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Abstract; Suberin is a biopolyester based on glyceride-phenols and contains two domains, polyaliphatic and pol-
yaromatic. Typical polyaliphatic polyesters include w-hydroxy fatty acids, a,w-dicarboxylic acids, fatty acids,
and primary alcohols, with ferulic acid being the main component of polyaromatics. Suberin is usually deposited
in the cell walls of certain tissues, such as root endodermis, root exodermis, tuber peridermis, seed coats, and
other boundary tissue layers of plants to form suberin lamellae. Suberin lamellae serves as a protective barrier
in these tissue layers, not only controlling water and nutritional element transport, but also effectively resisting
the invasion of pathogens and toxic gas. This review summarizes the distribution, chemical composition, ultra-
structure, transmembrane transport, and aggregation assembly of suberin monomers in plants, focuses on the
latest research progress on the synthetic pathway of suberin and its function in response to biotic and abiotic
stresses in plants, and provides important theoretical references for pasture and crop improvement by changing
the adaptive root structure of plants.
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Genes involved in suberin biosynthetic pathway in Arabidopsis thaliana

HE N 44 B

Gene name

AGl 5
AGI number

i 2 1

Encoded protein

3Rk B R AR R Y

Phenotype of mutant or overexpression

273Uk

Reference

KCS2
KCS20

Atlg04220
At5g43760

B- g 1BE-Co A 4 il
B-Ketoacyl-CoA synthase

kes2 kes20 WAAERMR A C22 Fl C24 W K BE NG Wi Fa i1 42
Wb BLEE (SC20) IR T MR AT R, EIR R A K Z
SR A2 G5 R

The content of C22 and C24 very long chain fatty acid
derivatives reduced, and short-chain (<XC20) fatty acid
derivatives accumulated in kcs2 kcs20 mutant root. the
root growth was inhibited, and the structure of the su-

berin layer was abnormal

[20-21]

CYP86AI1/
HORST

At5g58860

fig Wi B8 -5 AL
Fatty acyl w-hydroxylase

GEAE R C16 e C18 - J2 HE R A oy o WUIR 12 7%
A KRR A AR BT A R R 60 06, X R 38 BUR

Strongly reduced levels of C16 and C18 w-hydroxy acids
and a,w-DCAs, 60% reduction of total suberin in roots,

sensitive to salt stress

[22-23]

CYP86B1/
RALPH

At5g23190

BRI R o-F2 1k B
Fatty acyl w-hydroxylase

TR K f C22 K C24 o B2 IR AN a0y 0 DR 3
T2 FWR T B o (E T Je 3 P R 03

C22 and C24 w-hydroxy acids and a,» o-DCAs were
strongly reduced in mutant roots and seed coats, but did

not affect seed coat permeability

[24,16]

FARI

At3g22500

JIg 15 BE-Co A i Ji il
Fatty acyl-CoA reductase

GARAR T 22,0 BAEE A B R ML AT R 22,0 BN
22:0 LB B g g b
22:0 alcohols reduced in roots, 22:0 alcohols and 22:0

diols reduced in seeds

[18.25]

FAR4

At3g44540

A8 Wi BE-Co A i i
Fatty acyl-CoA reductase

SEASRAR Y 20,0 BEST B TR 50%, F PR R BIRMLT
% s 2
50% reduction in 20:0 alcohols in mutant root, similar

downward trend in seeds

[18,25]

FARS

At3g44550

B 05 BE-Co A 38 5 B
Fatty acyl-CoA reductase

SEARPRAR TR 18:0 JiE 7 M % & T B% 80 % , BAERE A 60%
MY 20:0 A1 22:0 g 17 B2 o A9 44 i b oh 18:0 IR i B
A LT AR A 2

The 18:0 alcohols content was decreased by 80% and
was accompanied by a 60% increase in the content of
C20:0-OH and C22:0-OH, the amount of C18:0-OH

was nearly undetectable in mutants

[18.25]

GPATS

At3g11430

H -3 W R I R T
Acyl-CoA:

phosphate acyltransferas

glycerol-3-

S PR I AR R0 U7 R R BT & = R R 5006, C20-C24
o BRI A 0 BUR FETR T B, T Bz 33 MR AR K i, 4
TR PE 22 . B8 2R IA R AR SR T b B b AR R
BT E AR D R 1

