iM% b & 2023 $£68% £ 8H:901~914 ¢ OPIER2E) 2okt
SCIENCE CHINA PRESS
CrossMark

& click for updates

FELVIRRN BRI 75 5 I Rept 72k e

7S SeUEE S SSUIED -8 Sl S TR S Sl 3 S e
L AEspol R EF AR PR SRR B, JE5T 100083;

2. JEm ARl R 2R AR 5 B R g 5T B, JE 3T 100083;

3. AR AR T T 5 4 B L R R TR .G, Jbat 100083

RN

* KA, E-mail: yyzhao@bjfu.edu.cn

2022-09-26 Wik, 2022-11-28 18], 2022-11-30 4257, 2022-12-01 WL iRk 3=
E XK BRI 5E4:(31870571) A H-A4EW H (G20221090007L) %% B

e REEMHFTAKITT HERRRNELZRE. KoMFT HBEFHARGEE, BRFLIEE. LE.
WEEFEME LR, EARBFALEBERR L2, HRHEBINFE. L, WEEEMTEEF L
GERRMTNEREMN, REEEBRMER, EEETHNERN OB, 2R R K RS BEH
b G, AR R B BRI IR R ARNE, LR R A R P R EEEEA. AX
HAEESHAE . QR TARR I BN EEN SR R EALE W R R A M AT B R M S O E AT R R,
xR B 5 R v B AR A A ik B BT R R IT TS, SRR AR T mAn LR, 3 E LR A A R A
TR

Kbl WEE, LKW, R E, BTARA, KA TEN, LAY

OB AT ESRAE, EEMNAEGE  BSR GRS T RAES L GE AN FIER S A i b R AR
IR 0 [ SR W S RS A R IR A, BRIE RN, P R R A
RE. TEMRRHYAEIX, T A URIB 2™ R0 ZBINERME S AN R i B, TTPRIE T

A, ARHERRI A, Zoh KRBT, R SR R 3 3R A
FOH T R AR I ) 225 (primary structure). M DT AR T RIS R JRG— R BER, AL

SREAR 400 A 254, AT LA N R R f2 . 2 WRIARRR R RS AU TR S T
2 4R =GR (b)), Hirh, KR (cortex)t TGS, FERHE T N B ZAE 1 AR A Y an D T AT 98
ARG AEHLUR TN, 2 2RI, LR P B AR A R A SR A ) 5 TR A B B

WP PR R LL ), AR T I B WK A3 R T A s

e R R Y, ks 1 WEIAIMAE SR iskhig e

ST B, PRAENEJZ (endodermis). R )ZE & TERIREIT (Arabidopsis  thaliana)®, WK JZ41IEH)
B g PSR B PRI A, e RS Z FISHORT-ROOT(SHR)FISCARECROW
Wy FEIE B S Y B A MA R N R B (SCR)YPE/™ e s A AH BAE R 5, R fioh & B J23-
PP B, HMRR G e B B R 5 A R A E A N EZ 2 JE AR A0 -l o 34, ) P9 S48 L2 1

SRS %, BNEHE, TR &5 MWIRNRZEI AT SIRER T, BlaEiR, 2023, 68: 901-914
Xu L, Hu H L, Wang C C, et al. Advances in the development and function of plant root endodermis (in Chinese). Chin Sci Bull, 2023, 68: 901-914, doi:
10.1360/TB-2022-0971

© 2022 (PIEREE) Akt www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2022-0971
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2022-0971&amp;domain=pdf&amp;date_stamp=2023-01-05

M 30 & 2024£3F Fess L8

(a) (b) © ¢
M X G FRIMERR
| } : o Shid

pemez | L —wemnE A s
AL @l
M o~ - FEREERE
I‘:‘l : (j: FRIRT
| X

sl |0 H

o |HO
m = NEE

E 4
K=

ARENRE (FA)

REELImE

ABER
HIEZER

T ARE KRB R

BRERTIEHRE

Bl 1 (MR C)NEIZNET G5 LR BUEAR Fh e 1 18 g i, 2 F SCik[13]

