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E: b £ £ & 87 (brassinosteroids, BRs)Z MM P9 — K X BB E, TREF 22X TENA KL F T2, BREFOE
#14-mx 81 CR (campesterol)#244, %W % &84, ¥DWF4. CPD. DET2. ROT3/CYP90D1. PsDDWF1. BR6ox1/2% 4 4
A B AR ST B M7 P TR 5 09 BR, BP s 3£ & A B5(brassinolide, BL), H F R&#-FCN (campestanol)4) — 4\ 4
L RIRAR, BT HAEH & R I 2 A YA RIER, BRABFWA S, 12 B 8T O L IA8 & B e Kot 5 KA L3652 4
1o B, BEEL. R FBEAAL. BRIZF 1 40 MR £ 492 ARBRILfe 3k 2 ARBAK 189 J ot 45 MR L B B4, 3
T 5| A2 44| B F BKILABRIL LA# 5, 74 BRIIABAK 1 69 3 B 45 M) 3840 ZAE ) 5148 ZARBRALE, 0E 49 BRILVT B ER AL
#EBSKs#2CDGs, BSKs#2CDGs# i 7& T A8 BeBSU1, BSUIT X Bh#8 1k 4 & A 48 LHBIN2, A fFIABIN23: T i 44

A FBZR14=BES1 49558240374, B84 49 BZR1F=BES 1 3k A fm ftAz E AR 78 % A ¥e 2 A
EHR: R E G B R EAE AMA R R 152 S £k

THISZ 2K {§ % (brassinosteroids, BRs) /& —R L ¥
BRI B R YSE . 19704F, MitchellZ5(1970)
MK (Brassica napus LYJER SR R T
— BRI KR TR, O Y B AR K AR
HERSA  T HABE Y EER, WOk 2R i 4y 4
NS 2 (brassin) . 19794F, GroveZE(1979) M 2 1%
KRR B T4 mgAEYNE YR,
I S AARRT I AT e T M A S A A (]
1), ZAE VIR A 44 = 25 N i (brassinolide, BL).
—AFEJE, HARMEZ MR EE R H 9% (chestnut insect
galls) 1730 B H 1 5 — R R T-BL I AE W03 14
JiiCS (castasterone), JFfilF BJCS/&BL) B #2714
(Yokota%51982). Fifi 5, Bl F AT MASEIFEY) )

Brassionolide

BT R WlR AL 2 5 o

Fig.1 Chemical structure of brassinolide

ZIEE B 7B 2 MBLAICSHIZRALY),
A LR ot GEAR i 3R S B 2R A W) (brassi-
nosteroids, BRs) (BajguzAITretyn 2003; Fujiokafll
Yokota 2003; Bajguz 2007).

H 2090 A, 3 & 8 BE A St 5
HENT — AP R A H AR ZATF A
[F] A7 Z Ar i AN [RI BR A1 8] 44 1R MK R A6 (Catha-
ranthus roseus)x % 41 fl 2 B m TF (Arabidopsis
thaliana) %)t , SR €408 - 5 3% 16 F (gas chro-
matography-mass spectrometry, GC-MS)$i AR 431
HBRACU =4, B0 AT 1 e 31 S i S B A
W4 Rt F2(Choi%51996; FujiokaZ£2000, 2002; No-
guchi®§2000). FE & 2 3 S B A )& RO B R
A Akdet2 Joepd (Li%51996; Szekeres251996)H1{5 5
I8 % RAZKbril (Clouse%$1996; LiflIChory 1997)
M ve e, N s = S BRI EM A KK E
TR EZEA THRINR . Bk, R R
WA RRAEKER. 4. MER. ~5
ESNI U IS A NN VAN T T E /R R e
. ERET205E M 70, BHEZFATR A 5+
W AU HE. EE RS AE
MEEZMBERFBRBSGHERSENED S
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B ARG 53 S BT TIRAMIRT, H
L 2 A TR B R 4 TR 3 % AR U 45 I 8%, A ST
F BRI S B 104 R 1 32 Z 0 F il e vt Bkl
TEREAT A

1 SHEREENEIE R

L1 SHSRREBEEIERMEELIE

MR EEERRNEYE BRIER & HCR
(campesterol)JF 4G 1. CRE LA Z DEILIE AL CN
(campestanol), 7] i i K #i T CNF %42 (CN-depen-
dent pathway) & iBL. CNH]E IS P % T-4T g%
TERBLI FL BT RCS . X 251842 LIBLHIC-6K
A SR A O TR G 43 0l A i 44 R L C-6 8 b i A%
(early C-6 oxidation pathway)F1Hf:C-6% 1t 1215 (late
C-6 oxidation pathway). 7EF.C-6% ke, CNE
HEAEC-6 1A A ) MW TE Jil6-0x0CN (6-oxocampesta-
nol), fifi J5C-22 kI KCT (cathasterone),
HEME I — R B TE RCS . AL C-65A 1L &
e, CNESEAEC-22 K A R HEAL T B C-64F S fL T
FLHCTEI6-deoxoCT (6-deoxocathasterone), i J5 28
it — 251 5 B.C-6 8B AT AR B (AL P IR, IF
TE 55— 5 58 M C-6 [ b R BT fCS (Fujiokafil
Yokota 2003) (2).

CRUHATERLCN, HHE I oA FiE ) )\ 5
AL ST RBL, PR3 R AN T~ CNR & Bl
%1% (CN-independent pathway). 7FiZi&15+H, CR
RIRZEDWF4, CPD. DET2. ROT3/CYP90DI.
PsDDWF1. BR6ox1/255 £ Fit i ) fi A B 24 T B
BL (E12). w40 B I+ 1M 5, A T-CNTY
G ISR ABLAY) G B E 2815 (Fujioka s
2002; Ohnishi%$2012). 14k, BLAY) & Bt it
FEEZ A0 SO B AR I B BR, 5053 2 BRI 1R AL g
AT 38 5 B SCEAS BT, A Ryt — B 5T .

