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Abstract Brassinosteroid is a plant hormone, it plays a significant role in the growth and development. And exogenous
brassinosteroid can improve plant resistance to abiotic stress such as salinity stress, but little is known about the role of endogenous
brassinosteroid in plant stress responses. This paper reviews the biosynthesis and metabolism of brassinosteroid in the plant on the
basis of the molecular biology and the influence of brassinosteroid on salt stress tolerance of plant. The brassinosteroid biosynthesis
follows two pathways which all begins with campesterol, in which the steps catalyzed by the DET2 and DWF4 are the rate-limiting
ways. Bioactive brassinosteroid can be inactivated by many ways, BAS1 may be one key gene. The genes in brassinosteriod
biosynthesis and metabolism such as DET2 plays an important role in increasing salt tolerance, but the function of other genes need
more researches. And the further research should focus on that why brassinosteriod could enhance plant salt stress tolerance.
Keywords Brassinosteriod; Biosynthesis and metabolism; Gene; Salt tolerance
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etal., 2001; ¥ =954, 2007; J7 IEAREE, 2009). 5%
KW, FEER a4 N ANt =E 25 R AT ER S A
[T 5 (Bajguz and Hayat, 2009), {H & A1 5 (i &5
PLIE v A B

SRR N ERER T EAEAR D L3R5 Rsh, FEAR R
[FIRERT DA i, AR AR A KR s s i,
FHLE A A IR A S AE F (Sakurai, 1999; Symons
and Reid, 2004; Bajguz, 2007). ifij FLH=E 2% W EE &
AR R e 2 AP ER, HARAN PRI SZBIAHC
FEDRI A o DRI, ANSCERIR T s R BRI AR )
AU 8 478 B AH DG H D] T e S L A 4 v ki 4y i 56
J7 T B FEIIR, - T 235 A a4 s A I 2R AL
PR TAE T R AT R .

Ll EAERR & IR

WFFT R I, 323 5§ B2 (Campesterol) J& 32 2
Fis L 5 RIS 464, 46 DET 228 R AL ) 79 21 =%
HS e HE(Campestanol), Sy {3 Je I 7T £ Bt AR 0%
R RIS BRIV [F] IS Bl A C-647
BIEEAL, XFEAL R AEfEC-22, C-23, C-3
FIC-247 & (& 1T F1 ) (Bishop and Yokota, 2001;
Shimada et al., 2001; fi%HAE, 2008), X P4kt
Sl AR Ay LS5 C-6 48 Ak i A5 R I 1T C-6 4R Ak i 1%
(Noguchi et al., 2000; Bishop and Koncz, 2002; Kim
et al., 2005; fEHALR, 2006) (A %i&4E WP 1, Divi and
Krishna, 2009).

1.1RHCeE kg

SE 55 1 (Campesterol) 75 4 = £ W ER M) &
HRREIAY, 2%, 6o-Fafh. b E515 364,
SN 8 BE I (6-oxocampestanol), FF&ER A AG 4% &S
(Teasterone) , £ JIit ¥& 2& . P F2 40 4 & 3 155 I
(Typhasterol), HA %Ak ks 2 (i (Castasterone)
MR NS, XGOSR N FIICe A izt
(fif R A%, 2006; %', 2007; Divi and Krishna,
2009). FhEGTT JHRLEE Z R h B4R IX S
FE RS 12 (Noguchi et al., 2000), i B %
PTG 1) IC-6 AL R AEAE I V2 AP AE
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Figure 1 The brassinosteriod biosynthetic pathway

Z: 5T WS W EE I AEY) G g #£(Choi et al., 1997;
W, 2007), HHX—EWERIRBERRZ A5
C-6% IR A% o IXIE AR [AIFE LR il (S i (Campesterol)
HEIRY, ST RIS i SE i (Campestanol),
A RNAT6- I A K AR L 1 (6-Deoxocathasterone)
6—flii 4 2 {5 /il (6-Deoxoteasterone), £ flif2k . Fi%
1k, A 6- i A5, 75 i 55 1 (6-Deoxotyphasterol), ;% %
1k, b 6l 480 1316 2% §§5 /i (6-Deoxocastasterone) . I
WA, WX AN BE(Choi et al., 1997; Jager et al.,
2007), iff HiX—@a e TVrE2 T,

