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Research progress in the immunity of insects and the immune mechanisms of
five important invasive insects

Zeng Lingyu Li Zhihong Liu Lijun’
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Abstract: China has a wide variety of harmful invasive insects, which has attracted great attention in
the field of plant quarantine and invasion biology. Insect immunity, which plays an important role in in-
vasive insects’ introduction, colonization and damaging, refers to the reaction mechanism how insects
recognize self or non-self components and prevent pathogens from entering their body systems to main-
tain their own health and prolong their lives. Based on the immune mechanisms of Drosophila melano-
gaster, this article summarized the research progress in immune mechanisms of five representative inva-
sive insects, Rhynchophorus ferrugineus (Oliver), Bemisia tabaci (Gennadius), Apis mellifera lingustica
Spinola, Ceroplastes japonicus Green and Lymantria dispar (L.), and the future research emphasis of in-
vasive insects’ immune mechanisms was also proposed: doing more research on other invasive insects,
secondly, focusing more on molecular mechanisms rather than discovery of new immunity phenomena.
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VRS S NS 7T i o Gl <O B g 1 7 ol o
Pk e 2R AR AW IR AR (WINE ,2012)
FER I R T, B O HRAR A A5 R 1
T Fe S ABLE N RE T, A T Rk KR e
R85, RAFIHS AR g =000 /2
“SOTRAY, R ECHER AR A E W, I ERE A
B Rl (TR IR S, 2009) , 7 B U IR EEIE WM, LA
FARRBAEAN EHMEE SRR A S BT
YER . B, APk AR B HL R G2 N 2B AL ST, AN
I B FIRA T AR B AL A2 B, 8 6E BT
FEIE R 2410 1 A B R AR e e ML 4 L BB K
P, RIS A I oo B AL B 1 e B AR R
KT AR R RO R TR B 25 e LAl

1 EHREEIHIFRIVIR

AN T E Ay, B A e R G0 I gk
YA G BRI ROE R AMA R S, = R T
JR-BUiR I N, REMKEE I3l 5 BE Gl e 1 4 B
RIR I Z GRS AN S5 B AR (T IR I 55
2009; Bonnay et al.,2013) . 7EFET M58 & HHMAEY
B e A b, SR B AT LA E e S S 80 )
Fy= A B FORIMUR S KON, T R RO A I
HIHEHTAEF (Bonnay et al.,2013) ; ZEHCEE RIR 08 2
SR e AR, B A A oy U B 1 (pattern
recognition protein/receptor, PRP) A] LLH S| e i
Y, IS R R L1 (pathogen-asso-

ciated molecular pattern, PAMP)%% 4 (Hughes,2012),
T B R R4 5 2 2 I A 11 Tl S A ) ) AH DG 1Y
PRI , B 27 HE T R IR S G B B0 43R R B
RICHN T ) (BRI ,2012) o ASSCRERT R HL A
PEPU] R IR Taie Ko i 1 H e i HAAR R AE AL A 71
4 A, I LA R R IE SR8 Drosophila melano-
gaster |, N-ALLFHLUHIEGHEFEERE
1.1 BH%RRNIZBIYH

& oA N B R 2 1 40 A TR D A L gk
CEL 40 2R T, S 2 A ok 8, AT AU 4 e 4
BERTRE 2208 ISR SR A L ML T Y -1, 34
SO Sz 0 A M A A AR AR 45 (Jiang et
al.,2010) . A[a] B v s LU0 3 1 0 20 A 454
FVE AL A7 22 5, AN [R) B Ha A N 1 [] — i
AP FE IO, s AT REA R . an4 2 4851 IF
FERE T AR A GR BIE A 10F 4 B-1,
3-8 BB 8 (B-1, 3-glucan recognition pro-
tein, SGRP) Bl 4 >4 [T [ 1441 i 45 A 25 11 (gram-neg-
ative bacteria binding protein, GNBP) . [l [fil 41 it 5 £
% (hemolin) IR WEIR I 25 11 (peptidoglycan recog-
nition protein, PGRP) ,C FIEE4E 2 (C-type lectin) \2f
FLBHEESE &K (galectin) K AL H (integrin) 55
1 ZZ 1% i 51 Apolipophorin IIT (ApoLp-III) | ¥ i Rk
%K (scavenger receptor, SCR) M £F- 4 5 (1 J5AH G2
[ (fibrinogen-related protein, FREP) , H:2% 14 3af F1 1)
REUNZR 1 7R,

