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Progress in research on phloem-based plant resistance to
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Abstract Phloem-feeding, piercing-sucking insects are one of the most destructive pests in global agricultural production.
These insects, such as aphids, generally feed on tender plant tissues, including leaf undersides, young stems, and flowers. By
penetrating the plant phloem and continuously ingesting phloem sap via specialized stylets, these pests consume plant nutrients
and can even cause plant death. Given that plant phloem is the primary feeding site for phloem-feeding, piercing-sucking
insects, it is important to investigate the mechanisms underlying the phloem-based defense (PBD) of plants against these pests.
This review summarizes the functional modes of PBD (callose deposition and P protein plugging), their regulatory
mechanisms (hormone signaling, transcriptional regulation, and the expression of defense-related genes), as well as the role of

insect salivary proteins (elicitors and effectors) in modulating PBD. We elaborate on the interaction between plants and
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phloem-feeding, piercing-sucking insects from the perspective of PBD activation and insect counter-defense. This review aims

to provide a theoretical basis for further understanding the defense mechanisms of plants against piercing-sucking insects, and

for developing green pest management strategies based on PBD. It also offers new insights for the molecular design and

breeding of insect-resistant crop varieties.

Key words phloem-feeding, piercing-sucking insects; phloem-based defense; functional mode; regulation mechanism; insect

salivary protein

U H 25 DA R 5 o = R AR AN B o I 2k
T HUREE AR D R AR P R By, FETELH
R R, 2 5 1900 B 0 A A i E 3
Jei, FEURESh W A A PR A TR, T A
YrE SRy ik, S EEY A 255 ( Will and
van Bel, 2006 ), % TAH Y1) B 32 F A5 5) K2 5
B o R 288 S o B R B AN, T 9 R
AT HEL 40 9500 5 50 575 0 e 420 A A0 o v, 45 950 g 35S B
1 W 28 B ) e B IO o B 4 AL )
W EE (Wil et al., 2013; Jiang et al., 2019 ),
P90 S B A T O 28 R M 11 A Bk A W ) B
J&, MY IR S LA R A O B R RO, R
S Rz BT Tz i ( Phloem-based defense ) ( Hk
R, 2017; AR ERSE, 2025 ), BH-H#) 2 BRECE
PERIM S B R B AR IS TR I

1 HIEMBERNAERAR

28 2 U0 S5 ) R S BB P R SIS R e B
B, AP 2 S R TN, i i FE )
B AR R BH 1k 3 BRI, W) R TR
7R A4S BH 2 32 A T T AR AL, —2
JEBHIRBDTRRAE R ( Callose depositing ), %5 —2&
SV BB P BESE/E (Protein plugging ); il
Hi ) #HEF ( Phloem protein, PP, fijff P &
H ) PP1-PP2 EEHE AL ML R, Pk BETH
ML A AR B TRY, 3 L[] A 4 3 5 o
RELAG: Bt 457) Kz BB EBCEE, 0 4570 B 8 BB P il i 28
E e rE AR B E i SR 25 (Will and van

Bel, 2006; Louis and Shah, 2013; Furch et al.,
2015; Walker, 2022 ),

1.1 BHEBRRRIER

BEIRBTR—2E L B-1, 3-SR O 28
LSRR TNRENE 2B, A A W) B B R P

W R IR A S, BIIRBE S KEA W, #ira
S Y JFR I T 38 3 o B 508 ) s TR T O A VR i
MM AL, A0 s AR LRI fL, TR
Y FE 5 ( Wang et al., 2021a), 1 Ex —00GS
FEELA 1 BE AT R, AN A7 3 R R e
PR K A

JOFR DRG0 AR 2 0 41 8 3 sk PR o e e 54 B
IS S ) W 288 B M ) g S BB ok A 7T
YR Bz R R 2 B o, PR R,
AF EAE Y B B RGBT TR 23 PR 1) B R
PR W 2 B MR 2 B /N 22 WF Diuraphis
noxia. ¥ QHE\ Nilaparvata lugens %5 W37 [z 0
WAEYIT W, SFmRER R s G R (IR A,
2025 ). HH RS Sipha flava BUE JEWIFRR
Panicum virgatum "R J5 , UL FPRICT L 2
TR, SRS A LR A HU ) R R
AFIE] A B 45 %5 (Koch et al., 2018 ), BEEF Myzus
persicae TEHT ML Capsicum annuum 70 _FHL
B STETRE AL B AR ZIHICET, PSR Y 5
PRHCE MR I PUPE, SRR S AP IR AR
T BAAS [ BORSL ot Foh R B0 0 R P2 = 5 I
JRUUR2E 5 A 5 (Sun et al., 2018 ), # CHEUE
AFRIBTHEKFE Oryza sativa fiFh)E, BrtEsFK
FE R RIIC I & f E , BHLLR B R T ) A A
MBS, AR CER) KRR R i
[6] i 25 46 %5 ( Yang et al., 2013b ), /KFGHERE 41
TR IS 7% R ( Abscisic acid, ABA ) J&7, 7Kg
RIS & it S R, S K ELy B A
EREAK (Liu e al., 2017 ), B-ZEE T R FUALFE
= K5 Glycine max FEARHFIRET DAL g 2 FEAK
KEEF Aphis glycines Bl . X R DL KA
XHEFHH (Yao et al., 2020 ), BEFH) CO, B3
HaN=% 5. Phaseolus vulgaris WK ITRM 42 55
XPUAEE] 5 Frankliniella occidentalis U1 ( Qian
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et al., 2019; FPBEREE, 2025 ), I, )5 # B
I JB 90 RR £ I8, 2 408 i A 0 o ) 0 B e ) R
KR HEYE.

