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Abstract: [Objective] Rice is more susceptible to bacterial panicle blight at the booting stage than seedling stage. The

objective of the study is to understand the resistant mechanism in different growing stage of rice and lay a basis for

breeding rice varieties with high resistance.l Method 1 The spraying and injection method were used to inoculate seedlings

and panicles of resistant and susceptible rice with Burkholderia glumae, respectively. The activities of three antioxidant

enzymes (peroxidase, catalase and superoxide dismutase) of treatments and control were investigated. Real-time PCR
was used to detect the expression of five defense response genes (PR1a, PR10b, Rcht, LOX and PAL). [Result] The
infection of B. glumae induced the accumulation of reactive oxygen species, the increase of antioxidant enzymes

activities and the higher expression of some defense genes. However, the defense response was different at the seedling

stage and booting stage of rice. At the booting stage, the activities of antioxidant enzymes (peroxidase, catalase and

superoxide dismutase) and the expression of PR10b, Rcht and PAL were higher, but the expression levels of PR1a and

LOX were lower than those at the seedling stage. [ Conclusion] B. glumae could induce more defense response of rice in

booting stage, salicylic acid signaling pathway played an important role during the defense.

Key words: rice; bacterial panicle blight; antioxidant enzyme; defense gene; real-time fluorescence quantitative PCR

fi . [HM Y KRETEZR b 3 5 25 5) B LRl A 975 (Bacterial panicle blight of rice)Jf HBUEAE . ANHHF 5% 15 TE4R
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“H (reactive oxygen species, ROS). it % [ ROS fif
TR AN 7= A AL e, S B M e T o ) A
wEHBR. AR, B, ZRIESE, EEEY
T A B [ B AL, G — Se B A SN X ROS
1 RZAHEATIE B, 4 ROS 4b TR /KF 1807 P Al
DLk 4E R IE R AT o, BEL
{1 (superoxide dismutase,SOD) RJ ¥ 4 [ &+ H
M2k (O, )AL B Hy0, A1 Oy, I S5 AL ) g
(peroxidase,POD) Fl i % f¥, % 14 (catalase, CAT) f# 14,
H,0, ] H,O KAL), POD 62 AR & i 5
g, EZE5RRENEHN RO Es, 25
& o2 R WE R 1 (HRGP) 45 4 1 1 B AN 4 Ty 2
VI AAL R, SR R R S O,

By 12 S . A PR E R P Ak P B R BURT K Rk
KR YIRS R AR G ) A B T A
R R BALFE S IR 3 A O SR R (I R TS 2
T fife s AL ] PAL. JIE A &5 R R LOX) S
AR (1 LT Joit Mg K= K] Reht, PR R £ 3 [
PRla. RAUMZMEIZIREGIE PR10b). S5k
HRIIFER (R BT A A TR R R
HRIP)HE S5 . H= Y EEAEH TR R B, BRI
JEY i« SEFEAT 2 2 AR R R A S FE A
(PR JEPR) B —Fh i PPN, PR
ERMFFHREEEDESEIERNENE
Ko HETH U 2 A K FIR (jasmonic acid, JA)(E
S FRE KR (salicylic acid, SAYE 514 5%
1o JA AT WML T G % & B (lipoxygenase,
LOX) 51 SR AR BOR FTRR FH i . SA IBRUR TR
PR R IE 2, 2K N L % & 1§ (phenylalanine
ammonialyase, PAL): &5 % N b A B g A0 AH 5 1)
SCHEREY, PAL I 1 4 o U — 25 (2 kA A P O
SA &I, PAL 0B 5K, IR
WEMRIA R, SHEPTURTES SR,

KI5 3 FH e B AR 5 A KRG SRR, 8T
W5 S kM A B DL SRR A AR, E 1 3200
SRR GE, H AR R K RS AR T A AL B T
P, DAKCBIT T RS R ) ek A8 Ak, W RS 1K
FEAS R IR 0] R 0 PRI BT AL 22 5

Y ViR SRS PIRES

11 AR EERE

1.1.1 - RAGHAA=E A KR
SRR S, FRATIR L H O R A 5 2 B

R KRG S AP ER L 105 LUK R S AR AR K 8386
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it F 7K 8 b el I 5K e i o % 0 v P R A
LMG2196(B.glumae) B #iVT K 2= W MR Az Fe it
1.1.2 KAGHR % EH RAA

IKFEFFH 3 %id HALEIHEE 24 h, KE/KIRIE
24 h JE M R BB KR LIRS (18 cmx 14
emx12cm)d, BIREQGOC) R, FHK SN
IKFELEHTRE 25 d 72 A HEAT R
1.1.3 B & REH

B CEAL I B bR R 2 LB Wik ks 7: 36 28°C
THEF 1555 18 h, B LMG2196 40 T4 K6 50
4000 r/min K AR B O EEE, 1 0.9% KB AL H
EKFRE, 4 6EE T (UnicoUV-4802, Hi[E )i
BRI E 2 7x10° CFU mL ™ (ODggo = 0.517).

