a4 Z b & 2023%F ¥68% HT7H:762~778 ¢ OPIER2E) 2okt
SCIENCE CHINA PRESS
CrossMark

& click for updates

RIS F ) 2E105E ia B R BRI R 58k i

gL g, FmgE", 2, AR RS, ke, ke, BT, ke
L MR B RS AESBEE BE TR O, bt 100083;

2. dEm ARl R A R S RSB, dbaT 100083;

3. b A E AR 2R B, R E 071001

4. W R ARl 2EBE, T 457001,

5. R IR AR AR A2 B, BT S 453007

* R A, E-mail: cuiyaning@bjfu.edu.cn; linjx@ibcas.ac.cn

2022-09-24 Wk, 2022-11-19 & 111, 2022-11-21 #5Z, 2022-11-22 MBI &
FE % [ AR 5£42(32030010, 32000483)%% Bl

HE BEoWRERZdEFENNERETH. RSN CH. SR RENE. FFEIFE
MEAREAERENEREFREL HFEX, MAERSHEMBIAE GRE T B EH S, XEEGEEMX
MH RIS T RARRE. RELHA B LENFHANFRFBERBATEARS, BEXTEREEAREEE
BRERAFRRART ERD RAANEE. AGREANBTREAORREERNI RN HE, 2ELETH
WMEE WA EREERE, FAEREM L, RARE TR A RREEFERNUET ERMREE; &),
BRETHYEE G EREERETWIRRRE, BT AR50 8 R A 4n (T R S BB B3R5 0 38 AL 4R B —

iy R A LR

Jendtin

FE P S VR R 20 R RS 55 4 E B B A R o, S
R AR RUZ, 5 R8T — A BT ) 4 RS -
458, IFTEMYIY RS e RBEN B MG
MR R IEEEEAENY. BRI, AR T L
YERE 5l J b T i is, Ay K &
BRI N2 RO PR BRI AE . Blan, fERE T,
PC AR5 5 04 il SRR B FTFLS2(flagellin sensing  2)Y
MAVER, X T 4R HAE B (plasma membrane, PM)
R, LA IR A 20 B 7 240 TR AR Y
s N D JTAER, BEIELE (vesicle traf-
ficking) 53 fLiz 8l Z [B] 19 & R 32 BIWFIE H AT ¢
. 4N, EisenachZi APHFSY K3, Wiv%A (abscisic
acid, ABA)R] LR ITEK S e T () 251z b A
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T H RSy, FEUALOCH]. ABFTE AT A I
T NI, LRI P A R R Mk flg22 T
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ATHRHIYE . BE5E 3R, dHMURE G BT 75 220 ) BT e
G ) R R AR AR AR M g T AR K, AR R g it
L B AL T, FRE i MRk B ok, TS by
MR BB R A BE, DIERFAERY A 1 FrsAE K. L
Hh, SRR, HYEmE e KEBEA
W, Flan, PIEIT AR E RSN AR R
250 pm/h', AN LE RS M KR K500 n/s!,
[IE ok irayisd ERSE e IR LA EAL /ST Ve R RSN e A b 55
FEVEH.

Bifi 5 X B e im AL AR CF ST R IBIIR A, DA
KT B ) 240 B v A A A A Bl R kAN BT
MR AT s ) A B 1 5 A B s iR AR
AT LAST A MR A, SR T s AN Rk
RaRSE, LA ARk D S A g,
{H AN AT, SR S R, ASCERAR TR
FEUHI IS AN [R) IR A K AR A A R 38 o7 225 B 1 79
YEH, IF i R Gutboxf B8R 1 i is s A v i g 12
WA SR RS T TR AN, DO R 3 i i is 40
BB PRHMELE, TR TRATT T A AR A A SR I
IS AL A AL T B R DL i
1 RREISERD KNS

HAZAM NI R G Z R AR . ax st
YR oK E HLA P R, TEIR 2 RS T o
EEAE R, RS 5IFEN S HERE NN
WL E, VA AN N RS (R S, A A ) 40 i
PN L 22 58 A AT Y 20,655 P9 5 ) (endoplasmic  reticulum,
ER). =/REMR(Golgi). AR I/REEM (trans-Golgi
network/early endosome, TGN/EE). £ ifl/]MA&(multive-
sicular bodies, MVBs) X FRI L {4 (prevacuolar com-
partents, PVCs). J&ifl(vacuole) N A=W AT fu ik (14 4
. FE SRR BIESE T AN W T BN S R R 1
Y, RIS R, ST R AR A
BCHILH S A5 H i AT UG T R, s b SOk
2 HUSeakge BN iz 38t pH A T-4541 PEpHIuorinFl
PRpHluorin ¥ X145/~ 4 i s N pHI I i, I
ST EAMEY AN A gspHIE S, BeAb, AR
W BEZ AR, W AR 4 500, R PURE
BIAEMVBSIIE I, I 5 KB EMVBs HPVCs'?. iz ]
M W2 EOR, A A LAGIK 3 B A
T AUFE T AR AU LRI Bt B R S AR AL RUE BRI,
ZER WK, KWL i BAEH400~1000 nmr) /N L

(SVS)B ARG /A= 1), P IET/HIESS, X
B/ N R A A SRR T MVBsH I N B8, 260 e i
WL ETE B 32 B IR T MV Bs B/ INR A 1 I8 AN G
HMERG", SRR, BT R R 2SR B
BRI IGE A i A 2 B g v, ) e e T R
A HL G I e AR X AL RSP I HOPS & A 4 W7 5
VPS4 18 120 B o7 i AT TR, ZEAE e I &
T AR L AR B T PN 5T R (Y TC R 2 4. 3t
B3 A DG A0 ML 25 ) ST A 2Ry AR (1 i i e i
IRLTH] K D RE R oT St T 2 .