1.2 HIEBEAREKER

@© WIEHRE AR ARE A 1 (PPL) Al
WIEHRE R 2 (PP2) PIFNZEAY, Hrb PP2JE T
FEIEELE 3R 23R, TEVAEAR Y 55 1) B A I 1k
W B BAE AR T R AR (KRB SR,
2012 ), BIFFEARIN, A2 BB B s BB e o i
KR HIRE A, PP1 4> T-HK S PP2 — (K
Wit LS AR AL PP1-PP2 AR TR
GV, BEAGRAL, BH R R AR 2 B
R ECE ( Dinant et al., 2003; Kehr, 2006; Fu
et al., 2014; Peng and Walker, 2020 ), 7MRiFEHTH]
Harpin 7] [F]0}i5 /N Triticum aestivum ) 2355
B (PP2-A1, PP2-A2 ) FBHIRIT A BB
(GSL2, GSL10, GSLI12) ik, Efli PP &
55 IR S5 ] Fof 5 50 iz S i Al 1) L, 2T BEL A
gF e ) e R IBCET, 156 B B PR AR 1 5 DI o
AT LA U [ 4 v AR 00 R S U P R A K
HPLE (Fuetal., 2014 ),

Q) s E#EE A (Sieve element occlusion
protein, SEO ) /i 15 3% ZEAH K26 1 ( Sieve element
occlusion-related protein, SEOR ) J&AE ¥ i % 43
THEELAL Y, BT R T F a4 AR
g, A SEO 8 GARMEYIH T TR M,
SEOR 48 5 T/ [ [R5 i B8 W Ry i 1144
PR R A 2 L R 1
SEO/SEOR £ FF 40 MU BE JE 25 o A1 , 04 52 460
e B R A T, SR AR I ZE i Al ( RIS, 2023 ),
filan, F R A EFAR (Forisome, A5
Zig—fi ] F PR ) RURHEYFH LR SEO
HH, BB LA TR ES, hka 2 EIE

(RAEPRE, JLPAS TS NIz
) PO AR N TREUIR (AR BURES, S IETR A
S3F WIEIFBRWT B3N ) W 2E A, BHATEF
B 39) B FR WO (2 F 8 R 3 09 B
AR AR 59 53 40t -2 2 20 5 v BIR a5 o
BERICE . S KAE Y Macrosiphum

euphorbiae MBI E T Vicia faba 23filk F
EARN TR ZE, SN R H R M
B, JCEEWCE ) R BT Acyrthosiphon
pisum WEREIFASFHE K F EAKRIEE, 6E%
DA B o) K W o Je e — 2R S, B
ST DIIE S ARMEY) F O EARN RRTE 5E
FE, M HAZARIAVE oA 85032 20 3 £ L1k
AR W 2R KR PR R E B B 25 S R
( Medina-Ortega and Walker, 2015; Paulmann
etal., 2023 ), HHij, XF SEOR & A4 S fLIK
FE VL HRAR ) Jz 308 B0 o e 21 R 6 35 R G
WEFANAERK Cucumis melo WA FiTfiiE . HIF5E
FW, o R Fh TGR-1551 7838 32 JKIF Aphis
gossypii WE NG, HIGfLIE R &I 96%, ik
Hu it B i 0 L3 ZE AL 28% ( Peng et al.,
2020 ). % T RIS TER N Cucurbita moschata
sy ZEY PRI E] PP1 S SEO HH
( Clark et al., 1997; Ernst et al., 2012 ), {H¥£# K
JEH R A BLE FI ) PP [RIUESE DA, (A e bt
PRSI A A 457 b4 € %52 1 SEOR AN =
( Peng and Walker, 2020 ), #&1, #PaiFse4h R
5 SEO HHERHT B — AL GEIA AR :
S5Wp AR, IR T Arabidopsis thaliana
SEOR R 2ARMEK (Atseorl-1 F1 Atseor2-1) L
MRACF B SR I T L Sk B WE AR R R
( Anstead et al., 2012 ); A% Nicotiana tabacum
SEO RNA T2k (irSEO) TR IF MR 53 )
AT | W) B R S B i ) 4, IR PR
AL 8 RGMEAZ YRR (Guo er al.,
2025; 1 = &, 2026 ). DL kg AR K
SEO/SEOR & A F| 747 du e 5 26477,
22 ] A AE M B < B 3 DL B R R AR Y
PR B s . ik, SEO/SEOR & /e 5
Iof A R A AR AR BN E DI BE , BRI bTHR
B AE A 3R I, ST BB r A5 R ORI i
T U O .
2 i i AU At S e S EES TR UNE RS
G, B EMEAR ., BEAOMELSS, B
BIER R FREY, XEAREER G STEH
LIS St EA VST S-S5 % 7/ BL LT = A
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ek F2) Bz S IR P W S BB B A A

2 HIEERRA DR ARSI

W) R B TR SSRGS 15  eski
2 KB PAHSCIER 63855 21 F2( Saberi et al.,
2025), ASCNIX 3 AR, ZER T IR IR
59 K AR A AR AL

21 BIRERTANTSHEBNRERREER
FiE RS

L) T IS o B 25 vy R B & U ( Callose
synthase, CalS, M Glucan synthase-like,
GSL) 5 B-1,3-#i b ( WHIRBTK il ) Ppln]
PR, S U R R DT 2B 1, 7K S it 2
DRI, =3 sh A V- B v BRIR B iR e
ik, BRI R, ST (Ca™ ). M
YINIEIER | Z i 5k K DOAS ] )2 T R 2
AR R Rk, R IR B AR S A 3 A
Yo bE,

O WAL A REEE R S B-1,3-7) SR b il L
PRIt ) 31 42 JDF I B 10 RR

BB UDP-# R IRy, h—2ksS
2 255 1 DRI 5 B 16 5 1 ( Schneider
et al.,2016; Sanmartin et al., 2020 ), CalS i
PR S R R R R S 5REME Y1)
BB TR i FE o AN, e CEUR B AR AL A
Bph14 % JE R K A5 I 2 87 o) 40 A B R 45 A7
B BERC B DO AR, OF HLBRIG BT & R e 5 1A

