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W SC A T hrpD B St BT Y hrpDS
I hrpD6 J DA AE 7K R 1 Al 5 T B30 e v 4 e 7 1
ML BT

— R UL, A A T hrp PR Y R 3K 32 R
BESMIES. EFEEHREPERK REER hrp
FRGAUA S R 3k, T LEAR ) 2 2L A )
LU RRIR B IR B b hrp B PRI 26 5K 0T DA R
pELE -1 hrp P85 B R AV Y R G AE Pseudomonas
syringae . Erwinia spp. . Ralstonia solanacearum Fll
Xanthomonas spp. H 2 % 1R 1% A Xanthomonas
J&  hrp FRFEH hpG il hpX ﬂﬁﬁ‘m] . HrpG J&
T 3R R G OmpR 05 i 51 , % AraC 2§
TR IR 5 K5 HepX, it HepX 3895 R 7 (9 hrp #%
SR ICH T3S B oy 177" BRI R Xoo
(0 erh JED AT LAY hrpG B3R 3K, H FTGE A W 4 240
TR 2 B B WU PR BE 5 5 N T 9IS hrp SEHAY T

hrpD6 & — A~ o 8RR By hrp BE A, AL AE
Xanthomonas J&F 49 J5L 40 B 0 A 7 o e 20 PR MO 1R
() hrpD6 JE R Y E AR £ L HR MfEar £ E Ry
oWtk LB H B hpa-hrp-hre & R J& 15 7 HE 52,
WD DLARTE . AR S Xoo 1Y hrpD6 JE [R 1E 47 ik 25 %8
R HAEAE R EMY E 2Rk T HR BUK RE T AN
FEKFE BRI BUR T, I B hrpD6 (1) 3 15 % /K R 41 i
BRMZ hpG 5 hepX 5, % T3S &8 43 F hpal

JL [N ) 18 M Hpal 4 H 0920 6 B AT 3 52 19 52 i A
M

1 AR %

1.1 ##
1.1.1 FEZ R F MALES : Xoo 5 Mt i3 B #k 3 F 4

DNA $2HUAH & T Axygen 22w, & RNA $2 B0
M & T Roche 23w, 2 e 5185 & 1 T Roche 2
Hl o EEFFT ] PMDIS-T 28 14 | % 45 il | Rl 44 4 1
il \Ex-Tag [ifi fi1 DNA marker ¥ lJ F TaKaRa 2\ &) .
Southern blot fif H§ DIG & 7| & I T+ Roche 2 &l
Western blot i3 & ) T GeneScript A #] . 5|94 I,
AR 1 Invitrogen 23 W] 58 Jil . ¥ R B0 AL \PCR X
R T T Eppendorf 28 7], BE I BUR & 4t
W3 F Bio-Rad 24 7l
11,2 SRk Bk A6 ) AR K SR A5 T
i FH B TR PR B2 BORE WL 3R 1, Xoo B BRTE NA 1 NB £
FEH A 28°C 15 3% . KRG B ( Escherichia coli) T LB
H3TCH IR . BT BT R B 3 0l o - N
Z (Ap) 100 mg/L, RARE: Z (Km) 25 mg/L FIF| 4
S (Rif) 100 mg/L,

R K Nicotiana tabacum L. cv. xanthi 17K 55
R I i A TR24 A S 6 28 R A7 AR T B s Rl

Refif .

®1 AHRFFAEKSRK

Table 1  Strains and plasmids used in this study
Strains or Plasmids Properties Source

X. oryzae pv. oryzea

PX099"* Wild type, Philippine race 6 This lab

APhrpD6 Tthe hrpD6 knock-out mutant of the strain PX099* This study

APhrpD6 ( phrpD6 ) Km', the transconjugant of APhrpD6 with the hrpD6 gene ligated in pUFR034 This study

APhrpG The hrpG gene knock-out mutant of strain PX099* This lab

APhrpX The hrpX gene knock-out mutant of strain PX099" This lab

APhreV The hreV gene knock-out mutant of strain PX099* This lab
PX099" (pHhpal myc) Sp", PX099" harboring pHhpal myc This Lab
APhrcV( pHhpalmyc) Sp", APhrcV harboring pHhpal myc This Lab
APhrpD6 ( pHhpal mye) Sp', APhrpD6 harboring pHhpalmye This study
E. coli

