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Function of Brassinolide in the Regulation of Root Development in Rice

Zhao Xuesong®, Wang Qian”, Yan Qingdi, Zhao Yalin, Wang Fengru*, Dong Jingao
(College of Life Science, Agricultural University of Hebei, Baoding 071001, China)

Abstract In brassinosteroids (BRs) compounds, brassinolide (BL) has the highest activity, and other
significant characteristics of broad spectrum and non-toxic, improving the plant type and resistance, and so on. Root
is the main organ of plants absorbing water and nutrients, therefore we will clarify the genetic, physiological and
biochemical mechanisms of BRs on the regulation of root development, for the more effective use of BRs hormone,
architecture design and implementation of the directional. In present study, we analyze the influence of brassinolide
on root development by foliar spraying method. We analyze of effects of brassinolide on root system development
by plant microscopy technique. Then, we detect the influence of brassinolide on the other phytohormones content by
high pressure liquid chromatography. We also identify proteins regulated by brassinosteroid by proteomics methods
and analyze the physiological mechanism of brassinolide on the regulation of root system development. The results
show that brassinosteroids of certain concentration can promote seed root and lateral root. Root cytokinin and
gibberellin content increased through regulation of growth-related enzymes to improve plant development. BRs
can promote the growth of rice seed root and lateral root and root hair. It may enhance the plant resistant through
regulation stress related proteins.
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R AE KR 1 700 o AR 1 P 0 A B AR A A
BRI AT XU 4%, SRS BAE G R,
HREVIIBUISRE 7, SR = R = B, SO
i oL, VEVIAR R MR ZE R TT IR R . e
% W8 (brassinolide, BL) & 44 | ik, &, HA/
Wl P S RT3 o VS22 15 B (brassinosteroids, BRs)7E
MR AR KB ST AR AR A 4 )

Ef . BRI, BRsAM LSNP E AR 14 2L
BTSRRI sk 22 DR 7)1, PT S /N B AR IR P
(2)BRsH YY) 77 &, KRN E K K
TR 77 U BRs & i 42 1 g i C-22 52 JE 40 g
(RFE AL, 23T MoK B IR 20 BE A, AR ARORL RN T-hE
G, AT E K FE I &P (3)BRs AT I i
BT E . AR 2R . R, BRs/2 R
AT RE N AT SR BCR .

SR, BRsYHFE M) A2 (KR & 1 VE AL BE v A
TEMT. — RYIBRsIE T 5% 540 75 #H K R AL A 1) AH 4k
B %5 5 NBRsH KRR A KK B L LG 55T
I FEAT JF T R O7, 787K FE H, BRsSZ 14 2 A
OsBRI(brassinosteroid insensitive 1 in Oryza sativa) /&
BRsfE T8 H 5 — M e BE B R AH LT AR A,
OsBRIIT) A6 -4 LMK IE /N i BLOL
Bl NFNES A M 45 5™, B S, A FBRsE 5 %%
S RAANK, W Y )a v 1S B OsDWARFE',
OsCYP90D2"21 . OsCYP90D3M12 [ OsCYP724B1MI,
OsCYP90B2"1, OsBRD2U"), OsCYP734A20'4161,
OsCYP734A4" " 91 OsCYP734A6M X e BRs & i, 2
Ao IX SEBRsE A DA 1) R AZ AR It AR K32 i
PRASER/N, M ELL, MRS, BYERECEA T
R, BRI AEK K G /2 ilid 2 BRsif 1%
(AR 1T RSB, (R Utk BRs 5 2 1 [ D R 7T 00
I BIBRs A KA B VLR X E R, 124
ik, KT BRsA T AW TIAIR D>, HAT{EBRs S
ST, BRI R A EE sk
BRI B 45 3, A Bh B RS B 45 2R, SZBRs i 1 1
R OsBLE1FOsMPDTHH 444 v B A1 4 Hr! 18, BLAR
5, OsBLEIN IR E W R IGIN, S L OsBLEI#E LA
IKFE R Z B0, R OsBLEIZ: 5 FBRs )
KR B IEFEF . OsMPDI 5 B BRI FE
JIT M, J52 SLOsMPD1%% 5 K 6 41 IR BR s BURK,
VLA, OsMPDIXE R {EBRs (5 5 5 T e 7 i 1E FH -

OsMADS22F10sMADS557&OsMPDI I [F1JF 3L, Bl
WERR BEAT T AEBRS (5 5 % Sl S E M. b,
ST BRsY T E E DI RER 70 R WARGE .