(GSL1, GSL5 #1 GSL10) W I3, 3§us/KAH
P dLtE (Du et al., 2009 ). P AEH] 7Y i %
WP R | #E— 2200 a5 n I Bt
F5 DEAR B A 3L CalS3 F CalS10 1EAHSE
(Qian ef al., 2019 ), fifi HEETALBKFIAEIE

22 E IR & UL OsGSLI ik, 3
T/ ) DRI AR 2R MR € EUiE 5 ) ( Yang
et al., 2017 ), Fitt Gossypium hirsutum GhCalS5
FLNTERREF Aphis gossypii WE JGESRIL, %
ST A PR R, S 59885
WM (Mbiza et al., 2022 ), AMNREHE K Y)

(Z) -3-hexenol HKHSIFHIGTT & BEEFER Calsi2
PEHETE N Solanum lycopersicum FEIRAY IR T
R, S8 SR R T 85 7 813 8 T b9 2 1 R A L
Bemisia tabaci Ittt ( Yang et al., 2022 ),

B-1,3- i SREBHEGVE N AR K i i, REASHE
SEPERYIK A 1,3-B-D-FEHHE, K DFAC SR A A
B-1,3- 1 RMHERAR 55 DRI JTT 5 B 1t D3 [+ 80 42 JF
IS AR 5 119490 B 0 B e o R 2K B PR
AR N 22 2%/ 95 2 FR A ( Oxidative signal
inducible 1) 81k P54 WFIIG BT G B/ B AT A
ARG IT PRI, WA B-1,3-75 RBEBIEIN ArGNS2
R FNRE I AR SRR I TR, I TR A L R A
AtGSL5 FPihF e R ( Shoala et al., 2018 ),
MErEAL B S T OsGSLI F1 OsGns5 LR |3
ik, {H OsGSLI F:HFiK & B E & T OsGns5 5
ke, MRkl LR ERY (48h)
P, R UTRBEIRET , BEsRoK R4« EUbT
( Yang et al., 2017 ), 4ME ABA b3 i 227K
FEREL PR I I 55 P AL ) B-1,3 -7 SR i
WM, 5 R KR I A8 A5 A7 BRI TR 22 1t AN )
T4 CEIE S5 %4 (Liuetal., 2017 ), # Kl
BERewE LmpTR | JEHUKRE OsGSL1/3/5 B
Rk, HJREHUKFER Osgl . GnsS5 FEH 3%
E, PRI, PrHKRE Osgl. Gnss
JUPATRIE, BRI RSLIE 2L, T T /K FE
Bi/EHE KA 2E 5 (Hao ef al., 2008 ), L) b4%
SRR, TEAEY) 500 B R MU PR 26 B ok T A
R, BRI DUR AR SRS T AR T A R
5 B-1,3-H5 R pH B U R VE AT

@ EE 5T L

FESRIT M, Ca® M5 SR IR A Bl % 45
TP AT R 390 B A Pl A B A B
ST R BORE T AR, MYsh ca®
PO P BT (Ca® ) MU PR T B A
() Ca™ KAEREIL, R Ca® (5 S0, T |
MIRA BRI R R 2eih . B-1,3-F SR A SE R T
VRIS, He LWL U Hattori ef al., 2012; Wu
etal.,2022 ), T HAF5E & MAE CEL, Bf HAEH) 2
TS B A e 28 R e B e A v e A G A e
WEM, AL BRI Ca™ oS, o miis
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i 24 ) 3% A 1) B 1 ( Mitogen activated
protein kinase, MAPK ) il BRI . AR
( Jasmonic acid, JA ) {5538 % DA S PFIRET K &
VAL (Hao et al., 2008; Musetti et al., 2013;

Shangguan et al., 2018; Cui et al., 2023; Gao et al.,

2023 ), VU EAHSRRIT, R AR i e 2K B
HECE SR Ca® RS A meas vl [al 4 i % bk %
B A, B Ca¥ 5 5 S 4 Bk 57 9 £
MAPK . JA FEifedkmis EPHIRBIIR, 12
Ca’ (551N LI AR U 3 MAPK., JA 15
5 AR R IS TR A R -

@ WHIRB TR RS R 5 5 & AL

K#R ( Salicylic acid, SA ), ZKF[FR (JA ),
Biv%mR (ABA )., M (Ethylene, ET) %%
PRI URR I B2 BRI A5, AR
B 2 AL AR PR ST G i A N S B-1,3-7
RPERGRL N LI, ST IR A S M 7
A5, T R i A BN R] 3% 22 Ak F RGBT AR K
-, Hr, SA (H 5 ZIE A S BRI (Li
et al.,2017; Zhang et al., 2023 ), it b8 PHIE T
& B HE R 26 35( Dong e al., 2008 sl p-1,3-
) SR Tl 2 R SRR B A DR B 4% ( Song et al.,
2024), fRAHPIIRKETIR . ABA {55 LIE i
PEWEIR R DU 3, — H K #i PYR/PYL-
PP2C-SnRK2-ABIS/ABF .0 b, 5 SR 00% I
KA BT PR R ] B-1,3 -7 SR ME L (R 3Rk
M oA 4 K BT AR ( Oide et al., 2013; Lim
etal., 2014; Liu et al., 2017; Singh et al., 2019;

Guo et al., 2020; Yao et al., 2023; Liang et al.,
2024 ). JA fF5H8 T JA-1le-COI1-JAZ-MYC2

ot A, LR BHIRET & i ( OsCslF6 45 )
ik, ] REFIHEFPHICE TR ( Varsani et al.,
2019; Grover et al., 2020; Dai et al., 2023 ); A
R kM JA &Rk 12- Y 06 R
( 12-Oxo-phytodienoic acid, OPDA ) 5§~
YRR PR - 2R (JA-Tle ) X FIRTURRAEAEA]
SR, OPDA ] Jl 37 A {5543 FHe ot IjF
NRBRAR 2R, T JA-Tle DI i) B A 52 A= A ( Scalschi
etal., 2015 ), ET {5*5i# i ETR/EIN2, EIN3/EIL
ELEEE G DRI A i 3L ( GSLS, GSLIO,
GSL2 1 GSL12) mykagh—+, Xnl i Bk p it

