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XA EYAKEE, YRR, G5 BmSEE, R AR LG ECR
ER, REX, RILY, Z8ME, he&B, BT (2025). HMYUINREES 5 G S B IHLE] K LR AL bRic g 75 7%, 1
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HAR T, A DRy A i 7 52 I K 1 2R
1 EERE . YA BT AR A2, M e
i BE 22 ~p AR dr oL, FLIhAE 2RI 2 oo EAEmE, H
B 5 SRITEAS R P 2 AP i 22 5, AT
5 BOLTE A A A= A i Bl e BT R B4R P AR S AN )
(Malinovsky et al., 2014). 4 i A HA7 % fh & H 4k
YsEAVE L, AR IE AR TS ) 1) 44 1 (Zhang et
al., 2021a). fFEHEMAERKEKEERE T, BBREEHX
T B R, SURMAE SR, MHEYE KR E R
R85 3E v = X H K (Cosgrove, 2024). [Kit, RAWF
FUAHPD A FEE I oy 5 850, X T Ham i) AR A s o))
HA 5 RS A S R
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peptides, EIPs)I&ik#H0E, 70l 5 PEPR1/2H
MIK245 32 Ak 4 &, BRI 98 1 A% XA & 4 )% (patte-
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i HHAREER RS 5 T 5 B RN RS 2 AT
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Figure 1 Pathways of action of cell wall damage signaling and activation of immune response after plant cell wall damage

Cell wall-degrading enzymes (CWDEs) damage to the cell wall results in the production of damage-associated molecular pat-
terns (DAMPs), while cell wall integrity maintenance mechanisms sense cell wall changes, promote the expression of PRO-
PEP1/3 and PROSCOOP18, and induce the production of endogenous immunopeptides (EIPs) (e.g., SCOOP18 and Pep1/3),
and DAMPs and EIPs bind to pattern recognition receptors (PRRs) on the cell surface, activating downstream signaling path-
ways, including mitogen-activated protein kinases (MAPKSs), reactive oxygen species (ROS) and Ca?, etc., which activate tran-
scription factors (TF) to initiate the expression of defense genes, ultimately triggering an enhanced pattern-triggered immunity
(PTI) response in plants. The solid lines represent verified pathways, while the dashed line indicates hypothesized pathway that
has not yet been verified.
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1 EYRREEEAVE R ST 5454

GER/E Y Ol Pt RS oS i = I T 2 R i ) S ER
KEEEEM), FERALER. PAERMERE L
Je 8 (TR e A B R 2 40 K (de Souza et al.,
2023). AAEFAENGHMDEE N F NSy, HAgERE
R E & 14 (cellulose synthase complex, CSC)& i,
BT e FE A 7 ) AR AR 254, Dt B SR T L S
¥ J1(Rongpipi et al., 2019; Zhang et al., 2021a). 3
PR AP R A B 2R IR 2%, AT 1 58 4
BE IR i AN £ o2 M (Berglund et al., 2020; Cosgrove,
2024). 24k 5 AR F AR TR G RR s K 1, AT
PABH 1E4H B8 P 7K 433 2k (Azelee et al., 2023). F
VB2 W BE () B I R 4, TR T 44t o B e PR R A, G
BB RS BE (R RN RN 1, ERRA 2 E 1 (Du et
al., 2022). 4 g BE 1) 2 1 5T AE 45 0 SR RIS 5 5 3
TR EEEAEM . Flin, EEaREmEEsKS
Tk, AEREGMAMRIKPRBEELESS5ZEE
B B REAR, 3R T 20 B EE RTEE % (Wu et al.,
2018). A2 H 1 G0 4 i BE AH OC i (wall-associated
kinases, WAKs)/E 5040 Jig BEXR 25284k, 15 501 441 i e
#1173 (cell wall damage, CWD), 54 fitd B 5 B 4
FF (cell wall integrity, CWI)HL I, 4% B fi e v
(Zhang et al., 2021b; Lee and Santiago, 2023).
KA EABUEA T SR B N 1S B B, H
TEAES A5 e BV L 15 5 T SR S A I B 1 T T
YEFH 2. lan, w55 g BT 5 7K 7~F- 5 (Philippe
et al., 2020).