AHIFT LAFRE 3 SR & VRV KRS i 70 &,
RO MHEMIEEY . KEEMTF . ML
. EARAREZ PRI ER S AN TR,
5 1 [# PIBRs I E MR R A KR & I,
BRsTAEMR 5K B WAL . A8 SCRIF 7T 45 500 B
RANAA N RIEE IR ERE 2, IRSEY &R
A SRAEYI R Hd v R

1 HRSE®
1.1 SCEER

SEZIG i B N RS AP H AR (Oryza sativa L.
ssp. japanica cv. Nipponbare). BRsH i i AH 5¢ 58
A AKbrdl-3, BRsZARABURRAAKAC1-4, IKFEL) P
(IR 44 H30 °C. 12 htl; 25 °C 12 hZBH; L
5% it FH I =2 2 R 9 N A i R24-38 3% 2 Y IR
(24-Epicastasterone, 24-¢BL).
1.2 SEBTE
121 HEZFABERALFOXH  RAM@E
WS T3t P 77 4%, AE 7K ARG = O S, et T it A [k
ff)24-eBL, k20 mL, 2RI 5I0 . GEit Rl 7R
MR E H , fEMRH15 T SR B AR
122 MARZAREL AR RAEYEHM
RUASAEEY) R (77
123 #FEeswnle  RASEBAMAGEE. £
FKAE =0, 1 000 nmol/L 24-eBLIF A KB
BIRREETR, S MAEALEE S0, 12, 24 KR R0 KL
FH v He YR €2 % 0 72 A 1) 4 i ) 2 3R (cytokinin,
CTK, XFEKEK, zeatin). 758 & 3(gibberellin 3,
GA3). 4K (auxin, 45A S H A & 8E)FIE
Fi% (abscisic acid, ABA) I & & .
124 BRsdzZ @692 R HL PR AT i 1
Ao ERRE =10, 71 000 nmol/L 24-eBL
IARFBE F2 W 78, 73 WIAE AL F 50 6 hiUIR &
DAL, R ) H KR o B 4 R 5 e KR AR & 2
BRsii 2 [ 8 H BT, BAA T2 0225 SCHR[20]

2 R
2.1 BRsXI7/KFEIR AL ERIFNT
211 AKAG M BBRsA A LK BRs1Z 5 44 5 % [
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SRR A KL F AT ® AT TBRsE
fiff A0 5C 2R AR 1A (brd1-3) . BRSAZAKFRAZAK(d61-4)FNEF
A ROKFE(WOIR RITEAFRE, 453K %, BRsH R
2 BH I B R A2 B, M YA BE K SZBRs
5N, MR R I E(E D). g RR Y,
BRsZATEMR R A B I BA EE P TEE.
2.1.2 4PR#EABRsKTKAGAR B K F 4970

T = -
T LT M 22 (K]2),

1EK
- i24-eBL, WiHE7 dfiE, MR RAEK
ARG 500k ). 4558

brdl-3

A: BRs & B 5 JEAR K (brd 1-3) Ny BRs N UK R AL A (d6 1-4) 5 %% H Bk

RAK(A6I-4)HITBORE o =2 em.

FH, 0.1, 1 nmol/LIMIRIK fE24-eBL AT #E AR R 11
KE, 2924-eBLIK Tt = 2010 nmol/LES, #R & 1) {H#
KA K2 BIHIH, (HMARE 2, 2424-eBLIKFE T =3
100 nmol/LI, 7K A 32 4R A K B g # ], (ELAR A=
KB R BB 1) Beah B, 7E— IR E
JaE N, BRsA R AR R & o

2.1.3 4R EA24-eBLAT AR L 4 69 % ok 1EK
TEFh T8 K 5, FH10 nmol/L 24-eBLAL#E, 2 dJ, Fh
THKZES om, BUEIEER emif)— B, 47 B0,

brdl-3 N d6il-4

RUKFE(w RIS HLEE; B: BRs A AR 52 RAZAK (brd 1-3) S BRI

A: BRs synthetic enzyme mutant (brd1-3) and BRs insensitive mutant (d6/-4) and their wild type (wt) of rice; B: BRs synthetic enzyme mutant (brd1-3)

and BRs insensitive mutant (d61-4) enlarge figure. Scale bars=2 cm.

Ell BRsIREFMRALTS
Fig.1 Root morphology of the BRs mutants

NI B A5 W5 i 24-e BLIFJA FE 73531 0. 0.1 1. 10+ 100+ 1 000 nmol/L.

