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Expression and functional analysis of OsRboh gene
family in rice immune response
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Abstract: The preliminary role of respiratory burst oxidase homolog (Rboh) in plant immune response is defined, but the
exact function of OsRboh gene in rice immune response and its expression pattern is yet unclear. In order to clarify the role of
OsRboh in rice immune response, we screened seven OsRboh genes from the latest rice genome annotation database. The
result of tissue specific expression analysis demonstrated that OsRbohD was expressed only in spike and calli, and OsRbohE
and OsRbohF were only expressed in calli. The rest of OsRboh genes were constitutively expressed in rice. In addition, the
expression level of OsRboh gene family was analyzed in the rice leaves respectively treated with salicylic acid (SA), methyl
jasmonic acid (MeJA) and Xanthomonas oryzae PV. oryzae (Xoo0) PX099 strain by Real-time PCR, and H,0, content was also
quantified by spectrophotometry after the three treatments. The result shows that the expression of OsRbohA, B, C and D was
increased under the treatments of SA, the expression of OsRbohA, B, C and G was increased under the treatments of MeJA,
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and the expression of OsRbohA and OsRbohB was induced by Xoo PXO099 strain. However, the levels of expression and
responsive times of these genes were different. Moreover, all three treatments led to H,O, accumulation. These OsRboh genes

have functional roles in rice native immune response.
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PXO99 /2 Yy i7s T K3k A7 75 4 N 2 ] 18] Fl K 3k 7K
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FEUESEAN[A] (1) OsRboh ik K 78 7K 7 1) 56 K f 5 i
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1 HBE7 %

11w 54E

JKFE SRR H A (Oryza sativa L. ssp. japonica cv.
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1) NBo $5 7R LM K324k . /K REAR a8 B FH 25 B K AE
MRS R R RS, BT HIRAR, 1 ARt St
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IR RALY, A HUE 0.2 g S TR IR

KRG H A B 7 4% TR IR4E T, 30 C
HHEFE 14 h, 28 CHEHEFE 10 ho R —0 1,
533K 0.1 mmol/L K 4% B2 #il 0.1 mmol/L 2K #ij iz
R AT A B, T R B KA X IR, b3
JG 0. 3. 6.9, 12, 24, 48 h 4yl R&EM F, HF
FrRESHH4, FHT OsRboh 3 [H 5% ik 42 15 43 LA K
H,0, & & I & -

[ SO = 1 L TN < N 2 R S
B 1) 7K R B PRI TR B0 B bk PXO99 1 &2 OD B
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3. 6.9, 12, 24, 48h4plREM R, HEATHER
il %5, T OsRboh %t 5k Rk 434 L & H,0,
FEE .
1.2 OsRboh EEXKEHEYERZES

HRABT I OsRbohA HYLRSFEE IR IIE h il R
XTG4, MEOB K Rk R 4L 85 2 (RGAP 6.1) Hiid
KHMEAFS, A Pfam #{F (http: /ipfam.
sanger.ac.uk) X AHALLEE 1 51 2E AT DR S 45 48 B i) 25
5E o I CLUSTALX2 )54 17 1) OsRboh %& A5
A AT [FIR 22 17 81 B XT, 3FH Genedoc 14 i 7w
4521 . 1z 1] Megad.0 %) Neighbour-Joining )75 i
W ZRGRER ., ] WoLF PSORT % (http:
/Iwolfpsort.cbre.jp) 47 # 5 I 41 A 1 A7 73BT o
13 KiEZHFED RNARR

WA IR, Trizol — R BUKFE& S4B
MORNA, BG4 8 Trizol i1 & (Invitrogen 23 )
UL B EAT R AE B RNA W R F| 30 L
(Diethypyrocarbonate, 52 - ZTR) K, Ak
RNA /4 DNA, i DNA fi I (New England
Biolabs, NEB) #ATiHf#, SRIGH 1%IENEHEER
UKL RNA SEREFRRE, #1F DNA JEmERE.
NanoDrop ND-1000 iilj f H: RNA Y& X 3 pg £ RNA
HEAT R S5 L CDNA 25—, #fEid R IR B

