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Molecular Mechanisms of Cell Wall Integrity in Plants Under Salt
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Abstract:  Cell wall not only supports and protects plant cells, but also serves as the first barrier for plants to resist environmental
stresses. As one of the major abiotic stresses that restrict agricultural production, salt stress can cause the alteration of cell wall composition
and structure, and these changes can be perceived by cell wall integrity sensors, such as CrRLK1Ls, LRXs, and WAKSs, to activate intracellular
salt stress responses. In the cell interior, salt stress-induced influx of Ca’ and activation of phytohormone signaling promote the expressions of
genes that are associated with cell wall biosynthesis and modification, which in turn facilitate the maintenance of cell wall integrity and improve
the adaptation of plants to high salinity. In this review, the main components of primary cell wall polysaccharides and their cross-linking with
each other are summarized. The impact of salt stress on cell wall polysaccharides, and the molecular mechanisms by which plants perceive and
maintain cell wall integrity under salt stress, are also elucidated. Finally, the scientific questions that need to be further addressed in the research
field of cell wall integrity under salt stress are discussed.
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Plant cell wall is composed of an intricate network of dynamically connected matrix, including cellulose, hemicellulos, pectin, and glycoproteins. Salt stress can trigger the
alteration of cell wall compositions and structures, such as promoting the accumulation of de-methylesterified pectin. Salt stress-induced cell wall changes can be perceived by
cell wall integrity sensors, such as CrRLK1L, LRXs and WAKSs, and these proteins are able to activate intracellular signaling pathways to repair cell wall, and finally maintain

cell wall integrity under salt stress and enhance the adaptability of plants to high salinity
E1 EYiEEShE TARETEENTEE

Fig.1 A schematic illustration of the regulation of cell wall integrity in plants under salt stress



2023.39(11)

TEWTESS - ARk iin A RE 52 Bk 707 HL] 23

PRI OR AR 2 K AR ks, Attt T4
O P 11 A SRR 4 LR () ¢ 1 . SRS ST CrRLKIL
( Catharanthus roseus receptor-like kinase 1-like ) % Ji%
MBI A WA AT LSS & 2 BB malectin 45
F3, WA R RENS E S 5 BT 1) A M BE 1) 52 4
# . FER & CrRLKIL ZHE 10T S A 5L, TS84
BT 2B FER WSS A3 T DL B H 45 6 2 i B
2 R A SRS S 5 BN R e s e g 5 1
(SRR RS B R WA > FER RS T
ESWEE Y/ DO E NN T SN 2 B | A 27/ SR O Y e T 2
s 0, I FER 76 A0 4 200 BE 52 B I
RS 3 el AR R B A /ER, (A FER
il 75 -5 At 24 0 R 22 SR ke 25 5 B 1 AR B
2 e S0 M DA R X AR 2 A3 1 R L R
FER WZIREARAL (5 (AR B IR AT
TEAE Y 2 e iR A AE— M 8L H Leucine-rich
repeat extensins (LRXs), LRXs A )i 13 H C v B
AT SEALAB Y extensin Z5H 8048 & 7E A0 I BE o
[F] B 3d 2ok N i 9 LRR Z5#9 50 5 FER AL /A& RALFs
ZMMEAER ' R, S RALIRIAR
LRX3/4/5 5 RALF22/23 1 FER 2H Ji — ™ FH oG 14
SKvEyEER N, (B 1), ra345 F fer-4 RASKLA
J RALF22 33k 33K AR AR AR 2 I L0 AR R i) A K Bk
UK R i S 26 75 L LRX4 19 LRR 45448,
Bl AAE T A B FER A MSUE AR SR b 5555,
SEREE R RS LA 1 Ik, LRXs 7T fig
SR AN M RE ST R ) — AN 4y, (HHA
A AN AT SRR 20 L BE AR AR AT SR AR AT, H AT RIS
B LRXs 5 RRAAEEBVIMEE R, FERIRITIER
Brp, /10711 78 BRI S B R
WS RE W L LRXs B/l 5 BB Ac Bk
TR 2 LR S 1 I i 2R s e A AR 2 — 25 1
8. 5358, LRXs /- SRR MA (5555 G2 B
a7 F RALFs Al FER WA/ 0E—A0F5T
TEAL T I AE K B R v, FER JRAS 2 Bk
R AE R, T2 A 5 A A CrRLKIL 58 % A Gt
HERK1 1 ANJ 3t [7] & 4 Shfig 1 78 £k W36 ) 1
H, FER L5 B 44 CrRLKIL FK %A b1 THEL Al
HERK1 — g B ihae TR A2k (B 1), If
i 3 MPK6 {553 [t 2f f i 7 6 Jolp a1 i 17 366 [R] 71 2