R, E AT AR 0 ) B A HBC B P e 2 B i
BiAE M . AR TSR, R (IR BT 9%
J&#< 0.3 nmol/g; M ET ¥ 0.1-1 pmol/L ACC)
Al R DFAR T G il e R Rk, R DFIRBT DL
N, R PTE s W E (IR ET R E>
0.4 nmol/g, #MKE ET #&JE> 10 umol/L ACC ) #Ji
il DF BT G B R 2Rk, R BRIR B TRR , R
{&PcF 4 (Fu et al., 2014; Casteel et al., 2015;
Zhu et al., 2018; Lu et al., 2023 ), {HASE R,
TEAE W) 55 9 JEL T AR R 2 Fh R A 9 18] B W)
(JA/ABA hfF]) SH54THAE (SA/ABA 54,
SA/JA . ET #it ) H[E 4 7 BEARBT A i
( Garcia-Andrade et al., 2011; Oide et al., 2013;
Yietal., 2014 ), {EAEAEY) 570 B0 ORI 0 i
KEBWEAED, AREERGE S W PR T
R & WA TE A B[R] 5 FE oLl A7 A 75 ik —
@ BRGSO 8 2 SR B
EAZ N AR FEFNT (41 WRKY .

MYB. bZIP 4§ ) $ESES 5 PRI T 1)
1 B BRI PR M 2 B v R N, KR
FESRINT OsWRKY46 Il OsWRKY72 W[ BLAEZE &
OsCalS %A ( Callose synthase 5 isoform X1 ) $2
Bt KEPLE (Huetal., 2017 ), SA {E53l i&il
it SIWRKY70 %% 5% PR ¥ P2 BRAR DGR 1 Ak A
PRI {335, [A]IHE0TE DEIRBT O AR By AR %, itk
MIEsRAHE. (N. tabacum cv. NC89, Nicotiana
benthamiana ) X HHA BN PTHE (Song et al.,
2024 ). =5 Sorghum bicolor SPWRKYS6 il it %
IR A S SR i, 2 i S
PR IBEIRBTIUAR, PELAHF R, TR IR i
¥F Melanaphis sacchari 3T ( Poosapati et al.,
2022), /N 3 A~ MYB #5tHF ( TaMYBI9,
TaMYB29, TaMYB44 ) Wb [F] 45 2 KA W Sitobion
avenae 75 IR & B IE R GSL2. GSL10
1 GSL12 Fik VL KPR FE ( Zhai er al.,
2017 ). PRI AT AtMYB44 (v-Myb avian
myeloblastosis viral oncogene homolog) i F
AtCalS12 ( AtGSL5 ) BEPFZRIBFIPFIR BT, A
AT ) B FBHLE (L et al., 2011), S A BF
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SRR, i FIBPIREIT AMYB102 KL B
o S B DR BT TR, B UL RE I X Bk )
JE&M( Zhu et al., 2018 ), B ik SR HF41, ARF
[AtARF17 (MR T ). AtARF7 ([petk . [m @&
J1tE) 1. ANHL3 (JKERPME ). bZIPS2 (fE
MK ) NACI00L1( B E FIt ). LoNFYA7
(B 2k F ) GFHAMRMEZH T, CoiiES
i E L AR LA K E T IR D
B BFIE R & S UTFR ( Yang et al., 2013a; Han
etal.,2014; Wu et al., 2018; Pan et al., 2023; Tee
etal., 2023; Xia et al., 2023; Yuan et al., 2023 ), X

Bel s N B B E 5 IR B DU T B ) KL
PRECE PR 2R B it R, A0 itk — 20
it AT

22 HEBEAREN ST BRI ERIKRE
B BRI S

@ )R R A S B AR R S R
PRI LS
Hi¥) PP2 R PP2 SRR, G
JNJE Cucurbita i) PP2 R FiA4E 2-8 Ak
51( Bostwick et al., 1994 ); J73% Apium graveolens
% 6 DFRIEMDL, UmTT PP2 BRI FIRIA
30 NHLB, fU4E AtPP2-A1-15 1 AtPP2-BI-15
( Dinant et al., 2003 ), JSE AR PP2 HH
FIG IOV ECRE 22 57 0.2, (B BIFE RS 2 il
YEWIY PP2 K2 5 R - 1) B TR BCE M i 26
R AR R, flhn, i B ] 20 R
Boehmeria nivea BnPP2-15 F&R7EBUE 7 15 [T
Fik (Guo et al., 2018 )., FURIIT AtPP2-A1 B[H
J& Harpin 5 4RI HUMR I ) SC BTN REIL K]
AtPP2-A1 i Feih bR R b 2 A0 s Wk 1) B TR HL
I P B E R ( Zhang et al., 2011 ), {HE
— B R BBk 43 Mpl ., HL (KfLEH)
PSR FIMER R, 5 AtPP2-A1 RAFES
PEEAE, DURARERZE D p 3 dfE T, 5 Bt
MG 52 B (BhER, 2020; Wang et al., 2021b ),
58y R N Cucumis sativus A, CsPP2-A1
FURE s W) DG D) INE 7 I 7 T 1 S ]
CsPP2-A1 1) (8 T NEF Ptk e 5,
— M KB B N CsPP2-A1 F&H 3 i 4535 K

FERR G RS, I8 TR RO R 2 |
B A AE A, 2R iR IR | e dE
S5 (Li et al., 2023, 2025 ), 45 EFRk, PP2
FEE I gntih PP2 AR A OCHEEEY, AUHE
PP2 i [ BEAE A ZE T 45 X — 22 i 1) ) B )y T2
Jra, AR AR A R, R
I AL AR ) S P8 HBC B P R 2 B A A 5