1.2 MRFEHEEYERIEPR B ER
IS EEZ IR

BLAY) & e A v 1) G B e AN b 40 2 ik
HH L I8 A% SR AR AR (1) SRAF T A A LI, H TR &R 43
SN BRI G B G LA AT, HL 4 AL X SE i
TR Z R LR A — e aE, TSP
TCONWIE A B B AT 3247 TR I A
1.2.1 DWF4

DWF4j&C-22f 32 {1 i o o8 IR Bl R IR T
T-DNA ¥ N G RAR dwr43 B 3178 iR BR SR

T, HiX Mk aR B RE R BLATIRE, A RERE L
T AE 5 2 VK (AzpirozZ51998; Serrano-Cartagena
5£1999)., PLC-2282 340 [FIBR A (AR T dwr4, tH
AR H R 2 8 (Choe®51998) . DWF4T] 4L 1
A FE: MCREE 4L Jy22-OHCR [(225)-22-hydroxy-
CR]. M\4-en-3-one [(24R)-22-ergost-4-en-3-one]i% 1k,
N22-OH-4-en-3-one [(22S, 22R)-22-hydroxy-4-en-3-
one]. M3-one [(24R)-5a-ergost-3-one] ¥4 1t H22-OH-
3-one [(22S, 22R)-22-hydroxy-3-one]. MCN#:4L Ny
6-deoxoCTLL Az M\ 6-OxoCN#EAL NCT (E2).

DWF4ZE R mRNA 7K A A, (H 3
FIT A A B 7 i A4 1) 5 it ot e Y DW R A4 1L BE 77 (1)
o, HLAS 30 07 08 B D (Fujioka®$1995;
ChoeZ52001; BancosZ$2002; Guo%$2010), X1]{E
Je R yDWFAR At b, WRRIA R LT
RS> F T i ZE ) &, U B DWFAFT (A6 1) 20 B2
BAEYEBOSA RSP, BRIEDWF4
AR R A, AT RE A B T3S i T BLTY)
A4 i (Choe®52001). i FLR M, MY DWF4
s RIE B 5 H G NBRE & 2 IEH K1
(Nomura%2001; Shimada%52003). X &{lF4E 7 7
DWF4 & BLAEY A i F2 H ) BR 3ol Bl 1 4 i (Kim
2£2006) .

TR A B RE A ) 70 2 B SR I R
THREFME FIFLHIE S T B, BEFA RPN T
BT —Fh & =25 1010 5 %BRZ (brassinazole)
(1) 8% 77 i 9R T 5 S0 B BRR FE R 2, 1T i
JIBL AT P& 53X ik 32 2 (Min%F 1999; Asami%s
2000; Shimada%$2001). #F—5 K 7 K BHBRZ ]
B 5 DWF4ARH B AE H AT 0 #BLA Bi(Asamiss
2001). TEIME R S RERSYERM AN S, 5
5 TR U I e S R R 2 AN W) B O BRI
BRI, A7 RO U S . A
FRY], BRIERFDWFA4T] 2 2ZFPHLE 57, BR
G5 RO S R FBZR 1 0] HE:45 5 DWF4
15 3l X FF T R IE (Hed$2005) . DWF43F
ANTEME—SZBZR 147 [ 15t 15 (IBLA B K], CPD,
ROT3HBRG60x 11 BZR 1 [ 41 3 R 52 A 3%
(HeZ£2005) (K3). AR FKAH, HAT 14 A] 115
HAEERDWFAR R FIX, HFBABRIE S Nif
1) 5 — A0 e Sk R BES 1 3L R DWF 411 %
K (Zhang®:2013). DWF4RR2 5| N i I 241,
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Fig.2 A simplified brassinosteroid biosynthetic pathway
THISE 2% 8§ B 5 SRR 1) A BT A A P I AR P2 P Acetyl-CoA, {H LR I A9 & g 42 & MACR (campesterol)#2lf, 14 % 418
12, T i LA IIBRs, BV 22 25 N EEBL (brassinolide) J2 FLATACS (castasterone).  LAC-64 K A Ak S B 1) 5B 40 - C-6 58 1L 18 42
(early C-6 oxidation pathway)fillC-64 1L %45 (late C-6 oxidation pathway). L&A FEH 2 542 CN (campestanol) 7 K T CNIK) & %
AR AR T CNI A BUR R (A i k). Horh, AT CNI& BSOS R IF PBRE & Rigit. 15K
ALY PIESERPIR. LI Zhao ML (2012) A5 AL 2]

[F] I 3 52 21 3% 3 K1 TCP 1 L i & 3A (J&13) Hbril-SHIEREER R (Guod2010). MTCPLAY 14
TCP1Z 5BR& MM T B HUR R IEI 1L SN TCPI-SRDXH HEPIE PR R L S A I BR sk
bril-SHIEALANE T R IR, BRIETCPIMT Eak FaRA, HiZokfE MR THBLIKE, WM TCP1
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Fig.3 Transcriptional regulation of the brassinosteroid biosyn-
thetic genes
TSR B A R A ANV BIBZR INIBES 1A f 5% 1 4%
(LK), 1E52 3 2 A3 R 7 LA B2 0 1E 1) 43 (B 2K
1 B Zhao FIILi (2012) A A 22241

