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L1 ##

L1 1 (B R OB B B 3% 4 1 A BF 9 Ak v
PR BTRL B R AR R IR 51 3% 1, SE 30 o2k Rk
NE R HER (Ap) 50 mg/L RIF%E K (Km)
50 mg/L K K% K (Gm) 30 mg/L, 5 % K (Sm)
40 mg/L W% 3R (Sp) 40 mg/L, 7E 28°C F5E)n
Al PSA (HE H R 10 ¢/L, BEBE 10 g/L, 4% & R
1.0 g/L,pH7.0) F1 M210 ( fif§ /K fit T- & & 8 o/L, ji¥

WES o/L, BRI LY 4 o/L, K,HPO3 g/L
MgSO,. 7H,0 0.3 ¢/L, pH7.0) 1% 3% H: X} Xoo Bk (H
FE AR E YR AT 58 IR O 25 1 B ) JEA T R 5%
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L1.2 FEGR FALES : Tag DNA 55 B 5015 0
BERE DNA [ 5] & (DNA 73 54t bR i ( TIANGEN
INFD) 5 BRI YD) E AN T4 3 22 (TaKaRa K%
) 5 W5 SR ERGR & (Invitrogen 23 ) 51Q SYBR®
Green Supermix i 77| & ( BIO-RAD 2 & ) 5 1 o7 %
(BIO-RAD /4 %] Pulse Controller)
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Table 1

The bacterial strains and plasmids used in the study

Strain or plasmid Characteristic

Source

Escherichia coli

DH5« D80 lacZAMI15,A(lacZYA-argF ) U169 ,recAl,endAl,thi-1

Xanthomonas oryzae pv. oryzae

Lab collection

PX099* Wild-type strain, Philippine race 6 Lab collection
AvieAxoo Gm',vieAxoo gene replaced by Gm" gene This study
AvieAxoo-C Gm',Sm",Sp", AvieAxoo complemented with pHM1 -vieAxoo This study
Plasmid

pMD18-T Ap",ColEl origin, T-vector TaRaKa Co.

pK18mobsacB sacB,lacZa,Km', mes mobilizable

pHM1 Sp',Sm", cos, parA , IncW , derivative of pRI40

pMD-vieAxoo
pK18mobsacB-vieAxoo
pK18mobsacB-vieAxoo-Gm”"
pHM1 -vieAxoo

pK18mobsacB with fragment containing vieAxoo
pMDI18-T with fragment containingvieAxoo
pK18mobsacB with vieAxoo gene inserted by Gm" gene

pHMI1 with fragment containing vieAxoo gene

Schafer et al. 1994
Hopkins et al. ,1992
This study

This study

This study

This study

1.2 EREZEMRFT 50

JHI DNAMAN 6 # {4 % PX099" 3 [H vieAxoo J¥
G AT 4 M, T4 S P B W vieAxoo-F/R(5'-
CGAAGCTTACTGCGTGTAGGTGCTGAACT-3"/5'-
CGAAGCTTACTGCGTGTAGGTGCTGAACT-3"), LJ
PX099" XL [H 20 DNA by ##% , # 17 PCR ¥ 14, JH
1. 2% 3 R AHBE BE oL UK FEAT 77 WA I 53 il 458 1
e 101 iz 21 Ak 3 ) 2 F pMD18-T Vector i #) £ , 17
DRl Ok R 3 . R SCEk T v B A K T
A DHS5o 4, FH ABI Prism 377 I J§ {3 i 47 5 A
FE51) 0 52 ; B DNAMAN 6 F1 BioEdit 7 #E47 )% %1 43
Brs Fl SMART #E47 48 1 BT 45 49 5043 47 5 1] BLAST 3
1105 5 [R) M L X
1.3 ERREARTHEHEREIELH

Fie FEOSCHR [ 8 ] 1 Jr ¥k i A7 R bR i &8 4.