DHSa F~ ®80dlacZ AM15A (lacZYA-argF ) U169 endAl deoR recAl hsdR17 (r, m. ) phoA supk44 A~ thi-l Invitrogen

gyrA96 relAl

Plasmids

pMD18-T Ap", pUCIS8 derivative, TA cloning vector, 2692 bp TaKaRa

pKSM1 Km", sacB +, mob, oriV, derivative from pK18mobGII This lab

pKMShrpD6 Km",871bp fusion of the left and right fragments flanking the hrpD6 gene ligated in pKSM1 This study

phrpD6 A 644 bp fusion of the hrpD operon promoter and the hrpD6 gene in pUFR034 This study

pHhpal myc Sp', a 604 bp fusion fragment of hpal and Myc ligated in pHM1 This study
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1.2 hrpD6 REHHAE

AW 5T B 51 90 AR H K R RS 7R Xoo hrp
LK% 7 51 ( GenBank AP008229 ) ¥ it AR 4l %&
£ 8 F &% 5% J5 1), ¥ it 51 4 PhrpD6l - F Al
PhrpD61-R( & 2),PCR ¥ 1% hrpD6 I ¥i7 543 bp [A]
J5E ; L PhrpD62-F F1 PhrpD62 - R HBI#)(F2),
PCR ¥ 8% hrpD6 T i 328 bp [A] I8 . [6) P58 43 %)
% BamH 1 -Xba 1 F1 Xbal-Sal 1 W ¥ J5 i& 4 3|

pKMSI #% & I, # {1k DHSa, 5 %) & 4l Jit ki
pKMSAPhrpD6, i ki DNA i fk J5 #i F &5 WY %5
(2009) 77 1 HL 5 A PXO099" Fy R A2 25 410 i v, 1%
BT A& ERE A NA [ 4 15 77 5 bR AT 55 — kg
o, BT RS T RER I NA WA R AT 5
I, UL VR RCT & 10% FERE Y NA P b Kl
AT FF PCR 1 Southern 24 %2 ¥ 31IF . Southern
843 M1 5 B Roche ) DIG &5 & F M

x2 KHARAFASY

Table 2 Primers used in this study PrimersSequence ( restriction sites underlined)

. Sequence ( restriction sites underlined)
Primers

Annealing  Time for PCR

temperature Extension  product Target genes

33 /C /s /bp
PhipD61-F  AATGGATCCCCCGCGTTTCTGTCCGATGCT 57 40 543 Ifhj( jjﬂ arm flanking the hrpD6 loci
PhrpD61-R  ATATCTAGAGGTGGGCTCTCATTGCGCCGE
PhrpD62-F  AATTCTAGAGCGGCTGCGCAACGTGGACAC 57 30 328 E)l(“f Orfigthm arm flanking the hrpD6
PhrpD62-R ~ ATAGTCGACTTCCATTGGCCACACCTCCGG
hrpD6QXooF ATAGGTACCCTGCAGGCGCAGGAGGGCCGCATCATTG 58 30 400 HrpD operon promoter
hrpD6QX0oR  AATGGATCCCGACTTTCGCCACACCAGCTATCGCT
hrpD6XooF  AATGAATTCACCAAGAAATCGATTTACCGCATATT 58 25 243 The ORF of hrpD6
hrpD6XooR  ATAGGTACCATGTTCGATGCAATGACCGATGCCG
Hpal -F TTACTGCATCGATGCGCTGTC 52 25 346 For RT-PCR
Hpal -R CGGTTCGAACCAGGGCGGCA
HrpD6-F CGATGCGGTCACTCAGGATAT 52 25 216 For RT-PCR
hrpD6-R CTGGCGATATGCACGACGAT
hpal -F TTAAGCTTTTCGCGCGTACAAGCACAATTTCGCA 58 40 604 For Western Blot
hpalmyet MACTCCAGTTACAGATCITCTTCAGAAATAAGTTTTT
GTTCCTGCATCGATCCGCTGTCGTT
16S-F AATGGGCGCAAGCCTGATC 58 25 220 For RT-PCR
16S-R TTTGTCACCGGCGGTCTCC

