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1

Abstract:  Using 93-11, an indica rice cultivar with moderate arsenite ( As™ ) tolerance as material, the potential

T

role of external epibrassinolide (EBR) in regulation of As™ tolerance in rice was investigated, using combinations of hydro-

ponic culture, physiological indices measurements, and gene expression analysis. The results showed that compared with

the addition of As™ alone, supplementation of external EBR when seedlings being exposed to As™

, the growth and cell
membrane permeability of seedlings were extensively recovered, in the meantime, the accumulation of arsenic in rice seed-
lings was decreased. In addition, it was observed that after addition of EBR, the contents of proline, non-thiol protein, re-
active oxygen species including H,0, and O, were extensively decreased. Real-time RT-PCR revealed that after supple-

mentation of external EBR under As"

stress, the expression level of genes involved in arsenite and arsenate uptake and
translocation were strongly repressed, while the expression of arsenate reductase was markedly induced. In conclusion, the

supplementation of external EBR plays a positive role in

14 %5 H HA . 2018-08-09 alleviating As™ stress in rice.
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R, FelRIT Ak, b AR T ARO 1 i
SRS Y ST AR AR N TS YR B 20
e, PR B S E T R R A, JRSEiT,
SEREFA R 1.5%10° NIEE 218 M,
25 1.0x10° N H A fE g WRIZR I M X > v
P R R A E R,

AT /INAE  EKAE AR, KR i i e
SEERIERY ) KRR Y 3.0x10° AH
MR, EPE, 2 60% N HLREK Ry E/,
DL, B RRERE B AR 5 88 5 3 B — 4> Bk
B SO B S AR RO R H Lz AR
2 MARZ A 28 3803 A o X 3 0 il
FH AR 5 i o W AT < A iR
HE— 0 A N, R K RS G 2 A G
RNREFRA T AR T S B iR L E
R[N, WA e

FARSA B =2 LLTCALA [ R AR (AsY) FINIE
iR (As") TR HLER (H BB ) S A7 IR 577
e, Hrh IO B K T A LA, AL As™
Rtk T AsY Y TEWEK ST RS 3 b
(R PRS ik B RN AE AR R E RIS i, As™ & FEBEMIAEAE
A MR pH (A2 ~9 B, As™ DL ST
TR HAL 22 P ot 5 R IR ERAH AL, PRI w3 ok ik
MRERSZ IR I MR b ) 4 GRS i
R A SRR Feiz AR B 2T AR
FE R % NAE H HL B B oY A H A R
JRL2TIBT L AT 3 1 /K 3 T 2R R 5% R NIP A
PIP G R AL B AR R s s Wi 43 As™ 5
AFBEH K (GSH) Fl/ i M2 5 Ik (PC) JE IR As™-
GSH Fil/ 5 As™-PC 5, Bl A B s 55 A
BBor As" b Lsil AhHE B A i W 8 57 A
O Ay As" U ) R 542 2R 1 Lsi2 HIZE]AR
6, A 1) LR R SRR

=% P B ( Brassinosteroid, BR) , ¥R =K
IR e i R R B — B R e
PAFET MW AEN FhT ZEFT I S
i SR Z e R R E SR e
PR R WA K IR EDCETEIRCE, SR 4%
BRSNSy A AR, R
2% 2 iR ( Epibrassinosteroid, EBR) J&—Ff A\ T. &
B GRS R N RS, R A (R YR K
PESEAME AR AN 3 2L e SRR YA VR, 42 S i)

PUESE Z R A B IR kT Y R
B, HMIR EBR W] 2 R IE X/ N2E 4y v B 405 X AT
AES EBR AESE MR 251 T /INAE AT AR B 1
KB B ALY it & i, B IR % ( Malondialdehyde,
MDA) Al H,0, & 8554 ¢, {H2, SN EBR fER 2%
ik SV A R R /KA A2 T A P AN

P As"JR IR R L W b £
FAAEIR T H As" XK A B B 1 & T AsY, TR
ARBRGEAE R I E FRWOKIE S5 T 3 0 6 2 44
PEFT A 0 A B 3 A 230 S 2 PN TR 0 A A0 Y
AR