#*1 F¥EERT-PCR3I#

(MLV Reverse Transcriptase, Invitrogen) #17,
1.4 ¥ ZFEE RT-PCR #0 Real-time PCR

PLK 5 4% 4141 cDNA 1E Rt , I )
OsRboh JE [A i1 55 57 51 ¥ #E 17 2F € 7 RT-PCR, Jf
LK RS Ubiquitin & BRAE S 9 2 % R, o i
RT-PCR "3 41} : 94 °C 5 min; 94 °C 30s,
55°C 30s, 72 °C 30s, 30 ME#; 72 ‘CIEfi
10 min, 2% Byt W58 I HL VK 43 B8, L BE I A8 o3
P A 45t 5 B, W 8 SR s e L AT PCR 9™
B ] . PCR 516 S s B e by b v 5
42 (Invitrogen) EWHF ARG RA A M P&
RT-PCR 5| ¥ WL 3% 1.

Real-time PCR T HIi{ Ik B TaKaRa 23 Al
SYBR Premix Ex Taq™ (Perfect Real Time) 7 &,
SN A Z 4 BRG] BR L i . Real-time PCR 474
ZAFM: 95 °C 3min; 95°C 15s, 56 'C 15s, 72 C
15s, 80 C, 86 'C, 90 CAuER—uk, H 45 M
5 %5 72 °C 10 min, JREAEIR VL 65 'C~95 C
W, BFE 0.3 °C, Btk — Ik, 2l g ih £ .
Real-time PCR fit A1 i {X #% 4 ABI PRISM
7 000Sequence Detection System (Applied Biosystems),
K FH LS C M 1Y 7 L AT ARG 2 4, LAZK RS GAPDH
SR ARG IE R B, AR 27256,
Real Time PCR 514 L3 2.

Table 1 Semi-quantitative RT-PCR primers used in this study

Purpose gene

Forward primer (5'-3')

Reverse primer (5'-3’)

OsRbohA ATAGGAAGGTCACAAGGCTAAT
OsRbohB ACCACGGACACTCGTACAGC
OsRbohC GTAGGTTGGTAGTGATTGGGTC
OsRbohD TCGGTTAGCAACTCTTTCTGTG
OsRbohE TAGCCTACCACCACCTCCCTC
OsRbohF AGGTCCGGGATGAGGAAGA
OsRbohG CTCCATAGCATTAGGTACGGTA
Ubiquitin GGACACGATCGACAACGTGAAGGCC

CCAACCTGGAGCCAATAAAACT

CGTCGTCGTCCTTGAACCTG

GTTTACTGCATCTTTTCTTTCC

TTGATCCTAAACAAGGCCACTG

GGCACCTTCATCGACACCC

AACGACGACGACCGCTTCT

TCTATAGCGAAAATTAGCAACG

GTGTGATGGTCTTGCCAGTCAGGG
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% 2 Real-time PCR 3|4

Table 2 Real-time PCR primers used in this study

Purpose gene

Forward primer (5'-3’)

Reverse primer (5'-3’)

OsRbohA
OsRbohB
OsRbohC
OsRbohD
OsRbohG

OsGAPDH

ATAGCAAGGTGAGGAAGCAAGC
CACCTAGTGGAAGAAGCTGTGC
GGTCAGGCTACAAGATTTGCTC
CTGCCGTTTATAGATGGAGGAA
GCTTCTCCTGATCTCCATAGCA
ACAGGGGAGTTGTGTTTTGC

GCATAAGACATGCTGCAAAAGC
CTAGGCATCCTTTGGTCACAA
GGACCCAATCACTACCAACCTA
GATCCTAAACAAGGCCACTGAC
TCAGGAAGAGAGGTCAGCTTTG
CCCAACCAACCACCATGATA