Mutants showed a 50% reduction in total aliphatic su-
berin in young roots, with main reduction in C20-C24 w-
hydroxy acids and a»w-DCAs, and steep increase in seed
coats permeability, seedlings had lower tolerance to salt
stress. Overexpression gives rise to monoacylglycerols

and free fatty acids in aerial cuticular waxes

[26-28]
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B K 24 FR AGI 5 g g S| 3R IR B 58 Ak R Y 2% CHk
Gene name AGI number Encoded protein Phenotype of mutant or overexpression Reference
; . ) 7 % 3A PR R B R T I, ol RN b A TR M T C22.
-3 B R TS AL B ;wé4oamW%maBmm RRIR SRR
GPAT7 At5g06090 Acyl CoA: glyc-erol-3- R " ) o . [29]
Overexpression gives rise to monoacylglycerols, C22:0,
Phosphate acyltransferas . . . .
C24:0 free fatty acids in seeds and aerial cuticular waxes
S8 R - FAR o BT B R A 1 UL, 0-OHAs & fiE 9
B as0-DCAs B i 80, 2048 T 7 R X &k 14 35 4 A
] R
n -CoA '}
ASFT/HHT  At5g41040 WL R (3 Rl Mutant reduced specifically ferulate in seeds and roots, [16,30]
Feruloyl-CoA transferase L . . . .
reduction in w-hydroxy acids, increase in a,w-DCAs, al-
tered the permeability and sensitivity of seeds and roots
to salt stress
g W7 B win ME BE-Co A min . .
RO HR PP AR A X T L -2 18:0-220 1 s S ok
FACT At5g63560 Fatty A\l'cohol: Caffeoyl- N’ear ﬂcomplete lack of 18:0-22:0 alkyl caffeates in root [31]
CoA Caffeoyl Transferase waxes
— 25 A - A 4 ok A
B ATP-% & & (ABC B iz abcg2 abcgh abCﬁZO ﬁx%ﬁ&%/l\ﬁ)ﬁﬁﬁééﬁ@i
ABCG2 At2g37360 ErD D MR H A R B R R, o B AR G5 1 L 5
ABCG6 At5g13580 Lo The suberin load in seed coats of triple abcg2 abcg6 ab- [32]
. _ ATP-binding cassette R ” K
ABCG20 At3g53510 . cg20 mutants reduced, but suberin load in roots in-
(ABC-transporter) . .
creased. seed coats and root permeability also increased
e STy e AN T o S I O = R {4 b A N
MYB- %% 5t H SR AU
MYB41 At5g63560 MYB-type transcription Overexpression of MYB41 resulted in upregulation of [33]
factor suberin biosynthetic genes and the formation of suberin-
like lamellae in leaves
ZEARRFN R 1 C24:0 o B FEMR AN o 0 BURFEIR & T
MYB-B s 5 X %17 50 %0 . B Bz 7 Pk 34 0
MYBI107 At3g02940 MYB-type transcription Mutant has 50% reduction in w-hydroxy acids and a»w- [34]
factor DCAs in seeds coats, the seed coats permeability in-
creased
2 A B S 78 PR R r B TG AT Bk 2 B AR A B o A
ESB1 At2g28670 Dirigent-domain Contai- Defective Casparian strips with twofold increase in all  [30-31]

ning protein

suberin monmers in roots

R LR ) S Ak LA T R 7 Tk 30 5 A g f e 200

TS IR IR AR RN B — A & IR
R (TG AL RN . AR ST H TR B AE 9 A is K B
BEHE-COA & U (LACS) B £ K 2 5 18 B B2 1Y 3075
RN, HH L LACS2 5 TR R T A
WA . 3 LACS 378 AR A il ad 7 v i 1
FH R WLARGE L SR . 78 LACS2 3 PR Bl 2k 28 28 (A i
fb2F 2y Br 2 W1 LACS2 % 5 K # 5 # I8 lte!,
MYBI107 25 Vi 45 8l 55 IF b B2 v KR 5 19 DR, 7

mybl107 RAEF LACS BIRIBFFAEB I T TIHEAH
G0 X W T LACS2 2 5 AR FHTTH,. 1bah,
LACS fith il BE S 5 - MR o, o~ — R 7£ 5 1k
Hih A+ b2 A B .