BN G fer-4 SR, thel-4herk] XUZE 7 1K
0,28 B AR K G OGS JPip B B ) R Ak B2l
RERH] CrRLKIL RN R A P RELL LR A 14K
FL[REREN A K R B R RS R IR BT I TR AN i RE
SEREME AR, HCRN A ARTE B 43T AL B
BT IR A I

WAKs ( wall-associated kinases ) +& 22 2 g / 7
R Z R, HM /Mt e 8 5 e
G55 TERYIE A7 AL W B, WAKs 8812 i BE
I AR AR B R i Re S 0 WAKs R
S 5IEA YA, KRR OsWAKI12 B3
FIRZ FER B (g, L FRIK OsWAKII2 3TN
AP SR P BURPE T RERR OsWAKT12 (AFERR
it SRk 58 7)) {EFE R H HoWAK T JE [N 5 )36 1
37 A SRS PR B X 8 13 R e g e A O
B O o R E A1 32 R MIK2 Al 2 5 IR 4 i
WE R 2T 2 28 B WU I 3N T A DG R, S FLL
THE 4564 77 IR FEAT AR A A=A T ) R a8 g
M) {H THEL F1 MIK2 22 [ i HAA A F L AT
W, EEAHALE S ST LT
3.2 MM EE B MRE T da R R RN 69 T AL

YA A7 AR A B, AEL) AN M RE ) 4 2
Fa R HE AR, A R S R ) R Az 4 G R R 15X
SOV I S5 20T UE A G L 18 45 20 B EE 2 40 Y A5
FEA,  E TR R A RE RS, (AR RS IS
BRI INE . ARG SR, R A REE
WS Ca™ WL, I HX A RAKE T FER, #EAZH
JEPS B Ca™ RERS LIS AN REE S SE I, DEm4EssEh
JHipAE T A RELRE ) SE R, S Lk R A A D SR VA
I ) 40 Y B P O TR T A 22 2. MAPK 1355 By
N AP AE T il s B OCE SR, H
H MPK6 F9 i R T30 2 45 R PR BT b a8 11 L 2240 1
Fric, kB8 98 B8 #5875 5 MPK6 A9 i i
i, #BBiE R, FER. THE1 F1 HERKI g% 20
I — 5 AR AT B S 1478 A 3 1o 67 R
MPK6 ¥ UL . 7 fer-4 Fl thel-4herk] 5875
e, ERNA S T R A MPK6 BERR LS, &
T 38 T M O s i DR ) ek e S T Y
LR R, MPK6 fE gl i B 5 Mg 44 &N



24 4 % ¥ A @ 48 Biotechnology Bulletin

2023,Vol.39,No.11

MAP65-1 A FH A I 72 3 30 175 B0 U A 2R
MNP SR AR it fg s I 7

TEERIDIET , F4ERMS ESRER, MY
S I HOR G AT 4 FORAE R AN M RE R SE R . A
N RErh AT YR A S U A S S IR G T
R, WOEMmRIE X RAETER, MBS XA
AR TAE Y G T N R PR A 2T 4 R By
TR MR TR IR G R SR 25 )
oryzalin BERES ISR AR Y0 Eh B ROTH A2, T ES e i
A A R 25 taxol WIANEE T IR foskE 7, i
IV 1) ik SR AR 10 R 38 BT S . T Y
B F B Z A 45 A FE ) MAPs (-microtubule-
associated proteins ) JiF. FELIRIIT map65-1 T4
Hh, e I 1] SR Ak Bk Ak PR S AR R A 2R 2 B
X ER AU B T S A M cC12 Xt
TR a0 S A TCE B EE SR CSCE T A I (]
PR AT 10 (B 1) ' cel 2 P ar s o 3L
N Ziii 4 MRSF B K ST B S MAE S, (e
BRAEMBA, MR TAEREG, Ry
AT AR ¥ CC1 5SS G A FEAL
MR JG, CESA fERE FryR8gh =, YR
USRS 7L CC1 SAE Z A M sh LS & Tk
3 RS SR E R B, MY
CC1 S5 4G 00 THLHIE AR, s Tau
EASAHYS CCl MR BAE S G A, WY
Tau & R EIE IS B MG, BRI, 22
SMAE R EAR Y, AR CC1 BRI 45 4 287 X 3%
WEA ZAD BRI AL, I, FY i
AP CC1 ABERR AR 2 HAE R 38 T S5 Y
S EARE— PRI .
4 R