PEBLI A (GuoZ%2010). [ 5 ffJChIP (chro-
matin immunoprecipitation) lIEMSA (electrophoretic
mobility shift assay)SZ3GIF B TCP1 A B 45 &
DWFA4J5 5 X 2A-GGNCC [ #E 7 41 (GuoZ52010;
Gao%52015). U4k, & (29°C) ] 5 FDWF4H) I
AR IA [FIIS 3 INBLI & B (Maharjan$2011). 4=
KR WA FDWFAE SR i Rk &1,
[F B £ il 2 LA 4K 72 49 22-OH-CR A122-OH-3-0ne
(2 BN, AH X ARG 0 I AN OB T BR & B S
GG, X A AR B AR L)L 7R g — B R AT
(ChungZ$2011; Yoshimitsu%52011),
1.2.2 CPD

CPDRC-3fE ARG . 5 HAb BRI R AL
YR —FE, CPDHT-DNA$H N Gk 2K RAZAK cpd F 4 )
TR AR K ebb I AERE R 7 4644 R £
AL B E A (KauschmannZs1996; SzekeresZs
1996). {Ef T T, LLC-2352 LI TE (teast-

erone) (i M cepd vl Pk & HaR i 7, RIE AATAA
CPD & — M a] {14, C-23 2 FL Ak 1) il (Szekeres 55
1996). 1HAE & K0T 50 H K IMROT3IFICYPIOD1 A4
F& FE A C-23¥2 4L i (OhnishiZ$2006) . 1fjCPDE
TR 12 C-3 40 1 AR )R B X — B O B0
. fEcpdH, 22-OHCRF R (W LLCRHE £, iX 5 B
CPD = Z AL A R 42 I 22-OHCR ¥4 44 422-OH-
4-en-3-one ([&]2) (Ohnishi%2012), Tijix — 5 BELE .
6 HIHIE FE B A 2 I SAX AL ) (Ephritikh-
ine%$1999a, b).,

CPDIFIFE: 52 BIBLI A1 54 4 1 15, BZR1
AR A I 45 A CPDIY Ja 3 1 X 3 F 8 H R 15 (He
££2005). B4k, CPDIRZFIBRX1H) LA, H
BRX 1A 5 ik 32 B A4E K 2 1 1E 7] 9 15 AIBL I 471 7]
W7 (Mouchel%:2006) . X Ik #HBLA{ JE T
BZRI1 6 CPD, ii# i BRX 1 IE I CPD, X i #hk
SRR AL E e R AR S iR AR . Ia
[Ft 5% B, CPDit % F|bHLH (basic helix-loop-
helix) % 5% [A-F-CESTA[P 1E [ 15 (KI3). 5TCP1
AHAL, CESTA i M 57 28087 T AL AR R 30 HH BRER
R, LG AT YBLIKE . ChIPRIEMSASZIG %
HICESTA W] H %45 & 7E CPDIF) J2 3 X A G-box
AR S AE FH (PoppenbergerZ:2011).
1.2.3 DET2

DET29w s — i 7 B (Li%5£1996). DET2{)
i R TRAG AR det 285 56 FE AE A 538 1% 1 70+
EEN), FAR BRI R TR LR
A (Chory%51991). 1AM sas R B DET2 v] {# 4L,
4-en-3-onef% 1k N3-one, 22-OH-4-en-3-one %4k N
22-OH-3-one, /22,23-diOH-4-en-3-onef%{t.°H
6-deoxo3DT (3-dehydro-6-deoxoteasterone) ik Ji
J2 B (E2) (FujiokaZ$1997, 2002; NoguchiZ:1999;
Ohnishi%2012). DET2AN3ZBL A L i 5
(TanakaZ$2005), Y DET23L #4358 1 H AT i6
RIHRIE, Ak — P k.
1.2.4 ROT35CYP90D1

ROT3 5CYP90D1/2C-23f7 24k /. DWFI
(CYP90B1), CPD (CYP90A1), ROT3 (CYP90CI)
FICYPIOD 13 A 4t i £, 3 P45 0 5 ik 1) [FJ YR £ 1 o
LT A 4 M 52 56 BIROT3 5 CYP9OD 1 1] REfi: 44,
ANTR] ) 2 B2 5 R (Kim852005) . H 5 AT 78 430 R
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A C23 i FHE AL I BR A [ 44 4 7] LK E RO T3 AN
CYP9OD I [ XU EE e 2 TRATAR R Gk e e A, 1 WX PR
AL FME AL C23 0L (2 20 2D IR (K]2) (Ohnishi%é
2006).

HIRROT3 5 CYPOOD EE AL 1) J R AHTR], HTE
VDRI E A AR 2L, ROT3/EM
R ERIE AL, T CYPIOD I AE I 4
B AR R 2k HLAE B R IR A T A (Kim
2:2005). A4, ROT3MCYPYODI )ik &%
BL i, HAUEIEXRPROT3AABZRI [ 405 K (K]
3) (He2$2005; OhnishiZ£2006).

1.2.5 PsDDWF1

PsDDWF1 & i &.(Pisum sativum) []C-207 %
AT, 7EF0LRE I AL 20 R B v AR B B ]
M SZIGIE B PSDDWF L R (L TY (typhasterol)34 4t
NCSHI6-deoxoTY# 4k H6-deoxoCS (K2) (KangZ
2001). AEBRAALSEEG RN — N 2GR IR 2 1/
G#E [ PsPra2 7] 5 PsDDWF LAH .44 ) 3f: 1F 8 H: iy
T IE(&13) (KangZ52001).,

1.2.6 BR6ox1, BR60x250sBRD1

BR6ox 1 FIBR60x2 72 41 B 71 H1 1) (1 C-6/ 47 AL
1, OsBRD1 & /K& (Oryza sativa)+ ) C-68 AL i .
5 5L R IR C-6 8 Ak B DWARF /2 78 35 il (Solanum
Iycopersicum) P43 EIH], J& XURKIAUFE 7+ 5 DWARF
[FYE ) 8 A BR60x1 (CYP85A1)AIBR60x2 (CY-
P85A2)th A {f1k,6-deoxo TE#4{ NTE. 6-deoxo3DT
#:A¢, N3DT (3-dehydroteasterone). 6-deoxoTY#44k,
NTY . 6-deoxoCSHAL ACSHI%EAY [ N(E2) (Bishop
£%51999; Shimada%$2001). BR6ox 1 H.5 254K T 1
KA, M BR60x 21 HTRAG AL 45 55 [ BRIERFF 22
M, HizshBa ] g BLACSIK R, #t— 2 1otk
BBR60X2MfE AL BL & BG4 (1) e 5 — 20, B ACSH;
£ NBL (F2) (KimZ52005; KwonZ$2005; Nomura
£52005).