2MRE NS AR ER

M 2 R IR 5 IR A T DUR i R
LB ZADYR, WXL R 212 A HE AR 7,
T T AR ik SR AR P R A e R v 2 g B
R AL e

2.1 DET?2
DET2HE A G f 5 2% A a2 15 1l , T 98
GG R 1) 2 11 5 0 L 3 0 v S [ 8 530 Jir T 1)
A1 PEAR = (L et al., 1996). JEIEHFFTRIN, TEABLA
ANBESC [FIAL AR VL IR S B A S i HS e iy,
47T DET2ME AL S W25 R 22T (197 A7 il 5 32 9 T
BRI AR R ) 7 A7) R T LAY det2 ) S AR R Y
(Asami and Yoshida, 1999). 15 /] DET 2{# AX. 25 i 4 i
FeAe S S e, s E NIR G SO RE AL
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RN . X DET258 AR A 3 2% A i 45 it
e R S IV A N T NG NG S SIS o
B2 1) AN A B A R RR (1 209% 26 A7, LT U0 (1 45 Fol
BRs T 1t (64 i T S e e, 4% 5 i 55 35 A ) B A= 77
FiRK110% (Li et al., 1996; Fujioka et al., 1997; Divi
and Krishna, 2009). [t AATTIA K DET 2 A1) Js v
SEIEE R AR EY) & B4R L RO IR

XPHEFERERR IR, TR IR A KA R
T R TADET 2 5 SE DI R R R T W (B K T A A,
Ay e AR R AR IR P45 5 T DET 2 S R 15
FIMRIRE, AREE TR AR, (Him Tdet2(f i)k &
BT (B, 2007). 35U B AR AR A 14 P DET2
B RIS KSR LR R AR K . B H AT R
1b, BARIFT MiAESE 2 AMAEA) T IR DET 2 R 4 v b
%52 (Rosati et al., 2005; Luo et al., 2007).

2.2 CPD

CPDJE [K 4 it 41 il (1, 22 P450(CYPO0) &5 1, /&
2% 2 N R 2B A BO& 15 R B 2R — AN 41 i £
FPASOHL N4 . CPDIEAR (A Fildet2 5 AR M [y 2 Y
FHABL,  CPDZEAZ AN M i/ S I AN (1) 3R T R4
AN N 123 FR AL BRI L, (HAS e i/ 23—
AL KA S BT R Z  [RIA Ty, CPDIER &
S B 1 A B A Ak £ T 81 4% 5§ I 1) — A~ C-23a- F2 4L
liif (Szekeres et al., 1996) .

2.3 DWF4

DWF4JE RIA T4 g I+ 5 = s e tofk b, 5
CPDFE [ () [R5 M1k 43%,  [RIAESw AL —AN 41 i (5 2%
P450 ¥ i4A L (CYPY0B1) (Choe et al., 1998). 4
Hr R IRDWFA S AL pA v SRR H (1) 2K [l 2 C 2204
WIS, AR SON=4aksl>, IF HAZ IO
) TR i BRsHS RE VK 52 dwif4 1) SR A AR Ik 2 214
(Azpiroz et al., 1998), il M lE & BSOS AR
8 1] i C—2200— 7 A i 55 AT 1) 584 A2 dwif4 58 745 1k HY
LRI o PR Ry i BE R A (1 T A e N e A 7
Wi e SO, HEDZE A B C-220- F2 40 5 N ] BE At
TSR 22 BRI BT 55— A BR3P 2% (Choe et al.,
1998). IF M RIE Iz X 71k DWFALE Py he bk A 2
Sy S DET2EE R 5 F0I I M REFR R AR,
ERLEE AATTIA 4 DWFA 2 12 35 N IR 5 BGad 4 1Y) i
PR i (Choe et al., 1998).

2.4 DWF1

DWFLIE PR [FFEAL T4 R I+ 50 = 4 detafk |,
ZHE R G561 AR S M B B T, R
FAD 25 &5 25 R IR PR AN MR RN A% B A5 5 o UK
P, GEARAA T 24N I RE R [ B2 e W SR T v, T
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X WIDWFLIE R 2 5 7 24317 P JJH [ 1 e ) S 4
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DWFLIfig 2 G BEAEH, ARSI A &= &
DWF1Y;fiéi 2(Mussig et al., 2002; Luo et al., 2007).