vieAxoo-F/R  ( 5-CGAAGCTTACTGCGTGTAGGTGCTGAACT-
3/5-CGAAGCTTACTGCGTGTAGGTGCTGAACT-3") 5| # i
74 KL % L T 300 bp 150 bp F BEy 4 75
FrBEPI N EcoR T A1 Hind 11T B )1y 55, ;% 1700 bp
FrBE e BE # 8 (K pMDIS-T b, % fk K i T
DH5¢"" , AR A5 5 20 ik pMD-vieAxoo-T ; ] EcoR T Fll
Hind 11 fYIH AL, 5 pK18mobsacB % 4%, 2113 H 241
Ji ki pK18-vieAxoo; [ Pst T Wil fi T 1k, 2 K& vieAwoo
i) 585 bp JF 81, 15 5] pK18-vieAvoo £ 1 75 4 H
B X% R Btk A7 i wi Adb BRI B K [mD i, 5 40T Nsi
L (Pst 1R RRH) M Gm" SN B 8, 14 5 &
40 ki pK18-vieAxoo-Gm”™ ;5 J] Wi i 32 %% {k PX099*
JG L AT T PSA + Gm iy FEAE P AR K O 28 % b
T, PCR B B4
KRN R B #e 8 ) %F £ BURL pHML |,
743 F 41 Bk pHM1-viedxoo, I WL i ¥4 ¥ 1k 2
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PCR 4" $ | 5L o) Hi 3K 15 1700 bp 1Y vieAxoo FE [ F-
Bro ¥ wobE Bt ATy, K ML ¥ 515 GenBank
Hh O B AR PXO99" A KACC10331 +f (1 )5 51 5¢
A A WAE B2 At R W, vieAwoo hy HLHE DL,
4K 1254 bp, 4 b 418 4% iR ; VieAxoo HE£YH
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Fig. 1 Gene arrangement, conserved domains and deletion of vieAxoo.

vieAxoo 55 W A% Wt 9% 9% 18 vieAxac ( Xanthomonas
axonopodis pv. citri str. 306) [FJE1ERN 91% , 5 H ¥
J& % B vieAxce ( Xanthomonas campestris pv.
campestris str. ATCC 33913) [R] ¥4 K 83% , 5 F il
B 20 T M BE SR T vieAwev ( Xanthomonas
campestris pv. vesicatoria str. 85 — 10) [F] 1 80% ,
F AL R L 2 S I SRR 0 [R) R 8 e
PRSF (R B BER) o Ah, H 5 ELIN B viedve
(Vibrio cholerae 1587 ) [A] Y 1 A Ay 30. 11% , & %2 2%
SRR H R A AU E A REC il EAL 4514 5k,
i B HTH 1 CitB 4544 35,
2.2 AvieAxoo R (K F1 E b

4 5 21 UKL pK18mobsacB-vieAxoo-Gm™ % fk

PX099" 1 | vieAxoo-Gm™ IR B Bt 5 PX099* it [H
ZHRH R Y R B A ) U5 EE 2H RN bR 10 e, AR A BE A
B e 28 AR IR AvieAxoo, PCR 97 3 £ W & 75, M
AvieAxoo W I 4 14 F Bt [ PX099" 1 ) K 270 bp
(& 2), R HTE AvieAxoo H , vieAxoo T #% Fr ic & K
Gm" B, I H O DR 4 b 2k oK T A R
pHMI1 -vieAxoo ¥4k 5| AvieAxoo H ,7E PSA + Gm + Sp
+Sm S g b % 22 5 3R, Pk B oA T (Sp’L Sm',
Gm") o X H AN HEAT BB 4 ORI A D) 5600, 4R 15 T
HANF B AvieAxoo-C (CRFN I BER) .
2.3 Aviedxoo XTI 7K FF B B Jm T F0 0E B BB
1545 A KR AR 27 M0 B AR 2R A BUR
PEFDE R E KA, 5 PX099" M EL, AvieAxoo FL
o P T WY S A (L 3 ) ko e B M T R
B E AT LI Z RS (1 4)
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PX099" #fl It , AvieAxoo BF fEJ it 3 F K, 3 8 B
AT DU Z RS (0 5) L i EPS 7 A= B J Fiz gl o4

ToW] R (B 6)
19505 3 it

F T 4 R 2 AR W2k D g (AN 3o v BEF L HEPE
P 7= A Fhiz sh PR A5 ) 22 B B AE (5 c-di-GMP
T ST P T c-di-GMP [ il K FL M Py v i %
F|HA PDE 351 . & A EAL 45 802E (A ik,