BRGox 1 1BR60x2¥5) 5% FIBL I G S 4541 1 1k
P, AR R BR6ox 12 BZR 1 H#E3E K (F3)
(Bancos%$2002; He%$2005; Tanaka%52005), 7KFF
P K C-6h7 AL B OsBRD 1A AIE W] 2 OsRAVL 1 #E
FERIEZ H ERRIA(E3) (Je552010).

1.2.7 OsD250sD11
b 17 IR AR T CNEG g 12 v 1A i,

FEIKFEG 3L R I T WA T CN & B 42 1 (1)
fifg, R1OsD2 J2OsD11, 435 i& C-3 4 Bt A g A1 C-3 1
ALY . OsD250sD 1118k R FEAF R 4) 5 R B H
KRG BRERGE RS, HBLAEK S IXFhEkE. TN
S8 R Bl OsD2 ] fE 1L TEH: 4k 3D TH16-deoxoTE
#4k N6-deoxo3DTI IR, T OsD11 NI k3D T4
W NTY F16-deoxo3DTH#AY N 6-deoxoTY 15 IR (A
2) (Hong#%2003; Tanabe%$2005).

IHIET SR, /KRG H OsD25 OsD117] 5%
FI|# T OsRAVLI [ E #2 1E [ 41, OsRAVLI
(10) 7R 3 1K P i DRI R R R I BRA BCHG in 8 f5 5 4
5 1) AL, T L R AR 1R 2 I HE BRAER A 1 %
R, ARSI B OsRAVL |4 B 324 OsD2 .
OsD11F1OsBRD14}, i& B K AE T IBR&Z &
OsBRI1 )34 (1813) (YamamuroZ52000; JeZ52010).
2 HSKEREEERR I

AR YA R, BA R BRE & b
SR 2 Bk D # S T A M AE KR -
I, A7 1E 2 P $ AL DL4E R 4 48 9 I BR AR
Ao BRsFR i o s w0 A R ik B
(R 2 7 SAh, 3k AT Ik 2 A A A P
BRsKIE LA K& &, %0 R R"BRsEHA L
FRACU =9, ERN FATH AT AU ILT JLFBRAX
AR X IV ) AR, 6 B 22 AR Bl B AR M R
R LEE &N 2 E >, B R — DA,
2.1 FELRBE

e R I BRIZ FEAG AR B2 BAST, 0
B B8 77 128 R I FL B M 520 2 AR PHY B I R A2 1
TR, H IR TR A X A IR B L 85U (N e ff55
1999). BASIZwtY¥IlE)E T P50 i, BICY-
P72B1 (X 4CYP734A1) (Nelson%52004). i#f—3F
I 5L R BABAS i — AN C-2607 F2 AL, mI i AL A
B Y G BRsEI CSFIBLAEL (L A AR TEPE
K [#126-OHCS F126-OHBL ([&4) (Neff2:1999; Turk
2£2003).

BLA] FBAST 1 55% DL T ARBLIF 2%
o JTHAREE FC R B, 1K Bl Y R IE S R
LOBISZI, LOBLA] B 45 A BASLE 81X I i
HARIE(BellZE2012), BhAk, BLIE ] @ i 11 4% 5%
Rl FATAF2 )N A7 R T BAS ) & &, ATAF2T] B4
G55 BASIH) R B X I T i H R ik (Peng52015).,
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Fig.4 Catabolic reactions of brassinosteroids

TSR I A YR 2, (0 H AT R B SCEE R AR T7 30 LB LR 5 30 B A AE R P e S (R0 o

T ARG B B = AR AE R —
FERFZN, WAy 4 NCHI2. SHK1AISOB7, iX
AR NEACYPT2CL, ZEAY
BAS1 (CYP72B1)/2& [FEY), & A7 01—tk
(identity)i£36% (Nakamura%:2005; Takahashi%
2005; Turk%:2005). & J&E[FEE, (HCYP72ClE
BASTIEAE AR [F) AU A2 B8, HA Uk 48 2% B4
CYP72CIXTY MTEM £ A4 5 T-CSHIBL, {HE
VA 0 20 SR AN V) ) IR Y 18 A Ry itk — 20 R4
(Nakamura%5:2005; Takahashi%$2005; Turk%$2005;
Thornton%$2010). B4k, i 50 &K BLATAF2 1] B #%
454 SOB7JR 81 X I F I H KL (Pengs52015).
2.2 PEEALABH

TR A AR A S RS (S AR
SN E IL(HumZE1999; LimFl1Bowles 2004).
TEAE YD WIAE S T, w0 40 g I A B 5L 5 7% il
(1) 5 Rl UGT73 C5 118 30 HE PR 3% B0 HH BRiBR 3 %
B HM R TR AR S CSFBL, M RNAT
P TAL AR S A 21 4% 46 ) BRs, 15 BHUGT73C5

A AL CSFIBLAE C-2347 [ B 34k 25 35 ok A2 (4)
(Poppenbergerd:2005). U HARHT FL R B, F[HJE
HHUGT73CO, n] {4 AH [F] (B2, R P A JE K]
S BL_E I ) FAR LS A R 7t (Husar55$2011).
2.3 RIS

T 3 R R B BRI 5 25 54 2 B BNS T3 1] {4
e C-2347 [P RE AL S B, {H X 24-epiC TS5 Al
{5 7-24-epiBL (4). H T-24-epiCTH A AR
F-24-epiBL, KL g 35 TR IEBNSTIH A7~
A BRERFEFZ Y (RouleauZ 1999; MarsolaisZ£2004).
BEAb, eI R T 5 — AN S R BEBNS T4
AEALRR 1 24-epiCTAM HABRs (Marsolais%
2004). LRI AR ILT AL FL RS B ALS-
T4a F1 AtST1, AT {4k LL24-epiCT N ¥ (1) £ BRI
Fif 4k [z . (Marsolais%:2007)..