M E AR R I EE

A0 A A YT 35 9 TR 1R 7K AN AU T4 1%
AL, o ARACH RIS M S 3% R KT-. BRI ST
T TS 2% PN TR 20 A ARG A0 ) B A A e 1
RN BRI =R . HErAR,
S RARUT LG P 4t — R PRI 25 N R IRV
P, ORISR N ERI SR TEMEISE R AR
SGIBVEZS NI EP NIRRT 2 S PP E =R
4% % 435 P (Fujioka and Yokota, 2003; Bajguz,
2007; Choe, 2010). {H H i & TAGSLRE IR TTEL
7L, W B\ A BASTIE [R5 4% f E [K] (BNIST3)
T AR L ke Y4245 H (Choe, 2010).

BASLE DAl 2ty — 41 il 4 35 P450(CYP72B1),
o ERIL FEUNSE R N ERC-26 52 k1L, {HC-26
FAL A e 31 N R AR s MR IS T IR R e R
P liE(Neff et al., 1999; Choe, 2010), [XIHBASI/E Ky
C-26-F24M, &AM EZEMSE R AR TG AR
(Neff et al., 1999; Ohnishi et al., 2006; Ohnishi et al.,
2009). Jf H.7Ebas1 58 AL R v it S 32 P IR 1 i 4 it
S 2 LS RN 6 A =18 2% 15 W PR K-t 32 21
PR IHE DA by BASTE DRI £ i 5 2% 1A T 5 B3 i AR 1 A X
AR .

2R [ P 1 il i K] (BNS T3) i i A Ak C—22 54 35t
FHEOMERENBERE, LL24- SR = NN
Y, JF HA Ok 24—l =2 38 9 IR A6 B AL 2R % BT S 4
(Rouleau et al., 1999; Marsolais et al., 2004; Choe,
2010). A AWFFURWIBNSTI L SR MK A H
PLah s R N BRE = K A, B S R R R S i
24— MR W IR IR, R e AL DR Ak 24~

SR R N R 1 n(Choe, 2010). AN A,
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BNST37E M= 3 A s R A L R ke

4iheE AR S EY AT RS
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U LA S U R ) 3 22 4 AR B 1) fg (Steber and
Mccourt, 2001; Bajguz, 2009; Bajguz and Hayat,
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. BFORBL, FERER T, S AR AT BLER
151150 mmol/L NaCIZ& 1 I (5~ A, (H 2 s 31
DA TSR0 o R A R PR Ay 4 n B s T AEK
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[ £5 41 51(Bajguz and Hayat, 2009) . 1HJ& 3 2% 4 ik
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WG, 4k N ABA 7 & Tt i (Bajguz, 2009;
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AR NEEEER .. Bl —RANNESE TS
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AR AT A 4 AU e A 3 N A0 S ) vy 6 A 58 (Ol B4
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Y ER LRI TN A S, PRI N — B IR
FEERAELUT LA 1. IR E M BERAT DL
T AR RO R, F S 3R PN PR A QA Gk BT
P AN B 0 AE T T A A . 2 SR
RS A B T A OGN AR
KA R ER A, AR OGN L TR R AR
o 3 VHIZHKE 32 PR 2 50 ik A i 2R 1 Tl B
SRR (1) B0 TR AT

B2, BEE AR T A ST BU A
KRR GEE, WA P R A P TS ER AR K
SR SRR A U RE A S A5 B T R R
B3, FHHEB R A BELEAOL TS Tz N

e oTEk

AL ARSI S RN s A5 )7 1t TR A 1
SIS YRR, WSS, 4] FIFESORSC 38
BIZH TRIEN. SWAEE # B R B IO

Bigt

AT b I 5 B2 42 (20100471396) VLR
AV Bl e 19 - )5 F 42 (005036510909) A [ 57 6 3 K % 15
(2008ZX2008005-001) 4t [7 % ) .