F1 BR10FENIANE SR ERE R I

Table 1 The protein domains and functions of ten kinds of PRPs in insects

S N .
fiiﬁ%ﬁ]ﬁ?l SRR g 27 3CHR
Pattern recognition . . .
. Protein domain Function Reference
protein/receptor
B-1.3FREE 1 AR A RS A X L HGIIFAE 5 B-1, 3 5 Ochiai & Ashida,

PUIEH
p-1,3-glucan at the amino terminal
recognition 2. BRIEA A — BT B-1,3-

protein (SGRP) i SR Y X 35k

2. A region similar to f-1,3-gluca-
nase at the carboxy terminal

Ft [RBAVEANE 1. ZHR A HER S S IX
ZiaEA
Gram-negative
bacteria binding

protein (GNBP)

at the amino terminal

2. RIEA AT —BEE LT p-1,3-
R4 X

2. Aregion similar to f-1,3-gluca-
nase at the carboxy terminal

1 YU 2= [RBAVE T AR 2

1. A glucan binding domain (GBD) 1. Recognizing lipopolysaccharides (LPS) in G~
2. B UTRRAY 7 A

2. Induction of antimicrobial peptide (AMP)

1. A glucan binding domain (GBD) 1. Recognizing and binding -1, 3-glucanase 1988;
2. W Wy R A R S

2. Activation of phenoloxidase (PO)
cascade system

Ma & Kanost,2000;
Fabrick et al.,2004;
Jiang et al.,2004;
FKRHIIAE, 2012
Zhang et al., 2012
Kim et al.,2000;
RIS, 2012
Zhang et al., 2012

IMMAAERER B4 REE R A5 B2 AL O 82 3117 N o el [ O R WEEEMG AN S/ NEE
Hemolin Composed of four immunoglobulin 1. Increasing the binding between blood lymph- 2008
domains ocytes Yao & Wu,2008;
2. G 2 QPRI R 40 TKHIWIAE, 2012

2. Binding G" and G

Zhang et al., 2012
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Pattern recognition . . .

. Protein domain Function Reference

protein/receptor

FRESHEUUINEE 1 ARG & A T S0 ITRIEE 1 TS Toll 5 5582 Al Imd {5 5% 4% Basbous et al.,
Peptidoglycan g Tt [v) 58 P X s 1. Activation of the Toll (Toll receptor) signaling 2011; Kaneko &
recognition A region homologous to bacterial pathway and the Immune deficiency (Imd) Silverman, 2005;

protein (PGRP)

CHUBEHER
C-type lectin

Galectin

IR

Integrin

BRHEH
KGR
Apolipophorin III
ApoLp-III

THIE R 2K
Scavenger
receptor (SCR)

LY HEAH
KiEH
Fibrinogen-related
protein (FREP)

type Il amidase at the carboxy
terminal

B 1A EC2 AR S5
One or two carbohydrate
recognition domain (CRD)

FA 1A 2R R
One or two carbohydrate
recognition domain (CRD)

L&A 1A 54 sk B
SEE MR T )2 X

1. A lipid bilayer region that can
bind extracellular matrix proteins
2. 1A S LBl FAHE 9
X3

2. A tail domain that can bind actins

4 Apolipophorin-T FI-IT (1) AL
Eileai |

Necessary structure in ApoLp-I
and ApoLp-II

DR MR A R

Cysteine-rich domain

1. BRI A 1B 2 A g ak
T B R RESH,

1. One or two domains of Immuno-
globin super-family (IgSF) at the
amino terminal

2. FRILA G 5 A LT A B R

2. Fibrinogen at the carboxy terminal

signaling pathway

2. B FHURRA ™ A (R R0 )

2. Induction of antimicrobial peptide (AMP)
(Drosophila melanogaster)

3. fEHEAR WA ] RIS )

3. Increasing phagocytosic activity (D. melanogaster)
4. Y By SR A L A AR S U R )

4. Activation of prophenoloxidase (PPO) and incre-
ase the abilities of melanization (Manduca sexta)

1. S5 NI BEE IR

1. Binding lipopolysaccharides (LPS) or teichoic acid
2. SR YrBEE

2. Agglutination of microbial

3. P I A

3. Activation of prophenoloxidase (PPO)

4. S AR A RIRAL ROV (C RIBEE R 2)
4. Increasing the abilities of encapsulation and mela-
nization of blood lymphocytes (IML-2)