I g B P I e B A Sk A S AR, R AR
BE IR FEACKE SR, DT A R 45 A4) 110 s 14 A0 A 2 T e
(Cosgrove, 2024). #7-i& H 1RAE A7) 4H o B 235 A 5 Y
Fe T X B AR P Y 3R AE (Keegstra et al., 1973),
2 JE bt T R A AR S A M b, K
I 440 B 1) 5 R DR ) P AN R B A R T e, B W)
AERE . RAEBEFI A E] 2 (Carpita and Gibeaut, 1993;
Cosgrove, 2001; Keegstra, 2010). I3k, LT
FC A I F A% B4 3 9% (nuclear magnetic resonance,
NMR)FIEAE 7 AT F B, ESE T HIAEBE 4 R - 3
JBZ IR 2% AR A BE v 2T A 3R - R BB I 45 D A BE A
o) 3 EAHE 42 (Simmons et al., 2016; Zhang et al.,
2018; Kang et al., 2019). PeaucelleZ:(2011)f# R

F 11 B (atomic force microscopy, AFM)X 41 i
BE S22 AT RN, RO N 4E e BE Rl gy, H 2
PR B e A B 2 Bl v A HEE ], e 5
YIRS — KBk . Grantham%%(2017)%} 58
A AT B ASNMR, 45 R R AR R AR5
P A AFA TN 5 2 4 31 S 4 4 1) S K TH AH BLAE
TR A 2 I EE ) I K B B OCE . M4
¥ [ 55 2% 45 10 P T2 B0 30 25 X 8% 2 FL R HE AR BEAE
M BT, A BRI R E LS5 H S %
92 HHAN AT Bl

2 HEYEREERERNFHIER

2.1 fERRIPREREPH

21 it B S AL A AR b SR T ) v T R A B 4R, A
DR 7 0 o B AE AR R B R BN AR L A SR
JE 77 F0 95 T TR 7= AR TR 24 i B % e g o ¥ 4 R A
F o 40 BEXE 40 i 5 o R A BE 70 B T, X R 0 i
PN AN, 50 R A BRI — B R . A
M EE B SR BBy, SRR L, e i o R AN
FER R, ] DAAE — € B2 BE b BH 4 B ek 22 93 i TR BN
12, AT 7 LE 98 B 4 %o 40 P S 8 4 = AR 447 . )
I, B ) vy e B2 S A FL R AT RGBT A S R
NAZ IS HSRIHURE J1. AR, 2R
JRARNAZ I iz FHPL D SRR 28 1 23R 10, #8785
I JER A 3 Ik — P RE R B 4R N PR T o AR KSR DT F )
FTH (Bronkhorst et al., 2022). fEILIdFEd, 40 EE
)7 AE 08 T 4 R R B0 A0 SR B 7 I 48 5 48 it 1) T
ARIERBIEN .

BeAh, 2440 S99 i B X AR A 41 B T B B
207 U K R 4 B BE B fig i (cell walll-degrading en-
zymes, CWDEs), Wik f# Rl (pectin lyase, PNL).
B F i B (pectin methylesterase, PME). £ %27
FiE IS % B (polygalacturonase, PG)AIAR R M (endo-
xylanases) &3 i 40 J BE (1) R& 73 o T 241 B B 228 o el
0 BGE A 41 22 v A7 48 ff B 5 A2 Bl 0 71 A1 1 (cell waall-
degrading enzymes inhibitors, CWDEIs), A1t —
SEREFE FAEIX SR MR, o — IR 4 S 2 12
= it MESE(Beta vulgaris ) HE 40 i BE o 43 55 L )
I 2R BN A7 (PNL inhibitor protein, PNLIP)H]
DA 56 4 M A0 1) >R B 22 o 205 1) SR IR 2L 186 (Bug-
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bee, 1993); #H g BE ) S fi FH 18 g 41 1) 77 (PME
inhibitors, PMEIs) ] LA il PME X 41 fid B SR Jiz i
# 1k (Wormit and Usadel, 2018); Albersheim fll
Anderson (197 1) 2 I T 2 5 F= FL W I 1 410 i)
#J(PG inhibitor proteins, PGIPs), 54 fisE ()
R, M A o WA P Gs; A SR Bl 40 1) 751)
JTZAFAE T B I 4R e, H TR R N
TAXI (triticum aestivum xylanase inhibitor). XIP
(xylanase inhibitor protein)f1TL-XI (thaumatin-like
xylanase inhibitor) =%, T AITRERH 1k A K g xof BE
RSy R BR fi# (Lagaert et al., 2009). [HlIt, 4Bk A] LA
FLFEAE Jy B B e — € 15 5 L BHL W 40 B 5 995 1A 1) EL 3%
e, JFHRBTHLE 7y, 40 EE K CWDEIsth & 78
93 T T 5 T - A 1 565 — IS T o0 D T £ P oAt
BEAT 4, BE T ORA 4