Q@ FHEIEIEE M (SEO) /T Il FEM LR
F1 (SEOR ) 4-47) B Al R 1A 0 Wi 288 B e b
HOREESTIN |

H HTE %) SEO/SEOR & [ 44 K i B &
PERNW S B TR LA G RHEY) 3, T
fi#E T 1 F 2 AR RO o i HUSE) R A R
PRI R USSR Ca” Wik F &
(LR af S0 G N D 5 R - S RN VST S
£ ACHR, TETHAR T FLALTE B S R, M3
b SRV B EROR AR, I8 B IR SRR L A B e sk
B URAM N Ca™ e BE (1 s S AR AL 0. F R A
RPT R I e % 0155 ( Furch er al., 2009;
Medina-Ortega and Walker, 2015; Vincent et al.,
2017 ); 1 H5F HGE Sk MR B 11 B T A R
A Ca BV Y 45K R 1 FLIBT Ca™ NI, [ MR
P Ca” VR BE, 4TI F 28 R 43 Bl 4080 F
A RS e 1] 0 B 8 A A A, T DA R
(Will et al., 2007, 2009; Will and Vilcinskas,
2015; Paulmann et al., 2023 ).

3 BB ERENR M okl U 3 B FR R i
EREERIE SN IR

EfEY) S B K e Rk fE b, Bl

(AL AT AF o 2540 B AR R MR S B o ) 1A i

A S e R L 73 VA A A 3 B A B R 1) 2 B A 5
(Guo et al., 2023; Pang et al., 2024; B T5£55,

2025 ), o Ha S5 B AR IR PR W 2 B A R
FHCE o B 25 [l A 2L L PN 53 WA PR S MR = G
PRER ( Gel saliva ) 57KIRMEW ( Watery saliva )
( Huang et al., 2015; van Bel and Will, 2016 ), H:

FH fie bR e Y TP i M Y 85 B 1 ( Salivary  sheath
protein ). Z5%5& 1 ( Mucin-like protein ) #{437
FI) 4 ) 200 i R] B S [ AR B e 8 ( Salivary
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sheath ), AZFEAR AR CEOERT, H5 Bt B
S5 A B ke S 3 ] ) B P T B, PR
R4 R (Huang et al., 2017; 8614, 2025;
SRUEFESE, 2025 ); ACHR MR 2H 435 A B REHE hy
Bk, WEZRUKMN . SaaENS, STEl
RSB W B2 A A, Urih R o
FEAE A B A 0 B R AE A 5 4 S 0 ( Kettles
and Kaloshian, 2016 ), JGi A2 IR e I A S KCHR:
M, e rf mT DABE AT R0 9355 AT 5 A0 s it
BNV ZH 0 FR Mk F (Hu et al., 2025; Wang
et al., 2025 ), T il A2 49y 977 0 S 7 1) W Y 2 73
NENF (Xuetal., 2019; Peng et al., 2023 ),

3.1 HEBRAEERREEREREBRED
BZEBEA DR KL

90 B ¥R HBCE P o W 2K R o I 3R 1 R
KT LI S e 2 G0N, 2 s A )

FEEBAOCI B PR (£ 1), # CEZERE K
FEMF 43R N112. NI16. NI28. NI32. NI40 Al
N143 SFMERR 3 I TEAE Y0 iRk, s i 2
Hasm BEIC R UIRY, HHIBET SA A1 JA {5530 %
TUERT PAHSCIE R 3K (Rao et al., 2019 ), #k
BN WU Sitobion miscanthi WE R H & T
SmCSP4 75 B 3xf 4 bk 43 Wb 3] /N2 240 v i
15 SA AT 1 )7 1038 1, () R Bl ) 4T 0
IR K TR ( Zhang et al., 2023 ), F546, 3k
TS DX HF e e R A R R TR AR T
GroES [, Wl LIS /N2 it i i S AL =R
ZHBEIRFRUIR (Li et al., 2022), HF M- b
Tetranychus evansi MEYR IR+ Tel6 AIEFA K
NRE R K . DRGSR TAR LA JA B 0
i (Cuieral, 2024 ), {HfF—HEHI2, PREFIER
FH 117 2 BE It & ( Glucose dehydrogenase ,

GLD ) 73 WA B MHELH) K2 PN, 76 B0 K A i 48 Jes oY

R 1 OHMEHEEME IR HRAEREERIRERRERAS (HETF)

Table 1 Salivary proteins (elicitor) of phloem-feeding, piercing-sucking insects for activating the phloem-based defense

2=} EL il ok MY 25 ) Salivary protein IRE
No. Insect species I Protein type 44 FX Name Function
1 kB [ igf N FHRER GroES AL E R RS IR

Sitobion miscanthi

AKGAT

Sitobion miscanthi

Iz B A

A FRZ
3 BWiSEF Acyrthosiphon pisum LIS iR

Chemosensory protein

4 RS/ JRYF Aphis gossypii R R

Chemosensory protein

WEIF Myzus persicae M 2

Chemosensory protein

6  BkYF M. persicae R 7 M i T

Glucose dehydrogenase

W 2 1

Salivary protein

7 ¥ WA\ Nilaparvata lugens

Small chaperone protein

Chemosensory protein

H,0; accumulation and callose deposition
(Lietal., 2022)

WG SA B AHE B, (R RER A A

SmCSPA ik S IR VLA

ApCSP4 Activating SA-dependent defer.ls.e pathway,
H,O, burst, and callose deposition (Zhang

AgCSP4 etal.,2023)

MpCSP4

GLD TE ) B B O 47 1 A T SRR I, K
) SEO M S 1l e E AT 7 2R3 25 A
G
Establishing an  oxidative  micro-
environment in phloem sieve tube lumen
and triggering the transition of SEO
proteins from the dispersed state to the
aggregated state (Guo et al., 2025)