L GRS - U

1. Recognizing and binding f-galactosin

2. AT AR AT AR Tl

2. Modulating cell survival and cell activation

1L P G A R A AR M BT R
FIRG R H 2R - KA IR =T bue

1. Recognizing and binding RG ( Arginine-Glycine-
Aspartic acid) of specific receptors of cell surface,
extracellular matrix or soluble proteins

2. AT WA (e S i)

2. Increasing phagocytosic activity (Ceratitis capitata)
3. (e A A T CH B R )

3. Increasing the abilities of encapsulation (M. sexta)
1. ApoLp-I . ApoLp-I1. ApoLp-I1T#BJE T A HE K
i B BAT s R B g

1. ApoLp-I, ApoLp-II,and ApoLp-III all belong to
apolipoprotein family and have the function of trans-
porting lipids

2. FUA ApoLp-TT7E B ML G e b A 4 T CRARAL
HIATHLE)

2. Only ApoLp-III plays a role in insect immunity
(the specific mechanism is unclear)

1. 255 IR 2 W EUIR B EE 1R

1. Binding lipopolysaccharides (LPS) or teichoic acid
2. U I B A A 4

2.Recognizing and removing pathogens and apoptotic
cells

1. HE LS & N-C.-D- W R N- 2. F-D-
LR

1. Specific binding to N-acetyl-D-glucosamine and
N-acetyl-D-galactosamine

2. PTG SN

2. Activation of immune response

Sumathipala &
Jiang,2010

TREHEHSE 2012
Zhang et al.,2012;
TR, 2009
Ning et al.,2009;
Yu & Kanost, 2004

Rabinovich &
Gruppi, 2005

RIS, 2012
Zhang et al.,2012;
BEFEZE,2010

Xue et al.,2010;
Lamprou et al.,
2007; Zhuang et
al.,2007

Hoffmann et al.,
1999; HHHHAAE,
2012 Zhang et al.,
2012

AP AAE, 2016
Zhao et al.,2016

XIZEAE, 2011
Liuetal.,2011
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H I, 2R A B e H rp kB, AR
W 3¢ E H % Hyphantria cunea (Drury) (Shin et
al., 1998) 4% 7 %k (Lee et al.,2002) ; C AIgEE FE
PAIESAEALR B H S 8k AR DA i SNl
RN (B H B U C RIS R A5 5 HE
HE AR, &4 2 BRI 5L, e H Rl
HEA VBRI G5HE 58 (7 %2 92 55, 2009 ; 7K 1 1]
85,2012) 0 ARSI A KR SERRE H  BIRE N
F I T1 Apolipophorin T K i 37 A% 3 Fpibi =X
PUINEF B D  H e 7R 7RSS A 4l 2R
YERILH AR5 1 A B R G . AR
ol A TR A ey R L R R T 2205 AL S B R sl AL
22 R e UL i 45 B R ) T e gk — 20
WRE R,

1.2 BHXARREENE

B HU 8 AR A i 5 oy 6, 4% 240 i A 2 R R
PE o A Gy S R Pl IR L 20 AR S e B B
SN 3 PRI By 3 2 AR DGR 1 40 R R SR
7 B RN 3 2 5 58 U S SO (o BH B 45
2012), —H BAFEZE S (HAREOCHE AR AR, 3t
[F] 572 OO AP A B PR 2R A 4K
121 R k@etiz

2 0 B g2 BRI T AR A5 A TR A
VEIAE (GRIII4E,2012) o Horbr A mgedE T2 th 54
L5 1S 355 o AARE o D ) R 20 B O T SR A ) o R
(Williams, 2007 ) s SR 454 FH AN AL S TR ph I ik 12
20 AR A AR I ) R T 2 SR AR T L 7 IR G5
i I e o A vh == EOMTAE , Rk R AL A B AR Y
AR & R T K (Nappi & Ottaviani, 2000) , [ H
VRN A WA AT BEAFTEAS 6] 04 430 5 ML , i
AR B S A () b 28 i D ) A A W 3R AN [
(Levashina et al., 2001 ; Hernandez - Martinez et al.,
2002; Lamprou et al., 2007) . S &45¢F H a2 /EH
H, RS R TR OO T 20 I R N S R L 1%
PR LI A MR AL -2 55 (Lavine &
Strand, 2002) o {ELPA & R fAC PAY I 9 B2 i 4% TR AL | I
P L LA AT 25 PR 2R R, i xof B M 4 ff e i
A ML I i
1.22 R RKRLRE