B 107 TR 3505 e T ) Big T BE-C O AL 1% SiE < ) 2
P A2 T P R A B R AE K R A RS S ik
e, BENEBE-COA 4 (KCS) & N8 i R % K- i 2
GRS 1A, S 5EGHKEENRBE-CoA Y
T2 BE  [R) IS Al S ik — o B b g PR S LR T R A
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Table 2 Genes involved in suberin biosynthetic pathway in Solanum tuberosum
HE [N 44 B AGl 5 FBEH P N A Y i 27 3CHk
Gene name AGI number Encoded protein Phenotype of mutant or overexpression Reference
S UTER T B b = C28 1Y R B B R A o e D
S C26 1 A BT AR B2, i) B 7K 4335 P 35
B-Hi BE BE-Co A & il Gene silencing in potato periderm resulted in specific re-
StKCS6 EU61653 [35]
B-Ketoacyl-CoA synthase  duction in = C28 monomers, accumulation of com-
pounds <<C26, and peridermal water permeability in-
creased
SR SF SR E L 18: 1o BRI A o, 03
FR AR A ik 4 W 70 %6 F1 90 %6, KRR B A AR I A
R RET 600, AR Z G AR T, SR B K 37 3
e R w321k i Gene silencing in potato periderm resulted a 70% reduc-
CYP86A33 EU293405 [19]
Fatty acyl w-hydroxylase  tion in w-hydroxy acids and 90% reduction in a, w-
DCAs, 60% reduction in total suberin, a thinning of su-
berin lamellae, and the water permeability of peridermal
increased
FHT-RNA i J v ] B2 Fl - 32 5 I8 5 R & & T e
Ji g 375 7K A 1 A
FHT FJ825138 FIZBE-CoA RBR Ferulate and 18:1 w-hydroxy acids reduced in FHT- [36-37]
Feruloyl-CoA transferase
RNAI periderm, and peridermal water permeability in-
creased
ABCGI-RNAI J& Bz o 18:1 o-FRFENG T R A o s - BUR I
ATP-%5 4 & (ABC ¥ iz D, BB R K = C24 B R B, T C20
ABCGI  XM_006345853.1 & il Coz e LA [38]
ATP-binding cassette  Reduction in 18:1 w-hydroxy acids and a. w-DCAs, as
(ABC-transporter) well as feruic acid and =>C24 monomers, increase in C20
and C22 monomers in ABCGI-RNAIi periderm
SR UUER T BT £ B 2 A R R BT KRR DG B
HE L JE R R L o TR R DT R L OBUR BE R | B B R A
NAC-HUE 5 1 1B 9 25 0
NACI103 KT598211 NAC-type transcription Gene silencing in potato periderm correlated with an in- [39]
factor crease in the suberin and wax load, and specifically in al-
kanes, w-hydroxyacids, diacids, ferulic acid, and prima-
ry alcohols
214~ KCS JEH I Mg BE-COA G Mg DAI- NADPH ##i 19 41 il €3 P450 i 4 5 ik o

SY/AtKCS2 %u AtKCS20 25 C20 ik 5 4% (0 A 18 i
TR Y 2 i1 i R 2020 KCS2 2878 BUARIT R 5| AR p
AR B AR (H AR 8 C22 A C24 MK B g i
AT A0/ . SRV kes2 kes20 XLGEARAR R IG B i AR
5T B d AR LG TAT — B SS AR RS 2 B T S 5
M), % WY 30 79 o g A7 A 38 4 T RE U AR .

B CYP86 W%k + B % 5 ML I 17 BE-COA - £3
M IR AL T o R R Hoh — 38 o3 HE R S K
— B E AL o o BUR LR, Benveniste %7
BB IF R S RER] CYPS6AT FEN, I 78 B £F rp
SRR RN S 5 R AR DT RR 0 % R
P IF cyp86al AR R R C16 Ml C18 ¥ 3k
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B2 oy - R A BT PR 75 5 10 35 T B, HIR & SR
U e A e B AR S R R T 60% . [R A ad RT-
PCR.GUS 448} GFP & i % 7 4 CYP86AL JE L
TR P B2 A0 L P 5 I K B s R R B Y A
RN AT, H S CYP86AL 1Y
[P A 1 StCYP86A33 7F B #4 58 Yo 2K i) Jz AR e it 5
W ¥ 3 Ak & b AR & B OC HE AR T
CYP86B1 5 CYP86AL A& — 1 WK% . = 5 K &
(C22-C20) ar FRFETR VA T2 oy oo XU IR FE R A B A0,
CYPS6BI Rk ik 5 MR B Fl iz v C22 T C24 -2 3
T2 oy - R LT 58 45 i 2% R i U7 1 A A Jo B 1k
C22 M C24 BRI TR AL B3 e,

T W - C O A 34 50 AP e 7 3k 7 O] 2 e IO Tt 3
JREF(FARD ™S 1, AERIM I, FAR ZiEH 8 4
B4 AT RE Ok % . Hoh FARI \FAR4
FIFARS 3% 3 AN 5 2 5 K48 JotAH ¢ 1 As 7 B2 1) &
AU 3 AN IEP I T-DNA $i A 858745 1443 5] 2
LR TR B AR B A 98 b o far] 978 R B9 AR FI
FiF i C22.0 fARE S i 2 T F% . fard SRR AR A
Fil - C20:0 ABE S & TR fard 572K BYAR F
Fi - C18.0 {AEE Y & &t A BT T [, Bk, FARI
M FAR4 ATRES 5l AR BT o0 o ZBE G I, 2R
BT LL o-F2 SEMEAE N IS T 75 HE— 25 35 3ES
1 farl-far2-far3 W) =528 P, AR BT b 5 G 17 B
(& B REAR T 70%0~80 %0, i Hifih 2 ZE ik & A
i ZF A, R BT 0 R A i BRI IR U H =R
AR A 1) i B2 7 M AT BT RSN