2 HEYIREANsER

AR e R S T R R R Tl N R G
BFAAS S S5 S A et B B RE K
FESEE 11 A5 ST ) A e S iz 16 B R R, A
VAR R T RS AN S, ERER
HZERT SR R R O e, AR
WRMPEEEAAE, et sy =2, 1)
COPII(coat protein INfJ##EIL . COPI(coat protein I)
A9k RN % B /4% 3k B H (clathrin/adaptor  pro-
tein) ELPEREIE, 3X =F 43 A T A0 A P A [ %) v
iz Horh, COPIEL B AT M A BT 21 /1
FLAR W) 5T iz i CURFR A TE ) 38§, anterograde trans-
port); 11ICOPIELY I 1) 5% 15 R hy I ) 32 i (retro-
grade transport), J&41 450 DS T e 2R S AAR 1 I T v
IR FEAA L B DI T 7o 7 SEAA 21 P Jo ) Ay i as ([T 1), Y
ARV SN ARE N & SN & A S DN PRI =y N
Mg AR B, DA TR LA B A 8 MR A
Mz, AR E 17 1), 38 E s o i
it (exocytosis). MI#¥ (endocytosis) A M it - T 75 (Y
il

2.1 fadmte

JH et SR R ) B i P o ) i R R R
TR $E, FeZe SRR G, TRl o 5 i s 2 1Y
L BUMIIEZE DL S 20 BE A R s 2 1 20 S s AR
e Al MR AR R, SRR R
M~ EmMPE. R BE. S SLR. AU
i, Rab GTPases. ffiit%E &K (exocyst)FISNARE
(soluble N-ethylmaleimide-sensitive factor attachment
protein receptor) & S ARLRIIE T #Eyu ) . f2 R ARG
FRESPENT, b, SR (R s S B o T
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Bl 1 (M) 3 5515 R R AR. (a) £ 02K 1120 I(CPS)iR R, (b) MVBASINUPSIRFR; (c) WA IUPSI&AZ; (d) EXPOA-SKUPS
A, (o) B/RIER/TINAENL(GDS VY- FRIUPSIEAE; () MG AN TR A RIE(CME); (g) EMEE AN T HME R4 (CIE); (h) MVBHL i
TRHLAYIEAR; () BRI A B8 4%; () EREFZEEMEIRAEE; (k) AMESRTE. LE, W NIk, PAS, Fm/ MRS

Figure 1

(Color online)Different routes of vesicle transport. (a) Conventional protein secretion (CPS) pathway. (b—e) The different unconventional

protein secretion (UPS) pathways reported in plant cells. (b) MVBs-mediated UPS pathway; (c¢) vacuole-mediated UPS pathway; (d) EXPO (exocyst-
positive organelle)-mediated UPS pathway; (e) Golgi-derived secretory vesicle (GDSV)-mediated UPS pathway; (f) clathrin-mediated endocytosis
(CME) pathway; (g) clathrin-independent endocytosis (CIE) pathway; (h) MVB targets vacuolar pathway; (i) Golgi targets vacuolar pathway; (j) ER
targets vacuolar pathway; (k) autophagy pathway. LE, late endosome; PAS, pre-autophagosomal structure

B R —. IREE W R 4T ER-
RS AR, O] LR M s 45 43 22 AR 1
43 (conventional protein secretion, CPS)i& 15 Fl-F £ i
7 H 43 (unconventional protein secretion, UPS)i&4%.
2.1.1 ZHE G50 (CPS)kE

HZAEYY, REBUMERES G575
SR PSSR, (i L ELA S5 PN Jo P - 1 5 A P9 T
IR RSE b R, BERS B S S UM BRI ES G, B
SEC6 14k AP SRR, 32 14y 3 COPII
FICOPHL /NS T IV ER- /RS2 120, o
B IR 5 A ERS% B = AR 6. R ilt AR
AR B, B TOGN/EESAT4r2E, feailidsr
IAREEL B AT IR HE APME A S RI B, 41 FE AR
R MR iR (K1 (a).

TEEZEF, 7 5TER- & /R ILIKRE; B AR
COPI. COPIMU#E H A REHMREYE 21
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ZHIWFTE. ERIA DI LB, COPLII RS (1 B4%(cla-
thrin heavy chain, CHC1)J55— s i i = 28 a4/
TGNARCE e MY, JERAIESEIEY, COPIE
F B T R AR AR A, T AR AR R H TGN
JPMAF=H:. COPIAY T 151 JR 3k N 2 S g A #ERis 7K
A YRN8 B B BORAEH, 25 iz bl
T A% 2 A S 5E P RIR T COPIT B 23,
COPIIZE {0 j2 AP T I 11 137 25 (ER exit sites, ERESs)
Ay, A3 SFANAE T K 4, BiSarl/NGTPase, )2
F1Sec23. Sec24MIHNZE HSecl3. Sec3l. FEEZAY)
W, COPII%i2 421k, ZFCOPIIZE R IR E 4
PRI, ol IEHE R, —2/NYGTPases MU
¥ 5532 BEICOPY/COPIL ™ A= sl Al & 1 B 1AV A, i L
W IR LT A AR B sl 12, ilan, BREN
Sar1/EERESSHE#ECOPIEL iz FEHITE AL, # Itz H
MER#% iz 3 5 /K HEAR; 15 R A E (7 ) ARF1(ADP  ri-
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bosylation factor 1 ){ FHT-COPUFI 4% F FH 29 119 4 1,
Pl JtRab GTPasefEH T iX S/ ia FEif0 5 4Ai L 2% = [H] 1)
s 3.

FERE PR 1 AR R B B g 22 39 58 W 38 S g 7 T
CPSHPMbERAA W RIS 5T R T HE e, Flan,
e 250 BE 38 T TET, R A AR R Ak E DG 5 A
AR R B, KRR AR I, MoEcp1%:42
Fh o3 Wp A 138 T CPSIB AR I i a1 7, T /K Al i &
X b BRI A S PUe vt B A AR RO
SNARE# FHVAMP721(vesicle-associated membrane
protein  721)HIVAMP7225E 7 TTGN/EE, HA- S 14
W32 K AL 45 AT GNEI S5t R 14 B ik DA K it A 10 24 3 B,
eRF T TGNIZE AN RE, 4K R i 24K PIN(pin-
formed )RR (i AR TEEAE . Zhang® NP1R 31,
VAMP721FIVAMP7223J 2 58 A PR S B PINFE [ 7E
JRLIBT N S R A, ARAH U AR KRR A0 S, 7 A
T, EAMEIAR AR, LI CPSTEARYIE Y
AR H 7 A ] Bk
2,12 FEZHE G U(UPS)®RE

EIRCPSHIALHIEE R RS, (HE AN REM R WiE AR
BN S, P2z A5 IR E B
SRREIE BIIA AR I, 55—, — LB AFE S IR R
ANE IS R FAR G AE B IAPME 4R AT, Bl BOBIFSE &
W, F2EZ (55 IR A B0 - ) BT RE I8 S8t
ER- = /R B iz s A2 T i AR 8 L2 1 o Wb i A
frfkiz. Hoh, KT A5 5 IR E 512 i bh 2 ey
HEABEAL A AL A SRR AR . AR 2R 5 5%
IR A A e sy % 81— FF TMED10(transmem-
brane emp24 protein transport domain 10)2E [ & GEWE
It R, Y ICAE T IR BT AR O 4 i B
HSP90A(heat shock protein 90 alpha)%5& )5, SER-f=
;Jﬁ\%{ZIK':IJI‘Eﬂ%(ER—GOIgi intermediate compartment, ER-
GIC)E M TMEDI0AHEAER, g if H & A R IR 5
FAE WUE ez, /- e ik A .