L O AR S 2 A A B 45 SO L SR AK SO | Toll
A CH LRI ER 2 22 ER B PR B B0 ) A Imd 2%
e CHr =2 [ORAMETRSOS ) o 2 SRSy iR 1 43
TR A B AEONE 43 2 R R AR B A il 48
A= (SRWTHIAE,2012)

TEBESS U o 52 T AR Z2 M A -1, 37
R RE G 51 R T —RINLERE
P BRSSO, e 2 B T T S R AT , ST AR L 1)
%t 45 (Muta & Iwanaga, 1996; Iwanaga et al., 1998) ,
AU 5 EELS VA AU Z AL S FERIRERE I -1,
3-SR A 1 N 22 Z R AR R A R0 S, T e
21y A Ak T B P0G (An et al., 2009; Jiang et al.,
2010) JEMRER  TERVEIE FE Y AR A0 1D A
G KO L 5 AL 4 i i B o /R (Lavine &
Strand,2001;2003 ; Mavrouli et al.,2005) .

Toll &A% Imd IRALHR SRR IR ARG, —
B S R AN [ P S PR PR 97 B AU T AT AR
B FRE . Hrb, 5 Toll iR HH s st 10
NF-«B % 5 [T Dorsal #1 Dif(Lemaitre & Hoffmann,
2007; Aggarwal & Silverman,2008; Feldhaar & Gross,
2008) ;15 Imd & ZEAH Y 5 [ 1 Relish (Lemai-
tre & Hoffmann,2007; Aggarwal & Silverman,2008) .,
1.2.3 kMg m A iR Iz W9 A8 ZAE A

2 A 0 S5 8 FIA YR B 2 AN S B S | 2
TCHRZR I, —H Z REAAFEAEH], G i Rk A g-
1, 30 MR E A RIS 5 T W e th b
JOR P 7 A R A48 i 4 928 v ) A R H (Kaneko & Sil-
verman, 2005 ) ; KH ¥ KMk Manduca sexta RPN C K%k
LRI 25 TR sz b i AL SO (T I 5%
2009 ) 1 £ i S5 ) £, 2 A T (Kanost, 1999) 5 5¢
7% Bombyx mori V& N C FUEEAE 2] 41 A e 3% v Y 4
S5 AE I AVAS S92 v i SR AR Sy 34 BAT E AR
(Koizumi et al., 1999) .

T h G AR B AN [R) 38 4%t AT BEAH B A2 S, 491
T K i 22 Z R AR 11 1 HPe [FI A 22 5 T 8 4k
S FRATE B R S 0 3 2 A AR 4 93 I 07 (A et all.
2009) , By H Tenebrio molitor W B 4B AL T IR I TS
Al SPE [A] 25 1 ML SN A Toll i A3 2 Fh R
G [ (Kim et al.,2008) . ZEH AR, ARk T
2 i g4 E2L e LR B ot b T iy 44 25 L AR )R
P, KT UM S0 2 AL A TR s S e, A
FTARTE NN G 5 A e i 2 [] g A A e I A
[F] SR 1 A% 2 TR A8 SCE AR RN RIAE T, By 4 T
R AR RGN LR A AR I HILHI B LA
1.3 EHFGERE