Pt 32 2 B 12 7 DU 2 v 3 -C O A~ 51 11 H Ik -3- 1
PR Tk 32 5 7 6 (GPATs) i 1k A= 1 H -8 B 52 B A
TR B A R AR K A F A . GPATS i
FRRE W BE-COA 5K Ik 5619k 3 48 0 28 (1 1) H 9 -3-1% iR
) sn-1 8¢ sn-2 7 S EE R, i X — ik B, Tl
BN S G B B AR I e 5 05 B Y . Bl
K IIREIE T B AR 20 0T I IR 3L B A gL L
W DI RE AR AT 5 B Y RS o i 8 A~ GPAT
EHESH5MBE S AW AEYA . Yang F570 0
W5 GPAT4.6 18 X C16:0 1 C18:1 w1/ A ffk
Ak B Bk 3E-COAs HLAF 0 & (56 R . i ik K B
(C20-C24) fg W BEI 7 GPATS By . #E 4/
IF gpats FAEBRMB A F o C20-C24 £ # B 19 i
TR w3 FE TR A s - XUR FE R 1Y 35 & 2 3 0 D, K
S5 A U D Ol o BRI — 20 GPAT7 3R AT
BIE R . GPAT7 TEM i R iE BB R R

A, 2 B AT BEAE B3 15 5 1 AR e B S AAR 5 1l rh & 4%
FEH

UL I LD % 2 v gt A BT 2R - Co A 7 7% ilg %) S
PRLRE 4l o B 020570 8L I v g 0 A A I B L
HRBEE(ASFT/HHD L X SR ZE R FEEA o
FEHR Wi B8 /BR B FR L A BE BE % B B (FHD) 8 T
BAHD Pt 57 #% i 5 % . 3 4 1L B B CoA 11 ot ik
] -5 3 R R A 7 I %) B R80T SR T asft/
hht ZEASPRAR I AR B 58 A B R BT B IR £, H o-F2 3
PR AT s - DUR FE R 0 7 & 0 35 R RO okl
)& s FHT-RNAQ UTER Y 5 4% 2 =5 ) iz v i 45 4 BT
BRIR KD AR KRR J22 W 25 4 IR A R AR AR AR

INSERAUE A LY/ L W N S bt y/E S R A A RN %
EL 0 (H A A 3 B PR A B 1) S 7 I P AR SR AN 3, 2 5
A K T AR 5 ST B A B RN ) Rl ) DX A % AT
] 2 5 7 72 HAR SRR Bt — B SR

4 KRigRRIEIERER

4.1 KRR 2

PR BTRTIA , TC e 2 DL AR I J2 5 43 UK
RYIE 2, B AR 5 i i 3 o MR L SRS A B Ab
(eI W N i =R A N g N N R
LB IZ AR SR AT DG A BT 5K 125 5 2 as ML 1Y)
W52 A MINIIF 4 . Mcfarlane 585 0 58 & BE, &5 /K
Bk 5 i 2 IR B A 45 A 3 1 B s i S 5 AR
Jo3 1) BT AMA B ieds . WL AR BT RE S 5 R AR T LA 1Y
eid, AN, B 5 A TR S T A 40 A RE B R A 92 1Y
ATP-Z54 & (ABO) ¥ iz 3 H FUIR % #% 8 (L TPs)
0 AR i 85 B 5 i I e 2R

AN TR ) ABC R iziEHTH G LR ES
5 3% F W RORNFR By 2 AR G B as 0 I Ik i] BE S
HAR®BFREEZE, fiS ABCG ERGEHH—F XK
J% WBC(white-brown complex) B 25 14 ¢ 4L R 78 B
R AR A R 4L 20 v s = B AR I AR Ok & K
i (Oryza sativa) ) RCN1/OsABCG5 £ 5 /K fg AR J§
BB AR KA, B Landgraf %55 (o BF 58 % B ABCG1
WS 5 L E YL R B IE . B 9T ab-
cg2-abcgb-abeg20 [ = 5878 (R FE I AR FUFR R A A2
SEHE V3 FVRRPE AR H 3 A LGSR A ]
WA FEA, RIIX 3 4~ ABC 438 15 M 78 AR 7 AR /Y
5 1552 o R P A AR DI RE U AR

AL 10 W i 9 LIS CGPD 5 %€ 19 LTPs Ml TIT #Y
LTPs 43 51 2 5 3 B g 25 19 U0 FR R A6 By A BE 1 T
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535 45

[ AR -3 & 1 BB NN N 3 i B R e RS
U LTPGs 230 3 285 ) SR fEL B IF Lepg
AP A HEAT IR AW I A K B — A% B Bz 3% M RN 42
JOT 20 3 5 WA A R 4 B 5 B0 AN B B R AR 2R I
B R AR R AR R T AtLipl4 R
T B (Crown gall) WA K 2 A P 2 0 75 19
HGAR FE C18:0 A T 4 43 & i Kl RS .