22 RAMEBRERES
A BELERE W) S R G RIE AR, BRE N
JiE B BEL L5 JRAR N AR, XA 9 B L5 5 B A% i
E e 2 AR A DI (WAKS )il it 3 g 41 45 1 3
2 o B SRR AS IR, TR S 4 o R A 4 i B 1) O B 52 A
ARG, VRS gH i BERAS A A HF RER N. %
TR FEUE S T WAKS S5 B 51 (AR 9% A% O AR
F. Brutus%(2010)WF 7t kI, HEFAERIAMLL, &%
TEAtWAK L1 %% 55 [K 48 35 ¥ (Arabidopsis  thaliana) X}
973 JER A PRI PP 1 58 . Bot4%(2019)iiE SLAtWAK L 10Fi
IR AR A 2 L HH B v RO PR, D3 A R E ke B
Col-0 1 Ty-0 ¥ Ff 41, B I+ % &b 59 B i o vk, 1IF 5
WAKL22 ) 5] N\ AT 85 25 38 THE 6 R 28 9 5L 1A F) 7t
4 (Diener and Ausubel, 2005). i% %32 {4 78 % i
(Solanum lycopersicum) (Zhang et al., 2020). ##1%
(Gossypium hirsutum) (Yang et al., 2021b)F1H3¢Z
(Brassica napus) (Larkan et al., 2020)%5 X IHfE4,
PL K /N (Triticum aestivum) (Yang et al., 2014). /K
F4(Oryza sativa) (Cayrol et al., 2016; Delteil et al.,
2016). £ >K(Zea mays) (Yang et al., 2019)Ff1 K%
(Hordeum vulgare) (Yang et al., 2014)& .- HEHY)
W AR .

T 2 AR B FERONIATE J8% 0 41 iy e e B8 1
Go i IS E R . PR, ZEE
AR S 1 VR 2 F IR A SR P BB T < A 44 i

5E(Tang et al., 2022; Lin et al., 2022). 3 [EH %51
FE K*#Alice Y. Cheung5Hen-Ming Wul4] BAHF 7 i
v, FERONIA[K T BEAR AT 3 5 PRod Bt A6 X 7 (rapid
alkalization factor, RALF)AHEAER, T HK-R-
ALF-FER-LLG1=J04i &%I(Liu et al., 2024). TU& 4]
FA& I, FERONIATERSZS T #bl FEAih S %8, T2 J
MR IE T RALF235 3~ A= 0 B FERONIA (FE-
RN)#i% J5 &8 %% (Chen et al., 2024). 4k, FE-
RONIA 5 1% iR il 52 14 FLS2/EFRJE i U g 52 & 14
WIEPTHE 5 (Bl 5, 2016).

o it B B At P R A 5 A 55 43 11 X (damage
associated molecular patterns, DAMPS) 7 73 t.HX
1S E B v ERL = B S AR MDA T 08 [T A 5 e
R RB IR B 2 T B K A P A R S M SEBEBG TRIB
BGTETB 1] ## % OsCERK1-OsRac11z 5 ifi #% (Yang
etal., 2021a). Xiao’E(2024 )i T PGIPH) i i 1
PGl i P 32 B 2 v 1 5 SR P FUBE I R P AR 1)
Iy FHLE] . L0 DAMPSIE f, 35 ) 7 2 S0 1% R i
/R =¥ 0Gs (Ferrari et al., 2013; Cervone et al.,
2015). A4k FEM =L 40K (Aziz et al., 2007;
de Azevedo Souza et al., 2017 J R L7 4K ATE
(K% S Bl (Claverie et al., 2018). X L& B 55 )5
& AH 7713 (pathogen-associated molecular pat-
terns, PAMPs)¥) % # 3 11 5] %214 (pattern recogni-
tion receptors, PRRs)IH, WidiGtE Bk . 23
J5UE 4k £ [ B (mitogen-activated protein kinase,
MAPK)Z I 45436784 £ 11188 (calmodulin-domain
protein kinase, CDPK)i i T I 52 i AR 4 B 48 )
J9; (4 F T4, 2020) (K1),