Figure 1 (Color online) The development and structure of the endodermis and the lateral transport pathway of solutes in roots. Adapted from Ref. [13]
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PER64)fE M fb A 5T K SRR 5 0 W AR Kk A AL B (re-
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CASPI. PERG64. ESBI%:. 1Emyb36578 1A BT
B PR ELLA SR I 9 K 2= AR A i S AR LR TR,
KUIMYB36J& N 12 JZ Hi AR B Bead I 2] 401k B B L
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A AR R R LR I R
TR K EAEE. M (Populus)BL Fats 76T 2 ria
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FTLOR I i I CARRBITE N B2 241, 180 1 Cdim -7
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LG ANS, FEALT CAX) H e 4k 45 R 40 1 1
JEQitE NS R B, BLERHE & B B AR
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BIKFE(Oryza sativa), FHib TR R CAE BRI,
TECAINE T, 5K (Sedum alfrediiyfi & HHAR T2 XG5S
BCAFPAL LA K B EGAT RE 0 3 [ CASP 1 (/) 3k 1 i 3 1
‘UEJ[M’SS],

N T EIESFRY R e, LT TR dEE
VI B2 JE A AE A MA Y BB e, ol 43 -k Y Bz
JEARML N F A AR B RN K, TR RESE
WYL XHEY AR R HEL, AR E RN L ZE —
B BER ML SERY, AR ST R R AMAE i BR R, R
AR WS K 43 R J53 J5 TT F4) A4= 3857 B T 8 B o 5
e, EFRARE I G A A0S KR AL 3 1 e % 4
HEEMEH.
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3.1 AR Rk 5 85

AR — MG KR AW, 462 R ARG
LRI GEI. LY (4 i i e 2P 6 — s
RAERIITR . o-FRIEIRMR . o,0- R TEES
IR AR, SR AR R BN R R4,
FERIEARRR . PR . R TERIB TR
i, AR EBEHCL6. 18:1FIC22 = Fhfk gl i
3 1 375 5 F T B BB B A AR Ak 1 4 RE D) - Kk B,
At 2 BRI E M, BAHRNER
E- B RO . E R R g T
BT IR IR )L AR, TR €00 B e ri X sk P i A o
BRI T2l .

3.2 AR RDUBIR PR BLE S G A

AR TR R RV B2 Ne e . s
WA N, P s 2R L T A KA 1Y
k-

Xt LA RIS ACAR ST 45 ) T e A A 28 AR AR 7
FAE, SRR L IER I it AR A W6 T 11 S
AR T B B A RS B T AR R B R A R A R
(fatty acid synthase complex, FAS)IKZC16. C18{fl
FIRG BRI i, Zeid CoASE A B TE i C16-CoA
C18-CoA, ¥z ZN M5, TEARNTER LR 5 Y (fatty
acid elongation complex, FAE)W/EH T, fEfH A K
SENSTRR'Y . AR HE S TR TE B- BT I C o A4 TR (B-
ketoacyl-CoA synthase; KCS)YEH T 5¢ Bk *o ot 1 4
A0 B9 K, KCS2/DAISY FIKCS20 & 4id il R I+
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HR A SR I 7 B AR A 5 B R T A K 5 A ),
PURE IFkes2/daisy 5 AR R AR 2518, SEPAERIF L,
HARFTEARC22, C24BIBENRNT R & 5t I 3 0k b,
FEkes2 kes 20U GRAR AR & BN B2 JZAKE 5T 1 )2 A TTRR
K SO R AR G R K B N I IR 2 4k 2 i 4
it {6, 2 P4S0E AL i 25 11 K% (cytochrome  P450 oxidase
protein family, CYP)%fk. Schreiber[ B\ 7]z 1) 35t
P2 (T Ay B T 4 E FICYPS6A T /HORST, HUE MRS
TR HR B B AR T A W) & WL, TEcyp86allhorstFe7E
AR, o-FRIEARNT TR A BUKE B FEL, JUHE
C20LL TR AR W IR 1Y) & s BH S sl [l fef 2RI
()7 1 2 78 LR ST AR R rh B AR [T - 2 A
T Fllow, 0~ — R TR Y B SR AL BFC Y PS6B 1/RALPH! .
ARG IT cyp86B 1/ ralphZ L AR T[4k~ 73 TR B,
RALPHF:EEMHC22FC24R8 i BRI 4 . BRriblmg
TEAb, AEKFE & ILCY PO4B 1 RENE HEAR rh A TR 1 &
W, IR T KA A R