15 H,0, E=MNE

e X M i AT HL0, RS, JERY
YERkitk . B 0.5 g ZKFFHE R, LA 3 mL ¥4 PN il A /L
HAPAY, A, 4 'C. 10 000 x g B0
10 min, B LMW, A 3 mL JR&FE B (V
(CCly) : V(CHCI3)=3 : 1), FiJillA 5 mL & F/KiK
A7, 4 000 r/min Z.0> 1 min, B EJZEKMN H0, 5
R, FEMEARL, BUE 1 mL HO, F I 1 A as
F1, MAZYRRE N 3 U/mL Byt 8L S8, 30 Cht
FH 10 min; J3HC 1 mL REIE L A SRR i K
(it E AL A, 30 CHEE 10 ming 4351 2 4 R
WrimA 1 mL 0.2 mol/L, pH 7.8 EilRE: (PBS)
ZZ 0P A 1 mL 0.2 mmol/L 1Y Ti (IV)-PAR & {55,
45 ‘C/K¥# 20 min, Jf#FE REIR, W& 508 nm ik
MR EAE , ARG HL0, FbRfE T 2545 HL0, 12 it
WRBBARTR] J5 1, LA HoO, 6 B2 Wk BE 2 Tl B ifiz il 42

# 3 OsRboh % [F 5 ik & 5 E i
Table 3 OsRboh gene family in rice gemome

2 BEREH

2.1 OsRboh £=[& 3R ik B 4iE 7 47

TE 5T K R W KRG 4l 5 2 (RGAP 6.1)
Hr, AT RSN T 7 4~/KAS Rboh £H, 43l 44
7 OsRbohA (0s01g0734200) , OsRbohB (Os0Olg
0360200) , OsRbohC (0s05g0528000) , OsRbohD
(Os05¢g0465800) , OsRbohE (0s01g0835500) ,
OsRbohF (0s11g0537400) , OsRbohG (0s09¢g
0438000) (# 3). H4iX 7 4> OsRboh %K 4 it (1) 2 1
FFH 5350 NADPH EfbEEEfL 3L gpo1P™
(GenBank Accession No. NP_000388.2) #17£ 751
FexT, 4553 W] OsRbohA-G 5 gp91P"™ —#f H 4 6
ANEEPELERE (TMD T -TMD VI). FAD 254454
AT NADPH 45 & 25 #3878 gp91°" 45 & W 4% Ifi 41
BRI AR IR 4% R 5% 5 X 7E OsRbohA-G 11

Gene name Chromosgme Genomic DNA length (bp) Number of intron Protein size (aa) Subcellular localization
localization
OsRbohA 1 11735 12 727 Plasma membrane
OsRbohB 1 6 643 11 905 Plasma membrane
OsRbohC 5 8435 13 951 Plasma membrane
OsRbohD 5 5035 14 819 Plasma membrane
OsRbohE 1 4537 12 843 Plasma membrane
OsRbohF 11 7521 9 936 Plasma membrane
OsRbohG 9 10 942 13 1007 Plasma membrane
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gt F s TMD 1A TMD V b R RE A7 e B2
Y5 Ah, X gp91Ph* Ay i Ak T 1 A 2 OC AR Y
Pro-415 %% 3 | His-494 5%3L . Asp-500 5% I il
Pro-570 53 7E OsRbohA-G Hi i [l B fi 5 1131,
5 gp91P" R IA ) &, 7E OsRbohA-G f) N A i
WEH 2 AT IS Ca®' iy EF FHERBR (EF
hand), A& & A B A %) helix-E loop-helix F
it (F 1A).