b 30 2 BRI AR A AR R B B R R R
Z—o ANEREAE R AN R B B B R, e AR
Z BB RO, P, AE A A RE LA —
I [ SR R Mot 30 ) A A 75 S 2 L P I o 10, %o
THEE AP R R OCE 2L, ASCHER TR E
T 20 A RE 25 2H 53 1 728 A DA S RE P SRR O A 4 i
SERANEI TR ETAAIT TS5 SR B B T AN R e
AR R P AR, (AR ok T —

ST Rl )
4.1  fmRaRE T B 2 AL

AR HATC A% 8 TR Z S 5 B 4 i BE 58
YR, U CrRLKIL R 5 . LRXs, WAKSs
&, (HILEARABSZ WL AR BB . H ETE
DRf [a) AL« X BB AR 11430 5 VIR L A4 e B 2 73 45
G, E AR TS G, B R WA 2 i
BEL Ay A4k, B A L RE AR AL S Anfe) A5 515 38
SR RS PGS N, Ak, X eERAZ 2R
EAZEE AR HER AR LR, UNEREA
At A 2 31 24 i B 5 e M J Az SR A B A — 2P
% .
42 I~ it el B A Ca” B8

WG SES S Ca™ RREY, BARE
JI§ GIPCs RERZIRAIER A I A Ca™ UL, (HJEH
A 2ERIA T Ca™ PR Ca™ A %
WFFT R FER M4d Ca™ (55 R BTG A UREIE 52 1845
i, #2488 FER J#EM Ca™ @il A B T itdy
AEFEER 0 20 L RE SE SR 1) AL
4.3 fmfRRELA SN R G 0 T R AR AT

ER P38 5 | 20 e RE Z2 B ) 2H RN 45 4 e A
AR o FFN b, R A 3 A A A Tl 2 R A
(143 M Dhe R 20 LR R IR A, SEBN e BRI 1)
IO o 20 R TR A R TR A 7 ST B A A AT 4 i g B
Belaa i 2y, A A B A R AR A Y
PR AR, A A EE b S B R A KO 32 B PMESs Al
PMEIs 3% W K F & ks A4, HHFTCTER
JoIRAED XT3k TR 25 A 11 9% 1 S e A S SR AR X A D . R
KA T LR ZL TR AN ST R P38 % PMEs 1 PMEIs
TITBE 1 52 M LA B XoF 241 e e 2R e FHY IR AR 2 1 5 i
AT fifE 7 A 40 J R 60 IR 30 T 40 B 5 4 P 14 3+
HLFE
4.4 F) 7 g ReRE T M Gk F w AR

H A OC T30 ME T 20 i RE 56 S PR R A o
PR ALY T IR, VR Tk T R A
KAFFRIRAR D . Bl B G 48 B AR R L R R 1)
H g B, 388 S 7R A4 v oxl 3 Jpin 6 T 908145 A B 5
FENE LR A T R R iR st Kk, BA BT
FRATAAATT At L B e R MEAEAE I R h VR, OF R



2023.39(11)

TERITE A « AR S Ia T A0 BE S8 B PE ) 231 BIL T 25

55 E B e A A VR A b A A R 2 A gt AL
BEIRFIREM

& % x ok

[ 1] Botella MA, Rosado A, Bressan RA, et al. Plant adaptive responses
to salinity stress [ M | //Jenks MA, Hasegawa PM., Eds. Plant
Abiotic Stress. Oxford, UK: Blackwell Publishing Ltd, 2005: 37-70.

[ 2] Shrivastava P, Kumar R. Soil salinity: a serious environmental
issue and plant growth promoting bacteria as one of the tools for its
alleviation [ J ] . Saudi J Biol Sci, 2015,22 (2) : 123-131.

[ 3 ] Singh A. Soil salinization management for sustainable development:
areview [ ] | . J Environ Manage, 2021, 277: 111383.