IR i

1.1 REF RS 4012

T FH A 32 P v A AR RS S R 93-11 i35 41
B, BRI T,0. 5% R BRI 15 min
Je FZEIRK w3 ~ 5 IR, SR 5 FE 28 IRK iR il ad 7%
e L i SR Dz M O e o S R )
HABEFRA N BASIGSRAR LA [ 8 tRah i
FEAEEAINA 2 L Kimura B 32 (B WLER 1) 1
R FRAR RS G 3% B 95 250 R 30 CCOBIE 16 h F1 25
CRET 8 h, 15 d J&, BEFE K B 5) (R K FE A #E 43
W3 4L, A AT LA R AL B, (D5 5 95 (CK) 85
FE+FEIB K ; @7% 30 wmol/L As™(NaAsO,) Y7
TR B IR + 2R K Wit ; @ & 30 wmol/L As™
(NaAsO,) BB FRI G IR+ 0.1 pmol/L 2, 4-F2H15%
Z MK (2,4-Epibrassinosteroid ) Wi, £~ AL B 6
ANEE  HAEE 8 fRk, A3 d, AR EHE IR,
LSRRG S AL AT — B, TR 5O IR S B it
EBR, B4 8 ¥RTH LS 80 ml, & kkY5) Wit
1.2 AEBIERNE
1.2.1 #HEHFR KAt R EmENE 4350
FEALFRERS 0 d FEE 3 d M /KRR 4l B Rk = AR AN
ff T TR AR i[RI AL R S I E
Hb bR AW T i
1.2.2 Agzale B TERENRRMZER (A
T ) A3 IS O R . TE £ AL R AR A A (0. 3
g) FARANA 2 ml HNO, 1 0. 5 ml H,0,,120 °C 4
PFF AL 24 b, [R5 5 R HD K il AL i
FHEBFoKHM 20 ml, FHH S A 55 5 IR T
X (ICP-MS, Agilent 7500a ) ] & &6 & Hh G B 5
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Table 1 Nutrient composition for hydroponic culture of rice plants

5y SRR WeRE
KEILR  WARH (mmol/L) 0.091
R — 8T (mmol/L) 0.100
B4k (mmol/L) 0.183
BREREE (mmol/L) 0.274
AHFRES (mmol/L) 0.183
IR AABER (wmol/L) 0.5
A2 (umol/L) 3.0
FARR%E (wmol/L) 0.1
BRIRH (pmol/L) 0.2
WBREE (umol/L) 0.4
LM L RRANER (wmol/L) 40.0

B pH HE 5.5,

123 ABORAE ) S 4R w2 SRATE bR
AR Z Y S B S AR T Y (R ROR
TR AB AR ER W iR i e 7, RIVE A i IS BE 7 48475 .
SAU= [ (Cypy ¥ My ) +( Cog o X Myg ) 1/ My, 30
W, SAU ( Specific arsenic uptake ) Ay 7K R X il B iz Wi
REJT, Cp M1 C oy g 7 AR R AN E 30 LA 55
it M I My 58 B AR R, L B0 T i
%33 % ( Translocation factor, TF) A PEAT i A HL
PR R AL RS B M A RE T Y AR, HT b v S
S R AT SRS ' W IR RN

124 #XBHEEE PERFEB—ZOLMHHEH
REKA2~3 &M T, 7 0.5 mmol/L CaCl, &
(pH=4.5) 121 5 min, HEEKPER, WK )5,
FHARSCIEIE (0. 025% ) 121(30.5~ 1.0 h, HIZK V&
Ve 15 min, W1+, B 1.5 em ZEATRASTE PRI B %
(B4 SZX10, OLYMPUS /A w] 7= il ) FWRgR Yo,
T

1.2.5 =R A F B (3,3-diaminobenzidine , DAB)
#= %35 w9 #& ( Nitrobluetetrazolium, NBT) $ & I
IKARE A E TRl —EBALAY R (29 1.5 em K) , 205R
£ 1 mg/mL 1Y DAB I NBT &, #G&M FH
DAB Gy E YL (5 24 b, FE7ETRL T HI NBT Sy
O, B2 IR R SRR SR IR O K S
H, 70 COKP AR E F 6, BasE s, R’
FERREITIFR A 70 % LB, it FTARAR b 5 O
FYLFL