1.2 ¥EFh R B
1.2.1 "R A+

FIKAG 2 31, K B 7x10° CFU-mL™" (74 &
TSI AR KRG b, DA S5 AR R AR B K
[PIKFE AT IR
1.2.2 JE4H3E4F

IKFGZAFEIAN, 5 mL S 2059 7x10°8
CFU-mL™" [ 5 Bk i At , SRR T AT 1
Woa Y, DAY SR SRR AR B R K R KRS St R
1.2.3 B4

RIS 8 AN H] SR, ol AR S 04 64
12, 24, 48. 72. 96 1120 h. /KFGFEHAECZER, 24
FEIAHC AN . B i e 5 R 0, B —80°C T
R o
1.3 MENEEEHENE
1.3.1 Bgig 6% %

FREL 0.1 g #E85h, n0.9 mL KEEAFEE K, vk
WAIHKIE, 4°C. 2500 r/min F B> 10 min, B EiE
%H.

1.3.2 i A4 EE(POD) & P 69 M) &

F POD & 575 (R o i B AR ) T RE T 5
HH DI A POD R34 - A1 POD 44 H,0,
S JEEE, Y6 A BT (UnicoUV-4802, 1)
M%E 420 nm &b OD 1H, #R4E LT ATHHE POD
T

POD & PE(U/mE)=(A s —A wew)/ (12 X FE i R
FIEE) X 4000/3
1.3.3 it A AL A Bg(CAT) & M &M €

F CAT Wl 5 107 B (g a i B AE A T2 R 72 T
HH D) e A o T CAT 354 - CAT 43l HyO, 1T
HsMoN,O, i1k, FRH H,0, 5 HsMoN,O4
FEAR E LAY, M E HAE 405 nm 461 OD 1A,
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Table 1.  Specific primers for real-time PCR

£~ 37| By Bkl PIGK

Gene Accession No. Primer sequence Length/bp

PRla CA758799.1 F:GTTATCCTGCTGCTTGCTG 299
R:GTACCACTGCTTCTCCGACACCCAC

PR10b CA755132.1 F: TGAGGTGTTGGAGGTTAAGAG 217
R:AGGGTGAGCGACGAGGTA

Rcht AB016497.1 F:CGCCGTCATCCAGAACCAG 179
R:AGATAAACAAGGCGACTTCTCCAC

LOX FJ607153 F:CGCCATCATCGTCACCAA 199
R: CGTCTGTCCCGGCAAGTAA

PAL EF576408 F:TTCCCGCTCTACCGCTTCGT 193
R:GCTCGCCGTTCCACTCCTTG

Ubq AY072820.1 F: CTCGCCGACTACAACATC 147

R: GACATCAGCACCACAAATAC

HRHE LA A X5 CAT HiE %

CAT fﬁj}(U/mg)=(A s — A e )/60 X 271/(EX1‘$
B XFE AR R
1.3.4 A2 A LA AL EE(SOD) & T 89 M 52

F SOD e o751 & (R B B AE ) TR 9
o DI E FE L R SOD BITEME . O, BRI K
TWAHER E:, TN B 75 2IE L . e HAE 550
nm ZCHROEE, ARG LR A SOD i /.

& SOD V& 73 (UMm@)=2 X (A sr— A weie)) A s X R
LIRS AA AR (BURE B X R B IR )
1.4 FREEFZEESH
1.4.1 RNA #RBUZ AR M|

K Trizol 4R BUH A (1) & RNAIY, 1 Fr F
ZMFEE J5 I 1 mL [ Trizol(Invitrogen, 3 [E)12 %5,
12 000 r/min. 4°C FE5L> 5 min, HUEiEN 500 pL
SAIRAS, 12 000 r/min. 4°C R0 15 min, BE
JEIN 500 puL A EEVR ], 12 000 r/min, 4°C &
O 10 min, 3 _F3F, WA 1 mL 80 %L (—80°CHt
HITA)EZ), 12 000 r/min. 4°C B> 2 min, #
ZF%E, MANEE DEPC ddH,O fi#. B 1 uL M
Nanodrop 2000(ThermoScientific, & [E )il E RNA
MIRE . TR RNA fRAFT—80C F#& M.
142 cDNA 4%