B 2 Xoo A~ [EH #k & vieAxoo B EH K B By PCR ¥ 1% 4
i KX e-di-GMP A i I 45 1L i 328 47 fF 5% 2 A 31 %
Fig.2 PCR amplification of siedxoo in Xoo strains by using the MR AN . A G AT Xoo H— A~ EAL 25 #4 ki 25
vieAzooF/R primers. M. DNA Ladder; 1. Negative control; E1 VieAxoo PEFT T 26 [H 20 1 5140 B .t ok 56 75

2. PX099* ; 3. AnwieAxoo.

PR FIE AN DI RE S 5E , B T AvieAxoo %I 7K A5 1)
BOWPE EPS 77 A FIHE R 12 3 M T W] kA2, (H 3
BV AN BE BE 7 W] AR, WIAR 1 VieAxoo ] BEAE R
— AN IR I [ A EUBCME A BE Y D EE

107
_09¢t
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3 Xoo 7 [E] B #k X 7k #E H9 Bw T E PXO99A AVieAxo0
Xoo strains

Biofilm formation/OD,,

Fig.3 Pathogenicity on rice of Xoo strains.

5 Xoo 7 [E BI#k £ W BE R B B 1 TE
Fig.5 Biofilm formation of Xoo strains.

PX099* /\vieAxo0 AvieAxo0-C

EPS production

/\vieAxoo

Motility

6 Xoo K[EE# EPS =& 8 /1 F1iE s MM TE

B4 Xoo AEEMMEENBEENE Fig.6 EPS production and flagellar motility of Xoo strains.
Fig.4 Induction of hypersensitive response in tobacco leaves by Xoo -
strains. Xoo # Hrp 38 ( BVECR PE BB ) 32 hrp

PR B TIT 28 9 6 3 4E (T3SS) K H 0N, + Fir
', ARBEIE KB VieAxoo T HE 5 BUR M B XK, 1M

2.4 AvieAxoo Y BR T R JEPS F= & F0iE Zhik
TEEARRE 50 N WY 2R E R, 5
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SEEM G, AN, 1E AvieAxvoo H, T3SS F 5 3
hrpG hrpXo FIRURN T 3 X hapl 5% 5k ik T
BET 40% -70% (KKFGHK) ., £ VieAxoo 5
T3SS F A B0 A5 M 2 (6] AT B A7 7E 22 S M
PR, 5 20 AT IR AR o

VieAxoo % BF iy 1F ] ¥ 42 s fig 5 & &L 9K B )
BT VieAve BJA —3, VieAve H A EAL 4514
BN PDE 3% ¥ |, 38 i 4% 61 o-di-GMP (1) B fig g8 35 T
BF G /1. HAT, IEFEXT vieAxoo F R #E AT JF A% &3k |
7 PR PDE 35 PRI E , LA KX AvieAxoo HY c-di-
GMP ik B i 47 5 ¥ 40 B (59 S0k &), LU &
VieAxoo HLA PDF i W f# c-di-GMP [T fE .
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Gene deletion and functional analysis of the EAL domain
protein VieAxoo in Xanthomonas oryzae pv. oryzae

Shimin Liang'** Fenghuan Yang® , Wenjing Guan®,Maosen Wu’,Huamin Chen’, Fang
Tian®, Yanli Xu', Chenyang He*”

"College of Life Sciences, Northeast Forest University , Haerbin 130012, China
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Abstract: [ Objective | To better reveal the functions of key members involved in cyclic di-GMP signal metabolism
pathways in the bacterial blight pathogen of rice Xanthomonas oryzae pv. oryzae ( Xoo). [ Methods ] vieAxoo ( PXO _
04753 ) ,a gene putatively encoding the EAL domain proteins was investigated by gene deletion mutation using the marker
exchange , complementation and phenotypic analysis. [ Result ] The sequence of vieAxoo cloned from genomic DNA of the
wild-type strain PX099" was found to be highly conserved in plant-pathogenic Xanthomonas spp. VieAxoo was structurally
featured with EAL and REC domains. No significant changes in virulence to rice, EPS production and flagellar motility were
found in A wvieAxoo compared to PX099"  whereas remarkable changes in induction of hypersensitive responses ( HR) in
tobacco and biofilm formation were observed. [ Conclusion] VieAxoo might function as an important reponse regulator in
cyclic di-GMP signaling and regulation of bacterial induction of HR and biofilm formation of Xoo.

Keywords: Xanthomonas oryzae pv. oryzae, C-di-GMP, vieAxoo, hene deletion, functional characterization
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