FAEAFFRARGE TR R LACR R BL A S A UPS
HEE, AARRIEA S HUPS(E (). MVBA-FUPS
(E1(b))s /R IR BEIGDS VA Y UPS (141 1(d))
AR UZ BN AR EXPOA S Y UPSIZ A (1] 1(e)).
X LA BETERE ) A A R T DR 30 B B 14 107 287 B
ORISR BN, AEYITEREUR A I B, 1)
FAST A R S PMAE A R e v s il B0
ity i ANUPSIRAE, MAZREGL I R AV rh R B 20 i oh

WHAPRE RIS AT E, T H T
BIFAE 7 55— Tl 3 A S o B T R SR 2, 4%
M/ IMAMVBs L H 1] N {4 (later endosomes, LEs)iE47
FHIE ST I iz i i UPS iR A2 1 & (1 1(b)).  Nielsen
FThordal-Christensen”* ;@ 11 JfBrefeldin  A(BFA)&b
B RK A PO LR AR AR IT, R IATA PMAE (Y
SNAREs# [1 % % i 5 PEN1(PENETRATION )75 [ 7E
FLA MR ZERO R EI R, HMVBSTEREY) 47 5k
bric# HRab5 GTPaseh¥ i Ara6 L7 H {7 2Z 5B 047
FERLEP R IIAE R AT iy, 5 PENTIMV B
RBIESE ER- Ry /R A s f6 4, HAZ 5PMALG, B
TN A (exosome) B JEE YL TR T BTN A5 #4). LA, [
TR EIAIERG, MVBA Y UPSHL & A AEAE -5
APt A R, fE SRR (arbuscular  mycorrhizal,
AM)IIE RN G R R, MVBs#E IR 51 R
MK JE il i (peri-arbuscular membrane, PAM)flE, PAM
EHEYIPMIERE, TR /N R R AR ) R L R A B
PR B A PR L2 ] 01, Wang %8 NP2 % 31— Fif
1R IR FEARAT A 1) 43 #E I GDS Vs(Golgi-derived  secre-
tory vesicles)/MFHIUPSIRAE, WA /R IEIA-GDS V-
PM/CP(cell plate) 5 M MM 37 T TGN [ PMAR M g ffd
MRIERAR, IR AR H SR A (NtPPME D) Y
G1Uh, TEANNELYT MG RN T o 2t R b 2 AR M RE R
. WangZe N ELL IR B A i R B T —
i EXPO(exocyst-positive organelle)sFAJUPS /3
WA, BENEA SRRV DA T 2 20 M BE ) Bk VR . WL
JR BN SREXPOTEANMNIE AL, I 5PMAELE, LUEAH
$EYI (extracellular vesicles, EVs)AYTE 20RF 4 M0 B 21 40
Mugbzsial. AU, UPSIEERAENSE =55 A&
HAERYIE T i e rh, HESPMALS, S
SEEVsHY A, I, SR Z AR R, BREXPO
4b, MVBs. WG AGE/NMEILITEES S TEVsHIE
B Zhang® APPSR E R, IR ST synaptotagmin
HEASYT2EN TR/RER, /% T INE R u
(hygromycin-resistant, HYG )iz % fi4h & £ fE.
HY Gl 1 A R S T S AR, =15
SR, GFPHRICATHY G om0 & e 76 LA Bk
W, MRz 2Ish, Hitis i FEXIBFAZL IR
TR, syt2 98 ARELIA T HY G™ 4 C o b i S 2 7E Wk
M, FHSYT2A SHY GG AR A WR 2 31 T
Wiz Hi.

T F ] Z2 R UPS iR A2 5 U MR A7 (9 A= ) 2
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fig, QORI ARG . Y- AR AR . A
AR (CPYRITE WL i B WA [RIAE ) o A 7 ) 22 15
R, Y2 2P ARG, BEfS R i UPS 4y
IERBEVs, HIXSEVsE A & FBi A E I
SRNAFIS S S, FWIEVSBEMSIE R AEY) Sl 5 1)
AR, 2 E NN A A H R 5T A
BN 701 5% 40 % - B X MVBARIC I ARAGRIE Vs
IFRICHI TETS (tetraspanin-8)EAT 3L E 7, FIAMIY)E
1T UPSHEEIL I EV K B P sSRN ARG 2 Z IR A0 JEL A
JRAGHGHO, IS AT SRNA R 3 I 70 B L 3 PR O
B B AN LU BRI LK. De Caroli%e AP
308 58 X UL R I A R SROME PR W K A I (xy lo-
glucan endotransglycosylases/hydrolases, XTH)Z %3
A XTHIL. XTH33FMXTH293E47 HL A3 & 3N,
HAXTH29E HEXPO™ FHYUPSi& R4 ilh, HAET 5
R0 A AR B M i F R A W L, R
XTH29i# T UPSiE#E 2 5 1 0L Eg I 01386 B Jph 3 52 .
Kk, UPS5CPSI:[F] 6 e A Yy i 8 (1 B i, FF 0T
B 1 7 CPSIUPS 22 [] £ 37 - ke o X} 3 5%

2.2 JffrEte

P A LA A MR AR F B R B R B, DA
K AEFEIGE KA GE il 1 02 Y B e, AR
B R AT AR IRAR T LAYl AR 2 A
H A& 1% (clathrin-mediated  endocytosis, CME)(&]1
() FIANHASE 190 5 25 1 9547 A9 i A7 142 (clathrin-inde-
pendent endocytosis, CIE)(E1(g)). TEMYI P #iZL
FECMERR, WiSRIEm ERK AT hilt s EE
g Thfg .
221 FABEANFHEERE

VER FAZ MM A 1 2B AR, CMERIR R84
211 e 7N o A S A B 1 9k #E 7 (clathrin-coated
vesicles, CCVs), iliidCCVsIN K62 B 40 i i
. CMER BN 5T fe A IR AL Z: B il i — it A
BEM R, CMERRHERENEASY, If
FE— MGt i, nlo s B0 ik, 1]
WIVERE . UM IR 2 4 . AN LA v i
FARBHA (1) coVsHIEUa Tk A A1k
AP2(adaptor protein complex 2)i i %4 A5 Wi AR EEAIL -
4,5- " BERR[PI(4,5)P21 5PMIEATEE & (2) AP2IRZEMIHE
EHMFIEN, IFS&FRYEALE. fEMEN
T IS, AP2YRZLARSEMAR R, Mg E ARG IFE
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T WA 5 PN JR) DR B DA% B 1717, (3) CCV sl
i, GTPasedl Ji2# 05 H (dynamin-related proteins,
DRP)EHEM IR T, (4) B SPMEIT40E. (5)
— BN VIR, CCVSAFRARET, I1 & A Tt
/N e m . Horh, BREZAY IR
S E NS B 1RAP2SN, Z 5 CMERAZ LA K 524
SRk PSR E A E AR, AT 2 H
FYIREA 3k 1 2 S 1A TPC(TPLATE adaptor com-
plex), HYIH I TPCHE A 7AGE # i 8/~ IE4L Ak, I H AE
CMEH AR T EAE ™. 3l i i 29 B s &
B, FECMEL 2 TPCHYAH I SEAE B IR PM AT 8 . 41
Heog e s, FFSTIERA, TPCHLAP2 X DRPZE 15
L R A FIPMBI A7 4 ) Jid FrimIBF5 A
TR PSR L I, FECMES AR, TPCHYIY HE53 A
TCCVAMNEIFAECCV 5 B 53 B Z iy 125 A3 A5