EL R A oA, A T A0 RN B A
(Dillion & Dillion,2004;Ley et al.,2008; Engel & Mo-
ran,2013), Horb CEIEANRE " E ISR iR K
T Y AR5 5 5 M RS 0% R T (Cheng et
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al.,2017) . #HfbdfErh, B R WIB s 17 A 20 8
B B R G0, FIAGERE B B g8 SO0 Az 8 e
W2 6 AP, 4458 1 18 A P02 48 (Sansonetti,
2004; Artis, 2008) . F AR B MR 32 B AP B S
L A 5 R B2, L PR T TE 2 I A A 1
ar e A RS HAR P )55 — 38 B b (WRBR B, 2016) , X T
B 18 e R BE I BIFGE AT R A T AR S R
HZ (A1 EAERL B8 S A
B 0 v g a] DR 14 4 (reactive oxygen
species, ROS) F1$1 B Ik (antimicrobial peptide, AMP)
TH BRI E NEBUR A, i e h s — B By
2¢(Ha et al.,2009;Bae et al.,2010;Ryu et al.,2010) ,
ROS SIS 5% A A0 [ 42 ) PR B 480 (Ha et al.,
2005a) , AT B 42 1 B 4 ROS FHLUEK ) 95 5 49 5 %o T
ROS ARG 8 > [ B, B S 36 0T LA
Imd iB A2 A BT IR s X T AR 09522 [CBHYE R, 17
i W 3% 15 Toll i 42 (Hoffmann, 2003; Wu et al.,
2010) o FEFFEEARRMS , B HJpiE w] F] ] c-Jun 25
A i (c-Jun N-terminal kinase, INK) | Janus j it
55 3 55 515 1B T (Janus kinase-signal trans-
ducers and activators of transcription, JAK/STAT ) Fll
p38 22 B4 JF TG AL 2 13 ¥ (p38 mitogen-activated pro-
tein kinases, p38) I XJ J& & /8% 4% (Hoffmann, 2003;
Tanaka et al.,2008; Chen et al.,2010), PRItz oh, 2
SRR LAZ 5 8 5% (Lu et al.,2014)
1.4 =X E R ERE REH SRyl
FEE S i S U H SRR R AR UL — AR
KEM B AR5 5 DRI b R i 55 0t
%o AT, BRGS0 G A Y B AR v TR e s
3 W A ATL R 35 T P 1 S A A ) B e AL
KL AN R A B G S I 22 [A] A H 28 4 7 T o
141 2RISR I8 4T R B HLH AT 2
JRNE SR AR N AR S S B R NV 225
PR 26 1, (B OC T HAE B R MR A e % . Y
HMIR AR AT SRS R A 2R 1 1 S 22
S 2 (i MP2 1) il )5 proMP2, 4R J 000G 22 % I
G MP1 1 ) proMP1, #E 11 5 SR AR 1B
B, SE R N (An et al.,2009) . B H AL
oy A I B A 22 22 PR A L AT 1 7746 OC (An et all.,
2009) , 22 2 55 1 B RV e b R 4 22 R R
fit  AHIZING: 25 v AR AR R o e
FERTA B, O T R SR T B A 7 A= L
Tl A I AE 1Y) o T Y LR AR 8 2% TG BH MR
PG Y Toll 34242 7 (Buchon et al., 2014) , Se i JIK 3R

BH5I 3 F1 PGRP-SA FI GNBP 1R B J5UA , %15
AL U — ML 2L TR I RETE N R 7K 3 9 ot
2, DA S5 2 41 i R 1 #F £ K Spétzle (Spz) 7F R 3
R IE] , 77 A — 0 2P = R 45 R B AR i
SR 20 AR E 7Y Toll 2 A FZ R 34l &, 75 & Toll
FG S | B Pelle 3K 4R FIFE NI B 1
R, MR E AR KT Cactus BERR 1L FI/K
fiff , D TiTT 15 NF-«B #% 53¢ [}l ¥~ Dorsal Fl Dif 73 % . #x%
2 SR F Dorsal A Dif 75 21 40 B A% - S5 P B IR
SRS 3 T ooiFas & L R shit ik ik (K B B
85,2012) o 7E 22 QPR 0TS 1Y Imd 3R A2 v
(Buchon et al., 2014) , #2351 & F PGRP-LE I
PGRP-LC 15 41 1 % [ (1) DAP B IR R BELS & K05
AR AL B 1 Imd, 51 A ALFE «B 0 8 1
(inhibitor of nuclear factor kappa-B kinase, IKK) FlI
I =R AR LR N 1 — RIS, 30 s
Relish 1 #] , i f Relish 1) Rel X 3835 A 41 g
Wt it — 2075 T HU T IR Y 7 sl 3k ik ] ] 4
2012) , A 5% M S8 Tmd 3R 42 O AF 55 1% A X Toll
WREBFRRA SNBEARE 5 B i % 543k
5 1 Relish 175 90 18 IR 5% 09 BARAE AL 55475
AFHITEIRDT

142 ZJERMIHE IR HLAF]

FRE R A B v 20 A S AR S 2 A
B WFF U T s ML o B i 1 4 o #1232
[ OC R AT RS0 1A, SR Y 1 18 S B AL
il E0 45 Bl (A Py B B A R A 0 S ROS J
I N AMP A5 A BT S g B 2k (BRI R , 2016) o

AP P A TR SR ) i 3 S T e s 8
S Yy Pt i —— RN 262 T L BH IR 54
i T ik, DI 6K 5555 X 7 T 240 L 1) 4 95 3% (Hege-
dus et al., 2009; Kuraishi et al., 2011 ; Buchon et al.,
2013) [RIE, S8 0l T8 A0 M HE A FZ bt A 1)
R AR ARAR 20 TR (WRBREFRE L 2016) .