NI12 VIR IR, SA A1 JA [ # i

NI16 TR REEN ek

NI28 Inducing callose deposition and the
expression of SA- and JA-dependent

NI32 defense-related genes (Rao et al., 2019)

N140

N143
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£53% 1 (Table 1 continued)
o= B sk MV & H Salivary protein ife
No. Insect species T 1257 Protein type 4 F% Name Function
8 G KHE\N. lugens i | NISP1 AT, AR BT
Salivary protein RHER b L) KD BT IR
Inducing programmed cell death, H,O,
accumulation, the expression of defense-
related genes, and callose deposition
(Huang et al., 2020)
9 & KEl N. lugens K 2 1 NIG14 PRI PE AR R L g T IR
Salivary protein 5 TA B 1HE B

10 48 K&\ N. lugens MR B R A
Salivary molecular
chaperone

11 4% KE N. lugens REEA

Mucin-like protein

12 JRKE\ Laodelphax striatellus 511 —Hifb¥) 40

Protein disulfide
isomerase

13 GRS Tetranychus evansi  WEWREE

Salivary protein

14 (RHEKMHI T evansi
Protein disulfide
isomerase

& H mA) S

Inducing ROS accumulation, programmed
cell death, callose deposition, and JA-
dependent defense pathway (Gao et al.,
2022)

NIDNAJBY  #i% Ca®"{55 A1 MAPK ZBE N | 16
ATRE . JA B S IR TR
Activating Ca®" signaling, MAPK cascades,
ROS accumulation, JA-dependent defense

pathway, and callose deposition (Gao
etal., 2023)

VAT B TR G R R A L
JH IR

Inducing programmed cell death, the
expression of defense-related genes, and

callose deposition (Shangguan et al.,
2018)

P E IR R |
B TA B AE03E B
Inducing ROS accumulation, programmed
cell death, callose deposition, and

JA-dependent defense pathway (Fu et al.,
2021)

Tel6 AR IR DR LA K JA b5 A
BT
ROS accumulation, callose deposition,

and activating JA-dependent defense
pathway (Cui ef al., 2024)

R L BRIRBR TR LA BT Al e
R F A
ROS accumulation, callose deposition,

and the expression of defense-related
genes (Cui et al., 2023)

NIMLP

LsPDII T . BRI T

TePDI

i EALEAES, WKEh SEO MW & EAE
FFRESHIMG A, O] G844 A 1157 b i
(Guo et al., 2025; Wi =%, 2026 ),

32 HEBREERREERERESMHE
KR DR

I 485 L 00 00 g S 7 T S 1 e Y A

A, 22 AIF ST ST T RE RS R 440 B B T8
S5 3o R ) B S B A I 2 R M R
+ (% 2), % CEER S NIVRSPL (5 KAl
R R ST IR AN T ), RBNS 5 /KRS M a] % 22
JDEIR T 45 & % 1 OsPDCB1 EHEHAE, IR
OsPDCBI1 S5WHIRIEES G, I I DT
SR REWIPE (Yang er al., 2026 ), JTERIK
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F2 MEWEE DRI EBREERIREERERAS (BEF)
Table 2 Salivary proteins (effector) of phloem-feeding, piercing-sucking insects
for suppressing the phloem-based defense

e ik g W% 2 1 Salivary protein iRE
No. Insect species 75 12520 Protein type K F% Name Function
L 5L L 4 i B 4 o P ApMIFL 41l R B AR
Acyrthosiphon pisum  Macrophage migration Suppressing callose deposition (Naessens
inhibitory factor etal., 2015)
2 HiEw I A4 2 1 ApSSP FEAMEEA 1, BRG] ML Ca™ A
A. pisum Structural sheath protein T, W F R AR AL, TS
SR
Sealing extracellular wounds to prevent
Ca?" influx into the sieve tube lumen,
thereby  suppressing the forisome
dispersion to avoid sieve- tube occlusion
(Will and Vilcinskas, 2015)
3 EREY AN R A SaCDKL ikl JBEIR BT IR, SA.L JA B fHEEK T
Sitobion avenae Cyclin-dependent kinase-like WEBl DAHGIE A F ik
4 BT A ) Mg IV 5 Sm10 Suppressing callose deposition and the
Sitobion miscanthi Salivary protein SmC002 ~ expression of SA- and JA-dependent
Sm9723 defense-related genes (Zhang et al.,
2022a, 2022b, 2024; Fu et al., 2023)
S AT K 2 1 Sg2204
Schizaphis graminum  Salivary protein
6 By M 1K 2 1 Mp55 T 4- AR AL NG| -3- FHRE A £ QA %
Myzus persicae Salivary protein EERGAE NP U RN AR AE 1) DRI
Suppressing  the  accumulation  of
4-methoxyindol-3-ylmethyl glucosinolate
and H,0,, as well as inhibiting callose
deposition (Elzinga et al., 2014)
7T MRt MR Mpl Mpl 5 AtPP2-Al Fp5tksis, ikl
M. persicae Salivary protein AtPP2-A1 N-SRIBFEILhAE, fRERIURS
T B R B A
Mpl specifically binds to AtPP2-Al,
which suppresses AtPP2-Al-mediated
defense activity and consequently
attenuates phloem defense responses in
Arabidopsis  thaliana (Wang et al.,
2021b)
8 Mg KFfLEN HL WEIR A 1 HL 5 PP2-A TAF, HHI 5
M. persicae Perforin-like protein ZRP BB AR YR MR | T AR
T FL 3L G TR
The salivary protein HL interacts with
PP2-A, and thereby inhibiting the
deposition of lectin-like phloem proteins
on the sieve tube cell walls, sieve plate
surfaces, and sieve pore margins (£hEH,
2020)
9 Bkiy L 4 i B s o I8 MpMIFs il AR BTICAR | 4 T L) K R AR

M. persicae

Macrophage migration
inhibitory factor

P (R EESO

Suppressing callose deposition, cell
apoptosis, and the expression of
pathogenesis-related genes (Naessens
etal., 2015)
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£53% 2 (Table 2 continued)

z
C[U

0.