AR, CMETEAEY HFoe it Je 2 b e L Bl
FICMEMIAA G A PP M EARPLEI L

MR RN RS, R, ARSARERTFE A A & B,

AP2cX A M AS 3 B B AT R LT 1Y, B
L A% A T 00 AR iR 72 JH 45 AtAGP(arabinogalac-
tan proteins)d: H B MIFFIEIR. WiV LRV Ik AT
FE AN\ STUERA, M43 I Y PINGR [ Y CME&
7, PP AR RN s R, sl T Ik
Y RL. RS IT I (B) I A GE B NIPS; LRI H 45 1A
BORIYMIAF B HICMEA 5, 1I7EAP2MY KL 5 fA i
NIPS; LY E L5240 [AIE, CMEAT B T"BORIZEARR
AR b AR M S NS SRR A, SRWICMERER &
PRAET S R AR 00 5 FR R s b R VR Y. e sk
i, A B CMES S I PIN2 A 1E A H:
FHENL, ST FBCEREWE R0, IR E M
25 [ B A v AR MR . AR R R bR 2 BRI 5T A
BRI R ST IE R T —Fh B - KA LR, Bk
W IR 8 3 A I PIN2 2K 1 O T'REM1.2(Remorin1.2) ()
T ] 7 HT (A PR A oK G R SR A, T 2
TPIN2JCMEREAE, MR TR R A TR
FH = A B ) PR .. FrL, CMETEM PR K
KB RIS B e 2 RN R A T RIVE .
222 FWHEENTWHAERECIE)

WA A SRR G R G ek,
25 R AL DL R i R B AR T b R, e
A S L A2 R R 11 CIERY AT i A iR
CMEM FE X HIFE T, CIEREAERTMISEM, i
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A IS IS P 257 R R S i A o e Y ke A
?[53].

TSEAER, TEREY) BB SE 0 K A AE CIE A7 i
2. 4 stomatin/prohibitin/flotillin/HfIK/C(SPFH)%% 4
B Flotillins 8 [ GG AE DML AR (detergent-resistant
membrane, DRM)ZH 58l 2], 1745 T Z 2 it i
IS AR 1. Thomas OteRIFZ A5 dak e A [i] 28
(R REAE U A T B A0 R A R, I LA AN [F] A
A E AR b B A SR EA T TR B IX 0. ARBFSE
BAROLi%E A5z B0 T3 H R M e e A e
1055, HIRIEME T R T — & CIEM A ikte, RIAE
& Fflotillinl (Flot ) F A&, #E—H R H
VA-TIRFMEEZA, 7387 1 U 71 Hh IRAEAR i 8 I Flot1
HiClathrin#f iz 3 DL AL E A B0, W41 &
WA s s SRR, I B A& A2 AL L)
BAK, BEMIEWFlotl FRid 1 —F A R T CMERI AT
FE. AT A BRI AR DGR L A B, Flotl 25 (1l
IR AR AEAE )] 17 336 58 Joip 3 2ok it v R 4 d AR . 49
i, LigE APURBIER ST, BRI ki & A
PIP2;1 EELICMERZMAT, {H24ZFINaClr i},
CIEZ A AEE 2 5PIP2; 1. BRILZAh, Hao%%
NPT 90 s £ ke T LAS 2 AtRbohD(respiratory  burst
oxidase homolog D)% i id FLot1 /S CIE&R AL 1M
AT AR . ASBFSE AT BAA XTALFLS2 . AtBSK1
(brassinosteroid signaling kinase 1). AtHIRI(hypersen-
sitive induced reaction 1). AtBRII(brassinosteroid in-
sensitive 1)L 2 AtFER(FERONIA )21 35801 - e g
VEFH R IS EE i T EEBIR AR ST, 48R FE IE 1
HUT, B A0 IR UICMER R 2R AR,
MAEARBE G 414, CIERARAENE ECMERE T HY [F]
i, 250 S BB E M AR, A TFEAE )35 10
FERALAR b A5 .

Hfelih, BaralZs A °*Li# it 137 FIGPI(glycosylpho-
sphatidylinositol)##i & 2 FI1E A CIEFRICH H, &K FNaCl
AL A R T AR Y CIEIR A2, IEHE L T, CIEIRTE
HEATERI R IR R M. a5,
CIEIR RS TEMR AR 2 Z [B# A AATE. X EESL AL
VLAY T AEAECIE R 2, 1 EHUEM] T CIESR = TEAT YY)
M b7 7 S 93 e v A Tl A .

2.3 fl- i REIR
LS 0 AR R, M A T A A

YEHIE BB G MR s ot 78, P B SR AR
AL BT ARIBFGEIER, 2/ AFETE3 R R/ NILEL A
m-JAFRECAE ] SE e IRbaRG S A A A TR
FYEH . KR(kiss and run)m{KS(kiss and stay)-53F /4%
EAN SN, UAE A BEENS KERE
PERI). Sz b, WA K R T 20T, e
e e N FIER TR S A, RS AN -
TAEHZ PP S 0. Mk S A0 R il T
S A A RIS B B BRI 2. I U3 45 i
B2 1 B AEE . i, ZhangZE A5G4
AT 4 L A - L S L 7 2 K B R B AR S
P BUL(E2): TERBIRET, M-t i A2
FFPM ST E A T AN AR S T b 77 B (2 (] ). 2 %
RSB, - R (4 PR R A TR 5, e SRk
Y, MVBAFHYUPSIRARY B /- I g o, (it
MVBs 5PMAlE, 5B EPE AL A Py ssipt DG H R
VI BB izt (K24 ). AHILZ T, mis bRy
RPMEE 1 AES, JFiEid CMEA e b itk — A %
fift, [RIEHEIEnL R (K247 ). sesh, e %
BEJTI, Xing%e NS T WIS (5 55 Saa ik SR E-
JfL i S 22 [ DG R AR SR AR T, A 240 o
R Z AR 32 K (pattern  recognition receptors,
PRRs)fIFFLS2. BAKI(BRI1-associated receptor ki-
nasel)5, AEUSLE 5K F 20 PR R B B A9 U P sl J Ak
AR FIEECIA, SR )58 CMES CIEZR #2447 Hfd
w; MAEYIBEIERE(PLAs, PLCsHIPLDs)IE o i b
(PIPK ) TE 52 39 I AR 0 B fS 4 0T O 7 A Wi AR 1R
(phosphatidic acid, PA)SERTAE/ T, XA 5> THE
YER T2 AR A s s e, DR IEZ R Y
WAy [WIEE, BAENTA 50T e s P AR SC B
I L AR AR B ARG R AL, AR 4ERR R
JEMBENRTE 555 55 B Iz Z A T M.