1.3 IhREE 4

Ay L5 hrpD6QXooF F1 hrpD6QXooR LA K
514 hrpD6XooF F1 hrpD6XooR (3 2) PCR ¥~ 1
hrpD6 B i3 8l ¥ F1 hrpD6 5 [K] (4 TF 75 B B 4E , ™0
B % Kpnl-BamHI F1 Kpnl-Ecorl i V1] J5 #4 # 1E
pUFRO34 #ifk I+, 3545 5 24 24k phrpD6 . Kt 1% 57 kL
RS N APhpD6 T BE Y, 75 & Km $T 42 R 9 NA
A L 1, 2 PCR 56 UE, 75 51 5 4b 3 ¥k APhrpD6
(phrpD6) o ZH & T THHE b HR FIKFE
O PR E
1.4 KEEHFREMBEEE HR WEARAEE
KEE N E

W 2E R B bR PXO99" 58 A5 {k APhrpD6 Jo T A}
# APhrpD6 (phrpD6) 75 NB 15 5% i b 55 57 2= i vk
JEIRE] 1 x 10" CFU/mL, JGF Sk 7 59 25 4 40 o 1
THHE A 24 h I WLEE HR A 40 R TS ) AR M
JA By K F8 (IR24) i i, 3 d 5 WL 56 K R 4E AR

(water soaking) , [A] I} 45 F 24 h #EAT 1 Y40 1 Fp A
B e . AT AL BOE S X N KR A, 2
70% P9HKG F1 30% YA TR TH 35 5 , 8 i B4 48 /5 B0
76 1 ml B TCTR K . TR 280 BE AR B TR AT AE &
AABPUA R NA B30 1,3 -4 d Rt EUE 7%
B KRB (2 F %) 2 5 w42 A O T bR
14 dg st FRiES 3 &, &kt
S A,
1.5 KEBEZFHMHME &

K B TE 4H OB N6 MR AR B: R R T 28C
120 r/minfE K FIRW 5. BU1 A 0D, =110
F1 5 T 20 M0 5 /KRS 11 I AR AT AR
1.6 hrpD6 E E ¥ R MFE

PX099" Bk AE NB W& P ad % 15 37 ), TG B K Uk
B2 W, HEZE 0Dy =1.0, 1 mLEBKFIA 1 mL
KFEETEAM MG 7 28°C B ws TR 9%, ZE HAER
Oh2h4h6h8h.12h.16 h .20 h fl24 h B, 4



1158

Xiaoxia Guo et al. /Acta Microbiologica Sinica(2010)50(9)

SIICE A R & 28 10000 x g B0 5 min I3 4 B 14
% M Tripture $24F T} (Roche 2% 7)) 2 HUAH B &
RNA, 28 3 IR W8 58 Jie v ik R ) Jo 6, 29 0606 B it 7
i, 9% J5 #% I Reverse Transcripase &7 A& ( TaKaRa)
()5 1 4 B cDNA, LA cDNA Sy B4R 3 17 PCR
WL KGN hrpD6 FE P 5% sk 2R3k o 168 rRNA B (K O
NZ, A5l ¥ 16S-F Fil 16S-R #f7 RT-PCR & 1E,
PCR ¢ 38 & 44:. 95°C TZAZME 5 min;94°C 2R 50 s;
58°C Bk 45 5,72°C HEAH 25 5,28 NFIH;72CF
FEAH 10 min £ 4k,

it bR 5 B, B PX099' | APhrpG . APhrpX .
APhrpD6 . APhrpD6  ( phrpD6 ) FHI  APhrpD6
(pHhpalmyc) 5 7K %% 40 g 5 4F 8 h, $2 M40 i &
RNA, X Hpal-F #1 Hpal-R DA & HrpD6-F FiI HrpD6-
R Jy51¥y, ik RT-PCR J7 ¥4 I hrpD6 F1 hpal Kk
PR B R 3k
1.7 hrpD6 EERZTEXf Hpa EA K T3S i 1%
=1

