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RERE 10 o/L, %R 1.0 o/L, pH7.0) E¥5F7. Kt
P Escherichia coli ) TE 37°C LB 1 7% 55 C4H 11 35 55 H
AN 10 o/L, A # 3: 72 HEBEE 5 o/L, NaCl 10 of
L, pH7.0) LR R WP ERKE: AW HHER
(Amp)50 pg/mL RAPHE 2 (Kan)50 pg/mls K K5 3
(Gm)50 pg/mL A E 2R (Spld0 pg/mle

1.1.2  F 2R RS BRI 9 DT Tag DNA
SREMEAT T4 HEAEEE H TaKaRa KD 2 7 5 B
[ AL R G A DNA 70 7 AR E I B W 18 6
Yol R IR 2T 4 3 Carboxymethyl  Celluloses
CMC) AR ZR B (RBB-xylan) ¥ [ Sigma 2 ] ; LPS 42
A &% H INIRON Biotechnology 2 il 3 3% 4% 5k fifg
(Reverse Transcriptase) iR 71 &% H Invitrogen 2 ] 5 1Q
SYBR® Green Supermix i &% H BIO-RAD A .
H15 1 ( BIO-RAD ‘A #] Pluse Controller %) 4= H )

DNA /74 CABI Prism377) o
1.2 EEREMFTIDH

F DNAMAN 6 # A%t Xoo B #E KACC10331 2
AL rbfCxoo J5751(X002599) HEAT 73 #1 » BT HRE
PESIY) rbfCxoo FIR (3R 2), BA PX099* ZEIKIZH DNA A5
B PCR AT rbfCroo FEDR AL F V3L R P 411
FBE 1.0% 5B Fa vk AT =il 43 4
HER A 2l AR £ AT pMDI8-T Vector 17 G HEAT 2k
RSl FIIZE R , $RAFTORL pMD- rbfCroo » 148 SCHRL6 111
LT E . coli AN0%546. FH ABI Prism 377 MUFAX
AT R 740 € . F DNAStar 7.1- DNAMAN 6 FlI
Biokdit 7 M 47 /¥ 41 43 #1; H SMART Chttp: //smart .
embl-heidelberg. de) F1 CDS HEAT 8 [ T 25 44 35 53 475
H Blast ZEAT 40 [RIJE 2 LEXT

F1 KRR ERRR

Table 1  The bacterial strains and plasmids used in this study

Strain or plasmid Characteristics

Source

Escherichia coli

DH5« D80 lacZAM15, AClacZYA-argF ) U169 recAls endA 1, thi-1

X. oryzae pv. oryzae

Our laboratory

PX099* Wild-type strain, Philippine race 6 Our laboratory
ArbfCxoo Gm®, rhfCxoo gene replaced by Gm® gene This study
ArbfCxoo-C Gm®, Sp®, ArbfCroo complemented with pHM- rbfCxoo This study
Plasmid

pMDI18-T Amp®, ColE1 origin, T-vector TaKaRa Co.
pK18mobsacB sacB lacZa > Kan®, mes mobilizable Our laboratory
pHMI Spts Sm®, cos» parA s IncW s derivative of pRI40 Hopkins et al.» 1992
pMD- rbfCxoo pMDI18-T with fragment containing rbfCxoo This study
pMD-rbfCxo0-G rbfCxoo gene replaced by the Gm® gene in pMD-rbfCxoo This study
pKS- rbfCxo0-G pK18mobsacB with rbfCxoo gene inserted by Gm® gene This study
pHM- rbfCxoo pHM I with fragment containing rbfCxoo This study

k2 AWM PCR3IHIFS
Table 2 PCR primers used in this study

Primers Sequences (5'—>3")

rbfCxooF AAGCTTCCACTACGCCCAGGATTTGC
rbfCxooR GAATTCTGGATGCTGCCATCGAGCC
GmiF CTAATGCATGACGCACACCGTGGAAA
Gm"R ATAATGCATGCGGCGTTGTGACAATTT
gryBF GGCGAGCACAATGGCATT