H i, XA M- R FREC AL A A 2.
h, LER AT A K R BT, Grebnev ¥ AR, 18
548 ToU v 14 Bk R0 A B MR E TR B T 445 40 5
JEErh i B/ B2 Sl . PR e B, FEAE R A AR
Kb fe i, MAE AT 5 MR R &4, I ik
JORC R £ U 3 AR Y T i T A A
5T A1 A Zhang 5 A7 FHZE MG B IO (FCS/
FCCSHAR, M1 7K S 7 1404 1 A gt i
2, fa7 1 A A AR IDRAIL R, SRtk — 2 A A -
FRL TR A AL SR AL 1T i S B R LA
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Figure 2 (Color online) Hypothetical model of plant vesicle transport in response to developmental and environmental cues

2.4 [BURARIFRER S E

AR I T A 1) 200 P 8 1 R R 22 500 4 e A
IR AW AT R, i — L2 B Y A L
TR AT 1) R 1T R A ) R T B e B B R
A7 (7L 2 400 P ) AR L A ) AR B v F Y7
HEFTRREAR, INITAS LAAERR AN A AR S, A4
TR RIS R R AR T LA IR 4 TGNIM VB
A ) R A B R R (E L(h)) RS E A E A3
(adaptor protein complex-3, AP-3)4™ 51151 /R FAAR 7]
W (A 1)) ER B3 M r s 2 (1
G A msERE 1), HARMVBHEL R GRS
BARAR UAT LAY hy 2 MR ab5 FITR ab 7 SUR 5 25 HEL ] Y 76
IR AR KR RabS ¥E [l UL AR A2, S4TSR, 7EAEY)
ARG R R AR B ER B2 1] VR 3 AR A 5 UE Sl A
X, TR E MR AL BB
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[ I 1242 (autophagy  pathway)(I&1(K)WE Ky —Ff
SPR B RRARIERAR, R DI RE I IR B 40 i 25 a8 L Al 200 A i
J A% 356 3 PT o2 fp 1 5 0 45 ) R0 R B v DY)
PEAT AR R A R, ﬂ]i’ e — R F
PRI AR AU Z BEAH L2552, REAE )i B AR 1%
240 LR (B 1 RNA%H?IHH@%%)EE%, R I> T 3L
TEERFIF, LA4Eis 2O e poanieRazs™. 76 Ay
AECARTE D, S EH AR A LR RS 1R
Ykt ST K. SHESEA . B SHER T
TEREP AT R & B, F W/ IMARITE B G T B R4
Z5K(PAS), A BERTAIE U BRI AR Z, Hrp s
ER. ATGY(autophagy-related 9)%£y{dith )l & COPIIZE (L
204 ZhuangE NV, ERATHEAE A U0 A4
5 A WER IR0, HATGOBEUE W EERE Y MR A
BTLFER, IF AT Re AR Y R Sk 0y S AR ) 1

IMETE b RAEVERL. IUAh, eSS, HokiiZ



P A

IEdE 2, AW R G Z AR R, SRl — 0
FFE L 78 T ER-COPIIS H Wi % = (]2 AH B 1E H
U AR ETE R, IEH A K AR, COPIIZEHL AL
RERSIAEE CPS R ER- S /R FLAR A IE [mliz ki, i FLAERIY)
iy s Fe b = 4500 F, COPIIE Jy [ W B4 Bt pry 12 ik
&, PAHYIEA 1Y AtRabD2a 5 AtSar 1 dfE K48 FFF 561
ER TN RN =N Por L BriBuk e NERI CIE AW WRat 7753
Aerhanpra st sh, BR AW MATEUPS AR
PSR ARAN, (HZAE YA UPSR £ I EX PO [ I A4
Z AT BE A A2 PG R OR U B AT IFESS # L AR R,
1M LA KR AEAE ) A W5 S A2 v EXPO L ] g i
S a A e B A S R S 5 E AR
R X E A LR, % BT
BAUS% B, ESCRTHE & WI7E 2 310 A TE 1 % 52 11 14
BEPEME 8 P i F p e 3 LR E . 1A
BATE 10K L R T BYESCRTZE [ A 51 -5 sh W) R B v )
ESCRTZE il B #E AT 45 80t L, % i — Mg p
FA BESCRTE A W4 /3 FREE1”. HFFEiEW], FREEL
fiefis SBRO1, VPS23HISH3P24: &N 5 U HAE, M4

P2 BT 0 WL B e I8 R0 I A A
$§(£[79,80].

Y AREDIRE SR E R AR . BhEH . R
AR RN A . Hirh, Mininas A A ERY
ATGSE{ATG7HE N i ik 5 AR Y, @b &
B, SXRRAH L, S FIRRRRAY [ R IEE, AR
FEYIAE KT T RSN IR ) 3 2, R FRAR K, B
2R AEWIA N AT T, REE A A SR B R
YU, ik, AR ERY) & E R N %
T LA F LA .