1.2.6 ARy F a2 fi BT L S AR AR

ARSI, K PE2h iR & |, Bkt
FEO.1 g, &8T2E4 10 ml 2EF/KAIEPERT
RIEALE 12 h, e = Hl A S8 (R,) , R K
TN 30 min, ¥R H1 2 5 02 B 5% (R,) , 7]
A i B — 2 4l K X B A i R (R, L
G IE SR (R,)  THEARXT L3 AX LS
Z=(R,-R,)/(R,-R,)*x100%
127 MRRESZMNZ HFERRIEE A S
ml 3% HAKAGFRES WL, W 7KV R4 10 min, 24
ZEE, W2 ml BVEW, A 2 ml KBS R 4 ml
2. 5% PR YL — B , PR Tk K £ 60
min, R HF A 4 ml R IR HENR 5 , 2L ()
Joz B S B R 2 A OB EE TN AE 520 nm &R 1)
W EAE
1.2.8 & & F # A A A 4 ( Non-protein thiols,
NPT) &2 ml 2 HUEERE A 2 FFmt R RAR & | Vi &
JE I 4 ml FA 1) 5% 3K 4 BR W, 7E12 000
g4 CHMF RO 15 min, BRI 1 ml, ARKKNA
1.85 ml 0.2 mol/L Tris-HCl Z& /i (pH = 8.2) Al
0.15 ml 10 mmol/L DTNB [ 5, 5'-Dithiobis-( 2-nitro-
benzoic acid) ], % & 20 min J5 4 66 E 1 E
412 nm AL GAE
1.2.9 AregOk AiEfedr R F A4 A R 69 k& 5T
TEAFRERAL TS 1 h 3 h 6 h 12 h F124 h SR

[Fi) s ) 2 43 B BBOK R AR 2R, SR I PMIEA 27 T k4
LS RNA, R$E IR SRR 25 1 (% 2) , FIH
FE & RT-PCR X 6 D) aE C A B K R W i % iz
R R SCIL R R TEAT 0T, SR 27423k
TR IE R AR ik i,
1.3 SitoHn

A BRSOk A2 (=3 ) BEIRK, RH
Rv3.4.0 8L, Ff X AR Ab PRECHE 2E 17 5 I R
T 25381 (ANOVA) L7 0. 05 K LAarr 2 7
EE
2 R0
2.1 FREFENEEXTMALIE T KBKRE RKME
YMEKFM

ME 1 BT LU H, As™ a6 b B ] 5 3540 1] K
LA, 5 CK M, As" b P 5 KR =i Al
MK 29 FRET 95.2% 1 94. 9%, {HJ&, 5 Hh
As"AbFHAR LY, it 2 T 3% 2R N TR JS 41 bk = R
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REAFHN A R KE , 732 T 865% F1 759% . I
A, As" R E X K FE 2 T e LR A )
HIER (2 FIE 3) , 5 CK ML, As™ b B Bk
fief J £ AT T 430 R BT 70. 2% A1 25. 9% 5 1 5

%2 EE RT-PCR ¥ &R ERKSIMF 3]

Table 2 Primer sequences used for quantitative RT-PCR amplification

Pl A" AL EEAR LY, ANt I 2 2K N TR S SRk R
TR 425 T 161. 0% Fl 13. 6% , 22 735 3|
B,

HEH 4 Bk E[51H(5—3") RIa51H(5—3") PRI 12) Bk
Actin ATCATGAAGTGCGACGTGG AATGCCAGGGAACATAGTGGT HWEHEH XM_015774830
OsLsil ATCTACTTCCTGGGCCCAGT AGGAGAGCTTCTGGGAGGAG RIZ e XM_015770687
OsLsi2 ATCACCTTCCCCAAGTTCC CAGCTCCCTCCAGTACATGC WARFRER A AR EIZ  XM_015776731
OsPIP2;4  TGGGCTCTTTCTCCTTCAG GCAGGGCTTCTCACTTAAAC DIRTHZENTN XM_015789100
OsNIP2;2  GGACCAACTCTCGGGTGAAC CACGTCACGAACACAAGCAG DIRGHENAS XM_015788648
OsPT8 AGAAGGCAAAAGAAATGTGTGTTAAAT  AAAATGTATTCGTGCCAAATTGCT B ER W XM_015758636
OsHAC4 TGGCTTCACTCTTCGGCAA CATTCTTGAATCCCGCGTCCA T R A D iy XM_026023318
or 0.5
C a
g = 0.4F ——
= 0.3+
A\
= 02 1
s I LY
= S ooaf
0 CK ASIEFE  As+EBRAHT