XL R R W] ABCG %% iz 8 1 Ml LTPs fig Jit #%
BE S 5 AR 505 R 2 A — 2212
S 5 AR o5 52 32 A DG B A, iF— 20 IR R
JoT B 1) 15 0 i pL R
4.2 ARRr A%

R R T AR BT 5 SR AR 2R ) 7 5 I e 12 2 )5 A
21 R (14 3R A 4L 2 LA 0 B AR AR AR AT PR . D4R Ok L B
H & (Solanum Lycopersicum) 55 1 A i A B
CDI1(cutin deficient 1) 09 % % , 48 9 3 0 A o7 9 20 4%
ML 2 7 9k 1 B0, CD1 sE A T4 4k, B F GD-
SL-motif JI /7K fiff 6 52 & . 1A A0 52 5691 52 A AL sn-
2- BRI T I R Y TR A RS AR DY . FE B O R
AT E] CDI1 B[R IR R OF AR AR S X L D) e AT 1 4
SE LSRRG YRR — g, R A HAME A
it 2 5 R B Wi 1) S &OE i . (R CD1 2 & [ AR S
HARB A MEERN R G B RN . —F o, B IKfE
fitt 37 % % H BODYGUARD(BDG) #E 52 2 5 1 Jit (1)
LR R IT bdg AR B f K
R BE R B L O C18 22 0 AR M A o o SRk 1Y) 3 i
WETE, HMR P B AR T & aEda 8T R,
GUS Y i 45 0 b R BDG EMR R N 2 A A,
FH BDG £ S 5UM I MAAR RS .

AR A b 200 it R e 13 288 20 43 1 3B S 4 T e —
At AR/ H, O, A St . 2B T
AR TGS 5 D8 E P L A0 75 5 i AR b i 72
2 W) T 0 2R G % AR 2 3 A B B I (O-HT A KR
R BRI A2 B B YR i & b # AR
SR F s, AR Sk — B NADPH M B 1 4
TR B2 i A AL W B 2 b 2 B2 5 W B 2 BLIRA A
ALY AW RE S RKR R A A1k

JRUAE AR T B 1) 5 2 328 T 2 2% 3 R T A S A
IR NI (SIS I R R R R NS R o i S E S RO
T AFAE 22 57, L BS 5538 T B A i R v Rl &
FETE—E 25 5

5 KREERARBEERE
AR BEDUB T e 2k 1) 40 M S8 7 . HL 45 Al AR 22 9

AR Wy 3E 75 . KRR BT AR )G AR Sk A 0 6
B A BT TORR AL i A AD B 5 1R 25 B DT AR G, K
Fa B ) A2 ) AR B KR A2 B AR R . B
ey RE AW R, S 5 AR BTE RO R
W BG 2 kI, e 70l BRI 2 5 R BT & 1l i)
FE L s A 72 U O AceMYB41 100/ 7 it | £
2 R ik AtMYB41 DL K& #E M8 ® ( Nicotiana
benthamiana) W F R R K AtMYB41 ¥r[iES K
Fa oA I 26 B DA R I PR A4 6 40 i B T TERRUE I
A JE RN 5 [F] B, 72 Rk AtMYB41 1% 5L A
PR 2 5 KM BTG R PR R 3R 5K 7K P o K R 3
BEAh i e B AeMYB41 5 P 7E U R IF IE W & 7 AR
PR IR B TR N B2 o 7 3 A= W 30 I B e
S X RH] MYBAL AU 45 B30 75 5 8 59 AR K Bt 9 3L
ASSNE N1 B7AY S R i 2k ok 11 1 UE | 37 BIER7EE S S N
Joi & A R

R (Malus X domestica ) MAMYB93 #f & ¥ =
5UR T HAE R R P i R R BT Rl
IF RN 5 — TR A R B 5 MYB93 S
GRF TP A MYB 5 SR MYBY Al
MYBI107 2 55 i #2 A ke Bt 78 F Je AR B b i 3L
e,

Gou FEU R ST — LIE S T MYB107 2 5 4
PR I b B b R AR BT G . MYBL07 F = AE K
FR T ERIE . MYB107 5878 5 BOh e v 5 i i 1 0 5%
05 B 16 L3 38 KR BE T e S BORh Bz 3 M I R AR 2
SR IUE R  myb107 ZEAE R 2 5 R R BT A
JeHE I FACT .CYP86A1 .CYP86B1 \ FARI % [y
REBEI T, B mybl07 R REAR RS B
DL Ml B A Y & B 5 BB AR AR T B 2 R
XERW] MYBL07 {2 5 1F [ J8 5 F B b ARk B2 19 45
DSE I

B Verdaguer %5 15 Th £ 3 B 25 7] e 1) WF 5%
Hh R IR A B0 4 ] B AR A B A O I B A S A
5% S I NAC103, SENACI03 3 [H T 2R 1) 5 4% 3
B 25 J) B vy AR ot R R O I o 1Y) 26 280G s o i) 2 e
R RIENR IR R BT R LA R AR RS . e Ah TR
TUBRBR 2 b 5 i AR BT B B 2 A G 10 G B ik [
HIRIB B BT ER .