TE95 [ P e IR R SR e i 3 A W B R B S L
TE 20 M A 5 7 ROS SR S AMP 45 U2 AT 14T i
N 5 2645 FF Ui & 54 FH (Ryu et al., 2010 ; Charroux
& Royet, 2012 ; Buchon et al.,2013), H:1,ROS 4
XUEAALEE DOUX 7 =, th T A7) R GEF# A% (Ha et
al.,2005a,b) ; AMP 57 Imd & 12 Fll JAK-STAT & 12 119
A7 53 H (Nehme et al., 2007 ; Buchon et al.,2009;
Osman et al.,2012) , HRJE FLufi7 18 Hoyse SO an il 1
Fi7R o BRUCZ A, AR IR R g B T, JAK-STAT i&
12 HH INK i A2 Hippo s FE Ul 1Y, LU 2
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Fig. 1 Diagram of gut immunity in Drosophila melanogaster

SR S i 1 A SR A A A e e A A 1
AT T 8 DX R0 43, T i S B A S R KA 3R
ik Je g B ] e SR 1 Tnd & AR B B0 Y PR
F ANk R S5 (Capo et al.,2016) . TENAIE AN E 5 7
FAPE RN R AT A R RSB 5E h—
FE L . FRNE R T KSR Ak AR I R 4
7] 38 i3 PGRP-LC I PGRP-LE W FlA /] (1) % 485 11
AT (Capo et al.,2016) . P S0 38 41 B ™
AR KSR R B E 2o 7 A SR T B R [ i 1 s
SN, T 3 AV FH A2 Tn R0 i 105 AR 20 i, i
gl 4 B R RN . WIFIT N B & PR N SR b
PGRP-LB Jit [H] 4 171 57 i 2 0 A SRk o e il (440
T T T 1) JURC SR M I3 f T AR ATL AR 3 D0 1% JOAC SR M o f
fifg) , X 2 PG AE D e L AFAE 22 5« AR L B v A K
FWH A R G 5 NK-«B B A5 1738 20
LB, TTATLAAR 3 W P O SR G2 A Tt L1 SR
MG S B bk 2 . {E R SRBE Al D lax 2 4 i
ATy #E— 2 5% (Charroux et al., 2018) . BRAKER
WEAN, ER 18 20 R A ™ AR Y PR M BE 0 T T PR
i iz 18 N Y 2F A5 5 UK )0 (Bosco-Drayon et
al.,2012;Neyen et al.,2012;Lee et al.,2013 ),

2 EENEEHARENS

H AT, A AR B H g tIL I i 5 32 22 [l 58
LIREG W Rhynchophorus ferrugineus (Oliver) | JiA5}
H\ Bemisia tabaci (Gennadius) . & K F| % ¥ Apis

mellifera lingustica Spinola . H X f. 5 ) Ceroplastes
Jjaponicus Green Fl#E 3¢ Wk Lymantria dispar (L.) J&
TE A ORI 5 i 22 A2 B U S e AL Ak
LR, o M S ML AR AR ) AR e v A 4
PIVERT, TR A MBI ST AR B B e e ML 2 A
ISR
21 diRKH

ARG T 1997 4F B IR AR, HAE T 2%
PR SR el K T TR, X5 10 o B B 28 5 I A R AR o
18 (www.chinaias.cn/wjPart/index.aspx ) , 7 F&
PRI S G Fa B B v B A R T B
WHNT , BB BOA L FR G P e LR A AT o 32 22
TE LT A% 5 N T RfRelish Y fith 3 R A1 EL £ [ i
FI RPGRP-LB & [ I (i —H{4§,2017; Dawadi,
2018;Dawadi et al.,2018) .
2.1.1 H#: BT RfRelish % A4 K R 69 5 52

2IHR 5 W RfRelish [ gt (1) Relish £ 1 5
BR BRI, HOFERH EZRER IR E
oo H B B Relish 25 1 A 19 PR~ 28 1 g 1)
{3 15, L-V-E-D-G(Rogers et al., 1986 ; Shumway et al.,
1999; Shi et al., 2017) , HEMZLAZ G P A% 56 ¢ 9 1
Relish 2 1 A] fig A1 & 5 803 H B A 19 i D1 1L
B, 1% Relish 7] G825 540 5 HOW 3 2% [P 1 R
B BB 28 BN TN 23 55 X6 24 [ BH P AT 1
BN (65 —H1,2017) o [, X 21455 F A IR |
Jor i AR BRI SRR R AN [ LA 7