2.4 TR & R

I I B bR R T e bri 1 -5 R DR IEBENT
AT 5 bri]-5TRERRR R B, LB 3 0A 1) 5 BE TR
T2 I H BRER PR, 1 JL ik 2 S AR A ) 3=
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L BLA 3 2 55 5 3 9 i R 4L, X Ui JIBENI
5BRACH A 5% (Yuan®52007). BEN14ii%— 4Nk
JR i, HARA 7T RE CSERTY i (b A C-647 F2 4k
[ Jo v TR 2, R —J A8 75 2 B4 I S 3R ik
E(E4) (YuanZ£2007).
2.5 EEEALAE

IR, AR KR T Ik
KT BLIF AN S AL AU B ¢ SC &, RIABS1/BIAL
F1PIZ1/ DRL1/BAT1, H:"#"ABS1. BIA1FIDRLI#
Tk WO B AV O gk Y A A0l R T A5 B, T PIZ 1N
BAT1 i@ I FOX (full-length cDNA overexpressor
gene)F R FKF(Roh%:2012; Schneider$2012; Wang
£52012; Choi%$2013; Zhu%5:2013; Higuchi-Takeuchi
FiMatsui 2014). 33X P> 5= DR 1) 0 2 B DR R AR
o I e 3k 19 M (gain-of-function) FEAF A 35 R B 1Y
BRAERFEERA, HIXEERABAH ZABRsUITY . CS
MIBLI & 839G Fr N B, (A A U100 B2 40 7= )
WA ILFRE (14) (Choi%$2012; Roh%2012; Schnei-
derd52012; Wang%52012; Zhu%$2013). KRG
FIE B R S R ARF 19 0] B 45 BATIH]
3% (Choi%2013). BIA1A I#BL ik, H
BARSFHLHIEANE # (Roh%52012)
3 HRZREENES®S

MR RS T 1 — AR Kbl -1
FE19964F 1 Ik 418 H1(Clouse%5:1996) . [ifi & FrI A 7%
Hh, B ST H B RR £ P (ethy] methane sul-
fonate, EMS)i75 A2 B A= BY 30 1 I () ol 1~ I 12 %o
JEBLAL BEABUR I RAZ R, Hr 184 R ]
B ve B RN H R AR Y R AR AE R — AN B v, B
SKE K EEI S22 KBRII (LiMIChory 1997). ItJ5, Bl
S FATFH 2 AR FBWBRIE 57 S 119 THL
flJEIF 7 RE . B ZE HAT, BRIG 5 M4
JRJRI 281 L PN PR 2B BB TSR A% 38 2 TS e i) 7 s [R] £
FEA AR O AT, (H S A5 (1) T AL S AE
AN 5 (E16)
3.1 YHRARRER F RS S BRAFNE SIEEER

THISE R S B 2 ARBRI & — A L RS IR 1 &
AR AT A2 2 R B U (leucine-rich
repeat receptor-like protein kinase, LRR-RLKs), 1%
EEEHZA YIRS M I8(LiM Chory 1997). 1E
EM AT, SR 7202 ABRITA A 254
PIRAAR, TR ARG A—, HIRI

AR HARGERL. BB IR SEBRERA
) LAY 5 (5) (ClouseZ$1996; KwonAllChoe
2005; Vert%52005). H A 2459 RARMRAE g4
A RIS BLE R RAE S8 S, hE5H
fiby 38 B FLAE A% O AF B R IR T EE STk,
i1, BAK1 (Li%2002). BRSI (Li%2001). BRLI
(Zhou:2004), BENI1 (YuanZ$2007). TCP1 (Guo
2:2010)FIBSU1 (Mora-Garcia%$2004) 1) 2% B #0%
FRAEET debril-5 B AL A H] 115 2 1); BES12i8
i EMS 528 57 1 bril- 1191 248 AL 4 1 &
PLEI(Ying$2002); A A BN 8 H it & 3% R 4
() 2 Fh 7 AFEBS 1 2 EBS 742 1/t 4F Sk i i EMS 4%
i 1k bri 1- 91 1B AL HI | R B (Jin%$2007, 2009;
Su2011, 2012; Hong%42012; LiuZ2015).

Weak allele Null allele

bril-301

bril-701

1 cm

KIS SR bri] 55 9AZ AN 55 R AR [ R
Fig.5 Phenotypes of a typical weak bril allele and a null bril
allele

BRI [ 71 25 ¥4 38, 25 LRR £ B EE 7 5
YRR, H 21 MI22 MLRR )4 — M T0N &
Tk 2H B 1) 5 U5 (island) 5 M 38, L4 et 4 2%
3BT RN H 1) 5 A 435 AL VI 9 35 I 12 25 44 45 S5 BLITY)
G EEEANDR, RGBT G R I AN NI
RYNBLIFK) = 4EiE 7K F43(LifIChory 1997; Hothorn:
2011; SheZ52011). BRI ¥l 4 45 k) H 3T 5 45 74
B O R S — A A R S v MR R R B R
s 2 (LiFfIChory 1997; Wang®:2001). F.5&14
b 5256 UE BABRITA] TE B [R5 — AR (Wang55:2005),
T 35T 390 FRY it AR 465 ) 2 A ULy BRI ) A0 55 g da
TR, HAFT [FYE — AR E S5 I TE K,
MBRI1TSBAK ) 5 5 — B4R A 1& B Y Az € 45
FJ(HothornZ£2011; She%$2011; SantiagoZ$2013;
Sun§2013). BRIV A 22/77 2 R A g 2 B AL
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G, IR 2 R AT A ol g
AR % 5E 433 (0OhZ52000, 2009; WangZ52005). IH4F,
BRI (¥ [A]J§ 8 FABRL1IAIBRL3 .7 BRAZ 5 4% G
RAFEDRe, (HIEfE 5 45 R IBRILE £ 21524k
# H(Cano-Delgado%5$2004; ZhouZ:2004).

