al 47 o AL, R
KA W FE o RS AL AR TR RNA 48 2 g7
SR BP0 i R4 R EW B F8T
HR,

B -
N7 BRREASAER
Transfection of heterologous endosymbiont

PEARFH AR R 2R

Reduce host population size

BAABUE AR

Genetic modification of endosymbiont

o —

or vector incompetence

A B > R i sl B e A TR s B BRI G B IS (50 B B R A A A KB S — R 2R e C
T s AR AR N AR R 20 RFR AR MG S AL A . The cross symbol indicates disruption or dele-

tion of a specific endosymbiont in Fig. A; the insects with dark and orange outline represent Nilaparvata lugens and a

second insect species, respectively, in Fig. B; the blue dot represents a specific endosymbiont, with red dot as a geneti-

cally modified endosymbiont in Fig. C.

Bl #8CE A A BB R

Fig. 1 Strategies for the biocontrol of Nilaparvata lugens based on the manipulation of endosymbionts
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SNSRI IR ARG H” e AR A AR .
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I EXFOE MPENLHIATERE . B HATE W
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LSRRI R Z AU AR BB SR 1, T LR A
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