AR T gy — AR R R AR BEAL AL, X
LAY B3 ) U 7 TR I R i il A B8 ) il (fatty  acyl-CoA
reductase, FAR)IRJ5 R 52 1. Domergue: Al 128 p-
H I PERE IR Y B A e SE IR R KB, FARI. FAR4.
FARSTERUTE IT N B JZAKE T TE 1 7 o5 e S Pk 3Rk,
HARfar =T 5L, AR FAREC22. C20HMICI8H
PRI 5 i B 5 TR 70%~80%.

AR AR B AY & A AL, Beis-
son: N[V i, $0IRE ST H i -3- W R4 B Wi (gl cer-
ol-3-phosphate acyltransferase 5, GPATS)Z2 5 H il 5 o-
FEBEIE-CoAflo,0- —FRIE-CoAMZE G, P ikt H
TR, X — N R BT AR B B, T
gpat5FASARI T, AR T & B B T 50%
F— AR A EBESBL, B TS 5HLEKAR 1 1H
FERLHISN, X AR BT A B T T A%, fEesb1 R
AR, BRAKE B A i e T

AR 5 I 28 BRI TR ) 2 Bk A ORI KRR IE
B RTARHER, Horh 218 E 2 IR0 2 BAHD LB 5
PRGOS ot Pl B BE B6 5+ #% i (aliphatic suberin feru-
loyl transferase, ASFT), TE4\ B S asfiR AR R T L F-564
Wb ARR A .

FE AR A A B AR T BT 25 28 9 T I R4 7
RIS, ATPES G HABCGEINS 5 T AR Fith
Rz, RIFABCGI UES— A NS 5K R K
fmissEaT". B4, ABCG2. ABCG6.

ABCG20W 5 iR ARk B 9 Cilt 5 5% 0s. fE4rgIT
abcg2 abcgb abcg20=HGAFIR, AR E /D,
P AR BT 2 450 1Y S 0 5 AR AR T A 1
I Rtz b, FEAKRET R B, H R RIS
P A AR TR, L5 FTR, AR R AR &
IR AR AR, S [R)EAY  FRLA i AN [ YRR A
I e R P A T A (R D).

3.3 ARRFUEMKEIE I R

ARH G ) FRLARTE AR EA T B A, Rk PN SR Y
BT T AR A%, SR)G, Zoadtia B el IR IRk
eIz, BIIRANRE, AR TR XAt
T2 22 B AN A 45 Fh e S D P I A E I (12). KA
S S P BB S AR B A LGS L IR 1 ) 2 A
VEFH, VAR SEE N () 30R, E MR ARR R & -5
AR