6 ARieFERIEEIDEE

6.1 AR5 AE4: PG
6.1.1 A¥eFS5HME  EHERASELEIT gpats
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FAFPRBN T 19 R 2 R BEAR, H &)y v 0 £8 10 38 09 T A2 1
RRE R R A R G A B R BE-COA & Y
KR DAISY/KCS2 Je[H i) #3578 NaCl #1135 &
SEPGE: SR S ISNE AP N i X NS i i
) FARI \FAR4 F1 FAR5 3t [H i) 4% ik th #8 % NaCl
WEHE S, Krishnamurthy 28570 43 81 % 88, A1 b
T BUB S R IR20 F b 2 it R 4 A Jaya, s £ AU
an i Pokkali AYAR 5 AR AR BE By Ho B8 Na® 1
Ri/b 31X 3 TRk b AR R OR R A 14 25 52 3h W8 5
SR, HRE BTA RS PG B S K A2 R Wi 1Y
W, Mo KRS BT ) A — A G B
CYPS86AT 58748 Z J  H AR X 7K 43 Fl NaCl 11 325 1 45 2
FERIN S AE X CYP86A T A 4y R 1o £ ki o 4 F 1Y
SrAT RIS & NaCl i 1 #00m IF A 09 AR 1k DL
R CYP86AT JEH I & £ 6. i T,
BT cyp86al 7% PRAE PR M I3 A= 4 22 31 i il
Hi B RE L9 Na™ i K 7 52 WA R 14 9k 20
KW CYPS6AT 1 i ] #5 A e it 1 & B 1 T 94 42 7K
G FVES 1638, 6 00 Wi 7 6 3 v & G SR A T TR
I Ay 3 — 25 R GE R A A/ N AR B 5 AR 2R e A S5 B 7
HE N ER T A B4 B e Rl

X LB 5 1) R WA AR R KA BT 32 NaCl 5 5 4
s A Ay BT AMA R W A A 4 e N7 R B 0 ) AR v k4
HEEAEH,
6.1.2 Aty HEE  TRBE T RS
B )2 AT LhBI 1k 7K 43 3t 2k DA R H s o B8 76 AR [T DA 2 R AR
RBEWAREST . WKW T R0 3 E8OR R R K
R JZ A M A AR SE T IUES s N R 2 A IR R A2 &
BEOIRE . TRAMT N2 AR R B A3 m
AT LR AP P oA A4 A A 2 e sz T R, fRIE
HC5 M bV R R L Y 4 AR 4 B B AR R T A T R,
— HLIRBE S0 el , v A B / T8 B2 )2 R A% T AR AR
Fetk AT

R R AR AR esb] Cenhanced suberin 1) ¥ kR
RIPHIRR S mEN . H B ER TR EERERK
W B K 3 R IR 3G 0, A6 T 5 38 R A L T AR
AR I TN 2205 0 R v, LS R R B BT R K 4332 i
B2 S5 i B3 Ca,Mn 1 Zn 2 2380 LI & Na. S,
K.As.Se fl Mo 45 BRI fnA &7, H esh] RASE
[ A 2 3L B0 L T e 7 DA b ik 4 2 - 44 A58 5K
A fb A AT e S5 BILIC A I B A G . il Li 4600 3l
1o X LR I A 45 R Y Les2-1 (low calcium sensitive
2-1) GEAEARFN esb] FERMR BT, 4B 7R T 3K P A 58 8

AR F b P05 9 114 AR 2 Pl P B A A B B 3R 4
ARSI R BB T . Les2-1 AR MR A AR rh 3L ER A o
B N B 2 AR SRR R BN TR 7E 1E S PRI J2 R4S
AT Jles2-1 AR R AW R TR T 302 . b5
OFSAE Les2-1 Fl eshl 5878 1 v e N R A Jo ¢ fie Tl
W CDEF1 J5 » % 5E [N bk 28 iy 350545 e S5 38 i, 2% W AR
BN B R AR BULE B B iz vh A 4% S AR U [R)
I R B T35 AR (9 T8 B DDA OGS