ERIREES

Insect species

MV 25 [ Salivary protein

FHZ5H Protein type

£ K Name

Uike
Function

11

12

13

14

15

16

17

18

Bl AN
Macrosiphum
euphorbiae

iz R

Megoura viciae

R

M. viciae

R

Nilaparvata lugens

R EL
N. lugens

R
N. lugens

JKRE

Laodelphax striatellus

JKRE

L. striatellus

JKRE

L. striatellus

BB E

Metalloproteinase

TSR

Calcium-binding protein

e e e

Calcium-binding protein

BT EEA

Calcium-binding protein

W 2

Salivary protein

il R 1

Carbonic anhydrase

DNA fif T

Deoxyribonuclease I

B E A

Calmodulin

T aEA

Calcium-binding protein

MMP

MvCBP

43-kD protein

SG-8F6
SG-8C10
SG-4C4

NISP1

NICA

DNase Il

LsCaM

LsECP1

TR AR R B TR AR 1 PP, (HJCRE AR
BEE R B IER) PP2

Efficiently degrading the phloem protein
PP1, but failing to degrade the lectin-like
protein PP2 (Furch et al., 2015)

fieitt F ARk, MoEm F
R A A5 I iR S R 45

Accelerating the conformational
transition of forisomes from the
dispersed state to the aggregated state
(Will et al., 2009)

5 ca’'%ify, B Ca’VkEE, dil F
SRR L, E0RE A B
Decreasing cellular Ca®* concentration
by binding to Ca®’, inhibiting forisome
dispersion, and consequently preventing
sieve tube occlusion (Will et al., 2007)

AR B KREN , P15 A SR A
i Ca® A, 1) 22 V2 R VL 25 20
ARG AT 7

Un-secreting into rice plants and
stabilizing itself Ca®" homeostasis of
salivary gland to indirectly modulate the
synthesis and secretion of various

salivary effector proteins (Wang et al.,
2015)

5 OsPDCBI B#% HAFBIA IS B B
BTN E

Interacting with OsPDCBI1 directly to
impair its callose-binding capacity (Yang
et al., 2026)

) B AR T i AR BTICAR, BRI
DB S ESIN

Suppressing  callose  deposition on
phloem sieve plates and down-regulating

the expression of defense-related genes
(Jiang et al., 2024)

FEfi st DNA, FRAGE E AL 20K F
PR SFICAR

Degrading extracellular DNA, decreasing
H,0, levels, and inhibiting callose
deposition (Huang et al., 2019)

M F SR L BHIR B TRA
Suppressing H,0, accumulation and
callose deposition (Fu et al., 2022)

5 ca' 4G, BRIK Ca® vk, il JA
HEAERE

Decreasing cellular Ca*" concentration
and suppressing JA and H,O, accumulation
by binding to Ca>*(Tian et al., 2021 )
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£53R 2 (Table 2 continued)

[e= FL s ik W 25 11 Salivary protein ik
No. Insect species 7H P42 Protein type 4% Name Function
19 fEkyml P TS EA BtCaBP1 AT UENFF ERIYT, R A S A
Bemisia tabaci Calcium-binding protein BtCaBP2 4 2

Un-secreting into the host plant and
stabilizing itself intracellular Ca®*
homeostasis (Guo et al., 2019 )

20 sy EL =1 BtFerl s ARG S . BRI, A
B. tabaci Ferritin 1 TtV 16 7500 P 28 LA K TA [ A0 A 2%

Suppressing oxidative signaling, callose
deposition, protease-inhibitor —activation,
and the JA-dependent defense pathway
(Suetal,2019)

20 YR A B e 4% £ 1 DcEL3 R RO, s IR BTICR
Diaphorina citri Salivary protein DcEl JENW JA WA B B E Y 3Rk
Suppressing the plant hypersensitive

response, reducing callose deposition,

and down-regulating the expression of

JA-dependent  defense-related  genes

(Kuang et al., 2025; Shangguan et al.,

2025)
22 R e 4% 2 1 Te28 A T S IR AR
Tetranychus evansi Salivary protein Te84 Suppressing ROS burst and callose
deposition (Cui et al., 2023)
23 R A AN NcSP84 PTG Ca®' 84, FRAK Ca® IRE,
N. cincticeps Calcium-binding protein P BRI 5L S R

Entering the sieve tube and binding to
Ca*', thereby decreasing Ca** (Hattori
et al., 2012)concentration and inhibiting
callose synthesis

24 PH{Eg T 1 T FoCA2 ] JA 55 SA B HAH OCRE R 3k
Frankliniella Carbonic anhydrase WF IG5 A Tl i R A BRI B T AR
occidentalis

Suppressing the expression of JA- and
SA-dependent defense-related genes and
callose synthase genes, as well as
inhibiting callose deposition (Tian et al.,
2025)

1 R2PEAET e (DS ) SPEAS D (PN OES ), 70285 EIFAR T A s g Bk
AT U R IR AR 1. R 2 JEuR: OFErEY- B iU EAE KT MAHSCRRFE 3 P2 U 903 o o)
W HE BHATE T 51018 s QUA SCRRIIBHIESS, — 3 A FIRERE A AR 7 AL W) B By T s, Ho
BU 55 AT 5 A 00 0 g IO o it 26 B el EAT o AR

The pests Tetranychus evansi (cheliceral-sucking mouthparts) and Frankliniella occidentalis (rasping-sucking mouthparts) in
Table 1 and Table 2 are not classified as typical piercing-sucking insects under taxonomic criteria. Nevertheless, they are still

included in Table 1 and Table 2 for two reasons: () Both pests are commonly grouped into piercing-sucking pests for
analysis and discussion in researches on plant-insect interactions and plant resistance against herbivorous insects; @

Previous studies have confirmed that both pests can trigger phloem-based defense of plants, with the underlying
defense-related mechanisms overlapping those of the phloem-feeding, piercing-sucking insects discussed in the present study.