s
O CK; m As{bFE; @ As+EBRAMEE

ANR)/ING B R 7R A ) Ak B ) 22 3K 31 Wik 7K F- (P<0.05)
B 1 FRESEENEHMNH KBS ERSMRKENEKE
HZERIER
Fig.1 Effects of epibrassinolide on alleviation of inhibition of
relative growth of plant height and root elongation of

rice seedlings under arsenic stress

22 RMFZEWEMLETKBHMMREMER
BE JTHI R

As" T I K RE AR 28 R0 M bR AR A Ak
(14.34+3.85) mg/kgF1(5.96+3.59) mg/kg, ZIiti Il
SEE RS BV B 43 0 B 22 (13.07£2.43) mg/kg
F(5.70+0.53) mg/kg, (HEFARZE AL, HHM
As" REBRAR HE , AN IS 2R N R AT AR 2 X0 A Y
W BE 1 [ SAU {H M (22.23+9.21) mg/kg [ &
(18.74+5.78) mg/kg ] AHAISE N 1 i ) 3, b ¥R 54 7S
fIBE 1 (TF {HM0.399+0. 087 T+ 2 0.459+0. 121) ,

Qb
ANING SRR R R AN R AL 3L ) 22 5535 21 8 2 K- (P<0.05)
B2 FESEZAEEIMGKEL S AT RKENE
fR1ER
Fig.2 Effects of epibrassinolide on alleviation of inhibition of
relative growth of aerial part of rice seedlings under ar-

senic stress

2.3 RIHEEWNEEN AL E T KFER R AR E
Al

R A0 M B P P e P SR e R SE T H
B, R ZAR 10 5 B A AN 2 W D SCREL i {H 5 4
BB A, D SCRE M i 2 1 A A 0 O 5 2 1 4
Bo P, Qe @ IR I A0 I B B0, 40
ST, IR 4 ATUL 5 CK A L, As™ AR PR Y
ERIA W B AR, 2R E O X R
HY TR, 10 As™ +5bjitE EBR A0 2 (AR R G (0 500k
I HLY O DCRED IR As" 0 2h AT S 3 %)
PR AR A R A2 A 2 1T a4 O, (it /M U EBR
Je AT A R A R ER X AR R AT . Ak, 5 CK
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0.3r
—~ _a_
\0}0 0.2+ —— c b
it —f—
)4; 0.1
0 CK AshbFi As+EBRAMFH
QbR

NI /INE SRR AN [ Ak 2R ] 22 5735 5 1 2 K F- (P<0.05)
B3 FEEZNEEIMGKELS S EHTRENERE
A
Fig.3 Effects of epibrassinolide on alleviation of inhibition of
dry weight of aerial part of rice seedlings under arsenic

stress

FHEE, As™ b PR 5 /K REAR 22 B AR 6T H S50 B 2 3 T
PER T 59.4% A0 A1t 32 1 2 K N iR 5 A G L SR
B TR As" AL BFRAR T 55.4%) (& 5) .
PRI, As™ A AT 500 7K A AR 2R 40 1 IS R 40 27 3
FEE T, RN S 2 N TR T — o R L
% As" A AR R A5 E

1

AsAbFE  As+EBRALMIE

B4 MERMEENBELCETAESERANFALBELE
Fig.4 Evans blue staining of rice seedling roots under arsenic

and epibrassinolide treatments

24 RBFZEHNEXHLETKBHAEERS
==1:0p- A0

MIE 6 AT LI 1,5 CK A, As™ b B 6 - -
B A AR € S , L e e T A g 1R
i H,0, & &8, Mi4Mif EBR J5 i L
WA YT, S50 AT, NBT Y€ n] B
SIS ST B A, AT A D e
(it E AR . 5 CK M H, As™ b B it e I
HREF R @ ITEE, AN EBR J5 A E 8w @
DUVE w00, HE sk (K 7).,