FEMFLEN Y, S R SRR ) 2 Ak mT i
A F 52 375 (Miaczynska®$2004) . (EFEYIH,
W ELF] T BRI N 4531 % (RussinovaZ52004) .
BRI & A7 75 20 5 B b 4b, 388 52 2 75 S Y 445 (en-
dosome) I, HixX e i 234 55 BRAE 5 fir i (Geld-
ner%:2007). TR, 1@k X BRI AN 55 9848 4

briz-ﬁubru-gaﬁémﬁﬁﬁﬁi RISy bril-588
bril-98 A R Ik P Joit ) o 5 A 4% 2R 40 1T i B A
P A 2D AT R D IS i AR R T |, X
R b2 AR AR S8 T bril-5Fbril-91F) 55 I
FAY, T B AE N R A BRI S5 & 4 A AR (Jin s
2007, 2009; Su%52011, 2012; Hong%42012; Liu%%
2015). R RSB R i F AL B0 W R i
PP2A, U J5 HIPP2AT] LA 2 1R A BRI A 17 48 3
ek i IR R[] 1) 200 Ff 5 L | (Di Rubbo%$2011; Wu
SE2011), TIEIHREFCA N, PP2AIY 2 BRI 25k
B AL 2R3, T AN RE 5] B M (1216) (Zhao%52016).
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El6 TR MRS 5 4 T aUA
Fig.6 A current model of brassinosteroid signal transduction

SRR S AR T B, A2 AARBRIN B SANEE 1k 32 A R FBKITA ] . 24928 3R e, T SBRIVAIBAK A &b 45 4
g, BRI AN Ao LA 2, JE T 5 SOBRIT S BAK (1 045 44 380 ELBEIR A B0 805 )5 I BRITBE R (L B0 BSKsHICDGs .
BSKsiliid & A HAE#GIEBSUL, 1iCDG1/CDL1 Al ML A BSU L. G FIBSU T AT 25 B R Ak 2K 3 6 I e A BIN2, AT i B BIN2X T i
e R FBZRUMIBES 1 R (kA0 AEBFRRLIIBZR IFIBES 1HE N 41 MOAZ (E W S5 & B EF AN SRR . hAb, 14-3-3 5410 i R L R
KRR AL FIBZR I FIBES AT TLAE FH 3 5 SO B AR, T 7 55 240 A P9 AU BKIL ] 5% 4P A 45 4 14-3-3 LAIMHIX — i F2 . SBILE A &40
PP2A, f#i H &k #% R /L BRI1. BZRIFIBESI1fig

BAKIE N2 16 Z 5BRIG 57 S et i
PAAN ST HRIT ST 4 70 ) S o 0 bR A e e brei 1-5
PR35 A2 00 1) 3 R B XU £ i 3B BRI P 48 14
B8R B I PR A 7] B B8R T BRI R B (Li5%
2002; NamAFILi 2002). 5BRI1TA[E, BAK1 )& T
LRR-RLK &, {EHJf14MY AT S LRR (Li5F2002).

L5 1) & T4 i R BIBAK 1 i) 5 BRI EEAH BAE
FINT IE [ 4% BRAG 555 5 . I IR 70 3R 0,
BAK 1} H SERK Z % 1) [R1J 2 1 44) il 1 — B k2R
KA serk] bakl bkkI{F BRE N B 5 4 AN N AR
BLAACEE, HAMEIEINBLANEEFT )5, =51y
AN BIBRI A I 2 BR B B Ak, IX SEAIEHEIESE T
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SERK ZJ% i 7t £ BRAF 5 B 1 i A ] sl (1) 4k
F(Gou%s2012) . 1T M & & 45 ¥4 43 Bt tH40E B
BRI1FIBAKI1 ¥ i 4h 25 #4455 DL S BL 1] B4 T JliAa:
SE )55 H -5 4)(Santiago252013; Sun2013), 4
AR5 R IR I B R 4 A 4, BRITRIBAK () g Py ki
S5 Ryt T o Bl R A A AR L0 (K16) (Wang
2:2008), XEEHF AR, BRIG SR A Al fEl 5
BRI1FIBAK (1) Ml b 25 ¥k 4 &, K W =& B 2 it
A, 3 T 5 S5O PN TRl 2 e AR EL AR R AR
O -

AT, B ZATH LS| T BAKIT)
P75 I % (Russinova§2004) . 5 42 IR 58 & IR
MSBP1Z: 551X —id #2, MSBP1 7] 5BAK1 H £
AHEAE FH IR 3G 9 FL N A [RS8 BAK 1 5 BRI ) AH
HAEFES, M6 SBRAE 5 18 B (Yang252005;
Song%$2009). I HAMIBH 5T K I, J6fE 5 8 g
e R FHY S K [mE B T HY HEY w00 9 B 4%
455 2|IMSBPI A 81 X IF B RE, AE
5O g ABRAS T @ B AR B 1 — iR S(Shigk
2011). BAKI1RZ 5BRIG 5 Rigicih, 25
WIEAMAET . A NEREKE - EYEE &
. SALKE MR K EE 2 DEM A KK G,
HINRER 2 FE A5 2 Mk — B I A SR i 98 #4
A(Li%E2002; NamAILi 2002; Albrecht?5:2005; Col-
combetZ2005; ChinchillaZ$2007; HeZ:2007; Heese
££2007; Li 2010; Yamaguchi%$2010; Meng252015;
Ou%§2016; Shinohara%5$2016; Song%52016).