2.3 ik EHI%RREEN

41 5955 J5 BT S B A0 L R (1 BELAS 5 ) O3 i )
FELPD 240 H B % VR0 BX P 4, R JE B — R 51
IR, PAI/ 95 S5 B ke A B AR 5, X — i AR A
21 it B B 43 RS A ) B A8 L 3K AR LA R i
RAARY = 0 36 N 45 2 A 77 T o R 20 i i 8 e
BEWOE IS, 4 M BE 1 R4 DA RO SR AR i 1 2 K AR
SR, AT ik A 7 0 S o 9 SR B A A A i 2 il
INCWI, I By A P 240 i R 50 5k DRI A, 4 B v
CRUEER | AR R RS 2 WE 0 G S 1B I AR DGk
[Kl ik & 4284k (Molina et al., 2024). X L6431 7] fE
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S8 iR 20 B 1 5 P A RS e M, AT BEL Lk DR Rk —
#12 N (Munzert and Engelsdorf, 2025). %11, Woj-
tasik 55 (2016) % Ja& 4L i 7 4 2 £t Bk 7 1R (14 I JBR (Li-
num usitatissimum)%i BT, KIS S 4 i A
RA ARG 5 PR 3Rk 2 B 5w (R 1), IF 5L A2 2
JRBAZ e, A R 55 A e DR 20K [ e e et T
D 4 2 W 37 Wy e . Wang %5 (2023)iF 7t 6 B, 24
AT R AT ERS, SHOUA/ALNS £ 4 % A R # ]
TEFIE RS, Mg R G, X—dBEAET
SRAND I R R S BUICWD . Li%E(2024a) )t 5t
KB, HZ=(Rosa chinensis)?z 2| 7K 7599 7 Ji B 12 4
Ja, KRR AYA R RhCADL Y M % 4 St R 1
B, AR R A R, i A 25 K E
T e

TEI 5 B 1R A T, R A0 B A% TR Jo 1 2 A )
21 B I AR I O AR LA B AR S R, A TR ER I, A
5t AT LARE 7 14 15 1) 75 A 9 56 (Ralstonia solanacea-
rum) 73 i 5 B 23 g PehC, 1% B3 1 K Sk o 4m
Jf R SR fi 7 A S S LB R TR (OGs), ik i fik A K 4
()4 5% [ i (Ke et al., 2023). 52251, Zhang%
(2014) R IAL g TFiE I & 5 L & BR 5 52 T 51 (leucine-
rich repeat, LRR)3Z A+ IRBPG1 (AtRLP42)
W2 PR 2 R ARG (PGs), H 524k
BIGSOBIR1AH ELAEH, I BuEBIfE1E 5 ik . 7
bh, W5 K LK 5 (Glycine max) LRR 2 1k &
RXEG1 I & % 5 57 11 VR 701 758 55 T 70 W6 FAHRE 7 7K S il
XEG1, g 5BAK1FISOBIR1E i % 1k 2 & Witk it
74145 5 (Wang et al., 2018). T4k, FIEEHEI £
GUARHT PR AR A S AT R D AN LR () 4y T R AL,
Hmd 5 R B A1E, KMRXEG1ZAEA“ 4
PEUUH 5 CERIEAG] 7 XCE Dy RE: FEN i 25 4 S
i 25 A XEG I 1 Ab AT pi7 B 322 0 o) 122 0 7 K A B35
P, 1 C i i A 435 K4 38 0 5 30 BAK1/SOBIR1 &
G ARG I E S, X PO REALSI B 1R 1Y)
X B T B AE 71(Sun et al., 2022). 5 t[EI,
TPk 4 T CWDEIFRIE, DAYEFRE 40 i BE (1) 5¢ B
P (Xia et al., 2024).

FEWLE RN A0 S48 S R AR I, B 1 4t B o o
AE R A4 22 41, 4 A A DS R K 2 o AR
(Dong et al., 2024) (£1), LASLSRAEH TS AV Mria

SBE, [F A7 U R AE AR 3G, 22 7 T
(] 400 o DR T A0 L PR i — 2D AR B o TERE AN AP 5
Wi iE i, KR (salicylic acid, SA). K #1#&
(jasmonic acid, JA)F1Z./fi(ethylene, ET)X3F% %
RIEEEAMEH . MY SAT: Bl It 574 SR (isocho-
rismate synthase, ICS)i& 1% Ml 2K I & 2 (pheny-
lalanine ammonia lyase, PAL)&#&E &, 4V
R, ICS1# R EF T LKA (Wildermuth et al.,
2001), PALi&:7E/KHE(Silverman et al., 1995).
¥ (Nicotiana tabacum) (Yalpani et al., 1993)f1 K&
(Shine et al., 2016) #2453 |31k, 5 #7555,
PALKEN R B, SAE RGN, e B AH S KL A
k. MYZERELGEE, JAZKREMR R, DEF
ARG, JAE OS5 B g A 1 P 1L 1 (allene
oxide cyclase, AOC)RIAEH N, fEEJAR R, Bk
B A 55 5 I B (Wasternack and Strnad, 2016).
SR, JAS SAZ Al 47 7F 5 P /F H (Reymond and
Farmer, 1998), Y& MR ¥ AN AR I SR A4 (1 28 R XS JA
AISA[F) 43 s 34T 4% (Sultana et al., 2025). fE4N7
R INE T, ETS I CEEEFACCE [ (1-amino-
cyclopropane-1-carboxylic acid synthase)#{ i,
ET& MR ERE N, ETH LLS5JIARISAE 5L X
HAR, SR B R R (Alonso et al., 2024).