KT R ZESZ8 A ST HxET.
YR B S SRR, MYBAUEE— N ERIRE I gk
JIE B 1 1) P2 AR 2 SR A S R T, KosmaZs A7
KI, MYB41FEP ) b4 8 T AR B A pl L PR %
SEARRERE, I HIES BRI A S (Nicotiana
benthamiana)t J R kK A AR TR 2 AU, (A
fF, MYB4 1R BA R b, FEIER &R, 1F
A rp Gk B A%, JA TR R ok
A B A R S R M P B JE A I R kY
BRILZ AN, MYBZEHIVEL W 5 AR S 5 R AR I
F R KT S50, LashbrookeZ AV %3, MYB107
FIMYBOREF T 0L R I+ P g i 1 A 5 B R AR B 5
554 Cohen® A% 31, SUBERMAN(MYB39) 2
IR IR FP AR oA B SR s 7, AT LU shiN
FEARR A NS B 2ROTBGSRE. [FEF, GPATS.
CYP86A41. CYPS86BIZ I I N AEMYB39id Feiktakk
A AT T, RIIMYB39EAT JG X BL 3L K
FIKMTNRE. FiF, BarberonHIPA &I, MYB41.
MYB53. MYB92. MYBO3fefie il ma I+ 1 K2 J2 1
KAk, TEmyb41 myb53 myb92 myb93 VU AR A
Bz 2 b B R R TR SE A B A i R AL R AL
MYB70/J&— A G e N, 7RISR MYB70
i FIRME R I SR AT E B, LT A AR A
S FE IR ek BRI, AR R 04 W i .

WRKY FIANACH% 5 A i A VF 2 IR AR i
DURBYREEL . IR IT hWRKY33 /2 CYP94B 11 F-iif
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Table 1 Genes involved in suberin biosynthesis and transport in Arabidopsis thaliana

H R AGI%5 YRR T TR B SR AR AT AR TR A 2 ) SCHik
Him-3-BE AR IR A AN FR R W A SR B i T 50%,
GPATS Atighl430 i - A Fla,o- IR RO RE I £ AT L PE S [69]
CYP86A1/ RASKIR AP C16F1C18 0-FHEEMR L K a,0-—JRIR
HORST At558360 \ ik T AR KR B b R 60% (o]
CYP86BI/ WIAME: -FEAERS AR P EEFERC22HIC240- R IEFR
KL go1A O-FE2E R
RALPH At5g23190 Flo.o-— SRR IR [6566]
FARI At3g22500 TSR FR22:0 B4 B A
= - . L
FAR4 At3g44540 Cfiﬂéﬁé% FEAS AR 20:0 P I T [4:50% [68]
FARS At3g44550 AR 1805 ik R IE80%
i 258 k- AR AR Fp BB 5 A
ASETIHHT At5g41040 CoAFER S XL P A RS I ol
KCS2/DAISY Atl1g04220 o kes2 kes20 FUGASARNE I HEAR B2 RFFE,
A C22MIC24H8 K BERITRR AT P b [62.63]
KCS20 At5g43760 oA MRAE K AZ BIE, AR RS
ABCG?2 A2g37360
ABCHY abcg2 abcg6 abcg20
ABCGS Atgl3380 KEEE =GR R T A T A R 721
ABCG20 At3g53510
Dirigent- AR L & 2E B,
ESBI AZEBOT0 G omaingt g BUEE 11 P ARG 5 B AR T TR [14]
T IR P BN T A Bl PR e Tk e 4 g,
MYB41 At428110 I e RS R B B iR R 226 [74]
T FRIAAR R AR B A DR
MYB53 At5g65230 s ; -
R AE i Fe 3k T FHOR A B R AS BT S AR,
MYB92 At5g10280 MYBARA R AT myb4l myb53 myb92 myb93 [75]
SR X , =2 \ T2
MYB93 At1g34670 VY B AR P Bz JE AR [T 58 4k
YB39 Avdg17785 RLFIAHRR AR A WL A5 LR, 761

FEON RGN, FAE R AR s>

W, LRI AR BT A B, FEwrky3358728 K,
MR AR S S D, IF R, WRKY9
JECYP94B3MICYP86BIRY LUy F. TERIRGIF
wrky95ZE R, CYP94B3FICYPS6BIFEIN B3R 453M
W, FEARFESERE T, ANACO46EIIFITT
RS AR BOE Y B R R, Hoad SRk BN
PR ZAR AR B S TR, ANACOSSHEIN
EMRITR N 2R HERL, IS H5NEERAR
¥efk, anacO58FAFRPHRARAIER, 1MANACOS8HY
T F IR SEAR A T AR, IR A AR,