gyrBR CCATCCTTCTGCGGGATGT

hrpGF TGTCCACCTGATGAACGACCCT
hrpGR GGCGAATGCCGCAACGAA

hpXF AGGCACTGACCCACTTTC

hrpXoR ATCGGAAGCACCACTCTC

csAF GTATGGCGAAGGCGATGCG

csAR CCCCACGGCCAGTAGAACC

xynBF GTTCCATGTCGGGCTCTGG

xynBR GATTGTCCGGCTGGTTGTG

1.3 EERAREHHEREEL
ZWESCHERL7 I 7 iR AT L I b id ag e 1
FEPIFR AT H T B AR PE FORL UK pK18mobsacB A g
7E PX099* H A AN 1Y, JF H 3% A7 BB 2L R
sacB» A1 JFURL IR TR AE 5 A7 REWH ) 55 7R 56 AN RE
4K B pBBRIMCS-5 A A, A em™ F/R 5149 (3%
2), AT Gm™ P PCR ¥ 1. H Pal W46 pMD-
rbfCxoo » VIBRHE R rbfCroo H1IAIZ 2.6 kb, 3K1F pMD-
rbfCxoo BARTE 4> 1 DNA Jv B, MEAT It 624 4 3L 0 P
UK Kz i Be S 2 ad Nl BRI om"™ BE TR
BOEYE, 19 2 4 TR pMD- rbfCxoo-Go H Hind Il
AT EcoRI XUEEY] pMD- rbfCxoo-G» [FIERAF 2T 2.3 kb
TH Gm" FEIT rhfCroo 1 BL. ¥ H 5 & R F: M
DIk PE 1K pK18mobsacB % #2, 3K 43 H 41 Jit K pKS-
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Jei > VAT PSA + Gm® TR b, K H R 51
rbfCxoo FIR AT PCR, i 2 A8 UE FEALAR A rbfCroo »

H Hind [l #1 EcoRI 444 pMD- rbfCxoo » ¥ 3K 1]
F B OB E A B TR AR pHMI b, 3R A E 41T
Ki pHM- rbfCroo » I HL o VL B Al 2] A rbfCroo Y5 ¥R
AAFE PSA + Spt P AR, iE L% 3 R L. 7
PSA + Sp* PR bR ik HOAN 7o R TOAh B AR
A rbfCxoo-C BEAT HRIUTORE K MU 3 1IE o
1.4 LPS O /R FN¥EE FHa

SRS — 9 T 7 3%, 18 AT LPS $2HGR 7 £
(iNtRON Biotech)#EAT LPS II#HL; £3d Tricine-SDS-
PAGE FIR 4y, £5 0 LPS O-B 545 et B o

Zx IR SCHRL 10 170 500925, SR IUHE B 2 B 1 5
2234 SDS-PAGE H125 1h 17 558 5 g (0, Aar P 6 3% 2
FURE LA
1.5 M|EahiE EYBER K FNAEINEEIE N E

ZHCSCHERL 11 100 7795, 45 0.39% B i 2F [ A ks
FRIE LM iR IE s k. S Gk 1210 77 72, H
g5 R Y IR I E M Y i e U . S IROCEk 13
— 141007530, R 7 3 L wi v R 16 7 A 1R I A 7K
figt V8], WU 5 T 4 2% RN A SR Wi
1.6 HAEBURMRESHEERERNE

S SCER L1510 75 3%, I BY 30 K B 8 Wi
(ODgyp = 0. 5)FP B KT 5 B TR24 W, L
FHAEKFAM(25C ~ 35°C, W 909% /A, e ph
14 d JEWEEE A1 D o

] Primer premier 5.0 #AFBETE T2SS F K CclsA
A xynBI~T3SS H: K ChrpG F hpXo ) FN N ZFE A gyrB
MIRE R 51 (3R 20 S IROCERL 16 1/ 7 %, 21X

&L RNA, 7E 86 536 2 BUXT 2 RNA H DNase #bPE . %
vioA acp fabH fabG 2594-8

I M-MLV Reverse Transcriptase (Invitrogen) 7l &% 77
120, AT cDNA Fr e

%M 1Q SYBR® Green Supermix i 71l & ( Bio-
Rad, USAD 1 771%, H iCycler IQ® =X % & PCR X
(Bio-Rad, USA) #4T RT-Q-PCR A Wl 2 B SCHR
L17109753%, BL gyrB A SR, R 27279 J5ik
X AHREE R AT 0 M. FARFE RN R s 5 =
2708 Hth AAC= (Clyyy — Cty ) Time X — (Ct
G Time 0 Ct A HE G