i Megad.0 4Tt fb5k 4434 7 4~ OsRboh
J¥515 5 MEAUEES 5PN AtRbohD |
AtRbohF®! | NbRbohA . NbRbohB FI NtRbohDP%,
MERGEREN, SR ERXEEAWSET 34K
i, Hi OsRbohA. OsRbohC. OsRbohG ‘5 AtRbohF
1 NbRbohA J& F—~#%, OsRbohB F1 OsRbohF 5
AtRbohD . NbRbohB #iI NtRbohD J& T-—7#%, OsRbohD
1 OsRbohE 37 JE i —#% (14l 1B). OsRboh B %
TP B (R P PR UL g 41.6%~78% , Hih OsRbohD
5 OsRbohE #HLLE A 78% , OsRbohA F1 OsRbohC #f]
1L 4 70.3% . 73 41, OsRbohA Fil OsRbohC 5 AtRbohF
FIARABLEE 4351149 59.29% 1 67.5% , 55 NbRbohA FAH 1L
JE 439 58.8% F11 68.8% , H:H AtRbohF 1 NbRbohA
3 S LE DL R RATR 5 R SR I R A R A T
L F) 2 56 MR B, OsRbohB 5 AtRbohD |
NbRbohB ., NtRbohD HYAIIEE 535k 54.7% . 53.2%
M1 53.3% , M5 =& 1E4S AP BIHTE SN ) HL0,
R 2 AR E T oGk R,

2.2 OsRboh £ E RixHIALFFFERIE D

FIFH % & RT-PCR %} 7 /4~ OsRboh %£ K] fity £ 41

SRR HAT O, RIX 7 AR R R kKE
MEAFBETNREIFENE2ZR (B 2).

OsRbohA. OsRbohB, OsRbohC #1 OsRbohG 41 ik,
RIFGR, fEMR. 250 B BRI AR A S A
ik ; OsRbohD 7E BRI @ i L 4rp K3k, [HEAE
Rk 4155 ; OsRbohE F1 OsRbohF {X
ILTE @A A3 7 Rk, P OsRboh % A 78
R B 2R AR 1o ik 55, HE R BEAG I B 3k

Journals.im.ac.cn

e @A 4123, Frf5 OsRboh 3 [H ¥4 %Kik ;
OsRbohA 7£ 4% 2% B 2l 4111 32 35 12 4B L Hi A OsRboh
S E
2.3 SA 1 MeJA 7] Ui S OsRboh £ F K kY
EUR H,0, 2 2/ES

PRHGERR, SA T LU SAEYIIR ™=k R Ge kA5 1
Bt R R R R HE AR IR iy, W fEREE PR
FH M FE L H0p AL REST, MedA 1555 e
FE (=50 pmol/L) WA, WTLAG] & 40 fu 2
FET- LA H,0, FLRLS

T BB SA il MeJA 5 OsRboh & K 52 1% 11 A
HXF, FATAAH 0.4 mmol/L SA F1 0.1 mmol/L
MeJA 43 Ak B DY - — .0 A K RERR 1, D258 1K A
s AR FRATHUEA € & RT-PCR J3 %)
OsRboh J& A 7E W F kb B )5 1Y) 0~48 h N 7 A~ [i]
BRIk b, #iREW], OsRbohE FI OsRbohF
FE3X P RO B 2% 1R B R R I ok, IR AL
OsRbohD 7E MeJA [ALHE T R A Rk, T
OsRboh  J K] 52 15 1t L by i PR 6 W e A 31 45
BHREEHBE (AT R). HEFH
Real-time PCR 43 Jl%f OsRbohA. OsRbohB.
OsRbohC . OsRbohD #7OsRbohG 7E 4k H Ji5 ) 0~48 h
DI 7 ABsF ] B A T A 8 ik AT, IR Ak B
J& KA B HL0, B b AT Tl (] 3). 452 1
7/~ SA AbFJ5, OsRbohA. OsRbohB. OsRbohC #l
OsRbohD ik f ¥4 firfi &7 , (H 23X 4 LI XS SA
F18) IO 25 B[] #1135 6 15 K P AN [A] . OsRbohA 7E SA
WFEJE 3 h B RAE TSR BLE, AT X IR
TR B RAEE T 44%; OsRbohB 7£ SA 4L FHJ5 9 h
12 h BRI RIR T TR, AT R B S 4
#5 16 {51 7 1% ; OsRbohC 7& SA AL HFH) 3 h A6 h
DI FEARTE, M RER RSB 7 65
16 1%, SRIMFE SA Zb¥J5 9 h, OsRbohC UL T3
AR RE, MR FERZ 2 £%; OsRbohD 7 SA
WHJE 12 h il 24 h FkRAAR] T HEMERT
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B 100 [—NtRbohD (AAM28891)
95 L—NbRbohB(BA(5686$
100
AtRbohD (AAC39477)
100
OsRbohF (ABA94089)
OsRbohB (NP 001043020)
OsRbohG (NP_001063267)
100 AtRbohF (BAA28953)
82
NbRbohA (BAC56864)
100 OsRbohA (NP_001044165)
100 OsRbohC (NP 001056115)
OsRbohD (NP_001055783)
100 OsRbohE (NP_001044725)
—
0.05