3 WG RO dE 38 HE T I A 2% D7 B
Stk

3.1 WRE s s RG]

Shy - SR A R R % 2R 1 1) S 00 A7 K A
Morp iz iEte, SRR C 28T A I,
TN T —FPsR KA T B A SO0 ) 25 1
s bb o b sy IR AR 2 AR R AT 1 T2, X
HEfT 1 AS5 Gk,

3.1.1 BFA

Brefeldin A(BFA)JE—F MR, HEZIFEHIK

¥ ARF GEF(guanine nucleotide exchange factor), &

AL REAS BT A TGN/EESI BRI A TGN/EE 5 330
Z Il fiz ki, I AT el fil COPIFEHL i) 45, BFAT]
VLA AR 300 7 200 6 P T o8 A P i PN R s =X e R ik i
RAEY), T PR N BFA/MA™, JERF ST M e i
i, BEASEI F T Z B9, 40, Fans A1
BFALLBIPINT-GFP ) FE AR, BFFE45 R W, PIN1
HHSRERBFA/MET; HBEBFAJS, PIN1 A H
HEAR RN OAE [, FRAHPIN LR 40 AR 5 P9I A 2 (1]
#3%. Foissner®s N HIBIFE B, BFAREWSHIH Z 40
JfuZg ey [ i i CMER R M F iz, 1A, Xing
s )\ "S45 3o (8 I BFA R PLDS-GF P 5 R A 47
AhHR, K IR BARASR, PLDS(phospholipase D8)& [
A BE ABFANBUR Y SN iR AR HEA T2 i (EL e S A
FIFT, PLDSZR X BFARUE 1 Ml 5 72 1 358,
UEBAAE Y L e At —FP LS, 38 A el A BEA SRR
ANTHURR I Lk 3 43 22 0 114 2 285 A 1o %o s S AR A 18
7. A WL, BFATESN | ey Jy TRUR B B 2, X
M YRR AR 1 FE 0 12 77 T e SR AL T B SR
ik
3.1.2 Conc A

Conc A(concanamycin A)J&—FPELE MK IR N Bis
Ky R, TR RN HI I V-ATPases I3 1,
FFFHBFTGN/EEMMVBs & a1, Z fiirss &
B, Conc AL HE TR D, it Cone
A E ORI AT B A 2 e i A (Y R AL e figk ack
Tl FERI IR A R Ea5E BT, Zhou AT
Conc AUMFEEMIFTV-ATPase clV.Fe(VHA-c)XHE Y4
KA, 255 B R GFPARIC A Put VHA-c7E IR X
EHEERE, IEPPutVHA-cifli i 5 K i V-ATPase
P TEAE Y K TR R R SR A, A A
BAZhangZs N\ 5@ i L #MBCDHIConc A/Baf A14bFH
T101 A% SRR 56/ A9 Ca” BRI I, LB
MPBCDAL I iR hi7 S Ca” T E B B 5245, TiConc
AMIBaf AIKCERERMEHE T Ca™ R, HE—SE MR
AENRT1.1(nitrate transporterl. 1) AA1E - SHEER S fik
RIE il 2 EAR DG, FE S8y rh, Teper-Bam-
nolker2 A\ ™% BY-2411ifs 11 StVPE 1 (vacuolar processing
enzyme 1)-GFPIYZHZ12=i4750#T, KK Conc AZLFER]
FEStVPEI-GFPIEANUBIE P AR, IEW VPE R it
H Wi A2 s 20, JTHani & B P EseT. it
VI EWFSEJEIR, Cone AT W HIMHIM R &4 iitia )5
PR AL I A ol A ) A R 2 7).
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Table 1 Commonly used chemical inhibitors for investigating endosomal trafficking in plants

UG bl i IR AL JRIRR SCHR
FFLT A TGN/EE B R I Y35 4,
Brefeldin A(BFA) HIARF GEFIIETE DI FHWI TGN/EE S Wit 2 0] i) PNl [82~84]
Concanamycin A(Conc A)/ Il ifL - V-ATPases BH W TGN/EE[:]MVBsf) e 85-89
Bafilomycin A(BafA) BT EHELS [85-89]
=V Heyl Pk Y ST VT
Wortmannin it ﬁ?;g;?ﬁ?;ﬁ? L3 Eﬂ%ﬁmﬁ%fg;}]ﬁig\/B/LE ARH [14,90~92]
g A\,\‘/% i \;ﬂ\ \ éL AN
Cycloheximide(CHX) == S0 GO B 1 o N U e e B Ui 9 AT B A A [90,96~100]
Tyrphostin A23(TyrA23) I CME® 12 5#&%@%@%@%@&%9; eSS IR CMEA M LE AL id 72 [60,101~103]
MBCD/MaCD(Methyl-p/ W e g PR NE RE L b FEAAR AR MR [, REASEZN [15.53,104~107]

a-cyclodextrin)

HAB B Y, BORABEES:

3.1.3 Wortminnin

Wortminnin(Wm)J&—Fp ELE Q= 4), H I 2AE
FHZ e S PRS0 1 B B IBE UL -3 SR (PI3K). BF5E 3R T,
WmENE 52 IR AT APVC/MVB/LE R LA,

S ZABEE Y, Bz T A4

FIEEIZBIBISE. ScaliZs APV ORIFFY 3, WmAk BH 44K
FAEBAE ReS 2 R e R AE A G 1 L
M FEL SRR, IERAERY A I AR KR — R 4RI L
i, T e FET L. De Caroli%s A °5@ it FWm
AP RGBS T PGIP2(polygalacturonase-inhibi-
tor gene 2)-GFPRYMIFFIEAR, T2 YL - i 2 G
55, AR B, IEWIPGIP2-GFPA] fE# 5412 EMVB
FIPVC. A, 25 A A A WmAb D g ¥
R, d5iin, BHNEARCE HARATERER
LT (1 P R R Rl B PR S A, TR B (e A O
#EH41(vacuolar protein sorting 41, VPS41)H/DIE AL,
BE— 2L FSE R R4S VPS4 LRI N R R 1 B AT AN [
B E L. AN ERTIR, WmE SgiE R —F) 1z hg
M2k &4, T see 8 A B4l ib 549
() FEHI D PR AR
3.14 IKA

Tkarugamycin(IKA)2&—F BAH i HUg b A
R, B TZIR U RER RN B, O &, IKAEA
ZFPIIRE, UNPORREVE FH AR G R4, Elking:
APYEBL, IKAXTCMENE R34 A2 A 50 L A A 33 7
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FH, R s £ R T, (B HAb A A A
AR BEMRER. Hik, IKACZ$H TR
CMEi&#%. filln, MoscatelliZg APV FHIK A4 B4R 5
SRR SR, & IR i A A T A AR S, FCMERY
Mo, Beah, A AT I FHTK AR AL FAR R A
s, R IMIK ARBAE M ALK A0 MBS L 17 B (1 % 4y
i, i s At B0 R, IKA AT LAE Sy—Fib
25 R A PR (A 8815
3.1.5 CHX
Cycloheximide(CHX) 2 ELAZ Bl 13 4 1 At 411 i 551,
AT SRR ) R LA B, FERR SR BT
FepEE B REEMMEATY. Wik, 7EiEEE
FgEr, CHXH 8 AES A Bam bR, AwrsR A
Su: AP o CHX 45 4 BFAAL AU R I+ 40 i, TiFE W)
BSK 1 H %A= 1 35850 i 41 1 750 e 4 1 FH DA B A A oAl
e B EVER. Hoh, Liugs AR50, 7 40 5558
7 T-4HAfA% IRH3 1(RNA helicase3 1) [, 5 ik
(stress granules, SGs)AUbRiCHE AN, HAEEMMHE
T, BReZ M R4, FEUa ER AR, (HCHX
AL FRBEASAMHIRH3 VR AT 1, UEBHRH3 L2 AESGs
B4 Ry WSt & 3, CHXGA 1 LSl 7 25 1 5 1Y)
K. GuoZE NS WTHIfer g B A MY C2 7R 1114
2 WA TAG I A& B, CHXAL AT LU fer 2 A8 R vh 2
B L WT I Z2— 5424, RIHFERBRRR L
MK TMYC2E /K. 2R, CHXER T 1E A —Fhik