FrR=1 cms
From left to right, the concentration of the spraying 0, 0.1, 1, 10, 100, 1 000 nmol/L 24-eBL, respectively. Scale bar=1 cm.
E2 ShEhEN24-eBLIKFER R L BHIFNT

Fig.2 Exogenous 24-eBL effects on development of rice root system
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R1 SNFIEIN24-eBLITKFER R E KL BRIFMN

Table 1 Exogenous 24-eBL influence on development of rice root system

24-eBLK [ (nmol/L) MK E (cm) LR RSO @S]

The 24-eBL concentration (nmol/L) ~ The taproot length (cm) ~ Lateral root number
0 2.5+0.2 0

0.1 16.0+0.1* 0

1 14.8+0.1 0

10 9.4+0.2* 6

100 4.840.1%* 9

1000 4.3+0.3* 7

Tl T K EEbRE B, B 0 SORRA i A GE T TR 3, *RoRT7 220 W 22 RKF O 2, MRS B e 2 KSR T 1 em MR .

The data in the table are means+S.E.M., data is obtained by statistical analysis of 50 seedling, * says variance analysis for significant difference level,

lateral root number statistic is greater than 1 cm length of lateral root.

giit 45 SRR W1, BRsA] (i 2F AR 1) & AE (3 AR
3B). HUMARHEAT V) (EI3CHI K 3D) Ak DI (FI3EAN
KI3F), K BABRsASSZMAMIAR [ 2544«

2.14 24-eBLAARELZ A WHm  EMHIER, W
BRI ER B MM, 458K, £ IEHAKE
PR, #EIEH K 8 (K4A), 7EBRsH 41 71BRZ

GBS, MR B A K 2 3B B4 (B4B). 0.1 nmol/L
24-eBLAbH J5, 28 b3 (1) M PR 1) AR B (E14D) BH 2 Eb
X HE(E40) K. 1081100 nmol/L 24-eBLAL# )5 (KI4E
FEI4F), £ b BERE R AR B RS BARIK T-0.1 nmol/L
24-eBLAREEA, (HAKER LXT FEAK (Bl4C~EI4F) . IX i
HIBRsTEMR B B f it BA EE A REER .

10 nmol/L 24-eBL

2d

4d

4d

[
AL B: HiSkR AR L, C. D: HiSkm AR I Ex

\

F: i SkmARRBEYI T . A7 =50 pm.

]

A,B: arrow lateral root primordia; C,D: arrow lateral root longitudinal section; E,F: arrow lateral root transverse section. Scale bars=50 pm.
3 24-eBLXHUHR & & Fn&E 0 p 2200

Fig.3 The effects of 24-eBL on the initiation and structure of lateral root
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2.2 HNEMENN24-eBLITEE R & 2RS0T
WY E I EK &, GA3. BRs. CTK. ABA
H1 2, ) (ethyne, ETH), ‘B AIT# A2 L 5] B /N T
B &, (B e A B N H R R R 2. £ FE.
XU R FEE A, R R. K. 1k,
BE— PR AR . KA AR, YERIE . 45
S RSERETERIRIRSE . BRI HAEH — B2

[ 3

A, B: IEE A KAMABRs & M FIBRZAC B 5 HI 7K FEAR E; C~F: 0. 0.1+

WS S T R R L, AR A v T YRR e 4y
BT 7 BRsAR T J5 X AR 5 P4 A B & & 1 52
i T 1 000 nmol/L 24-eBLANHE J5 /KRR R AR AR
B (E12), IR FRATTIE A T eIk B AR B, 25 SRR A,
1 000 nmol/L 24-eBLAbEE 512 hH124 h)5, 401703
FHMABRNSEHE L, mMAEKERABERS
A R (ES).

10 #1100 nmol/L 24-eBLAL 2 5 FIZKFER E o A7 R=1 pm.

A,B: the rice root hair after normal growth conditions and BRs synthesis inhibitors BRZ treatment; C-F: the rice root hair after 0, 0.1, 10 and 100 nmol/L

24-eBL treatment. Scale bars=1 pm.