Sk

Ali B., Hasan S.A., Hayat S., Hayat Q., Yadav S., Fariduddin
Q., and Ahmad A., 2001, A role for brassinosteroids in the
amelioration of aluminium stress through antioxidant
system in mung bean (Vigna radiata L. Wilczek), Environ.
Exp. Bot., 62: 153-159

Asami T., and Yoshida S., 1999, Brassinosteroid biosynthesis

1264



WLTHESE, 2011, > 2% PR A QBHAT SCIE D8 R L P A A it b v AP S0t fE, & PRI & Fl Vol.9 No.34 (doi: 10.5376/mpb.cn.2011.09.0034)

inhibitors, Trends Plant Sci., 4: 348-359

Azpiroz R., Wu Y., LoCascio J.C., and Feldmann K.A., 1998,
An Arabidopsis brassinosteroid-dependent mutant is
blocked in cell elongation, The Plant Cell, 10: 219-230

Bajguz A., 2007, Metabolism of brassinosteroids in plants,
Plant Physiol. Biochem., 45: 95-107

Bajguz A., 2009, Brassinosteroid enhanced the level of abscisic
acid in Chlorella vulgaris subjected to short-term heat
stress, J. Plant Physiol., 166: 882-886

Bajguz A., and Hayat S., 2009, Effects of brassinosteroids on
the plant responses to environmental stresses, Plant
Physiol. Biochem., 47: 1-8

Bishop GJ., and Koncz C., 2002, Brassinosteroids and plant steroid
hormone signaling, The Plant Cell, Supplement, 97-110

Bishop GJ., and Yokota T., 2001, Plants steroid hormones,
brassinosteroids: current highlights of molecular aspects
on their synthesis/metabolism, transport, perception and
response, Plant Cell Physiol., 42: 114-120

Cao Y.Y., and Zhao H., 2007, Protective roles of brassinolide in
rice seedlings under heat stress, Zhongguo Shuidao Kexue
(Chinese J. Rice Sci.), 21(5): 525-529 (# =%, X4,
2007, i P00 VSR SR P BEORT A R 400 1 0 DR A AR
KRR, 21(5): 525-529)

Chen L.P, and He D.Y., 2010, Research advance on drought
and salt resistant genes in transgenic plants, Jiyinzuxue Yu
Yingyongshengwuxue (Genomics and Applied Biology),
29(3): 542-549 (WRENTE, fTIE—, 2010, HEHIHL TRy £hik
R PRF LI, SEIRI 4124 55 B A 4012, 29(3): 542-549)

Choe S., 2010, Brassinosteroid biosynthesis and metabolism,
Plant Hormones, pp.156-178

Choe S., Dilkes B.P., Fujioka S., Takatsuto S., Sakurai A., and
Feldmann K.A., 1998, The DWF4 gene of Arabidopsis
encodes a cytochrome P450 that mediates multiple
22a-hydroxylation steps in brassinosteroid biosynthesis,
Plant Cell, 10: 231-243

Choi Y.H., Fujioka S., Nomura T., Harada A., Yokota T., Takatsuto
S., and Sakurai A., 1997, An alternative brassinolide
biosynthetic pathway via late C-6 oxidation, Phytochemistry,
44:609-613

Chu 2.Q., Li L., Song L., and Xue H.W., 2006, Advances on
brassinosteroid biosynthesis and functions, Zhiwuxue
Tongbao (Chinese Bulletin of Botany), 23(5): 534-555 (fi#
BAIK, 2525, RN, BE40 1, 2006, M=% M EREYI4
HUigermoit i, YR, 23(5): 534-555)

Divi U.K.,, and Krishna P., 2009, Brassinosteroid: a
biotechnological target for enhancing crop yield and stress

tolerance, New Biotechnology, 36: 131-136

Divi U.K., and Krishna P., 2010, Overexpression of the brassin-
osteroid biosynthetic gene AtDWF4 in Arabidopsis seeds
overcomes abscisic acid-induced inhibition of germination
and increases cold tolerance in transgenic seedlings, J.
Plant Growth Regul., doi: 10.1007/s00344-010-9150-3

Fujioka S., and Yokota T., 2003, Biosynthesis and metabolism
of brassinosteroids, Annu. Rev. Plant Biol., 54: 137-64

Fujioka S., Li J., Choi Y.H., Seto H., Takatsuto S., Noguchi T.,
Watanabe T., Kuriyama H., Yokota T., Chory J., and Sakurai
A., 1997, The Arabidopsis deetiolated2 mutant is blocked
early in brassinosteroid biosynthesis, Plant Cell, 9: 1951-1962

Jager C.E., Symons G.M., Nomura T., Yamada Y., Smith J.J.,
Yamaguchi S., Kamiya Y., Weller J.L., Yokota T., and Reid
J.B., 2007, Characterization of two brassinosteroid C-6
oxidase genes in Pea, Plant Physiol., 143: 1894-1904