JARISAZE W EANE NG 57 THOEEY )k, =
7 AR 2 (camalexin) AR P 55 1l 8 A 25 5000 IR AE
A=K BN FIR R 2 —RAEEYINE TS
B R R BUE YRGS T R AR Y. Zhou
S(2022)WF R F W, ETHJIARE 5% K425 i%Ek
& HIMAEMPK3/MPK61E 5 ik 4% v] AW A 15 S A O 3R
MIA . HPIEH, Wbt (defensins) fl&ELE
% (lectins)7E. 32 B JE AR KLk J5 7248, 2% oh 50 I
B IRE 2 T R MSEIER M E A . Rawatss
(2017)BIF FLR B, 994 B AL 2 J5 A 4 19 480 2% L R PR 1.2
Fik B, NEE. AR R AR, B
ZIE R BIJATATT o BEEE R T DL A BE ) 2 B 4
ghigr, W R A RE, R AR R A AT A . AH G
WAL M EMSTH G, B RS BN
WIHAIEH SR P0W PEAH % (Babosha, 2008). 45 I
FTid, o o Bk 52 3] 55 JiR B 0 R0 A0 S, JE B
Iy MBI AR BE KT AR DL R0 I AR )
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R/ R IR G5 AN P9 0B EE - S B A O R R () 28 28 4k

Table 1 Changes in intracellular cell wall-immunity related gene expression after pathogen infection

WU AR

HEEmIBEA) YEH A4, 2R
4% CesA (cellulose synthase) B4 R, 4R A Wojtasik et al.,, 2016;
EOR %k > Molina et al., 2024

o4 GMT (glucomannan 4B-mannosyltransferase) IR T, k4K Wojtasik et al.,, 2016;

GGT (galactomannan galactosyltransferase) L £ Bk > Molina et al., 2024

XXT (xyloglucan xylosyltransferase)

XYN (endo-1,4-B-xylanase)

XYLa (1,4-a-xylosidase) IERET L R, PR

GS (a-galactosidase) Y AR Wef 1 %
8l GAE (UDP-glucuronate 4-epimerase) ERATEKR T, EEKE  Wojtasik et al., 2016;

GAUT1/7 (galacturonosyltransferase 1/7) LR Vol Molina et al., 2024

RGXT (rhamnogalacturonan Il xylosyltransferase)
ARAD (arabinose transferase)

PMT (pectin methyltransferase)

PG (polygalacturonase)

PaL (pectin lyase)

PAL (phenylalanine ammonia lyase)
HCT (p-hydroxycinnamoyl CoA: quinate/shikimate
p-hydroxycinnamoyl transferase)
CCoAOMT (caffeoyl-CoA O-methyltransferase)
COMT (caffeic acid/5-hydroxyferulic acid
3/5-O-methyltransferase)
SAD (synaptic dehydrogenase)
GT (glucosyltransferase)
CADL1 (cinnamyl alcohol dehydrogenase 1)
K#Ee  ICS1 (isochorismate synthase 1)
& PAL (phenylalanine ammonia lyase)

PAD4 (phytoalexin-deficient 4)
EDS1 (enhanced disease susceptibility 1)
SAGT1 (salicylic acid glucosyltransferase 1)

YNV

ErEE R L, R
i W%

IEFWEFIAR L, KFE4A Wojtasik et al., 2016;

HOHK %2 Li et al., 2024a; Molina
et al., 2024
5K#%m(SA) ICS1. PAD4.,  Silverman et al., 1995;

EASE, 5 EDSTMISAGT1  Wildermuth et al,
GRS EI/BSMTI T ggg“ Dong et al,
i, SAG iy 2024

BSMT1 (benzoic acid and salicylic acid methyltransferase

1)
VSP1 (vegetative storage protein 1)
A LOX1 (lipoxygenase 1)
MYC2 (myelocytomatosis protein 2)
AOC (allene oxide cyclase)

ZJ&E . ACC (1-aminocyclopropane-1-carboxylic acid synthase) 5Z&(ET)E & L, ET& Y

w4 PR (pathogenesis-related)
7= PDF (plant defensin)

5¥FM(JA)E VSP1. LOX1Hf Wasternack and Str-
HMSE, 25 AOC Fi/MYC2 nad, 2016; Dong et al.,
VBRI, JAL % 2024

Alonso et al., 2024
X, 258 £

75 460 52

HHom ARl B, BitlzEs  Babosha, 2008; Rawat
FEUIERAE S BEZAmEE  etal, 2017

g IN=E 2 A5 3, IR I R A PR .