TR AT 52 2 AS ] ) RS A (Olea europaea) 1E
FRel T 508 )5 M &R AR R 10 1 40 1 )2 1 iy 9 2 1)
KRR, HAEREAR Rk 1% S EMAIALTET
REELTT L ARl R AR AR 199 8 25 R €8 1) A [ AR 43
B AR OR R AR 2 B2 ) 1 €8 AR OR R fb 2 B2 1RO 7
i, S5R R A A P AR R R GRS S
PN S S R AR W W - =l A o =
#,

IR AR T A e SRR 4 T 5 22 4R

rh T AR 5T B A R R AR AR K Y el
XF T B T A AR B ARG B A Y ) B AR A B i R
TS e A ) o) T SR I 3 ) A S 18 B 5 A X
b,
6.1.3 RS KME MG R BT R AR AR P i
K 30 b R RE A A G EAE . A A A SRR T
T ST i B A I A B B e L 7 T B G RE
AN KM AL T KR A R AR KRR R
L HAKELIEP AR R R R EHEY R R,
A 5T TE A W) AR ZR 8 DR RE AT RICBH 1B 7K 38 A
MREZR AR 1) A% . HORE P51k 95 ot 3 P A7 B2 W o S i
AR HEAAR R

SR TR BT TE A P K AR AT I A S 2
Grh TIRHUAE Y b 3 2 058 | B AMA R B DL SRR
T AR o3 K7 22 BH K A8 R 25 2E (Phragmites communis)
Hh A o) LA 2 1 5 R i AR BT AR AR R A0 B SR U
JER - Ak De Simone 455 X 4 Fift M1 5 i v
TR B2 (HP BT 40 BE 1) S0 i o P B B AR e Bt
PEFTWESE 0 T B 20 i B 53 15 5 b JL kA7 A 2 o3, I
X AR o) A0 R AT A L 45 SR UE S T R B AR S — A
SR A 15 375 5 B 7 AR R B [ AR A2 46 3 A v R 4 5C
HEAEH . KW 8 25 % K A2 (Hordeum wvulgare)
MR FR AN FTHTRIE AR 1) S 40 2 o oo

KA RCN1/OsABCGS 2 57K fif AR & AR M i 19
DU KW A5 CBRAR R AR KRR A AR R O e )2
240 0 RE R R AR R WA DA B Ok AR e R
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535 45

RCN1/OsABCGS 58748 5 BUK Fi A & JE H 2 C28-C30
FRBE T R A o FR IR TR &5 1 . T B rend (K
R ZR AR 2 AR B e O, S SOt 37 Mo 55, B A
KRR A 1) A4 2R B B O e v, 2 5 KR BT A LY
SRR 2000 09 FE PR Rk B RS 5 AE KRS b B
GELE TN AE WU BR AR F2 A% [ 8040 2% ot B (140 9 )00
AR A BOCHSEHE CYP \KCS .GPAT %y F ikt
B e e,

6.1.4 AfFi5EFRME HNWEBEHARANRZ
BT 2 ER WA 15 S . Barberon S5 (O BF 5T & B AE
WIAR 2 AR K Ak 3 i) N — 2R 31 H B 7% T2 Cabscisic acid,
ABA) FI LIRS E R WA . 230 AE Fe.Mn . Zn 6k
RIEFREE AR MR IT 2 AR R N R AR
JITSESR T ke KA S DU {400 g I 40 B AR R N B R R
R A 3G 5 X AL 5 AR AR AR S A A5 R — 2, BB SR
iy 3 00 TR AR A Y 0 B T O AR S Y L T ABA
I PN 2 5 E SR A 5 R R T R A
ABA FI & a] B4 98 45 00 B o 4 AR R R ke k.
ABA Gl N [ R AR A ] Bz 2 R 5 Ah 2 E i {45 T
R O TR S| B N B Z R o Ak B Be 2 TTT R
AR BT 2% L 3X R WA &)y v AR R N B R R R R Y i
A IRPESS

AR AL Y B 5 A P N VAR DG, KRBT TN R
ARFEACTEAE 0 0 SR AR S 2 5 Oy Y AR LB
AP JE A AR BE Y 2R S 1 R AR B e 7 TR T R 1B
30 5 HE— 2L WS
6.2 KRS A Prilha

R 1520 7K 53 FVE 3740 57 135 iy LA R ARt AR A= )
30 A1 L A JBTAR A SR AR 0 5L T A AR DT T kAR
Mo DR B2 2 00 0 e 175 T A B B9 AR 4k, AT
Xt 97 JAL BRI T B s AR R M R A R AR
KT (Glycine max ) X $& % W (Phytophthora sojae)
AR DT 3B G AR R 25 B4 RSO0, e o o TR
Y INENGR Y S WA N < A E BT S 2 VT2
IV el R L A A R SR N AP Y S T
THE,