B myc br %5 hpal 31T @A, 5 5 U
hpal-F #1 hpalmyc-R ( & 2) & 5| ¥, PCR §" 1
604 bp & A )3 81 T Al hpal FEN B R Beo A myce
i PCR =¥ alifb 5 i 52 T pHMI 2 fAk |, 345 4
ik pHhpalmye (32 1) o K 820 204 i 5% 16 )y =003
A RS105 hreV SEAZAR TN hrpD6 5& A2 1 v, A T

(A) hra 21

Wk (R 1) 753 A AN AE R A NB G I8 b B 5
J& , To W K PE B R AR 2 K, 0D, = 0.2, A 2 mL
XOM3 555532 5% 9% 15 h, 10000 x g .0 5 min
WA BT B0 . EIE AT R T AL B A5 8] IS
FIOSN) o ¥R T 5 /Y b 05 25 P A B AR 2 0 1 5dE
PBS ¥, I A 1/5V 14 5 x SDS loading buffer, i 7K
w5 min BB T MW EEEA(SN) 58HEB
(TE) , PR 47T - 20°C . A &b PRL4F B KE G 7 15% 73
BN 6% e 46 it b9t 4T SDS-PAGE H Jk 73 #7 , 4%
SDS-PAGE ik 70 85 1 25 H 5 R HI IR e vk 56 7% 2
PVDF i |-, 7 &4 5% AR 403 0 & M1 b 4°C &
M. ¥ 1 g/L i C-Mye 4 5T 5 58 [ Bii 14 152 I
1:5000 1) Lb 461 A BE o A 2 3 0, = R E
30 min, £ 1 x TBST sk 3 ¥, &K 10 min, 72
W 0.2 mg/L #YF P9 1gG/ HRP A B M i
WEE 45 min, 7F 1 x TBST FiyE ¥ 3 ¥k, £ X 10 min,
JHl Easysee Western Blot kid % Y& YA WG T 30 s,
TEWG 2 HoR R X R 5 5 A AR 7 e Bt S -
15 min, &R 28 5% FlE 52 )5 0 BROR A7 .

2 Z£RFpMN

2.1 hrpD6 EERE KR E S FIIE
JKFE A B hrp D6 RE AL T hrp i A 72 1Y
hipD ¥ s BT (B 1-A) o SAWFSE hrpD6 3 N 7EEUR

P A B 43 B

" OMCLCTTTTITM T NI

©)

(B) upF upR downF downR
> < > <

Do
— o=

543bp ;328bp

>

LT .

871bp

1000bp

750bp

M 1 2 D)

1000bp

750bp

1 ABEMFHRE pD6 BEEREFHME S FRIE

Fig. 1  Construction and molecular analysis of the knock-out mutant in the hrpD6 gene of X. oryzae pv. oryzae. A: Linear map of the hrp cluster of

X. oryzae pv. oryzae PX099" including hpa, hrp and hre genes. The arrow points to the hrpD6 locus. B: Schematic construction of a knock-out

mutant in the hrpD6 gene. Grey region stands for the left arm of the hArpD6 gene locus ( white region) and the black presents the left arm. upF and

upR, and downF and downR are the primers for the right and left arms for PCR amplification, respectively, demonstrated by arrows. The right and left

arms were fused in pKMSI and the knock-out mutant was obtained after two-step recombination occurred. C: PCR confirmation for the deletion of the

hrpD6 gene by using primers upF and downR. Lane 1. The wild-type strain PX099" ; Lane2. hrpD6 mutant APhrpD6. D Southern hybridization to

confirm the knock-out mutant with the right arm as the probe. The genomic DNAs were digested by Kpn I . Lane 1. The knock-out mutant APhrpD6