P A

SR A MR AL,  aE A LE A R A
FEERIPT R ME, AR A = A B T A AR
FIAER AR R, FERIYER AR S R A0 E
WFgErR, 2 DA B T AR BE (o FH ke o —Fp) iz
AR T H.
3.1.6 TyrA23

Tyrphostin A23(TyrA23)/&—FICMEIZAEAFE 1
Pl ), AR AL RERS A A0 P AR AL, B0l
Y xx @4 P4 355 14 40 S A 1 AN Sk R E TR T &
FEVEINY, Yo A5 o) FH TyrA23 40 #IFER-GF P4
ST, & IFER-GFPRY ML AR & K. S
i3 TyrA23 FIBFAZL 4 BEFER-GFPII R IF 4l i, &3
FER-GFPTE 4 s NI A BEA/IMA B 2508 /0, 1561
FER-GFPH] DLl i CMER R A Ty, TR g i
B A SERFIE R, TyrA23E 2N —FP A TA ALY
CMEMIHIFH, (A2A o HGE, TyrA236EME I flg22
FERAETEE I, KW TyrA23 MUY IHCME, if5
W2 b A A A R b, Dejonghei AN
WFoE 48, TyrA23%F CMERY $: Stk il 22 it T
TyrA23(EANAEER Ik, IRl SORAESE 2 HERR I il 7 F 2
R H S B RS A5 A Rsgm, R
FEH  TyrA 23 il CMEI& A2 A9 EAARME FHLELAT f5 1 —
I
3.1.7 MBCD/MoCD

FH - B- 24 UM A (methyl-B-cyclodextrin, MBCD)J&
— o [ A AR R, A L A AR R AR TR
(EAR R S, AT AT A0 A i o i Rk . 5
MBCDZAL, MaCD(methyl-a-cyclodextrin)-5 4 ffd i
BN A R R A AR, (HTCREs A N R, 4
FH T L3 W 40 M b AN IR A i Xk 20 B A 4 i SR
' ERTERLY B # D, Thomas  OttRF5E Al
BAUOKIERA, $IF AR ESMBCDA IS, PEASHRIC A
RemorinsZs N BRAGIE o 25, BRAEESF BIMIR. AWt
¢ A BAFTH T AE U & BE, 38 it imMBC DA F U R ST 4)
i, AERSREIRANME b BRI S e R
W5E &P, MPCDALEAT L i 352 M flg2 208 1% AU FLS2-
GFPIYMEIAFEH], R WA g22 HCifi A FLS2 M #r i%
BrpzemEE A, ERERRAMCHTIR T,
MBCDHf 52 Al LU ST CIE&R 42 i —Fh A7 Stk 244
). AR, 76 FHIMBCD 1 3 A [ A, B 1 9
WIRTREIA R AEAT, o R AESE M 2 HL At [ S ) o i 2
fE, TIRIRCRAERES. Ik, T2 BB i

oAt 75 T B S S A A T 9

BEAh, BR800 LR AR S S AE A
K2R A, dALIEL Endosidins(ESs) i & 5124
FIUOSI1 - Bafilomycin A(BafA)**/4,

3.2 W RIS

R A SE I A A ) R R 1 v e s A
AP, B A DGR P2 A, —Segefu i
AR RAS R 1z N AR ST rh . AR SO0 i i 48
(F22) ML iR A2 (F23) R AR DG S AR IR HEA T 17 2.

VAR, W BT Mt i B s AT T
KEMMETY, 4550 % BBt R RE 65 B 2 52
e L. i, AL A O A T
MVBs S L ) VPS18(vacuolar protein sorting18)
EAFAAREAE KSR EHE T TR, 45
KRBV PS1857F B A 23 78 Tl DX 3l A6 o 2 1)
POk 330, JF-F BRI H BRI o Wit i, TERA
VPS 18315 i B iz 42 U rg T e 8 AR K
rh SRR K AR it 1) A o3 W A5 B AR, Mar-
kovieZe AMSE i ot He4hEE 2 A9 FLEXO70(exocyst
component of 70 kDa)i{ 51 EXO70A 15748 {if Ji5 12 71,
K Bexo70al 57, R I ki BUAPIN2E 7R
WEEL TP AR R, i A R 252 B, RIWIEXO70A1
TEA S5 e S PMA & i B rh R PR EEAE A