Loy B 2K 5 i 2l dE R R gl R 1,
Thangavel 2% 38 i 41 Jd 1 7% 2 0 & HH 2 A 25 9% bt
P B B 8 SR A A o B, L X 28 1D 4% A A Jif B B
ASONS 235 i H AT TP S 0 HC At B B % 5 e 25 R e g
W B AP H X SEHT ML A AT AL, 7R B A B
18 5 % SR A D e 8 D HG B R g 0 SR A T B8 B R R Y
Jiil B A R 5 R BT BURH G B Bk PR DL K 5 A R

7 0 52 7 R DG 1 ik PR 1Y 3 s 5 X AT 20 B, 45 2R R
ELA U Y A S A M 5 R R A T B B R AR B
2R K v B R BT AR OC I BRI A SR8 e, HL7E
BT i 22 A R A J2 R i 7 g D TR U L L T 5 5 R B
A S5 IR DG B A7 5 i DR 1 8 3K 7 T 3 ) A 22 57, X
— 2RI UL TR B AR A TE A S R R U )
P AR AR S e A — 2, 0 400
IF INE (Triticum aestivum ) UL K 3§ A i & 90 9% R
W 1R A28 R AR A SR o

25 ERTIR AR Jo fiE G o 1 o AR E B 25 ) Bz A i
R (18 0y L e A 950 e BEL BT i T 1) 2 A L i 5 X
P T AR BT IR 1% DX s R T A ) A 0 W 3 e
YEREAT IR ABSE

7 RESRE

AR X P AR ITAY & RN RC S BE T
ELR D AR A JoT A5 B0 SN W 5% 58 B 2R
ZH AL LA B AR it G B ) 98] 428 55 O B 2 1 K SR A5 HoH
ANVE o AT LUAE S A 5T S AR O I Bt Y B A, 4H 2 LA R R
AL L 20 58 3 AT AR BT LA 4 32 e 2 A
P4 2 2 2 R AR R o SR B LR A B R A% o 2R ) G iR
) ] 98 A5 ) R T L

Naseer Fl Geldner™® fyWF 5T R W, & N 2 2 &
PN AN SR s 0 W o o NIl T |7 N
J5T 5 PRI P B2 23 L DA R A A JB 114 9 R AT R 7 AR ) AR
F K Gy FE 00 R W NIz Fi J7 T 3 AR S R 1 S RE
B — RIVFER W = R 5 R, B — L5 nl i A
Rl 8 A o 55 DL TG D) BE o e e 5 B R SR T, o —
J5 18T > ALK AR BT A DR 5 AR T8 W45 6 K ST
1Y BIF 5 3R W AR 180 i, B FG T 3% — JBT /A4 o s 4 4T
1 AR A BT B OAR O oK 32 3 52 e, DR b AR 4 I3 W] e 7
AR TE Bk i v oA B 2 5T A A e s 2 R 1 2 o o k4
SR OCHE Y AR FHYO L 3 — AL A R R X AR R &
a3 7 B 45 A8 Al AR R (1) T AR A

5 IR AR 22 0 58 3% B R R Jo AR A W AR R A 2
FEULRN R UURREA ZHI)E . (B AR i
ABIIREHEATIR ATEGE o A T B4R v g IR L2 % 53 55
ALy e 7 A 0 e 38 LR A W 8 B A DGR A R T
— AW, H BRI T AR B ny A B Reth s 2 S h
THOHE VI AR XA Y b 75— D IZ
PESR A AR ) Hh 5 AR BTG A G B I, i — 20 i i
LI RE ZRAT BBk 2% 1Y I VA PR T 1% S8 B abf 14 5 ) A ) Hh R
e ot -5 JHG A 390 35 1) 7 O AR
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TEAL R BORE 5248 5 A Hh e b S Bl W AB TR AR
H.B (arbuscular mycorrhiza fungi, AMF) & T
HHr 5 X R A 48 U Y SR R 34 KT
R ZR 8] R 100 T 22 A I 2 ] LA 35 B A 40 DA T TR A 1=
JZ EE/INAY S A B R U 2 K A E R T
B MR g5 AR W) S R ) AR R R Al S 5 A A EAE K
I [6] 2 S AE W35 IV 30 B AE A E— 2D A 5T, A, g
B e B I Z FEAL Y, B 2 URK 43 % & e BE R

F ], P S7 B R P Cnk Fe FgR KR I A7 72D 5L
JE 25 Tl 0] 8 ) BSF A 7 I X AR R A e A 23 3 AT R
NPT R 2t 7/ SIS EO R A N R R AL
[l B (A5 T 5T

X 1o 6 % = U BIL B 4% 5 08 4 o e o A I TR T
Bl e BA 2 UL A9 1Y) SRR i R BT TR

Y
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