AR S e sk 771 & 1 W Fi(ReverTra Ace qPCR
RT Master Mix with gDNA Remover kit, ToYoBo, H
A)VWS U, ¥ RNA i DEPC K% 12 uL, 65C
NARPE UK A 2 min, BN 4 pL 4 fF R
R TRIE I (4% DNA Master Mix) 5 3£ K20 DNA 5%
#)(gDNA Removen) VR &4, 37°C F/RE 15 min,
FBR s RNA ) gDNA, 14 pl 5 5 R ) e %

SR (5XRT Master Mix 11), 37°C N & 15 min,
50°C FJHCE 5 min, /)5 98°C FE 5 min.
143 A& X R EE PCR 38

RIGHTH B FITER 1, HpZ REF(Ubg)
NWSEH . PCR ¥ MR RN 20 uL, HAH
i 1 puL Bk, 10 pL 2 5K EZER) SYBR Green 44 (f
1% PCR FiiJE#( 2xSYBR Green PCR Master Mix,
VazymeAceQ™, 1), 0.2 pL 514(10 pmol/L)A!
8.6 uL ddH,O. #3421 F: 95°CF 5 min; 95°C
R5s, 55C/58C F10s, 72°CF 15s, 40 M.
P29 S, Bio-Rad FX96 ¢ 52 & PCR(Bio-Rad,
) H 327~ Ct{E.
1.4.4 A7

FKFE VA DA P Ji B () Ab B (— Bg) 5
KA B 27 0Ot v B o TR T Ak PR
(+Bg)H &L R AN Rk & A DA AR A &
TR, TS ZA R AR & R R R IA B
B3 ANE [ IE TH AR A R AR Y 2 R R
K&,

2 R0

2.1 EHAFEAT R MK Em A S EERYE M
2.1.1 POD #&y&EMH

BRI, PN KIE S AR POD 6 1A
M TR B A, ARSRR SR SR S B [
POD {1 58 55 AR 50 B 1 04 n B th BE K A
SRS SIAEHER 6 h 1 96 h A7 W5 (=, TS AN I
RiRFE 6 h A (& 1-A). KIEZHEER) POD
WER T, SRR SRR AR S POD £
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SFHRE RS fa T 8387, “EYREHHIMFFEH 105 , “—Bg RmREMLE, “+Bg Fm b, T,

‘FH’ refers to susceptible variety ‘Fuhui 838, ‘EY’ to resistant variety ‘Eyi 105’, ‘—Bg’ means control treatment, ‘+Bg’ means inoculation treatment. The

same as in figures below.

B 1 TEHMKFERM TS CIEPOD)ENY

Fig. 1. Activity of peroxidase(POD) in rice varieties with different resistance to bacterial panicle blight.
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Fig. 2. Activity of catalase(CAT) in rice varieties with different resistance to bacterial panicle blight.

FeME 24 h B miE e, JESERIRMNAE 72 h J5H
T 1-B). ULEH/KFEZ2FE ) POD V&M
MmEsTEHY, JEEARMNFR POD iEtE T
SRR N o
2.12 CAT #iEH

FFh B. glumae J&, ZKFE T BIATZ2FEHA ) CAT
T EE AL TARACT, AR SN A v PE s s, 1%
BB K. THIEM G, JESERR BIY CAT & /)
1E 24 h A5 B U, 35 R0 S R A EL et B Fr 3 i AN R (1
2-A). TEAFIAEM G, FESRARVAE 6 h F196 h
B EIE T, SEA R NAE 24 h A1 96 h [R3E M5
B E DN TARRA R N 2-B). 15 B AESR A S M

T CAT T A0 8 5 LS5 R 5 S BE PR 4 18 88 B v

IKFEZAEIAN) CAT 75 M e T .
2.1.3 SOD #y &t
EEERR, PR SOD & P 1E

6~12 h B, MG SRRSO, A8 Ak 5 6 BEARARL, 17
AESERI R NIAE 48~120 h T X R (K 3-A). 227
Wl S, SEAI RN ) SOD 7E 72 h A fe ki,
B NAE 24 hiEtESR S, FFA 72 h 2
FiEa# (&l 3-B). UiBHAESRA R BH E) SOD e
TR, FImEW S TR R KGR
HHI) SOD 38 & & 1 1 .
2.2 HEATNTERRA R K FE R FHRE D EE M FRIE
22.1 PRla®ykir¥