12 B Y R % i 464

S B T A 45 R R W RfRelish 55 I AEH )
B N ZRIRAKCR T I i R A 3 ) 38 S
MAELIARG 0 8 AR S e R F v A 2
ERGHE—1T,2017)

2.1.2 RfPGRP-LB%& @ & 5T %

RfPGRP-LB J&&—Ff BE % [ fiFf K SR 1) 1K 2R
PUNE A, Sk R = v 5 i Rk
IR T RE3E ik A A UK SR MR T 142 i 1 B 8 S v AT
RfPGRP-LB it GEAE S A% B 4 Jox L 422 855 1F W 1 2L A=
PR B AR RN S B A T R A A A, AT
ZLRR G W i 18 AR ) Y B2 285 (Dawadi, 2018;
Dawadi et al.,2018) .,

22 JEME

HEA BT 1995 4E B IR AR FR [, 2F T
2 RO A i R E K O R R EE R AR
9 it (www.chinaias.cn/wjPart/index.aspx ) . A &l
RN SRR GE L . EHAR%(2015)
SR FH A — A e 20 0 5 AR o g A B g 1 i
& Beauveria bassiana /) 1R A5 Bl 4 # #5 HEFT 1 0
JE AT, e T 22 R aRIA S, BB 1 166 12557
Tk B R b 5 G g A OC I L AT 405 1> XTI
W BRI RIRIE R 2, FEE T T2 &R E N
it 400 1 500 R0 B-1, 30 SRME TR B 11 04 P8 R B g g
B
221 ZRBRE G IR A 69 AT 5

22 G R E IR0 SR R R S 1 — R
G AR 7R B M rh SRR B R AR SO A
Mo R 1 B Ry B\ G s A OCHEE R 1 4548 5 D) hed
AFF ) L e 92 3 [ A R0 A 1) 5 U Bl v A 2h 1 A
(2016) 5ak T 421 1 899 bp AR L 22 2 R 25 - 1T
TR R Y cDNA PR 1 FET B 12HE 47 1206 by,
Fe it 401 AN LML , B 12 22 2R 25 1 B 1 571
FEPRITE AR R mURY) T A W AT 2R3, ELAE B A AR
AU 2 T LT IR ], 4 s T A Rk
T HE R
222 B-1,3-F RAEIRA &K G 69 S8 R I8 B A AL

FRRY B 34> B-1, 3-40 BB 11 (B-1, 3-
glucan recognition protein, SGRP) J¥ 51545 JGRP
KGR RSP S5 38, BIBE T /K A Bt 15 MR 25 48
B H 34 BGRP M F RAEHAR 1Y — 3 E (T35 5%,
2016) . 31~ BGRP F [FIFEA ] HUSFIAS [A] 75 65 1]
RPAARIRREE B B A R, A g
FEIRFHME, P RE 2 ARy mURS AR 1 1 (i By A5 )
AR T AR EC TR AR ARG . HED 3 4~ BGRP

FAIRES 5 T MRy BN LB 12 e () S e ST, 2 A Ay
AE BTG 208 T B R A (RN,
2015),
23 BRFEE

RN e E MR AT R AL, H R
T AR BEHE 2B A AR, T 1917 AE ST A TR
(www.chinaias.cn/wjPart/index.aspx) . [K H:35 4+ /)
SR, (AR 4 B s R RS 2R T R, R s A
NARHEI 2 55 o BIFGE 3 R 8 W g T T 5 TR 1)
98 S WAL , T4 718 P 6 0 40y i g T X B TR
1) 58 SN AL D 8 e 5l A FE 20 . iR
JRAIMREGL I, T ) 5 0 ) (AR TR e 5 TR 4 £ 28 AH
KaEE P43 A 13451 S0 A OCIE P 25 5 608 5 1
A 22N SE A B RER YA S
T 19 AH DG L K 5 9005 (Chen et al., 2017) . HR4h, %€
oL Toll il A i) R 73 25 S R JE PR R 22 4 i Ak
5 1% i (mitogen-activated protein kinase, MAPK)
5538 B AE A2 A e B B T 258 B iR T2
5 NF-kB {55530 % 1) 2 4~ FE R 2 AP ) He g AT B
FEIRB TR, R IAFEHCHT B R AR s AR, B
TG EE R KR 20 2 5 IR s B
2.4 HARRBEEK