3 MRS REAARFRIC ARG

B TSR BORRIEED A ATTR 20 0 45 44 R T RE 4
IWFIAWIER AN o 1% S8 AU EERIT ST VAR A AL — €
HRIPRYE, W0 ZEFEABATARC . [ 5 BRI Ab B,
XA HE 2 SR AN A I ARARTS, AT R B 7 45

AERPE AN R SE I . PRIk, JRAZARFRIC T B R
BEETA, ORI TUA B 1) 35T B TR,
T G A AN AR B2 SR B 1 2 R,

DA BRI FU T R T — R A SE kI B AL AR AR 0 TE 45
AR . o, B ER SLRERZ
T AR AN 32 P 2 e U AR A i HL AR 1
%, 1R BT TT S ORI . Bk, AR
RERIX 3P AR H AR M R, Rp i SR %, R HAE
YH R BEAR SSHE T B, B NI U SRR AR
BARRMS %

3.1 BEMOIMEIERSE
{8 HL 21 4% 1% (Fourier transform infrared spectro-
scopy, FTIR)E N —FkEHE 1 IR A7 dEpRid o BT BR,
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TE fRATT A A7) 4 B BN A AB M 5 S % A5 5 e S AL
TR R AEIRAE F o 12 AR T A DU A 5 X L AR
REAERMSOE R, ) FH AR AE IR AT e it P82 ) A R AR A4 R AE
REE 2 AR T DXV IR BE 23 A, RE A% B3 4 5
AR e B G 158 R T b B R rR 4 P B S (R
YRR R )N BB . PR, o
(1943 BT e 77 9 6] BH 20 Ji B 4 DR S 2 45 5 IR AT B 1
ST HURISRAE T SRS . o, 33 SR s R
AR P8 AR AT [ 2 iz B 441 s A 5 B (WAKSS ) A 8%
TERAS, T A I 2R A0 U 11 78 728 ) O I6 3807 11k S
RS R R EE N [ L FE(Zhao et al., 2019). Song
%5(2023)F| F FTIRE & 43 7 # #f (Populus  przewa-
Iskii) 25 A i E VT 5 PagUNE1 23 [ % 35 f AH e 1
AR SE T SHAEE ) 2 0 5 S pitk B IEAHDG, B
o T IR A BB IR AE R 413K 15 M DUk (systemic ac-
quired resistance, SAR)H = EH . 1T, Zhu%s
(2024) 7t 18 i FTIR 1% 1% % #r & 17 (Phyllostachys
edulis)ZH ke 5 i PERT, IS [F 40 2K 8 1) R A
G AT 2 50 DR A AR G (0 R S T 977 A S W A AE 7 [
SR, T Ay R i AT B E S e S N I
X IR GE 7 A B S a . MR T e B GE:
AR, FTIREAZBRFRCK S 0 5 H%, (HH MR TR
ORI ERE AL TR SRR 2 40 D TS, 1
P2 L BE AL AR i Sl A 5 B 57 S &k
AT BN 224 1 (Das et al., 2024).

3.2 HEENSHKIEME

LR AL 21 %% 352 R (confocal Raman micro-
scopy, CRM){E itk JE A o brid g HR, H
5 7~ AEL ) 240 PR B AE G 88 N2 TP I B A AB AL ) £ 4R
TR RN F B ZEARE AL 4R A
JoR 2 R SR S 4 b B 2 43 (R R AE =2 A A, AL RE LA
TOR G 25 181 43 2R SR A Ak 2 1 % (He et al.,
2020), 1 H. 7] 2 24 50 J5 AR 2 S B e UK Ak
PRI AR P A P RE SRR 2H ) A A . BN, R R
B LA 1 2 A R B AR AR S Vs R R T I i
BE DN B ARG, TSR 2 WE S AL AR B R A0 0 AT R
BEWAKSs SZ 16/ 3 1 9% 15 5 BORIRE . Guoss
(2023) 38 ok X # W R AR BE R TR 2% A 1) S O Ik R AT
CRMJE & /311, K IMA T F U ARE X 5 0 [ A 4= 4
7 AR S 3 1 25 (B AE DR, 3 Dy [ B 4 B BE 7 S5 358