1 K¥E Rboh EEMHEMERFELEZNH

Fig. 1 OsRboh protein structure and systemic phylogeny analysis of OsRboh family. (A) Multiple alignments of predicted
OsRbohA-G and gp91°"™* protein were made with CLUSTALX2 program. A line above the alignments is used to mark strongly
conserved domains such as EF hand motifs, transmembrane-spanning domains (TMD | to TMD VI), FAD binding domain and
NADPH binding domain. The asterisks under the sequences indicate amino acid residues which are required for human NADPH
oxidase function and are conserved between gp91°" and OsRboh protein. Solid triangles represent histidines forming part of the
bis-heme motif. Beneath EF hand motifs is the sequence of a canonical helix E-loop-helix F. n is usually a hydrophobic residue.
Dashed line indicates variable amino acid residues. X, y, z, contain oxygen within their side. z is usually glutamic acid. (B) An
unrooted phylogenetic tree of OsRbohs and some Rboh homologs from other plants. Bootstrap value of 50% or higher are shown on

significant nodes. Species names are: At, Arabidopsis thaliana; Nb, Nicotiana benthamiana; Nt, Nicotiana tabacum; Os, Oryza sativa.
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2 OsRboh £ ERIRHYELRSF FIERIE D

Fig. 2 Tissue specific expression analysis of OsRbohA-G by semi-quantitative RT-PCR with 30 cycles. Equal loading of cDNA was
monitored by amplification of a constitutively expressed Ubiquitin gene with 25 cycles. Tissue samples are root, stem, leaf, spike,

sheath and calli from rice.

OsRbohG HIBE& I [ RS, Fib w0 T
(K 3A), SRS, 28 SA AHS, /KFEM
H.O, & itk 77284k, 7EACFR)S 3~6 h, H,0, & &
B, ALIE 6 h J5 1 HO, & SR T A S AT 32 15
T 27%; WiAEALHG 9~12 h, H,0, & & Bk,
IFFEAL IS 12 h RS s, A AL ET R & T
50%; i [ ALFRJS 24~48 h, H,0, &z Mk, (H
FEALBE)S 48 h, HoO, & i ATi8R LLALBERTZ 5 (8] 3B).

125t MeJA 4bFHJ5, OsRbohA . OsRbohB .
OsRbohC Fil OsRbohG 2k 158 T #¢ , 3 HAE
) R T — 8k, X 4 P IEEFR R AL
U5 9 h #1112 h 15338 1 R4S . Hrp, OsRbohG
(s IR TXHEIRE T 6~7 1% (181 3A). St
I, KA R H0, S AEAL RS 9 h Al 12 h ik 3] T
R, (EATHT SA ANFR, H,0, &5 (13 IR A X 4
I, ZbFHJS 9 h A1 12 h () HO, & st AH X A0 2R 43 31
BT 28%M129% . FALHLS 24 h 2 48 h, H,0, %
FOEWIAAR, fEALBRS 48 h, H,0, & it LU AL FRATIG &5
(& 3B),

PL_E&5 98], OsRbohA , OsRbohB #il OsRbohC
TE SA T MeJA AL B 4B 30 ) 1 3Rk it 1y W] i 42
Th, JF HAEX 3 AP KGR LB R, H,0, 1