H Al i T 1987 AF IR AR TR, B B0
B S E SRR 2 00 L, B A v] 5
RGN , J=VF 2 R R AL I Y
(www.chinaias.cn/wjPart/index.aspx) . & ffi (2015)
AR ZE 9 Ko ads i i B b SR AR At e Ak 2 b
TCA AN H A f B oy 1 098 L SR AT AT, A I
W AR YL S H A f 0 i I 20 B R TR A s e A R
Ak, A S 1l 2 LR 24 2 0, 248 i PT M HL ) S s
i R PR FE BRI R SRR N R N A T
TCJ5, YT 1% I 248 P 5 4 A T A ok A il
REAEE D SR B T34 T AR L Tl Y I 2 B, 6P H
A B a0 b T v A P S il R SR A il T DS
BIWUASH SR IR R AR
2.5 HFEW

FERE KT 1920 4F LI AR IR, gl &
I, EECEN R, AIXT 500 Z2 R AE ) v ™ B
(www.chinaias.cn/wjPart/index.aspx) . Broderick et
al. (2010 )ik PRI SRR 1K (1) SR e N B TE 0 & 4 2P i
FF& Bacillus thuringiensis 5 1B N 45 55 A FE
T TEAE . SRk 4l IO = 4 2 AT I
S L2 L 25, RIS R I S TR g 1 A Ak
RN BRI I = 4 AT R LT % X R
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JuiES

AT B U B TR R A B R S LR W 13

W 2= G 2 AT R A= e 5 DR 1 SR R k40 L Py 240 L o
JEEIV B IR A AR I Sl AL T A e e
5 E AN ARG RAE DL AT 4 BT
3 RE

BT YT AR R SR B IR, 45 A
HPEE H U Y BIF SR IR AR SR G T AR R
M LRI 2 R B . —JE IR s A AR
B e BRI . FRIE SR AP Rh Bt e v
JCSR AR B U 114 B, Horb £ e I 502 A DG A
FERIEIAR B 100 AU IELIAR S W ARy L KR
S H AR SR, VP 2 R BRI
KA Z HEFE, anisy SR AZ B A 18 F M T
Ji& T A5 AN A H AR B 0 4 (www. chinaias. cn/
wjPart/index.aspx) ; 73 — 46 A% L HUR TR [ 8 %2
A L, 5 F I Al Az 7 RN R i B B i R
P, BIaNkE /NS28E Bactrocera dorsalis Hendel 25 A
fRSEE , O A BIFFE IR S  E AH P AR A /N SR Y AR
RE EFAAR IS R R AT
el /IS i P i 2 B AL AF DG 4 B 47548 (Dam-
odaram et al., 2016; Yao et al., 2016; Cheng et al.,
2017) . [ HC2ERF AR GT G2 o T8 4 P
SR (1) S BB ORI S v i 52 A
FIAZR B0 B 209 AR B HOIT RIS, N
A2 B AR HLTIAIE T B4 e BEA

IR R FIE AL NE LR K RN 2 57
TR ST . ERIT, BR SR IE R Y S HL R 5T
BORBEWA , R ZENAZ R B e w58 AT R 1
RIERE K, 2Rl AR EY N THTA
15 B H ™ AR i SO, Al AH DG S i PR A 2 8
G WIS T AR AR R durb A5 E 2RI
o RE AR IR I R T B I G i A DG E
(4N Imd 342 ) BIBEFT , LA ST 22 A4~ 0 988 A G 38 [
(Imd . Toll \JAK-STAT %) F) 5 HAEHIWTFE . HAEUE
N U S e AL BT A AL Tk 20 B B, BAR Y
B PERLHIA FHR AR I . MAER AT B D H:
S AR B A e AL Y A b R Y S
, UNZT KR 5 W) RfRelish Yt 3 R FIl RFPGRP-LB
B BB 3 -1, 3-F R BHR B E A
F & e MR R IRAR N 2 5 e W R L B AR
o I 0 W S A Tl R AL S L AR AR
BB IR A, T R IR | AT B R B R B
FEROR Y0 g A B L 2 98 B R A SR it
G RiUBLIAN IS/
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