G S T K 23 DX B A SR AR A T BLEESE . Jin%E
(2019)F H CRMSE I 1B B il R R ah s i 72, Ak
SL T2 P B A S A 1 5 7 A5 I T e 1 iR ) S B G
B, HARIR B BEE A St D R AR AR ) S B
WEAKKE PR RAE 7R . REZRT
P2 B BT BN R [ A R TR, (H CRMAR A L T b
W2 A0 R R AL, CBONRT U HLBE B3
B S R E S M RN EE T A, FHlREYS
FTIRZE BRI I, 7T ) 2 AN 2 WAL 27 4 R B 30
TR Z RES IR R

3.3 RHRBHIEMS
2 P hr B itk B4 (stimulated Raman scattering,
SRS)E RS Tobrid B AL UG HE AR, TEMHTHEY)
I o B Zh B M 5 A5 5 S T AL R A
MREAL A o 12 A I Ik BRI b 2 B ) [ R B A
AL REXS 40 o B = B Gy (R LR . £F4E R M40 4
TS )T = R E BT, AP R oy
1 A8 SI I 47 AR S5 AR 42 e B G 5 UK T A B 51 R
YA iy BEE RS L 22781k (Zeng et al., 2016; Man et al.,
2018; Zhao et al., 2019). {HAFEREIIZ, Yao%5(2024)
FIFHSRSE A K I, PagARGOSHE Al (4 K i 2 3k [A])
GRURIECY NI STEA R e AR b ARt
Y, N “Oss- R B AU ISR UL T AN EE AL B A
ST ) BB E R

K H SRS AR 7 (19 A 0T 3% 2% 1] 3 o2 1 43 A e
TIE 5 o B WOK 15 3 1S MR AU R AL e R B 3 3L
SEA, % WA ZH R EE RT3 I SR Ak B T A B
T SR RS HE T 609% 15 5 (Zhu et al., 2019). M4
2 T AT R 1A 2 2 4 3 2 T Ak S A W 5 ¥ K 1F 7
FEFETRTE 2 B A /K, ORI CHYAR i R AFAE DT
TR 2 h f AT 52 1k #F B (receptor-like  kinases,
RLKs)/ 5 1) 15 5 2 (A 5% S LA SR A T 9K R
ik 2= bric (Li et al., 2024b). MHE T 4HA, SRS
FHEEL P AP 18] Sy A TE AR e AL A, 3 ot 5 4m
B A, 27 0 1 5 8 A 5 R v e AR R S5 PR 4 2% e
PIFEAR T R . Y580 9 AR R, ZEAR
R I 23 9 BT 15 B 40 0K 2 4 P P RRE S B
fERTIR R

N TAERE TN Lk — 28 R LR R A AE AR i
FARFE AR, FRATRE X 28 45 R 1) 3 Bk k0 DL S AE 4

© 0000 Chinese Bulletin of Botany



780 Hi¥%4R  60(5) 2025

w2 JRALARFRIC AR B B SR B

Table 2 Advantages, disadvantages and applications of in situ non-labeled imaging techniques

B F2H 275 3Lk

HA =
& H 2140k (Fourier AR, "SR S 4 R,
transform infrared, FTIR) &Y

RSP ZIR, KW BRI RE K /> 45 E, Song et al., 2023; Das
WA, AESE PRk AR etal., 2024; Zhu etal,
(LIB43

L 31 2024

SR 2 B (confocal  FOGIEM A A HE K, A BB, f2Hur  IMg1REE 22k Jinetal., 2019; He

Raman microscopy, CRM)

RANE, DHFRAEROR RS, FOLH ST
% IR 1] Rt A5 o B

et al., 2020; Guo et
al., 2023

T B R (stimulated AR, WIBETE R XA A BB R, S I S A Zhu et al., 2019; Yao

Raman scattering, SRS)
R

i, BRARSEEPHER g AR

B aEERsy 5 etal, 2024
E1ck3d

Jif0 B - S e BE T R B N FH EAT 6 (R 2). BRULE
JUMPHEAR SN, AFM. 4514 B8 B 5 53 8% (structuredi-
llumination microscopy, SIM). L% 5 a5 s
(stochastic optical reconstruction microscopy, STO-
RM) DL K 4 N s S5 7% % i 8% (total internal reflec-
tion fluorescence microscopy, TIRFM)& %K,
W75 A0 P B 55 K A At 7 vh R P B SR A . AFMIE S
YK G 7 2RI AT S I B A 20 i B e AP ASE R ARG B
1T BRI BN AT, 85T R D) s A
71% 55, SIMAISTORMAE J i 6 2 A 4 A B, DA
20-100 nm 73 H 28 € o 40 o BE 2 2k R et 224k
A FRRBT TR BRPRRs Y 75 (B FLZH, 58] B 4o 22 i )92 1)
I3 FHAMRIE; TIRFMIUE KAl $12 40 i - o 5 7 17 9
TSRS PR EUR K SRR S S 5 F 0, RERARAE
N5 B B BE - S B A TSR AL B T BRI