; Lane2. The wild type strain PX099™.
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Per gy M5, A 5% R R 5 20 Oy BE AR AR T
hrpD6 &R ) 5 A2 4K APhipD6 , ¥4 hrpD6 K& [H I it
543 bp 1T i 328 bp 1) DNA fil {5 #4 2 7 pKMS1 #;
K b 3RkA% T K pKMShrpD6 ., 5 H 2H 48 14l
LT %S A PX099" ik, 7E & A Km ()
NA - 1 i 398 & A 5 — W IA) IR 28 3 1 3540 1, 4K
JETES A 10% FEREIY NA S | 5 8 5E 4% 2E K H7E
A Km (9 10% FERE NA SF-AR BN BEIE & B K iy &
T, B A T UK TR R A e 0 A T,
hrpD6 FEPRAWERLER (& 1-B) o SHBHIE hrpD6 A B
R, A hrpD6 K TR A S [R5 R R S
PhrpD61-F F1A7 v [7] P58 (9 T 8 51 ¥ PhrpD62-R
1 PCR "8, 4550 8RB 4 1 PX099" iy PCR
PRI K /N 952 bp, T hrpD6 B TR SR B 4K 1 R
871 bp ([ 1-C) , W] hipD6 JEIN 81 bp BERER. H
TR 5L X — g5 B, AR5 hpD6 A7 B [ R R
hrpD62 AE g 4 B, X B 4= B Bk A1 hrpD6 53 7% 4K
gDNA 2 Kpnl [ 1) J5 #£ 4T Southern Z¢ 55, 45 % i
N, B R B B PXO99" £ 1027 bp b A J4 5155,

| I II|
1 2 3 4

Racteria (Log of (efw/Cm,))

(B) '

54 hrpD6 TE hrp 3 H % h () Kpnl 5 5507 &, 1M
hrpD6 G AR ARALTE 946 bp Ak A 2 32 f5 %5 (K 1-D) ,
FeW] hrpD6 K it 2 81 bp, PCR Fl Southern %% 3¢
SR BIRW], hrpD6 FE7EAK 1) hrpD6 i K] 4 1 2
2.2 hrpD6 AEEBMHFEEAEKE LHERFH
MEME LK HR

¥ hrpD6 7K APhrpD6 58 7% 1A T 555 1 il A 2
JEIFAREIE L HR, Ul hrpD6 FE N 520 HR YK
AE T (11 2-C) o 3 55 42 ol g K A% o i TR24 , 58 7%
e T AE K AR W i e BB K R R Y RE )
(P 2-A) o 5y it b bk 01K A, 28 AR (A AN B 7E 1
Fb e, B4R R A BAE (& 2-B) , LW hrpD6 K&
PRS2 ) 5 9 Jist AT ) B0 P o K R 4 4 A TR R AR
O E 25 R R, hrpD6 3 PR 58S J5 9 R AR KRB
I E R 2-D) , 5 57 A BB MR AH 1L, 2R A2 R 1Y
PIHAE 1 T BEIE 1000 £, B g Ho#b 45 R WK,
hrpD6 K& R W] AR 58 A8 (A 2 28 Y A A, D) BE L AR
FAEMH R b= A HR | FE/K RS b A KR AR R R

| ll I|
4
1

1 2 3 4

t/d

2 KFEEMERE hrpD6 REEFEKBMEE LR &

Fig.2 Responses of tobacco and rice to the knock-out mutant in the hrpD6 genes of Xanthomonas oryzae pv. Oryzae. A. Water soaking symptoms in
rice seedlings (IR24, 2 week old) ; B. lesions formed in adult rice (two-month old) ; C. Hypersensitive response in tobacco; D. bacterial growth in

infected tissues of rice. 1. The wild type strainPX099* (pURF034) ; 2. hrpD6 mutant APhrpD6; 3. APhrpD6 (phrpD6) ; 4. APhrpX.
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T PR IR, o B B 5 B AR AR Y, i 2 4
1) 4 B A R ) 3k B B AR AU KF (B 2-A B LC) .
XL ISR 7, hepD6 KL KLTE 1 Al 0 TR IR i A
A HR FTE KRS b B Bow Pk 5 T B A e PR
Mo
2.3 hrpD6 B ERiERBKIFEHRIFS
TR I AR 1) hrp FEPRF R RBM . BT
55 PX099" T #k hrpD6 e [H 1 2 3545 B, TR 1140
PX099" 55 /K Fe B 77 40 M EL A, 43 B 4E 0.2 .4 .8 .12,
16,20 £ 24 h A5 ¥ HCYNE A9 &L RNA, 47 RT-PCR
Rl hrpD6 35 . 24 PX099" A 5 /KRG &7 40
M EAERT , hrpD6 IR FEAR 55 , 75 5 7K Fef 22 0 20 B
£ 2 h J5 ,hrpD6 B3R IKK V1458 ; HAE 8 h B hrpD6
FaR IR B A &, 12 h 5 R IA B WAL 2] 20 h
J& , hipD6 YK 5 ) F=w Ky SR A R K O & Gk
(P 3) X VLW 7K A5 1 A 05 18 hrpD6 KR PR AL 2 5
FEARIRY IFTE B A T 5 KR B R R P AR
Mo