Kim T.W,, Hwang J.Y., Kim Y.S., Joo S.H., Chang S.C., Lee
J.S., Takatsuto S., and Kim S.K., 2005, Arabidopsis
CYP85A2, a cytochrome P450, mediates the baeyer-villiger
oxidation of castasterone to brassinolide in brassinosteroid
biosynthesis, The Plant Cell, 17: 2397-2412

Li J., Nagpal P., Vitart V., McMorris T.C., and Chory J., 1996,
Arole for brassinosteroids in light-dependent development
of Arabidopsis, Science, 272: 398-401

Liu L., Zeng Y.L., and Zhang F.C., 2009, ABA and salt tolerance
of plant, Zhiwu Shenglixue Tongxun, Zhiwu Shenglixue
Tongxun (Plant Physiol. Commu.), 45(2): 187-194 (X3,
H4hEs, sKE AR, 2009, ABASFHAININ S, R/ 12
223, 45(2): 187-194)

Luo M., 2007, Functions of GhDET2 and GhKTN1 in cotton
fiber cell development, Dissertation for Ph. D, Southwest
university, Supervisor: Pei Y., pp.7-20 (¥ 8, 2007,
GhDET2FIGhKTNL/E MBI 4T 4E 40 i 2 7 b 1 T g, 1l
AR S, TURORSE, B 264, pp.7-20)

Luo M., Xiao Y., Li X., Lu X., Deng W., Li D., Hou L., Hu M.,
Li Y., and Pei Y., 2007, GhDET2, a steroid 5o-reductase,
plays an important role in cotton fiber cell initiation and
elongation, The Plant Journal, 51(3): 419-430

Luo M., Xiao Z., Xiao Y., Li X., Hou L., Zhou J., Hu M., and
Pei Y., 2007, Cloning and expression analysis of a
brassinosteroid biosynthetic enzyme gene, GhDWF1, from
cotton (Gossypium hirsufurm L.), Agricultural Sciences in
China, 6(11): 1297-1305

Marsolais F., Sebastia C.H., Rousseau A., and Varin L., 2004,
Molecular and biochemical characterization of BNST4, an
ethanol-inducible steroid sulfotransferase from Brassica

1265



WRLLHFAE, 2011, 3R BRI AR DGR DR B AP A it h v (TR e, 2 TR EFI Vol.9 No.34 (doi: 10.5376/mpb.cn.2011.09.0034)

napus, and regulation of BNST genes by chemical stress
and during development, Plant Sci., 166: 1359-1370

Mussig C., Fischer S., and Altmann T., 2002, Brassinosteroid-
regulated gene expression, Plant Physiol., 129: 1241-1251

Neff M.M., Nguyen S.M., Malancharuvil EJ., Fujioka S.,
Noguchi T., Seto H., Tsubuki M., Honda T., Takatsuto S.,
Yoshida S., and Chory J., 1999, BAS1: A gene regulating
brassinosteroid levels and light responsiveness in
Arabidopsis, PNAS, 96: 15316-15323

Noguchi T., Fujioka S., Choe S., Takatsuto S., Tax F.E., Yoshida
S., and Feldmann K.A., 2000, Biosynthetic pathways of
brassinolide in Arabidopsis, Plant Physiol., 124: 201-210

Ohnishi T., Nomura T., Watanabe B., Ohta D., Yokota T.,
Miyagawa H., Sakata K., and Mizutani M., 2006, Tomato
cytochrome P450 CYP734A7 functions in brassinosteroid
catabolism, Phytochemistry, 67: 1895-1906

Ohnishi T., Yokota T., and Mizutani M., 2009, Insights into the
function and evolution of P450s in plant steroid metabolism,
Phytochemistry, 70(17-18): 1918-1929

Rosati F., Bardazzi I., Blasi P.D., Simi L., Scarpi D., Guarna A.,
Serio M., Racchi M.L., and Danza G., 2005, Sa-Reductase
activity in Lycopersicon esculentum: Cloning and functional
characterization of LeDET2 and evidence of the presence
of two isoenzymes, J. Steroid Biochem. Mol. Biol., 96(3-4):
287-299

Rouleau M., Marsolais F., Richard M., Nicolle L., Voigt B., Adam
G, and Varin L., 1999, Inactivation of brassinosteroid
biological activity by a salicylate-inducible steroid
sulfotransferase from Brassica napus, J. Biol. Chem.,
274(30): 20925-20930