50r
S a0 L
%{’ 30’ b
il 1 b
ﬂﬂ 20+ — I
=<
R

0 CK ASALFH As+EBRAMFE

AT

AR/ NE FhEFTR AR AL 3R] 2 S35 ] 7K F-(P<0.05) .
5 ME5RMFENELETKBEHERRNENBSE
Fig.5 Relative electrical conductivity in roots of rice seedlings

under arsenic and epibrassinolide treatments

CK AshbF As+EBRAZbF
Bl 6 MERMERNELETKELSEMN K DAB £&
Fig.6 DAB staining of leaves of rice seedlings under arsenic

and epibrassinolide treatments

As+EBRALH

CK AshbIf

7 ®E5RMEERNEELETKESEN R NBT £8
Fig.7 NBT staining of leaves of rice seedlings under arsenic

and epibrassinolide treatments

2.5 RBFZNEEXFHLIE TABERZBRERMN
NPT &=/ %M

ST R Ak B BORR AR v R o A B
F+, 5 CK M T 587. 7%, fHAMNE R MR N
FiJo I R 1 1t 2 2 T B, LL Al A" A BRI T
24. 0% (EA58K & T CK(E 8) . ME 9 nJ A1, 5 CK
FIH, A" REBSHR 2 b NPT S B I 4R T
108. 9% ,{H4Mifi EBR JG# & H NPT & 2 B % F B¢,
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It As" A BRIEAR T 43. 7% , LR E 3 CK K-,

15
b a
2 10 —I=
- b
&
& oSt
e
sy C

0

CK ASUEF AstEBRAMHE
AbFE

NI /INE R AN [ Ak 21 1) 22 5735 5 1 K F (P<0.05)

B8 MERMEENBELETABHEREZTHIEBSEN
[P AR

Fig.8 Comparison of proline contents in roots of rice seedlings

under arsenic and epibrassinolide treatments

20-
— _a_
5 =2
%0 151
=
- b
w10 b T
& —= ==
g
Z

0 CK ASULEE AstEBRALIE

it

AR NE FREFR IR AN R AL 28] 22 535 B i 7K F- (P<0.05)
B9 MERMFZENELETKELHEIRZS NPT 22
Fig.9 NPT content in roots of rice seedlings under arsenic and

epibrassinolide treatments

2.6 RAFZEWNEEXMHAE TKTERZR f R
HIEEHEXERRENZIE

OsLsil .OsPIP2 ;4 OsNIP2;2 .OsPT8 JZ&-/Kkgrh it
T VA PR R R W A ) R HE A OsLsi2 B
VIR ATy e 9D 28 381 A Jo 3 T ) b 32 Os-
HAC4 T4 Bt R 46 38 J5Uky 37 i iR 817 IR 10
I LA ), B A IR RS R WK IS, OsLsil |
OsPIP2 ;4F1 OsPT8 1) 3% 3k s 7Efft Jilp 38 AL B /S 12 h
WEE R R 2RI, I OsLsi2 FIl OsHAC4 W)k
H—Hm T As" b3 P, Wi EBR (KT
TR ARG LI AR ZR A 8 W A A a2 | TR B3 i T 4 i
H B fERERE T, (AN N T R 7E b AR R R

3 17 8

R NERPR S 5 MY R KA T S, ik 1

A 40 i 7 A S0 4 W 3 o K 4 2 AR Y
ARG A4 OV ARG e FH A MR 3 2R TSN AT A2
L7/ 1R ST TRER = I R SR8 3 Lo S P S
S B aa i A B, AR RS R T R,
R BN SR Y I A Ak A L 2 A
TZEEPY D ORBFIT SRR B AL R KRR AR K &
2SN R A, (H I 0.1 pmol/ LEIMFE RN
BEARPEHE T WA R AR 0 T oK RS i R, B
TE— R L3 7 B3 T A B X R
W5 it /MR RV S 2 PRI T T 44 1 7K R 4 P X e i S 1Y
Az He 77,

T XA 420 200 L 1) 5 A AR A R IR X R R 4
S A0 03 45 T, R LG AR 25 200 G B 2R 45 S By 10 411
BRGSO IT A U, AR
FAEXT T R 0 e AP A WA 2 5 A T B 4
B — 2 AR bR, 9z N H T A
R, EESREME T YA SR K, B
I AINE |, AT 52 M 200 JE 8 3 7 4 o s 4, 5|
AL B A G I A BRI ZE AL, ™ o A A i
AR A AE T AN SR s Y (R e 1
AN [R F1 530 35 Joip A T AR 0 40 P R 2R A4 1 A2 93
FREED ) ABIFSE 2 B, filt P IV 6 1 e Ak P — 52 ) ]
J& , K AE L F AR S 20 B F5E 2R &5 ™ A7 4, LA Bifi 4 i
SNBYINE Z | FEAEXTHE SR B E BT, X5 g
DS IS 45 SR AN — 8, TR, FeATH & B it
AR 2R N TR AT S s e e T KRS 4l AR
RANMEIE RS0 32 H0IROC , H L AT DL, W6 it Ah U5 3%
TSR R N EEXT R B T KRB AR RIE R G HA
A,