TR EHR R, VX 3 NMEHEE SA Rl MeJA
AT 18 7K R G 28 I 28 i on] B R B T L AR AR
Fl; OsRbohD WI{Y7E SA [ALHET W ELH T ik
HH9E T, W] OsRbohD Tl fg 5 SA WIS H K
FH X ; OsSRbohG 43 I 7E SA H1 MeJA Fy kb B T 2 51
ORISR, R SA FI MeJA ] g 5@ i A [F]
M55 18 B AE ;i OsRbohE 1 OsRbohF 7E
SA I MeJA 1Y 4b BT R AW M Rk, U]
OsRbohE #1 OsRbohF ] fE5 SA F1 MeJA 431y
P 15 8 B AN AH G
24 KXKWBEBEE PXO9 BHATFS
OsRbohA #1 OsRbohB BJFIEER A UK H,0,
SENIES

T P K RSSO T 5 OsRboh JE K 5% Y M
KF, AN KFE s TR PXO99 Pk X P i —
O 0 K R B EAT S R, ORI R R E
RT-PCR 43| %t OsRboh & A #E AL L5 ) 0~48 h N
7 A B T 3Rk 0T, S5 R, BR OsRbohA Al
OsRbohB 41, H:4xi OsRboh J A I o i 9l ik &
(I .2k 7E , I H OsRbohD . OsRbohE #il OsRbohF
PISRARAG I 1 3k (B AR WoR). s FRATH A
Real-time PCR %} OsRbohA. OsRbohB. OsRbohC

Journals.im.ac.cn



1582 ISSN1000-3061 CN11-1998/Q Chin J Biotech November 25, 2011 Vol.27 No.11

3 0.1 mmol/L SA #1 0.1 mmol/L MeJA 432 T OsRboh £ E R ik FiAKTEHER UK H,0, 2R

Fig. 3 Expression of OsRboh gene family and H,O, content quantification under SA and MeJA treatment respectively. (A) Real-time
PCR analysis of expression level of OsRbohA, OsRbohB, OsRbohC, OsRbohD and OsRbohG under 0.1 mmol/L SA and 0.1 mmol/L
MeJA respectively in the leaf samples collected at times indicated above. Water treatment was used as control. The error bars indicate
standard deviation of the mean of three experiments. The asterisks indicate there are significant differences between 0 h and other
time points for each treatment after biostatistics analysis (P <5%). (B) H20O, content quantification was assayed by spectrophotometry
under 0.1 mmol/L SA and 0.1 mmol/L MeJA respectively in the leaf samples collected at times indicated above. Water treatment was
used as control. The error bars indicate standard deviation of the mean of three experiments.
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1 OsRbohG 7EALFE 0~48 h [N 7 /N e] Be b4 T AN}
ROHT, XA BRS K AEI H H0, & kA T
TE (K 4), SRER, fEHERE 3~48 h i,

OsRbohA 7l OsRbohB 135 H AR 15 2] 1 AN [l FE BE iy 4
o HiHT OsRbohA Fifi % B I AHERS , Rik it 24 -
THi&#; 1M OsRbohB WIRBLH T ANIE], FeeM)s 3h,
OsRbohB )71k it FH X T4 B sr ZI8E T+ T 11 £,

W J5 B PR ek s 4 e A RO N R R, (H AR S

E

—=—PX099
——Medium

o 360 |-

H,O, content (nmol/

O 1 1 1 1 1 1 1
0 3 6 9 12 24 48

t(h)

48 h, FLEAHXTXIAETT 24 £ (B 4A), SR
OsRbohC F1 OsRbohG iR ikt I L i A8 Ak (Bt
W) SULFEEE, AHEERS 3~48 h, KFEM A
H,0, & i i A B o W& B R A HERS , HL0, % 1%
Wt s, JFAESEMS 48 h, H,0, & L IERN AT &5
T 104% (& 4B). LI EZ5HE SA il MeJA Hujfiib
PR LB A A SRS K B, SR KRS g S B ) S
PEE IV 5 0] eI AR T R (5 S i