[ 4] Colin L, Ruhnow F, Zhu JK, et al. The cell biology of primary cell
walls during salt stress [ J | . Plant Cell, 2023, 35 (1) :201-217.

[5] Yu ZP, Duan XB, Luo L, et al. How plant hormones mediate salt
stress responses [ J | . Trends Plant Sci, 2020, 25 (11) : 1117-
1130.

[ 6 ] Zhang HM, Zhu JH, Gong ZZ, et al. Abiotic siress responses in
plants [ J ] . Nat Rev Genet, 2022, 23 (2) : 104-119.

[ 7] Jiang ZH, Zhou XP, Tao M, et al. Plant cell-surface GIPC
sphingolipids sense salt to trigger Ca’ influx [ J ] . Nature, 2019,
572 (7769 ) : 341-346.

[8

[

Anderson CT, Kieber JJ. Dynamic construction, perception, and
remodeling of plant cell walls [ J ] . Annu Rev Plant Biol, 2020, 71:
39-69.

[ 9] Voxeur A, Héfte H. Cell wall integrity signaling in plants: to grow or
not to grow that” s the question [ J | . Glycobiology, 2016,26 (9 ) :
950-960.

[ 10 ] Liu JW, Zhang W, Long SJ, et al. Maintenance of cell wall integrity

under high salinity [ J ] . Int ] Mol Sci, 2021, 22 (6 ) : 3260.

[ 11 ]Hamann T. The plant cell wall integrity maintenance mechanism—a
case study of a cell wall plasma membrane signaling network [ J | .
Phytochemistry, 2015, 112: 100-109.

[ 12 ] Feng W, Kita D, Peaucelle A, et al. The FERONIA receptor
kinase maintains cell-wall integrity during salt stress through Ca®™
signaling [ J ] . Curr Biol, 2018, 28 (5) : 666-675.e5.

[ 13 ] Bacete L, Hamann T. The role of mechanoperception in plant cell
wall integrity maintenance [J] . Plants, 2020,9 (5) :574.

[ 14 ] Rui Y, Dinneny JR. A wall with integrity: surveillance and

maintenance of the plant cell wall under stress [J]. New Phytol,

2020,225 (4) : 1428-1439.

[ 15 ] Newman RH, Hill SJ, Harris PJ. Wide-angle X-ray scattering
and solid-state nuclear magnetic resonance data combined to test
models for cellulose microfibrils in mung bean cell walls [ J ] .
Plant Physiol, 2013, 163 (4) : 1558-1567.

[ 16 ] Paredez AR, Somerville CR, Ehrhardt DW. Visualization of
cellulose synthase demonstrates functional association with
microtubules [ J ] . Science, 2006, 312 (5779 ) : 1491-1495.

[ 17 ] Gutierrez R, Lindeboom JJ, Paredez AR, et al. Arabidopsis
cortical microtubules position cellulose synthase delivery to the
plasma membrane and interact with cellulose synthase trafficking
compartments [ J ] . Nat Cell Biol, 2009, 11 (7) : 797-806.

[18

[

McFarlane HE, Doring A, Persson S. The cell biology of cellulose

synthesis [J] . Annu Rev Plant Biol, 2014, 65: 69-94.

[ 19 ] Persson S, Paredez A, Carroll A, et al. Genetic evidence for
three unique components in primary cell-wall cellulose synthase
complexes in Arabidopsis [ ] ] . Proc Natl Acad Sci USA, 2007,
104 (39) : 15566-15571.

[20

[

McFarlane HE, Watanabe Y, Yang WL, et al. Golgi- and trans-

Golgi network-mediated vesicle trafficking is required for wax

secretion from epidermal cells [J].Plant Physiol, 2014, 164 (3 ) :

1250-1260.

[ 21 ] Endler A, Kesten C, Schneider R, et al. A mechanism for sustained
cellulose synthesis during salt stress [ J] . Cell, 2015, 162 (6 ) :
1353-1364.

[22

s

Scheller HV, Ulvskov P. Hemicelluloses [ J | . Annu Rev Plant

Biol, 2010, 61: 263-289.

[ 23] Pauly M, Gille S, Liu LF, et al. Hemicellulose biosynthesis [ J ] .
Planta, 2013, 238 (4) : 627-642.