16S rRNA

0 2 4 8 12 16 20 24

B 3 RT-PCR &K% EM#E hrpD6 EE K FRIE

Fig.3 Time-point expression analysis of the hrpD6 gene of X.
oryzae pv. oryza by reverse-transcriptional polymerase chain reaction
(RT-PCR). The wild-type strain PX099"* was interacted with rice
(IR24) suspending cells for 0.2 4 8 12 .16 .20 and 24 h and then
the total RNA were extracted and reverse-transcriped into ¢cDNA as
the templates to PCR-amplify the hrpD6 gene. 16S rRNA gene was

used as the constitutive control.

2.4 hrpD6 EERE M hpal EFE K RIEM
Hpal E 5K il

IR A 995 B8 1Y hpad K& TR G 5 1Y harpin &
A E AN % HR' AR E b hipD6 36 [ 58
IR AEMH R BN B A HR (B 2-C) , X Ui B,
hrpD6 & PR X JH 7 [ HR B 52 mi, AT B 3 aof 52 i
hpal J& PR (3% 5 3¢ 35 B0GE 18 52 0 Hpal 25 (09 43 1
MEEM. T IEW AR #EDN , @ & RT-PCR &2
XF hrpD6 ZE AR AR E 1 hpal FePH e R 34T T 0
5E o hrpD6 AR SR RE 4N B AE 8 h J5 , APhrpD6

Ph % it 2 3k hpal ) APhrpD6 ( PHhpal Myc ) H1 ()
hpal K& R AS 68 %% 5% 3@ k5 AH N M, W5 AF 70 79 B
PX099"* F13)jfig T 4bF APhrpD6 ( phrpD6) H1 (1) hpal
BRI Sk KRB (K 4) o XHEIR, hipD6 FE K] 58 7 52
W Y hpal JEPR e 25K, AT TE M0 B 1 AN B 7= A=
HR, KH T UM hrpD6 5 hrp P85 F K hrpG 1 hrpX
M F il RT-PCR J7 X hrpG Fl hrpX 58 75 {K
(R 1) T hpD6 FEP e s B PEAT T E . 45 R
IR, hipG RAZNE APhipG il hrpX 98 25 A& APhpX
LKA M E AR 8 h i, hrpD6 3 PR 5t 32 35 (]
4) o XU, hrpG Fl hrpX FEPIXT hrpD6 3 P 23k HL
AIEIER . RT-PCR 25 3438 W7, hipG Fl hrpX 58
AR hpal BN SERIK (K 4) 0 X 42IR,
hrpD6 F hpal 3R 31K 52 2] hrp P75 B K hrpG F
hrpX W 4% 100 hrpD6 FER XS hpal JEH I 2354 B
A IEEAEH]

hrpD6

hpal

16S rRNA

4 KEBAMHKTESKBEERF hrpD6 Fn
hpal EFEHRIXER

Fig. 4 Expression patterns of hrpD6 and hpal genes in X
oryzae pv. oryzae. The wild-type strain PX099*
(pUFRO034) (1), the hrpD6 mutant APhrpD6 (2), the
transconjugant of APhrpD6 with hrpD6 genes in pUFR034
(3), the hrpG mutant APhrpG (4 ), the hrpX mutant
APhrpG (5) and APhrpD6 ( PHhpalMyc) (6) interacted
with rice (IR24) suspension cells for 8 h and then the
bacterial RNAs were extracted for RT-PCR assays. The 16S

rRNA gene was used as constitutive control.