WA S, ARSEAR B PRla fE8EM G
6~12 h FIREES XTI 1.5 500 L, WisEfix
IEAE 5 bR 12 QL i A AL TR /KT, 120 h A 412h
YRR 1.7 fs. ZREEAEER S, AESERURM S5oERR
N[ PR1a o8 T ARIE(E 4). A0 AEE A
SN ECSER N Y PR1a R IA B E &, RN A
B 5. B.glumae 12 4%} PR1a 1115 SAE A K.
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Fig. 3. Activity of superoxide dismutase(SOD) in rice varieties with different resistance to bacterial panicle blight.
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Fig. 4. Relative expression of PR1a in rice varieties with
different resistance to bacterial panicle blight.
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MRS, dESER M PR10b 7E 6 h &iA
BANNHIER 9 %, 1E 24~48 h F1 96 h AR E K
FEIE I SE AN MAE 12 h AT 120 h 3% 18 1.8 5.
ZARSHEE A I, JESE RIS PR10b 7E 6~96 h Lk
HIAA R RIE R, SEMSNAE 6~72 h EEH
AT K 5). LLESERUE, B. glumae M2 4
REE 3 /KA8 PR10b K ERIE, HABMMRIAE
T A AESE RN B SE R B PR10D [ 3R1%
i H AR IAR R R
223 Rcht# (i %

MM E, JESRAR BIH Reht 7E 6~12 h [
Tk BN 2.31~3.78 i, TSR M B AE 72~96
h AHEKFRIE. MG, JEsx B
Rcht 7E 6~24 h 1 72~120 h fJREW & T, M
SRAR NAYAE 6 h F1 96 h A 21N 2 fEHIRIE &

18 r OR- 14 R-seedling
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Fig. 5. Relative expression of PR10b in rice varieties with
different resistance to bacterial panicle blight.

(K 6). "L, B. glumae 57KH8HAER GEi% S Reht
IR ERIE, HEREESKRESFAA KR,
A5 R0 S B EESE A SON () Reht 283k B 5 1y H Rk
(A R, KRS 2R R A Em T .

224 LOX#Eik%

WHEEM S, JESERIR B LOX 78 24 h
JEEXTHR 1.86 fEHIFRIA R SEMRMNAEEFNE 6 h
2RIk R AR 1.53 5. HANGLE ) LOX 78
R RIA B FE LT EH (® 7. W B.
glumae RNAgE T 5 S LOX HIZIAKJE S/KFE JA
&9 FBE.

225 PAL#E%XS

B HARE R G, JESEAUS N K PAL HIZRIE 255
HEARAL; HSERI S IFE 24 K1 72 h IR IE &35 H
XTHR 1.63 A1 1.58 . ZAA8 R M S, PAL MRIA &
BEE T AESEA R N H PAL [FRIATE 0~96 h
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Fig. 6. Relative expression of Rcht in rice varieties with
different resistance to bacterial panicle blight.
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THESREMAARRLE, EYIPTORILE&4
fir 22 520, 7E R 1 (Magnaporthe grisea) 5 7K 7% H.
fEiEFEF, POD 3G S HURRIEDR (168 71 1IEAH K,
(H H A B AR FH AR — o ROy, Ry
[¥) SOD #1 CAT &5 Hidm i i e ) 2 A% .
M8 75 5 22 45 L% 0] SOD Al CAT % P 5 % i
HLL. B RPN (M. grisea) (= 417K AE
LR CAT 347 T @08, KB CAT EE =
A TR . AR ARV B, SR HARSEAMEE
fEp I RFEE & YK R, &R
ARSI AN, HEARLE TR KREITEA
A BT A 22 S ) AT 9 DA Mol B T 7K
FEAERXTR, HEBR T KFE B & A ARER AR 1) 5
Wi, WFFCAKH, POD. SOD 1 CAT 7E3E3EA [ M
W N TR A RO, I HK RS 2 A I g
PERE Ry o 25 FRBETE /KR v 300 H B ) foe s AL AN [ 5K
FEiufh e, 1H SOD Al CAT fE A3 MR HE S Al i
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Fig. 7. Relative expression of LOX in rice varieties with
different resistance to bacterial panicle blight.
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Fig. 8. Relative expression of PAL in rice varieties with
different resistance to bacterial panicle blight.
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oryzicola) {2 445 /K F8 R e 5 TA 15 58,
AHEFRIN, JA BAF R B R AR E A B R R R IA
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