[ 24 ] Park YB, Cosgrove DJ. Xyloglucan and its interactions with other
components of the growing cell wall [ ] ] . Plant Cell Physiol, 2015,
56 (2) :180-194.

[ 25 ] Zabotina OA, van de Ven WTG, Freshour G, et al. Arabidopsis
XXTS5 gene encodes a putative alpha-1, 6-xylosyltransferase that is
involved in xyloglucan biosynthesis [ J ] . Plant J, 2008, 56 (1) :
101-115.

[ 26 | Zabotina OA, Avci U, Cavalier D, et al. Mutations in multiple
XXT genes of Arabidopsts reveal the complexity of xyloglucan
biosynthesis [ J ] . Plant Physiol, 2012, 159 (4) : 1367-1384.

[ 27 ] Brown DM, Goubet F, Wong VW, et al. Comparison of five xylan



26 4 % ¥ A @ 48 Biotechnology Bulletin

2023,Vol.39,No.11

synthesis mutants reveals new insight into the mechanisms of xylan
synthesis [ J | . Plant J, 2007, 52 (6) : 1154-1168.

[ 28 ] Lee CH, Zhong RQ, Ye ZH. Arabidopsis family GT43 members are
xylan xylosyltransferases required for the elongation of the xylan
backbone [ J | . Plant Cell Physiol, 2012, 53 (1) : 135-143.

[29

[

Verhertbruggen Y, Yin L, Oikawa A, et al. Mannan synthase
activity in the CSLD family[ J ]. Plant Signal Behav, 2011, 6( 10 ):
1620-1623.

[30 | Caffall KH, Mohnen D. The structure, function, and biosynthesis of
plant cell wall pectic polysaccharides [ J | . Carbohydr Res, 2009,
344 (14) : 1879-1900.

[ 31 ] Mohnen D. Pectin structure and biosynthesis [ J ] . Curr Opin
Plant Biol, 2008, 11 (3) :266-277.

[32] Atmodjo MA, Hao ZY, Mohnen D. Evolving views of pectin
biosynthesis [ J ] . Annu Rev Plant Biol, 2013, 64: 747-779.

[ 33 ] Harholt J, Suttangkakul A, Vibe Scheller H. Biosynthesis of
pectin [ J ] . Plant Physiol, 2010, 153 (2) : 384-395.

[34] Wolf S, Mouille G, Pelloux J. Homogalacturonan methyl-
esterification and plant development [ J ] . Mol Plant, 2009, 2 (5) :
851-860.

[ 35 ] Delmas F, Séveno M, Northey JGB, et al. The synthesis of
the rhamnogalacturonan II component 3-deoxy-D-manno-2-
octulosonic acid (Kdo ) is required for pollen tube growth and
elongation [ J ] . J Exp Bot, 2008, 59 ( 10) : 2639-2647.

[ 36 ] Byrt CS, Munns R, Burton RA, et al. Root cell wall solutions for
crop plants in saline soils [ J | . Plant Sci, 2018, 269: 47-55.

[ 37 ] Cosgrove DJ. Growth of the plant cell wall [ J ] . Nat Rev Mol Cell
Biol, 2005, 6 (11) : 850-861.

[ 38 ] Wang T, Park YB, Caporini MA, et al. Sensitivity-enhanced solid-
state NMR detection of expansin’ s target in plant cell walls [ J ] .
Proc Natl Acad Sci USA, 2013, 110 (41) : 16444-16449.

[ 39 ] Phyo P, Wang T, Xiao CW, et al. Effects of pectin molecular weight
changes on the structure, dynamics, and polysaccharide interactions
of primary cell walls of Arabidopsis thaliana: insights from solid-
state NMR [ J ] . Biomacromolecules, 2017, 18 (9) : 2937-2950.

[ 40 ] Miart F, Desprez T, Biot E, et al. Spatio-temporal analysis of
cellulose synthesis during cell plate formation in Arabidopsis [ J ] .
Plant J, 2014,77 (1) : 71-84.

[ 41 ] Zhang SS, Sun L, Dong XR, et al. Cellulose synthesis genes CESA6

and CSI; are important for salt stress tolerance in Arabidopsis [171.

J Integr Plant Biol, 2016, 58 (7)) : 623-626.

[ 42 ] Tang Y], Wang MH, Cao LY, et al. OsUGE3-mediated cell wall
polysaccharides accumulation improves biomass production,
mechanical strength, and salt tolerance [J] . Plant Cell Environ,
2022, 45 (8) :2492-2507.