S T W hrpD6 & 75 5200 Hpal 2 [ 104> W, 8
1%+ Hpal #47 myc #5710, Western 2% 58 45 5t W7,
BF A PXO99" \hrpD6 5825 (R hreV 5875 1A 3R
T RER I 2 Myc B9 2252055 (&1 S) , 76 B A LY
LR WP RS RN B Mye 1924545 5, (AL hipD6
RAFRFN hreV 53 A8 (R 1 135 W 34 BE 98 4G 0 3]
Myc B2 32 f5 5 (K 5) o X W], Hpal 2 H fE8 i
it T3SS #E47 43 s , hrpD6 FE K 58 2% J5 5% W) Hpal 2R
1Y 23 W6 o
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TE SN

B S5 KIBEMHE hpD6 EFRREF Hpal EEH
T3S 43 i 1% % 0

Fig.5 Effects of the mutation in the hrpD6 gene of X. oryzae pv.
oryzae on the secretion of Hpal protein. The wild-type strain PX099
(1), the hrpD6 mutant APhrpD6 (2) and the hrcV mutant APhrcV
(3), carrying the hpal-myc fused gene were incubated in an hrp-
inducing medium XOM3 for 16 h. Total proteins ( TE ) and
supernatant proteins ( SN ) of the strains were analyzed by

immunoblotting using Myc antibody.

3 it
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hrpD6 FE K 7 J5 o W AR B 2k 25 1 HR UK RE
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hrpD6 gene determines Xanthomonas oryzae pv. oryzae fo
trigger hypersensitive response in tobacco and pathogenicity
in rice

Xiaoxia Guo', Huasong Zou®, Yurong Li', Lifang Zou’, Gongyou Chen'*”

(' Key Laboratory for Monitoring and Management of Plant Diseases and Insects, Ministry of Agriculture /College of
PlantProtection, Nanjing Agricultural University, Nanjing 210095, China)

(* Department of Agriculture and Biology, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract ; [ Objective | Xanthomonas oryzae pv. oryzae ( Xoo) possesses a type Il secretion system (T3S) , encoded by a
hpa-hrp-hre cluster, including hrpD6 , to inject T3S effectors into plant cells to trigger hypersensitive response ( HR) in
nonhost tobacco and pathogenicity in susceptible host rice. However, it is unclear what roles of Xoo hrpD6 gene plays in
HR in tobacco and in pathogenicity in rice. [ Methods ] In this study, we constructed a deletion mutant of hrpD6 gene by
using marker-exchange method. PCR and Southern blot analysis demonstrated that the hrpD6 gene was knocked out
successfully. [ Results | in planta assays indicated the hrpD6 mutant, APhrpD6 , lost the ability to induce HR in tobacco,
to trigger water-soaked symptoms in seedlings rice and to cause bacterial blight in adult rice. Importantly, the bacterial
growth in rice tissues was tremendously reduced. Complementation assays confirmed that hrpD6 gene could restore HR
induction in tobacco, pathogenicity and bacterial growth in rice to the mutant APhrpD6. Reverse transcriptional
polymerase chain reaction ( RT-PCR) revealed that the expression of hrpD6 was not only induced by rice cells, but also
controlled by ArpG and hrpX. Intriguyingly, the expression of hpal , encoding a harpin protein, was found to be dependent
on hrpD6 , implying that hrpD6 regulates the expression of hpal. Immunobloting assay confirmed that the mutation of
hrpD6 affect the secretion of Hpal through T3S. [ Conclusion ] The mutant lost the ability of triggering hypersensitive
response in nonhost tobacco and pathogenicity in host rice is due to that hrpD6 regulates the expression of hpal gene and
the mutation in hrpD6 affects the secretion of T3S effectors, like Hpal , through T3SS. Our results provide molecular clues
to understand whether hrpD6 is involved in the formation of T3S apparatus and in regulation of other hpa-hrp-hrc gene
expression or not for HR induction in tobacco and pathogenicity in rice.

Keywords: Xanthomonas oryzae pv. oryzae; hrpD6; T3S; hypersensitive response; pathogenicity

(ALoHh:255)

Supported by the National Key Programs for Basic Science Research of China (2006CB101902 ), the Natural Science Foundation of China
(30710103902 ,30671354) and the Ministry of Agriculture of China( NYHYZX07-056)

* Corresponding author. Tel; +86-25-84395028; Fax: +86-25-84399002; E-mail; gyouchen@ njau. edu. cn

Received; 19 March 2010/Revised: 26 April 2010