Sakurai A., 1999, Brassinosteroid biosynthesis, Plant Physiol.
Biochem., 37(5): 351-361

Shimada Y., Fujioka S., Miyauchi N., Kushiro M., Takatsuto S.,
Nomura T., Yokota T., Kamiya Y., Bishop G.J., and Yoshida
S., 2001, Brassinosteroid-6-Oxidases from Arabidopsis and
tomato catalyze multiple C-6 oxidations in brassinosteroid
biosynthesis, Plant Physiol., 126: 770-779

Song P., and Zhou X., 2000, Biosynthesis, metabolism and
physiological function of brassinosteroids in plants, Zhiwu
Shenglixue Tongxun (Plant Physiol. Commu.), 36(2):
170-175 (R1, F%E, 2000, 3% S ARSI ED)
B AR AR BSOS, R4 HE P22, 36(2): 170-175)

Steber C.M., and Mccourt P., 2001, A role for brassinosteroids
in germination in Arabidopsis, Plant Physiol., 125: 763-769

Symons GM., and Reid J.B., 2004, Brassinosteroids do not

undergo long-distance transport in pea, implications for
the regulation of endogenous brassinosteroid levels, Plant
Physiol., 135: 2196-2206

Szekere M., and Koncz C., 1998, Biochemical and genetic
analysis of brassinosteroid metabolism and function in
Arabidopsis, Plum Physiol. Biochem., 36 (I-2): 145-155

Szekeres M., Nemeth K., Koncz-Kalman Z., Mathur J.,
Kauschmann A., Altmann T., Redei GP., Nagy F., Schell J.,
and Koncz C., 1996, Brassinosteroids rescue the deficiency
of CYP90, a cytochrome P450, controlling cell elongation
and de-etiolation in Arabidopsis, Cell, 85: 171-182

Wan Z.L., Luo Q.X., and Li L.Z., 2009, Mechanism of high tem-
perature resistance induced by application of epibrassinolide
in tomato seedling, Guangxi Agri. Sci., 40: 1203-1208 (J;
IEAR, DICEE, 237, 2009, 3% M BGA S & il
YNEPUERALEAITST, TTVEARMERRY:, 40: 1203-1208)

Wang H.H., Li K.R., and Hou H.W., 2005, Research progress of
plant stress-resistance promoting related to brassinolides,
Ganhan Diqu Nongye Yanjiu (Agri. Res. Arid Areas), 23:
213-219 (F4r4r, ZFEYls, fefefd, 2005, MZEE MR
B PR, TR AVATY, 23: 213-219)

Wu C.Y., Trieu A., Radhakrishnan P., Kwok S.F., Harris S.,
Zhang K., Wang J., Wan J., Zhai H., Takatsuto S.,
Matsumoto S., Fujioka S., Feldmann K.A., and Pennella
R.l., 2008, Brassinosteroids regulate grain filling in rice,
The Plant Cell, 20: 2130-2145

Zeng H., Qi T,, and Hua X., 2010, Arabidopsis brassinosteroid
mutants det2-1 and bin2-1 display altered salt tolerance, J
Plant Growth Regul., 29: 44-52

S"Publisher & — M TRHE 5 AL K 3CH |
I &

5°Publisher®

{E5"Publisher b % #2630, ATfaf A HB Y LA G 91 70 28 B 1 #4511 i
AT VE, 1 SRS ™ A 1) o A (R 1 ol

MAEHRRR, BT, WAERRR
STFHORG, AEFT AT S 3IB TE RAE
SR, BT AR 5504 BB
SR, A AT % (1S AL

{EZ6£ERh: http://5th.sophiapublisher.com

1266


Administrator
新建图章


	研究评述 
	A Review 
	油菜素内酯代谢相关基因及其调控植物耐盐性的研究进展 
	Brassinosteroid: Biosynthesis, Metabolism and Its Regulation on Plant Salt 

Tolerance 
	摘  要
	Abstract
	关键词
	Keywords
	研究背景 
	1油菜素内酯的合成途径 
	1.1早期C6氧化途径
	1.2后期C6氧化途径 

	2油菜素内酯合成相关基因
	2.1 DET2 
	2.2 CPD 
	2.3 DWF4 
	2.4 DWF1 

	3油菜素内酯的分解代谢基因 
	4油菜素内酯提高植物的耐盐性 
	5研究展望 
	作者贡献 
	致谢 
	参考文献 
	图1 