[ 43 ] Li ST, Zhang L., Wang Y, et al. Knockdown of a cellulose synthase
gene BoiCesA affects the leaf anatomy, cellulose content and salt
tolerance in broccoli [ J ] . Sci Rep, 2017, 7: 41397.

[ 44 ] Nagashima Y, Ma ZY, Liu XT, et al. Multiple quality control
mechanisms in the ER and TGN determine subcellular dynamics
and salt-stress tolerance function of KORRIGANT [ J ] . Plant
Cell, 2020, 32 (2) : 470-485.

[ 45 ] Dabravolski SA, Isayenkov SV. The regulation of plant cell wall
organisation under salt stress [J] . Front Plant Sei, 2023, 14:
1118313.

[46 ] Yan JW, Huang Y, He H, et al. Xyloglucan endotransglucosylase-
hydrolase30 negatively affects salt tolerance in Arabidopsis [ 1] .J
Exp Bot, 2019, 70 (19) : 5495-5506.

[ 47 ] Xu PP, Fang S, Chen HY, et al. The brassinosteroid-responsive
xyloglucan endotransglucosylase/hydrolase 19 ( XTH19 ) and
XTH23 genes are involved in lateral root development under salt
stress in Arabidopsis [ J ] . Plant J, 2020, 104 (1) : 59-75.

[ 48 | Shomer I, Novacky AJ, Pike SM, et al. Electrical potentials of plant
cell walls in response to the ionic environment [J].Plant Physiol,
2003, 133 (1) :411-422.

[ 49 | Gigli-Bisceglia N, van Zelm E, Huo WY, et al. Arabidopsis root
responses to salinity depend on pectin modification and cell wall
sensing [ J | . Development, 2022, 149 (12) : dev200363.

[50 ] Yan JW, He H, Fang L, et al. Pectin methylesterase31 positively
regulates salt stress tolerance in Arabidopsis [ J ] . Biochem
Biophys Res Commun, 2018, 496 (2) : 497-501.

[ 51 ] Chen J, Chen XH, Zhang QF, et al. A cold-induced pectin methyl-
esterase inhibitor gene contributes negatively to freezing tolerance
but positively to salt tolerance in Arabidopsis [ J ] . J Plant Physiol,
2018, 222: 67-78.

[ 52 ] Mahajan M, Yadav SK. Overexpression of a tea flavanone
3-hydroxylase gene confers tolerance to salt stress and Alternaria
solani in transgenic tobacco [ J ] . Plant Mol Biol, 2014, 85 (6) :
551-573.

[53] Yan JW, Liu Y, Yang L, et al. Cell wall B-1, 4-galactan regulated



2023.39(11)

TERITE A « AR S Ia T A0 BE S8 B PE ) 231 BIL T 27

by the BPC1/BPC2-GALS1 module aggravates salt sensitivity in
Arabidopsis thaliana [ J ] . Mol Plant, 2021, 14 (3) : 411-425.

[54] Yan JW, Liu Y, Yan JW, et al. The salt-activated CBF1/
CBF2/CBF3-GALS1 module fine-tunes galactan-induced salt
hypersensitivity in Arabidopsis [ 1] . J Integr Plant Biol, 2023.

[ 55] Zhu JH, Lee BH, Dellinger M, et al. A cellulose synthase-like
protein is required for osmotic stress tolerance in Arabidopsis [ J ] .
Plant J, 2010, 63 (1) : 128-140.

[ 56 ] Zhao H, Li ZX, Wang YY, et al. Cellulose synthase-like protein
0sCSLD4 plays an important role in the response of rice to salt
stress by mediating abscisic acid biosynthesis to regulate osmotic
stress tolerance [ J ] . Plant Biotechnol J, 2022, 20 (3) : 468-
484.

[57 ] Liu HH, Ma Y, Chen N, et al. Overexpression of stress-inducible
OsBURP16, the B subunit of polygalacturonase 1, decreases pectin
content and cell adhesion and increases abiotic stress sensitivity in
rice [ J ] . Plant Cell Environ, 2014, 37 (5) : 1144-1158.