2 GRFpMN

2.1 rbfCxoo 53 FRFEFATHBELEHI1EL

AR S 1 HEAT PCR 438, ) Hh A
PX099" ZER 4] DNA T3k 14 T &5 rbfCroo FE K J¢
BRI N 4096 bp 1 B, FOkE B
J¥%1 5 GenBank "' KACC10331 B Ak 3k F T %1 56 42
— 3o rbfCroo BT AN H 10 AP AL SR8 24k
FEPR BV — AN ThReAR AR v B R, R
UiE A = H AR EE T BE DKL fliExoo » AT rbfCroo
ST AR CRE D

VNG R0 MR W, rbfCroo 11 Xoo FE R4
h L8 DL, 43K 3552 bps RbfCxoo H1 1183 ML R
M, 7 F 584 130.53 kDas N ¥ii 16 ~ 191 24 55/ Al
C Uit 578 ~ 759 ZHE MR 7 il KA — AR B g K
W% 2 B PR ~F 45 8 3 CGlycos _transf 2) CEI 1) PRI,
HED RbfCxoo M HE A — Pkl FL L FL 1
2.2 ArbfCroo SRERTHRIIMERE T4

AR rbfCroo b FIWEAHASIZATFIR T 41, 15X
WS rbfCxoo FIR ¥4 4100 bp Jv B, #E HT-FE X

AR (1) H A JFURL pKS-rbfCxoo-Go ¥ pKS-rbfCroo-G
rbfC SilE

target

TSR S D — )

i 125 250 375 500 625

1125 1183

E cos_transf 2

1

750 875 1000
PX0994
Glycos_transf 2 super
1000 1125 1183

\ Gm?

E1 rbfCxoo BEENE IRTHEME R RTHEERE

Fig.1 Gene arrangement, conserved domains and deletion of rbfCxoo. Arrows represent the size and orientation of ORFs and names of

them were indicated above. Black boxes represent conserved domains. The inner 870 amino acid sequence of rbfCxoo was replaced by

Gm® .
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TN PX099* Jii, k2 v B ) rbfCroo P BX S
PX099* K& PRI 20 AH WL 1K) v BER A= [ Y5t B 40 R0 XUAT
e, AR A3 T B DR 2k 58 AR AR A rbfCxoo o AT
PX099" Fl A rbfCxoo WK BEAT rbfCxoo F1 BX 1] PCR
K, KGN P rbfCroo FIR A rbfCxoo T Y 3G Jr
Bt PX099* i)/ 1800 bp (& 2-AD, K W 1

2 | M 1 2

bp
— 000
— BN}
— f_i(}gl(i
4100 bp— — oo
— 3000
2300 bp —-F5 2000

— 1300

— [ (0

'7. Xoo REIEHE rbfCroo 3~ H(A)LPS 0 HIE S BB FIHEE 2 IR ORI

A rhfCxoo HER A CHR T rbfCroo »

K H A TR pHM- rbfCxoo WL 5 5 40 B A rbfCroo
H, 7E PSA + Spt PR BIELERE I, BRI HAN T X
AN JEAT JFURL B R D) 43 B 5 E CR A1) R
B, 343 T HAMA A rbfCroo-Co

LipidA
<— lcorel kDa
O-unligen g —
Lipid A 6l —
-— ]
+core
Unglycosylaled
40 — Nagellin
30 —

Fig.2 PCR amplification of rbfCxoo gene (A), LPS O-antigen production (B and flagellin glycosylation (C) of Xoo strains. M: DNA or protein marker; 1:

PX0994;2: A rhfCxoo .

2.3 ArbfCroo B LPS O MR E R FISEE RIEE

0 T ] RbfCxoo A& 15 SR LPS O P &
FII R %, ARBFFUR PXO99* KA rbfCxoo [ 1PS O
PUEA BT TR CE 2-B)s HHF LPS HLIKIN —
R 2 AN IR A + %0 + O BUR AR A +
), WA O PR G sz B, T o 8] 5 4 R AR AR
FOHMS MR A + OB R TR K
ML, R, PXO99* FIA rbfCroo 1EMRT A + ¥
DGR T AR R IATAT 45505, H AR O PUR N5
BCRE ) BT R TC B