El4 24-eBLITIREL BHIF/NT
Fig.4 The effects of 24-eBL on root hair growth

|V

B GA

IAA -

B ABA

The ontent of plant hormone
[mg/100 g (FW)]
=3
[=)}

Control
12h

Control BRs
24 h

Z: Ay 53 FK R GA3: REERR3; TAA: A K R3-I|W T H2; ABA: VAR .
Z: cytokinin/zeatin; GA3: gibberellin 3; IAA: auxin 3-indolebutyric acid; ABA: abscisic acid .
El5 24-eBLIRZAEPE MRS BTN

Fig.5 Effects of 24-eBL on other hormones content in the root
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23 IREFZBROFIEHNERRNEE

R EE B2, 1 000 nmol/L 24-eBL4b B 7] H
SARHEKTEMAL R R & . ZBRsYHIE A E A 5%
AR T ~BRsE R R E B FHLH . AT
Hi%& 1 000 nmol/L 24-eBLANHL6 h)& FIHE R N 7T
Xop B, 3 X ) kR J5R RE 23 AT % 52 BRs TR 15 1)
EAR, %26 ZBRsHE M E A B (El6M#E2),
R ~BRsHIE R R K B FITELENLHI SRt 7 24k
-

M IR BT LA, s 2 N W] DL F A
MBS . 8w A AR DS SR A B AT FU D e
() S A ] TAA ) 208 B, BRI 1,42 I 5 )5 i (1,4-
benzoquinone reductase) A= K 2 i K B (TAA
amidohydrolase) ] % 1A &, 1 BIBRsA] % ik & A
2 5ACHAIPURE B R . AR KRB G K il mT LA
A E RN AER TR HARAEKR, AKER
TR A KR B J7 B A EEEH, X ZBRs
AR AT HAE R X 50 S e .

i3k /R ZBRsTATE I AR -
Arrows lateral BRs regulated proteins.

Ele XEEKHAREREKFERATZBRIITHERR

Fig.6 The BRs regulated proteins were identified by two-dimensional electrophoresis technology in rice roots

R2 KFER AP EZBROFIZMERR

Table 2 Proteins regulated by BRs in rice roots

%5 AR T BRs 1% 200
Code Protein name Function BRs regulation
gi|50946591 Putative activator of 90 kDa heat Stress related protein Up-regulated

shock protein

£i|295885 Actin

2i|34897872 Phosphogluconate dehydrogenase
gi|303844 Eukaryotic initiation factor 4A
gi|53749369 1,4-benzoquinone reductase

£i|50919967 IAA amidohydrolase

Cytoskeleton protein

Glucose metabolism
Antiviral, disease resistance
Quinone metabolic reactions

Catalytic combination state auxin into free

Up-regulated
Up-regulated
Up-regulated
Down-regulated

Down-regulated
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TA A — P 2 18 0 40 fAd A0 23 AL IS 5 50
TEU, YR E BSIAARD, K IAALE &
EREMR. 2K B L, XBELEENAEKERTL
fEAE IZHITAA, b7 IETAASE E AL 2 fRCD . 4 )ik
NAEERIAAK B THANER, —KIBREH G
B, 75— K IBR IR KR A S IAAPY, THIAAKF
B AT LG G AR B B ASTAA, DR X oK i i
A AEE AT B HSIAARI KT B B H =B
M. BALREH, LREERELRBEB/EASTH
JEH 2 IAA LT K il i HKRER & A48
WEHIAA LRG0, X R MY
HA ok e I (1 335 PR B A TR 0% 1%, DALk, /K
(1 B e /K AR G PT A JE O /K AR 45 B S TAATR IR A B
HASTAARI K P, AT 70 B T 20 5 St 45 2R
B, SNEBRsALEE 1] DL TA AT I K fi Bl (1 AR 22
K. xsegs R, BRsH] LUl I 3 TA AT /K
i I 1 AR BT TR T KRB AR Y EHASTAA R K

CVA R 2R 2 (R A B kIS, 206 A
JERRAZAR wei2 fl wei 7 HHauxin & il 1 PR 34 B AS(an-
thranilate synthase)f¥J /% B2 2 BH 2 520 . i —20
[ auxin £y 5 I 5 UE 5 205 B SE 520 T auxinff) A %,
TAAIR M AR 0 AN U TR R wei 8 51 T
auxinf¥] & . AT, FIFE O € 23 i
ANJET umol/L 24-eBLAL FHO. 12124 h)5 1 /K FE 4R
RPSAEKEMNE, 857 ERW, BAEHEHEL H
X A] H gk 25 B B, AMJE 1 pmol/L 24-eBLAC 6 h),
TA AR % 7K fift Bl () B2 2352 31 7 0 S 1R o, 356 e
TA AT & K AR B AR Ak 1 R 45 B B A K R AL Tl B
AERK RN AT 552 230, DR i AR 9 0 vt
BB g, (2 TR A E . 0L, BRsAIfRER
LA auxinG BCIHLHIAR AL, Rz 1 K FE ik
WIAAMAR . (A, BRsA] BESZ I B A VS VER
IAAR KA KRB A KK S -
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