[ 58 ] Jin J, Duan JL, Shan C, et al. Ethylene insensitive3-like2 ( OsEIL2 )
confers stress sensitivity by regulating OsBURP16, the B subunit
of polygalacturonase ( PG1p-like ) subfamily gene in rice [J] .
Plant Sei, 2020, 292: 110353.

[ 59 ] Franck CM, Westermann J, Boisson-Dernier A. Plant malectin-
like receptor kinases: from cell wall integrity to immunity and
beyond [ J | . Annu Rev Plant Biol, 2018, 69: 301-328.

[60 ] Lin WW, Tang WX, Pan X, et al. Arabidopsis pavement cell
morphogenesis requires FERONIA binding to pectin for activation
of ROP GTPase signaling [ J | . Curr Biol, 2022, 32 (3) : 497-
507.e4.

[ 61 ] Tang WX, Lin WW, Zhou X, et al. Mechano-transduction via the
pectin-FERONIA complex activates ROP6 GTPase signaling in
Arabidopsis pavement cell morphogenesis [ J | . Curr Biol, 2022,
32 (3) :508-517.€3.

[ 62 ] Herger A, Diinser K, Kleine-Vehn J, et al. Leucine-rich repeat
extensin proteins and their role in cell wall sensing [ J ] . Curr
Biol, 2019, 29 (17 ) : R851-R858.

[63

[

Zhao CZ, Zayed O, Yu ZP, et al. Leucine-rich repeat extensin
proteins regulate plant salt tolerance in Arabidopsis [ J ] . Proc Natl
Acad Sei USA, 2018, 115 (51) : 13123-13128.

[ 64 ] Diinser K, Gupta S, Herger A, et al. Extracellular matrix sensing by

FERONIA and Leucine-Rich Repeat Extensins controls vacuolar
expansion during cellular elongation in Arabidopsis thaliana [ ] ] .
EMBO J, 2019, 38 (7) : e100353.

[ 65 ] Sede AR, Borassi C, Wengier DL, et al. Arabidopsis pollen
extensins LRX are required for cell wall integrity during pollen
tube growth [ J ] . FEBS Lett, 2018, 592 (2) : 233-243.

[ 66

[

Galindo-Trigo S, Blanco-Touriian N, DeFalco TA, et al. CrRLKI1L

receptor-like kinases HERK1 and ANJEA are female determinants

of pollen tube reception [ J | . EMBO Rep, 2020, 21 (2) :
e48466.

[67] Lin W, Wang YH, Liu XY, et al. OsWAK112, A wall-associated
kinase, negatively regulates salt stress responses by inhibiting
ethylene production [ J ] . Front Plant Sci, 2021, 12: 751965.

[ 68 ] Kaur R, Singh K, Singh J. A root-specific wall-associated kinase
gene, HYWAKI, regulates root growth and is highly divergent in
barley and other cereals[ J ]. Funct Integr Genomics, 2013, 13( 2 ):
167-177.

[ 69 ] Van der Does D, Boutrot F, Engelsdorf T, et al. The Arabidopsis
leucine-rich repeat receptor kinase MIK2/LRR-KISS connects cell
wall integrity sensing, root growth and response to abiotic and biotic
stresses [ J ] . PLoS Genet, 2017, 13 (6 ) : e1006832.

[ 70 ] Yu LJ, Nie N, Cao CY, et al. Phosphatidic acid mediates salt stress
response by regulation of MPK6 in Arabidopsis thaliana [ J ] . New
Phytol, 2010, 188 (3) : 762-773.

[ 71 ] Zhou S, Chen QH, Li XY, et al. MAP65-1 is required for the
depolymerization and reorganization of cortical microtubules in the
response to salt stress in Arabidopsis [ J] . Plant Sci, 2017, 264:
112-121.

[ 72 ] Wang C, Li JJ, Yuan M. Salt tolerance requires cortical microtubule
reorganization in Arabidopsis [ J ] . Plant Cell Physiol, 2007, 48
(11) : 1534-1547.

[ 73 ] Kesten C, Wallmann A, Schneider R, et al. The companion of

cellulose synthase 1 confers salt tolerance through a Tau-like

mechanism in plants [J].Nat Commun, 2019, 10 (1) : 857.

—
<
N

Al

Lindwall G, Cole RD. Phosphorylation affects the ability of tau
protein to promote microtubule assembly [ J ] . J Biol Chem, 1984,

259 (8) :5301-5305.

(TTHEs A RoRE)