A1 T F#E RbfCxoo 7 15 5 #E 6 2 HE B AL D) fig
Ky AW FUR PXO99 K A rbfCxoo HEAT #E & R
FliCxoo [ H ORI HL YK 73 #7 (18] 2-C). 45 R 7R, 1
PX099" FI A rhfCxoo T3P T H FliCxoo 73 ¥ 1
(40.44 kDa) K457 s MAEA rhfCxoo HAE LA 4547
TNTEA 1M FliCxoo 737 5(40.44 kDa) K/NHTA
(R4%T o HEMIIX R RE A 20 HE B 38 B R AR AL
2.4 AqbfCroo BENMEEVIRER, R FARESNEGLETEE

A T 48758 RbfCxoo TE B A SAT 5 Hoe B W) %
PERZ A 96 R, AWFFUN PXO99* s A rbfCxoo o 3
HANFFREA rbfCroo-C HEATIE BV AW IS BN D
AN PR E (B 3). 45 RE M, 5 Pxo99t A LL,
A rbfCroo WIIE B VE AW B TE B B A0 41 4 25 iy A
AN SR Tt 4% 2 G B Sl R

PXO9Y~ L xoo-C

. Motility

| Biofilm formation

DorbfTxo0

y i )

_ e

Nylanase

Xoo R EIEHKHEE T BN A4 BE R B F0 R SNE T
k3ol
Fig.3  Flagellar motility, biofilm formation and extracellular enzyme

production of Xoo strains.

2.5 ArbfCxoo BURMEUARFHHEXERRIE
AT B B RbfCxoo 55 S50 111 LA K R PR AR % 55 I
RIKZ IR FR . AWUFFR PXO99* FIA rbfCroo ik
AT 7K AE B PE LA S T2SS Al T3SS AR A 1) B 11k Jk [A]
CelsA~ xynB~ hipG R hrpXo ) Z2 15 Sl e (&l 4). 45
REKW, 5 PX099* HHLL, A rbfCroo X 7K AR I i A
TR24 RS0 P 2 35 8 oir, B PR B AR AT BLASE A rfiCvoo
AL 35 PXO99™ AH [F] 1 B 1% s b Ak, 75 A rbfCxoo
4 AT AH ICIE IR C elsA ~ wynB~ hpG 1 hrpXo ) &

H, !
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K PXRO99

Srbf oo SrbCxon-C

El4 Xoo FRIEHEFEME(A) RESUHMEXEERRE (B) MNE

Fig.4 Pathogenicity on rice (A) and expression of virulence-related genes (B) of Xoo strains.
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AHRUFEPECR KR TIRD o BRI, rbfCroo AR RSE
ARHIGS T HEE R AL BE D), WP UE W] T RbfCxoo
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Deletion mutation of rbfCxoo, encoding a putative glycosyltransferase in
Xanthomonas oryzae pv. oryzae leads to enhanced virulence expression

Yanwei Sun"?, Jingzhi Wen?, Maosen Wu' , Huamin Chen', Chenyang He'*

(! State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of
Agricultural Sciences, Beijing 100193, China)

(? Department of Plant Protection, Northeast Agricultural University, Haerbin 150030, China)

Abstract: [ Objective ] To better understand the structure and biological function of rbfCxoo - a gene with the putative function in
lipopolysaccharide O-antigen synthesis in Xanthomonas oryzae pv. oryzae (Xoo)sthe causal pathogen of bacterial blight of rice.
[ Methods ] The molecular identification and function analysis of rbfCxoo were performed through gene cloning, sequencing and
deletion analysis. [ Results] The sequence of rbfCxoo cloned from the genomic DNA of wild-type PX099" was the same as that
of the sequenced strain KACC10331. There were glycosyltransferase domains ( Glycos _ transf_2) at N and C terminal of RbfCxoo
respectively. The deletion mutant 2 rhfCxoo generated through a double crossover recombination and validated by PCR assay
displayed the reduced flagellin glycosylation and no change in lipopolysaccharide O-antigen synthesis compared with PX099* .
Moreovers no significant changes in flagellar mobility biofilm formation and production of extracellular cellulase and xylanase in
vitro were observed in 2 rbfCxoo compared to PX099* . Most importantly, the deletion mutation of rbfCxoo resulted in enhanced
virulence and gene expression. [ Conclusion] RbfCxoo might be related to flagellin glycosylation and virulence expression in
Xoo.

Keywords: Xanthomonas oryzae pv. oryzae; rbfCxoos glycosyliransferase; flagellin glycosylation; virulence
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