4 KIBEHBRE PXO99 EH#kiEMF OsRbohA EF F1 OsRbohB £ E RixKFMELUR H0, 2R Tk

Fig. 4 Expression of OsRbohA and OsRbohB family and H,O, content quantification under inoculation of Xoo PX099 strain. (A)
Real-time PCR analysis of expression level of OsRbohA and OsRbohB under inoculation of Xoo PX099 strain in the leaf samples
collected at times indicated above. Medium treatment was used as control. The error bars indicate standard deviation of the mean of
three experiments. The asterisks indicate there are significant differences between 0 h and other time points for each treatment after
biostatistics analysis (P<5%). (B) H.0O, content quantification was assayed by spectrophotometry under inoculation of Xoo PX099

strain in the leaf samples collected at times indicated above. Medium treatment was used as control. The error bars indicate standard

deviation of the mean of three experiments.
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WA FIRFER, R ENIKEE K ETES
WEBEMAEM . ki, OsRbohD . OsRbohE il
OsRbohF N5 4 4~2 s A1 ZR 1A Y OsRboh & [K ik
PEAAFAE R 225 . Horh OsRbohD 7 -4 1 i 44 41
Zldi 3k, il OsRbohE F1 OsRbohF X1k &1 15 4 41
EIRIE , XFIEAEI R I+ AtRboh JE K 5% h s
FIREAEAE, PIfER i X PSR NADPH Afk
it (0 Ak ik B2 rh 4 AN R f 6, AT E AR
DIRel®, AR, 76 1 A IRt A fig 4
X 7 /> OsRboh K&K #R1G 3] 1A [ 2 1 Kk o
OsRboh A G245 S AE 45 2 B AL LR IB I 22 5
B, RX 7 DIEFEAREAEKRERE . UL
P i 3 s rp A [ ) £ (12

AR SAFI MedA 433l W] L7554 4 i i ik 1A
ik, JEEREE ROS MR A . AR, FIH
SA KPR S, 2 RKIGHN NbRbohB i [H 4% 5%
K, AFHEF H0, (KRR, I HIig#R®
Pisk MAPK HEERNS S, XWE&EES NN
MEK2-SIPK/NTF4 1 NPK1-MEK1-NTF6!"%, .4k,
TEXHU R T BIBFFEH, MeJA FT LA S AtRbohD il
AtRbohF Kk & T+, JHEERE H0, AR ER, K
IMAE 433X} coi-1 2€74E (Al atrbohD atRbohF XU 27
TRHEAT MeJA KBS, H,0, I R PR B i 8 7+,
AT, KAEZ SA 4hBLS, OsRbohA.,
OsRbohB . OsRbohC #il OsRbohD #BEE H T ik i
1 iR, JF BAEREE H0, B R 754 MelA
QLTS , OsRbohA . OsRbohB . OsRbohC #il OsRbohG
WA T RIA RS, WRMEEREE HO,
AR, XRWIZEKFE T, SA Fl MeJA 1] 45351 F
Fl MAPK 2% Bt 4% A1 COIL 4319 )7 205 5 OsRboh
B F WA KL RIE K HO0, MR,
OsRbohA . OsRbohB #il OsRbohC 7£ SA Fil MelA [
AT AR I TR AR BT, JEH H0,
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Mo ZW AR R, X 3 M EEHITE SA
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R EE LRI E R R o 0 A VR A M AL i 7 2
— 5T

GER7E D i S R Sl U WA B N
(Pattern-recognition receptors, PRRs), A] J iR Sl
SRR I 51 A e ml e e 2%, AT FEREE MAPK 21
BRI E . PUrEEE R 75 Rk DL & ROS Y 448 &
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RY 5, WNIER SA Fl MeJA & R ARG 2] T i &
iR P8, fEA S, Xoo PXO99 1R 4 53K
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ki R IAFE MY K L ] OsRbohC . OsRbohD #il
OsRbohG ikt Jf Ak LML, HEMm SA Al
MeJA 4b 3T 3R LAY 5 DA B AN [R), 2R mT e HA
P S SA K MeJA —i2 2 5 35 )5 #1755 OsRboh
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