"RE\ Laodelphax striatellus ViR FH-DNA i I , IR 2H 73 DNA il 1T 4 g — ROy 14 il 2K A
MR REIE 25155 5 0 i Y BRI BT AR, (BN S 0R) FERR A BEIR DAY ( Huang et al., 2019 ), JTLERVE
JA. SA DI} ET (558 A STk, 36 AC ] Tk R T I 28 0 i 7 FoC A2 T b 254170 | HL
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R MR B0 S A6 22, [R5 S DRI BT &
AL PR 2k K BFRR B UCAR. ( Tian et al., 2025 ),
BB R Megoura viciae WEWR WP &4 8545 &
M, ATLABHIRSS S50 B A2 a, dEmam i
I3 RS ARG 5 G SN, IR B ZEAE I £L
FRF I 53R F 2R AR 6 1] i iy SR T 45 ), DA
MR Z BB A e i ol 5 B il D B
( Will et al., 2009; Vincent et al., 2017 ), 1 Hi i
Wb B A 4B R S R L 2R Sy, TR
FE Y B2 T OGS EE R B 1 PP, RG4S B35 B
0, 75 12 2 i AR K2 3 ( Furch et al.,
2015), T HJS2ebts R, AREFH (BT,
BEwF . ZRKAER . KRB 4E Y Rhopalosiphum
padi %) I IR ZH 53405 ) B F8 i A A 28 S —
o BLAR ;5 {ER & HE % ) RE I MR 20 73 FE AN (]
Igf s R R A7 AE B AR TR (Will et al., 2009 ).

3 AN B R EBCE PR i W 2k B e v B
— AL RE R B PR g AR
A, FEAHHCERCR )R AR T 2 B
W YR HP 5 A A SR S | 7 2 2R T 2 A B R
Ff I, T AR AP A O 2 T BE 22 W oy, (e A5 A i R
R A AAL , AR T e B EC T P W 2 B A
BRI eEdil o I HMEIR b i RERETE . TE R A TR
T ) Z2 05 50 R B0, SR TGS P S s R A
I, i, # CEER & H NISPS Fil NISP7
AL DAY iy, [ R R e
A RBH LE TR MRS B S B, R ORI R
IFECE SRS G MO AN (Liu e al,
2024 ),

4 lb\—l:l EEE

ARSCRGERLHL 1AL ) B0 Bl T A1
BB P W 2 R U IF S0 i A 32 3]
) BB R A I 2 R R 8 T R 2R B
BB TS, 5 B e I s OB S ) K A
FIBELR PR T 2O U BER B, 3B JE A i AL
BELAGE R R @SS B0, —H W IR A
YT

TERE IR T, 997 o0 A5 B R R P e 2 R

BERESRAYIIAN Ca™ B BUs (5 516

PGS MAPK 38 e 1 DL S 2= 15 5l
% (SA. JA. ET. ABA %), sh&SJs¥prik e
A U ( CalS/GSL ) 1 B-1,3-4) FOBHBEIL K F63k
51 BEAR B UUAR ; RIS Ca® Fa s M RE & R mi i) fi
wEE (PP2) Hif4E % &1 ( SEO/SEOR/F
MR ) AT B, HE 5 A A )
B AU PR R 2R B R, AE R RE T, B
TS B A R R 288 8 M A 1 53 1 R B A S e
A MR T, QA FaE A . RIRET
FitF2s , B4y Ca™, I 11 585 2 BHL T AR A 0
BiF TN, Bl 1 2 ) S5 40 B R ECES

L5 LTI, AP BB TSN 5 ) R R ER
£ P 2 B e YA S 1 R B AR A B T AT
W40 B R ECE MR 2 B IR AL o ROk
AMRFEZ A 2P RR (RG] Rdl . 28]
BESRAL . PAANMEE SR SEEARAE ). B
#EEE%%\ CRISPR/Cas9 JE M 4w S5 A, ML

&L AR KL TR IR AT . SEREAT
ﬁfﬁf®%ﬁm%&ﬁﬂﬁ%%ﬂﬁ )50 5
PSR 0 Ca™ (5 S BTG, iR Z 4
P R DRI ORI B AR S )
B #BI TLRONE H SR IRAIL 5 LA K R B e I 56 UF
A1) Bz B TR 0 A% O it S PR 7, F e e A
(440 Bz 8 B T o i i 4 P 4% . (48 7 B L D
YRR [ S B AR A0 e S B TR N ML, — 7
T HE— 2D B | 5 AN ) W A L v e 6 0
A ) B T MR AR T, B BT A 2R
SR 748 B A e A ) 1) AR D — D T
Kﬁ%ﬂ%ﬂ%ﬁﬂﬁ%%ﬂﬁﬁm@ﬁﬁﬁ
FEFEARRLE , 3k AT BB L R K 0938 I fb 1
ﬁ,%%%ﬁ%AEE%ﬁm@m%Eﬁ,%%
PEAL I PR 21 2 AT L AR, () BRAS ) B e i
VRS, - ] Y S 0 6 990 B S5 B TR N )
e, Az E, O T B b
R JE T O AZ 38 030 B B T 0 o 3k
B, 563 . o FAriciiBia fl, 3N
FFE, HEHARER AU R LA
KAepr R | e R, R 2R
A PUEREA I R PTHR R . Qg
J5 T HE AW B AR 7 T A0S AL
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il TE A nl 5 S N TR B R R A ) e
VYU B X3 RN T IBE , WFACHE ] i)
HRSE 5T 1 BELIT 3 S B A RE D B L AR
W, M REEETTHAEYIRE B R E
Bt d5 % . LRI UOR B BE 58 5 A - R B
HEARR MBS R, ORI T8
Foft . TR 5 A P o €00 7 47 BRI 5 48 3t o 2
B S, NIRBERAEY ™ | fEshsk Gk
b A A B AR
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