BKI1Z: 5BR1E 5 ¥ 5t /2 18 i B BEXUR AL
{5 1ZE BRI ) Jfd P 35 FL AR 2 11 R BRI (Wang Al Chory
2006). BKI1&— NS E A TR EREE, X
BR{E 56k}, BKI1SBRITAHZE A H- 40 BRI
WEEYE; 4BR{E 5 5BRITHIBAKI (1) fd 1 4514
et Ak, PR AEBKIT BRI L fi# 25 (&6) (Wang
HiChory 2006). T i éib A4 25 74 73 BT 2 W], BRI
() L PN &5 K 3 AT S BRI — ANk By BB 45 &
(Wang%52014). I IR I8 A% 73 4T 22 B, BKI1f
e RAFAR LRI H AL BRI HE 3R 1A 1 R Y (Wang 5%
2001; JiangZ52015).

BRI f5, vl SRR A [R] A DA SK
HUE S 3 — A58 . BSKIVE A H A —ANEYRZ
i U A S E AR B, 2 —PRLCK (receptor-

like cytoplasmic kinases)Z [ (Tang%52008). i/t #
(R 7 B, HL P A6 W 505 H B8 AN 1 B3 38 TU AR 1)
2 5BRAE 5% 5 (Sreeramulu®$2013). [£% 5BR
JEEK AR, Hdr—AN Rl R BSK IS # K IS 5 1/ 15 18
W) [ 4 4. 9% (innate immunity) (Shi%$2013). JT4F
Sk B 7834 % UBRIT A AT 3% B2 AL CDG 1RIH: [R] U5
FHHCDLI, XA E A MERLCK (MutoZ52004) .
5BSK 1ML, CDGIAICDL1 ] i — % BRif#
B 2B uH(Kim&F2011), (HBSK1 K& A &
HHON A B 25 Bl s 1%, MCDGIMCDLL &y
PO E PE R, BSKIFLTE AN i0E R iiE 7> 1100 FF
BT,

FEBRAG 5% 3 ) F R A b, 38 R I H Al —
Y B 5BRIVE 5 &M E &4k B1E, tIBRSI
(Li%2001; Zhou#1Li 2005). TRIP1 (Jiang#1Clouse
2001; Ehsan%$2005). TTL1 (Nam#ILi 2004; Pes-
s0a%%$2010). TWDI1 (Chaiwanon%$2016; Zhao%
2016)%%, {HEAT#EBRAE 518 i 1 B AARAE FHHLEIE
AN 2E, A Rk — BT AT
3.2 YRS S RERHK

BR{5 5 HBRIIFIBAK 1L [F &A1 R 22— &5
TR S NAE 22 BSKs, HH I, 15 5 AR AM% 22 4
ML, FRAEG ML T T — RAIEE 5 O
2. BSULRBUE AR VA 1% bri 1-5 845 H0 |+
RIL), BSUL — MR, F2e it 7l v H 1)
AE/E ¥ BRAE 5 T 4 sk AT BES1 2 1% 1k, (Mora-
Garcia®$2004) . Fifi 5 LS IA TiX— WA, A
RHAEE FiEab R ¥E ) 6e, BSKsiid & H B AR
iEBSUL, 1fiCDG1/CDL1 A BB AL HEBSUL, B
FBSUL W] 2 B (L BRAZ 5 i i 3 21 7 K
BIN2 Jf{i H: 2 75 (&16) (Tang2%2008; Kim%52009;
Kim%52011). IR, BSUL S H 5
] R — R I A R IR (Kim&52016) .

f A R I BIN2 71 T BRAE 5 1 % 2 T e 15
Bl — /N0 BRsANBUR I D) RE SRAGVE RAL K bin2-1,
HRMIANT bril FRAZAR(LiSF2001) . BIN2 A 7L
B%IGSK3 (glycogen synthase kinase 3) [FlJEY), &
177 51— 21 (identity) i 70% (LifINam 2002), 3
TEU R I+ (1) 2 A Rl 8 E 71 2 5 BRAE 5 i@ #%
(Yan%£2009; RozhonZ52010). FIfAZOo#s K+
BZR1j& i T H I RESRAG 1k R R AL AK bzr 1- 1D XY
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BRZ (1 b #3850 % 1 B A 1 077 %8 75 21 ) (Wang 55
2002), Ti"e [ YR & ABES 12 B i i i EMSiF AR
(Rbril-119 B, FH I REFRAG 1 iR K bes1-1D
AR B bril- 1191 A (Yin%52002) . H H #
W) VA S BZRIFIBES 1 2 TRAZAR A (148, &
I AW 5 DhRe A T g% 22 F Btk — b g
iE. MBR{E 5 HRET, BEEBIN2 AL T8 B AL I3
TEIRAS, R A% 5 [ FBZRIFIBEST, ffi A
R N 200 PR A R 4 T U R R R 7 0 M 5 AR R
BRI S 1%i% EBSULK, BSU ] iR 1k k7%
BIN2, MIififi#ks T % BZR1FIBES 1 0 /£ F, i
=553 T 2 (K6) (LifiINam 2002; Kim%5$2009;
Peng®52010), 42K 1) 2 Wit 78 & 30, BIN2FR 1
IR LBZRIFIBES 14k, I Al B ER 1k 22 AN [ (1)K
), WA K A5 5 g 1 IARF2 (Cho%52014), /15
ALK EHIYODA, MKK4AFIMKKS (Kim%2012;
Khan%$2013), #i#% M4l d K ) PIF4 (Bernardo-
Garcia%§2014), =R E XK G HEGL3MTTGI
(ChengZ:2014)4%, BIN2 &Ll a4 Kk & 4%
WG [l — AN G . XU TS R B, BRF
WeAs = 5 AR W] e i 2N e s DR - R4, AU
X A4 BZR1 }2BESI1.