WY R —MES LAY, RN
AR TR AR AR . Hean, JBVER(ABA)TE
VA N R JE A TR 2T W T B FRAS B T iAo
TEHE 9 3245, Barberon BN &3, 7EIFG I ABABLIA
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AR aba2 Ul BAG T8 5K abi3 abid. abisTh,
PR 2 P ) AB A 53 4552 BRI, AR oA i KR
W R A, FoEBETFTMYB41. MYBS3.
MYB92. MYBO3AEZ ABARHIBLFNIA S, (HAEI R IT
myb41 myb53 myb92 myb93AKFe 5t R E R T,
SNt ABARREM X A i ™. X IBFSY W ABATE
PE N R EARR A R s AT D RER, AR ST
HABAE T RN FZ M EEECR. BRABALISR,
WFIEIR R IR, LAGTE IS AAE Y it 72 A7 e Rk
VEFR. 1 2 E Ay B ACCAL BRI R I N )2, R0
AR B, R E AU AR & R
W™ FE IR AU RA Retr I B A BT
W, W52 AR, FA O N 2 A el
HARRE KRS, HAMEGEINABAJG o] LUK & R4
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Figure 2 (Color online) Schematic diagram of the synthesis and transport pathways of suberin monomers. Adapted from Ref. [77]
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Root, an important underground vegetative organ of plants, plays diversified roles in plant lifecycle, including fixation and
support, absorption and transportation, storage and reproduction. In meristem zone of root tip, the apical meristem is
continuously divided to produce new cells, promoting the growth of root tip. Mature tissues formed through primary
growth constituted the primary structure of plant roots. Water and mineral ions entered the epidermis of root, passed
through the outer cortex, cortex, and endodermis in a radial direction, and reached the middle column, and were transported
upward in xylem through transpiration, so as to meet the needs of aboveground part. The endodermis lies the innermost
cortex surrounding the central vascular tissue system, as is constructed by only monolayer cells Endodermis is a cylindrical
boundary separating the central vascular tissue from the outer cortex, and is an extracellular barrier for plant selective
nutrient absorption. There were mainly two stages in differentiation of endodermis, of which in differentiation stage I,
lignin was continuously deposited on lateral and radial walls of endodermis cells near the root tip, forming Casparian strips.
The nature of Casparian strips was a local modification on the primary wall of endodermal layer, which was formed by the
lignin polymer “impregnate” the primary wall. The complete Casparian strips show a continuous belt thickening structure,
which blocked the apoplast transport pathway, prevented the diffusion of solutes between cell walls, and forced solutes to
transport through the plasma membrane. In differentiation stage 11, and based on the Casparian strips, hydrophobic suberin
was deposited on six cell walls of endodermal cells, forming suberin lamellae structure, which inhibited the transmembrane
transport of substances and was a protective barrier structure.

Development of Casparian strips and suberin lamellae structure are regulated by their own growth and development
mechanism and closely regulated by external environmental factors. The structure of endodermis could respond to the
stress environment, and the lack of necessary mineral elements, including potassium, iron or sulfur, may cause changes in
composition and structure of the Casparian strips and suberin lamellac. The above change was called plant phenotypic
plasticity, whose most significant function was to support plants to adapt to the environment, integrate environmental
information, optimize nutrient absorption, and maintain ion homeostasis in plants, so as to improve their survival under
stressful environment. A complete suberin lamellae barrier was capable of preventing calcium ions from flowing in and
potassium ions from seeping out, maintaining the balance of calcium/potassium ions in plants, supporting to regulate
calcium signaling system, promoting plants photosynthesis, and improving stress resistance of crops. The paper
comprehensively introduced the general development mode of plant endodermis, and the structure, concluded the
composition and formation regulation mechanism of Casparian strips and suberin lamellae, and discussed the changing law
of endodermis plasticity responding to abiotic stress and its importance for maintaining plant ion homeostasis, as well as
prospected the future research direction, providing a new idea for cultivating new stress-resistant species.

endodermis, Casparian strip, suberin lamellae, ion homeostasis, phenotypic plasticity, abiotic stress
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