R TSR Y E K R T R E AR,
RERIFAS A LI, 0, Kitakura A% chel <
che2 W REHR R GEAR R RAVHEA TAIFFY, 45 ALE B ax 4k
N eI N O Y e i WY N 3410 el N [ B
AR AR S B R A2 AR, PR AU = A
i FCHC(clathrin heavy chains)IIEERTHLA, FEA K
RILZE HPINCMER ‘R GG, B KRzl
SIS, AR, iR ST Y 7 Rabs
GTPases/i, it ARA7(RabF2b) 2 [ 1) S AR A EA T 43
Brast, SRR, ara7287B P 2 6L FMVBsH
ARATE FRZRB RGN, FEARATH THAMAFE
FARIRAT M FIRGsR, A A R4 QIR A i 45
P 0L (T SN 5% 40701 i A i SN O E A ECE 1 e
WK% 8 4445 85 H (clathrin light chain, CLCs)JH#%
CME. EKRFSHIAMEFTIHT I5E, 4R NR,
SRPERIAA L, 7RIk B AR BECLC2MICLC3YIRE
RINAA WA R, PMEE A B A 512 B B g,
AR R X PINGE A LA VE R I 10855, BE4h, Yang
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Table 2 Mutants involved in the plant exocytic pathway
RAKR TR FRAFFEH SALK%i FeAl
vps 1810 VPS18 SALK_133060
vps16™M VPS16 SALK_048324 HEPEAG R SZ . AL LR KT 20
vps33 VPS33 SALK_ 143407
s I S AL <
exo70a]oM EXOT0A1 SALK_ 135462 %zmmm@\%u@m>1§,mﬂm@uﬂu
B K ZH
ech"? ECH SAIL_163_E09 YA A T E B, MR B/ N TGN 25 H R B Bl
I AT AL FuA . S i 7.
vamp721vamp722”" VAMP721/VAMP722 BLEUREVE, Jear IR Eﬁ%%ﬂiﬁ LEa LT
FEH 5w
sypl21-1"" SYPI21 SELTFHORSFLZRE A F R R ER
syp12201) SYPI22 SALK 021525 20l BE 2 4
syp123-11" SYP123 CS488587 MR B4
s g KB, B HEME IR
]_][u ] A s =,
rgth RGTBI SALK 015871 S s ] FLAR A 5 Bl
secla™” SECIA BRI KR RRAR, AERY A A8 S A
seclalkeu™” SECIA/KEU EMTEETRE
17 TIRGAR B M IER . TRk MBI AR
secl5h SECI5B P i
3 S5HEYRFREMERREIK
Table 3 Mutants involved in the plant endocytosis pathway
RARK IR GRARFEH SALK#i % FAl
che2-1'" CHC2 SALK 028826 WERIBAS S TIPS S0 T
che2-o1 CHC2 SALK_ 042321 TR H >
chel che2™™ CHCI/CHC2 aliA RIS
ara?"" RabF2b(ARA7) MR BRI . TR Eh s
cle2-1"" CLC2 SALK_ 028826 ) B
120] TR, TR K
cle3-1 CLC3 €S100219
cle2-1/cle3-1"" CLC2-1/CLC3-1 FARE A, PR, ) R, AR
tnol™" TNOI SALK 112503 TRHLIB I TGN A XohEh et va o fUsk
vamp711—6l|22J . o
) VAMP711 LUBP A USRI« o SR AR S AL A 2 40
vamp711-7"~
ara6-1/rabF1-1"*" SAIL 98 E08 N
. ARAG(RabF1 it R
ara6-2/rabF1-2!"" WiscDsLox481-484C9
vha-al-1"%4 VHA-al TEN 2 B BB TCI =L T

Jies

g b, IR R FE i e A s i iR AR ] 23 o Y
TRIRAS. MEnkiRAe . MR- nk HEEK AR K 1 Wit it
wAe. Hop A% H A SR A R AR BRI R A )
Rz M AT AR, 5 A A 0 A

a6 NIRRT R, TGNE & ITNOL(TGN-localized 4
SYP41-interacting protein)3&AL Ji5, FEHNTERME =
BUER, TONSSHIHEEIR, m /R 5t b i) 83 s 280,
AT BB A B 2 R AR IR, RIATNO /eI
st R e B OCE L
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SRUEYE R, 2 R0 IR e AR P A [ A 4
Wz R Z 5T IE 5L 5® . PO R
AREBESFAY IR O T VYRR s
R BAE L, B BORFINEARR I, IRA T
JIL N 45 48 K P E S e s i A R AL TEA T 8,
Xof T FA PR R R A B BRI AR T A 9
PL L 2 OCE

Pitt, £T HAMATTORGL, AL 3 J7 Hin]
REXS ML IR 2 Pl s MR e R A EE X
F—, PP AR E A S0 A R 2k A
862 2% F AV R s LR R B2 55 =, YTE
AP, G PR A - R A, LS P
F s A 5 AL AR Gt 22 )1 A ) LR AL 2 B Y 2
=, TONRARMLE e R e iz P A5 BRI 2 i 2k
B2 I R R OB A 4 i LA R A 20 Mo 4 v e iz
ARSI E BT ) R S 7 i)
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Membrane proteins are essential components of cell membrane structures and can be transported through vesicles as signaling molecules.
The vesicle trafficking of membrane proteins is crucial for maintaining biological processes such as plant growth and development,
substance exchange, cell recognition, immune response, and signal transduction. Both vesicle exocytosis and endocytosis play integral
roles in regulating the activities and turnover of plasma membrane proteins required for signal triggering or attenuation at the cell surface.
Exocytosis involves the transport of newly synthesized or recycled material to the plasma membrane (PM) in vesicles where they are
released into the extracellular space. Recent investigations have shown that changing the balance between conventional and
unconventional protein secretion can be an efficient strategy to respond to stressful conditions in eukaryotes. With the aid of an N-
terminal located signal peptide (SP), conventional protein secretion delivers newly synthesized proteins from the endoplasmic reticulum
(ER) to the Golgi apparatus and the trans-Golgi network (TGN) and finally to the PM or extracellular space via secretory vesicles or
secretory granules. Unconventional protein secretion is responsible for the secretion of such SP-lacking protein. Notably, several
unconventional protein secretion pathways mediated by distinct mechanisms have been reported in plants, most of which are related to
stress responses. Conversely to exocytosis, endocytosis is the process by which material associated with the cellular surface is uptaken by
invagination of the plasma membrane and internalized as an endocytic vesicle. In recent years, substantial progress has been made in the
characterization of the plant components involved in clathrin-mediated and membrane microdomain-associated endocytic pathways.
Moreover, the coordination of exocytic and endocytic trafficking has been shown to be important for various plant cell functions. An
increasing pool of evidence has indicated that multiple cellular processes require tightly regulated exocytosis-endocytosis coupling,
including nutrient uptake, signaling transduction, and plant-microbe interactions. However, compared to animal systems in which
multiple mechanisms have been described, the functions and regulation of coupled trafficking processes in plants remain poorly
understood. All proteins in the cells of an organism and most extracellular proteins are continually being degraded and replaced. The
autophagy pathway is a conserved protein auto degradation pathway that delivers dysfunctional organelles or other cytoplasmic
components to vacuoles for degradation and recycling in plants. In addition, autophagy is reported to be involved in plant development as
part of processes such as root tip cell growth and differentiation. Recent observations have revealed possible interplay between vesicle
trafficking and autophagic pathways in regulating vacuolar degradation in plants.

In recent years, with constant advances in super-resolution microscopy and labeling methods, much progress has been made in
mechanistic studies of membrane protein transportation, and a diversity of exocytic and endocytic trafficking pathways have been
uncovered in plants. Although a variety of methods and techniques have been used to study plant vesicle trafficking, a systematic
summary of vesicle trafficking pathways of plant membrane proteins has not been published. This review first introduces the relevant
organelles involved in membrane protein vesicle trafficking, and then summarizes the different plant vesicle trafficking pathways for
membrane proteins. Based on the review, we systematically consolidated the chemical treatments and mutants used in the study of plant
vesicle trafficking. Finally, future directions for research in vesicle trafficking pathways of plant membrane proteins are discussed. With
recent advancements, we expect major breakthroughs in our understanding of the regulatory mechanisms that determine the perception
and adaptability of plants to their environments in the coming years.

membrane protein, vesicle trafficking, endocytosis or exocytosis pathway, exocytosis-endocytosis coupling,
autophagy pathway
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