it A 20 R 5T R B R Ak I BZR IFIBES 1 1] 4
14-3-3 B 2 1R 5l JF 18 2 26 S & A B 14 i 15 [ fiR
(Gampala®$2007). 3T 70 B, BKI1 A BRI1
AR HE N S, AT 55 14-3-3 5 4 1 A 45
&, MMl 8 2 BZRIAIBESI A% AL 315 5 (1K6)
(Wang&§2011). fERZEGPP2ARR 1 L8R L BRI
il BW#E TR A, AT L BER AL BZR 23 T iiF
E 5 B, DOSCE 0 07 4RSS AR
Fa75(J&16) (Di Rubbo£52011; TangZ52011).
3.3 TiES AL

JERERR AL FIBZR I FIBES 13 A\ 4 i % ] B 35
VAP BE R, T Y 2 DU A K K B TR
i itk, BRAE 5 58 il 1 AAH A & 2 200 f A% 9 1) 4%
. BZRIFBESIZ [RIVEY), HEK 721 1) — 3P
(identity)it88%, 13 J@bHLH¥: 5% A1, BZRI4L
HI7Z&BRRE (CGTGT/CG)iMBES1 {14541 J& E-box
(CANNTG) (Sun%2010; Yu%$2011). BZRI1FIBESI
A 55 R AR A 1 5 A2 4 BRAE S8
th, 38T IR EL AR 2 PR R 205, Hih, BZR1

H900% /M N BRAS 5 [ HE LK, M BES1 2 /b4
2501 . BRAF 5 [ #E 3L K] (Ryu52007, 2010; Sun
2:2010; YuZ52011).

BZR I FIBES L& 1K & H A 5 s 1 717 A 1 2l
SRR A R R Y R . i BES1M
BIM 13t [f] 8 #SAUR-ACI (Yin%2005), BES15
ELF6 MIREF6IL [A] % JF 16 (Yus$2008), BES1 Y
IW'S 14t 7] 1 4% 4% 5% 2E i (Li%52010), MYB30.
HATI. MYBL2%BES1HEE 1%, (HHEREME
1 X AT 5 BES 1 [F] 1 42 At 1 5 R (Li%52009; Ye
£$2012; Zhang%52013). T HARIWT LRI, BES1H
MAX 2 [F] ] % FE 47 73 BE(WangZ52013), BZR1 5
TOPLESS3E [l i fil] JL 8 3 [F] [ 3214 (Oh%52014) .
4 RE

MR SR A AR REESES—
B YIS I T . H ISR W BRI 454
Wetfie 24, K30 ARIISS S1, B FATR
XLt R R R B B o & T A TR
RNFAET . (EATTHINTE, XEFETZ
HURE SR 75 22— DR S, H ok, T
K S A Re K I B s, el R BRI AE R 4
SRR A A Y 2 F5 B H AR KR B T I ) B
., H R A R E Y A IE S BRI 5
S R S D OO A G TR R IE,
R T JLABRAC 7 20, HEE 2 (138 42 07 :0f1
TX AR A 4 X e A 9 A AT ) Y AR R B AR A
EH RS . IR, BRIE S ST 2 M)
F LR B ORI, (B PR T R
RAFR I AL ARG I HF . Ao, MWEKKRE
AR 7 31| W 4% IR T 4%, 04 BRAS 538 % 40 i) 5
At 38 6 A 3% B AR B AT 7R KR I A
I 5 S 6 5 A P A W 5 AR DR 5 A SR )
F, FEBRAUSIE 2 H A N & R I . X EE 5
P MATE BRI 77 & i F Bt R R AEY 2
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Biosynthesis, catabolism, and signal transduction of brassinosteroids

SUN Chao, LI Jia"
Ministry of Education Key Laboratory of Cell Activities and Stress Adaptations, School of Life Sciences, Lanzhou University, Lan-
zhou 730000, China

Abstract: Brassinosteroids (BRs) are a class of steroidal phytohormones playing essential roles during normal
plant growth and development. In Arabidopsis, an 8-step campestanol (CN)-independent pathway, starting from
campesterol (CR) to the final and most active BR, brassinolide (BL), has been demonstrated as the predominant
BR biosynthetic pathway. Reactions in this pathway are catalyzed by a series of enzymes including DWF4,
CPD, DET2, ROT3/CYP90D1, PsDDWF1, and BR60x1/2. Although dozens of BR catabolites have been iden-
tified, only a few enzymes corresponding to their formation have been discovered. These enzymes catalyze sev-
eral catabolic reactions including hydroxylation, glycosylation, sulfonylation, reduction, and acylation. BRs are
mainly perceived by their receptor BRI1 and co-receptor BAK1. Direct interaction between BRs and the extra-
cellular domains of BRI1 and BAKI triggers dissociation of a cytoplasmic inhibitory component BKI1 and as-
sociation of BRI1 kinase domain with BAK1 kinase domain. The activated BRI1-BAK1 complex can then
phosphorylate downstream receptor-like cytoplasmic kinases, BSKs and CDGs. The activated BSKs and CDGs
can inhibit kinase activity of a negative regulator BIN2 via a protein phosphatase, BSU1. Dephosphoylation of
BIN2 can result in the accumulation of two unphosphorylated transcription factors BZR1 and BESI1 in the nu-
clei, which can directly mediate the expression of numerous BR responsive genes.
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