4 RE
TERIE S RO B B 0T S TR, A 15 4
5 RS AR AR PR AL 86— B 4% 22 v O R TR 2
LA 0 A A2 24 0 M T 7 £ 3 3 45
1T FL AR R S5 RS T TR0 4, FEHEAEIS
ik N AR R o R R SR R . ERT, RN
P R 5k o L) e i D G P £ 2 0B
798 TR N BTF S IR0 2 B, 3 8 [ 0
S AT BT N SR A AN B R 5 s R G2 )
Bl 5r FIAE S . AR I, IR T4
FOOHE 42 B TR RS W B, 3043 4 R 4305 A 6 T80 L
7T 2 R BOF 90 B SR R 7R ST 7 4 IR FF 18
iR, AT B TT T 5 % S0JE 51 Hh ISk
TR .

B RGE R B R R, RS AT

BhE s . B A A A L 2 S 2 A e 5y
BT RIS, 22 50 % T 4 MR 5% 40 1 7 HH (1 GBS 5 1
T SR B DR X 45 o 368 3 ) S 400 B A DA 5 3 B 1)
ThEe i, 75 2 ) A 40 i Bk 20 23 5 e 4 2% 1 S s
SR B [FVE FALAR, AT RN S AT A 420 S 328 S o
K15y 1 36mt. BbAh, Bl ST R AT JERR D B s ig H
RIORWIRRE, A8l — R g R e R ) )%
WA FRER S A 0 IR S, BLHE SRR S & AT
YT B B 53 B A5 AR A5 S e e L A AE S TR I
0240 B BE A5 001 B IR N 2SR AE JE RN P RE S e A5
B FIRE T O T BT N JEATIERRIC R
B AR PG R A A AT 240 P e S e ML B 4L T 2 4
FETHE. R RassTFREd 2R AmME,
13 SBAE AR B 25 I AN B g 2 R 5 4k 2 1oy 1
LA, EHTPAMPSIRA] . 4515 55 5 LPURYIR &
JRIFI 2SR G ML, ARSI G « D102 R
SRR AR AT, B IPUR B BRI g ok 24
WA

B35 HI 2, B CRISPR/Cas9%: % [X 4 45
BRI T A R A2 07 1 90, B 9T K e %
SEGT 4T R G IR AR RS R R N L E A
BEDTEY: . B BV R A EE 2
Z R I AT B, oK S A A0 B S s
SN HAE U TR o X L5 58 A A3 FRATTx
TP 5P RGN, BEONEERE, W AEYD
I3 T PRI €0 575 2 BRI e 4R A3 11 JEL e A0 S mes, oF
FHEBh AR AT RRSE R J B A F B R R S R S

& STEk A A

TR ESYIRMEHEE, REX ZH5RME
RRAB G BRAT AR AN B 2 5 SOl R AR B Ak
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Mechanisms Involving Plant Cell Walls in the Immune
Response and Its In Situ Non-labeled Imaging Technique
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Abstract The plant cell wall, which is composed of cellulose, hemicellulose, pectin and lignin, is a dynamically changing
network structure, that not only plays the role of a key line of defense in the process of plant resistance to external pres-
sure and adaptation to environmental changes, but also plays the role of an information hub in the process of signal
transmission. When the cell wall is damaged, cells sense cell wall changes and initiate early immune responses, such as
hormonal changes, alterations in wall composition and modifications, and the production of disease-resistant secondary
metabolites. Although the importance of the cell wall in plant immunity is widely recognized, the specific molecular me-
chanisms by which cell wall damage triggers immune responses remain poorly understood. The application of in situ
unlabeled imaging techniques in plant cells is gradually increasing and has become an important tool for studying cell wall
structure and function. This paper describes the interaction mechanism between the plant cell wall and the immune re-
sponse to provide a scientific basis for a deeper understanding of plant life activities and improve crop disease resistance,
and describes in situ non-labeled imaging of the cell wall to provide more technological options for advancing the study of
the cell wall in the immune response.

Key words plant cell wall, plant immunity, signal sensing and transmission, in situ non-labeled imaging techniques
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