FEE A T YR & 77 K 057 H,0,
AEEPER A IR s g i R EA R R A AL
TGP, BRI TRATL ) 1A P 1 ST 30 D, 2 17 XoF A
Yy i 05 FE 0 DAB Yk (0 FI NBT 2t (5 45 5 3%
A RaE AT S BOK RSN i A & A i A A i,
M KRB LI 1 A IE 7 AR M it R i SR R iR & I
ETR R SIS N 1 e sy =W E N B e PRaa o
R TR R Z A L EAT $2 S A L 5 1
RE 7, M RES& R S HL ] S0 A 9 v i e A AL LR
ARG, WIS HRIEBRAEY AR N B T35 1m0 AR i ik
ZATE A,

IR 22 PR SR 3 DA AT A0 07 285 300 55 i ) o B T
PEAHLBBE VT, 76 O3 A P 58 5 38 1 Fn 4 ¢
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OsLsi TN ik &

OsPIP2; 4% 5615 5
T T T 1 T T T T |

OsPTSFIXT 1k

HALFRRSA] (h)

101
=
A
® T
o
=
£ o
S 4F
> 3
~
S 2r

1,

0 : —2 1 1 1 1

1 000

OsNIP2; 2i %} F ik
g

OsHAC4FHX ik

L Il J

L
15 18 21 24

LR E] (h)

—a— AS+EBRALHE; —e— ASALTE

10 HERBXENELETAEHEREDPHBEEEZERXEENENREE

Fig.10 The expression level of genes involved in arsenic uptake and translocation in roots of rice seedlings under arsenic and epibrassinol-

ide treatments

A I RS P L R A0 M T IR 25T T A Ei A
FHH BRI R, R B I R R S AE A
RN R, IR B ECS Y pi i s o, A
W, Y32 a i KRS AR 2 b i R e R
2 A HREE G At R SR A ERAL AR &R
bR 5 ko 2 X R K- | X R T A it 2 1l 2 % T
P 22 SR 088 25 P T KA AR AR 2 2 rp SR Rifi ok
-

KEAFFE LS9 R, NPT 7EHL YY) 5 4 ff 5 7
T EAH AR, NPT BEZS & A R &R ( = Al
i S 1 AOR A AT AR R BR ] HG 1 b
ik, BUE AR KR AN 19 RS sh v T B BRAR K 77
PERSH L =R 2 IR B RS EE (-SH) B 8 R
G571, —B5EAR FIY-SH 258 )5, S I
LR S DIRE , 1 A R £h T BOUK RS AR AR T A
FEFA S AHFGE R IR, K R &)1 52 3 A0 R A o
05 HAR R rf NPT 5 4 25 B (5 bt FH I 6 7R £

JE4E A F MR R R AL B K FEAR & P NPT &
5% IR 22 ORI (R o R — 2B

M A3 BT K FEAR 2 v 67 5 A R ER IR R R
WA R ey b TG RS RN R BMH O 3 T I ik KO, &
AR ST OsLsil ,OsPIP2 ;4 . OsNIP2;2 Os-
PT8 S HEH )RR B BAR AR, JE A R R
GRS 12 h, OsLsil \OsPIP2 ;4 .OsPT8 W335 .
A RUISME 0 3 K N R 23 R AR R AR 3 00 35
FEA BRI . OsLsi2 245 il At 1] A Jo 348 30 2%
PRI R E LA, ATR M, £ UL S
FIMERZNBEA AT, OsLsi2 (R IIEE T
B b B e BH A1 it 5 TH S 2R PN T s £ a2 e g
RS, OsHACS SRR IRA I B RE DY, AR A
WFEN W AHERER 7 FRATTR B, OsHAC ik
AR AN B SR R N R B 5 TR Ul B A b 3
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