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o

1 WG R AmBlaesdBe, Wil 44 321004
2 HERABLFBEEYI R A T R AEY LR PR S R o B R B R TR, JEat 100081
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B E. 4RIKA 42 & & (zinc uptake regulator, Zur)EAAY KR ZTLREH T & AT, 125
ERR BRI ANF T £ R 2%, A HA Zur £ X 2 835 % H (Xanthomonas axonopodis pv.
glycines, Xag)¥ #9966, AAFR A BB ZTLAREKFT zur ARFE 68K B AR (AZUr). ZREH
EFERe by malf s TORFE. i, RRF50T) LB K AR R (hypersensitive
responses, HR)4E WA TE A A B F MR35, o, SHFARFHRAML, REMRAZUr 8910 H 5542
A KM, sl % A (extracellular polysaccharide, EPS) = & Ao Jel ot /K fif Bl (41 4 4 B . 0 ) TR AR B
T A G B R A KWK, AR Zn®'. Fe’'fe Cu” B# R M B E3%, e LANT W
R Azur 09 Lk s o R AR T ZBFAAKPE, RAZ S PCREELYW, zur AR % Zn*' 5F
RiA; Hozur AR R E XA hrp 2 AR & A FE (hrpBl. hrpD6. hrpE. hreV #= hrcC). Ji&
S K i B 4 A5 A ) (engXCA. egl2. prol. pro2. pro8. proll #= alphal)#= EPS 4~ & B (gumB. gumD.
gumK. gumM. gumG #= gumH)#) & A K-F, Xkt R R BA, Zur 7T 438 i A5 4 B F 4 A= hrp
AR ALK, AmAhG Xag £FERE LR BRMEALEIEFT I LE HR 8. KRR At —
W IEAT Zur £ H B JRE ALY AR T A9 AR L2 T sk,
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Xanthomonas axonopodis pv. glycines Zur is involved in
pathogenicity in host and hypersensitive responses in nonhosts

LIN Siyi'*, ZHENG Yinbang', LIAN Mengjie', JIN Luojia', GENG Huiya', XU Jiangling',
JI Zhiyuan®, GUO Wei'"

1 College of Life Sciences, Zhejiang Normal University, Jinhua 321004, Zhejiang, China
2 National Key Facility for Crop Gene Resources and Genetic Improvement, Institute of Crop Sciences, Chinese Academy
of Agricultural Sciences, Beijing 100081, China

Abstract: The zinc uptake regulator (Zur) has highly conserved sequences in the plant pathogen
Xanthomonas, while its functions are diverse in different strains or races. To elucidate the
functions of Zur in Xanthomonas axonopodis pv. glycines (Xag), we constructed a zur-deleted
mutant (Azur) by homologous recombination. Compared with the wild type, Azur demonstrated
reduced pathogenicity in the host soybean and reduced ability to trigger hypersensitive
responses (HR) in nonhosts such as tobacco, tomato, chili pepper, and eggplant. Additionally,
the deletion of zur significantly enhanced Xag’s sensitivity to Zn*", Fe’", and Cu®", induced an
imbalance in intracellular zinc homeostasis, decreased extracellular polysaccharide (EPS) production,
and down-regulated the expression of extracellular hydrolases (cellulase, endo-glucanase, amylase,
and protease). Functional complementation restored the defective properties of Azur to the
wild-type levels. The qRT-PCR results showed that zur expression was remarkably induced by
Zn*". Moreover, the deletion of zur evidently reduced the expression levels of hrp representative
genes (hrpBl, hrpD6, hrpE, hrcV, and hrcC), extracellular hydrolase encoding genes (engXCA,
egl2, prol, pro2, pro8, proll, and alphal), and EPS synthesis genes (gumB, gumD, gumkK,
gumM, gumG, and gumH) relative to the wild type. In summary, the results suggested that Zur
may be involved in pathogenicity in the host soybean and in triggering HR in nonhosts of Xag
by regulating the synthesis of virulence factors and the expression of hrp genes. This laid a
foundation for further analysis of the mechanism of Zur in Xanthomonas-plant interaction.
Keywords: Xanthomonas axonopodis pv. glycines (Xag); zinc uptake regulator (Zur);
pathogenicity; hypersensitive response (HR)

5 PRIt 7 J& (Xanthomonas spp.) & —28 8 &
FIAR DS I A TR, R R B2 H 27 3L,
AR YL 400 FPAEY), BHEKE . KRG, KRE .
MG . H#E . AR, HEghmar . K
LB RILEAMY AL, FIEMBE, i, 2
B B s 2 AR R K
B2 9% T (Xanthomonas axonopodis pv. glycines,
Xag) & H P B R R 2 — , f T
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i B9 K S BKE9Z JA (bacterial pustule, BP)J2& K 5.AY
R e B o A B AL B R AR
TR, SEM A EOMTER R RAIE,
7 F R K T 2 4 e
PEEATE AN AT B R OC R, EAMUE
ZRE A MBS S, T HIES S 28
AR AETY, flhn, Zo® AT PR S0 M T
(Pseudomonas aer uginosa) i A= WL i, I3
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HrshvE® s Zn 5 0 K i 4 55 7R (Streptomyces
coelicolon) BT A= Z re A fZE I R, (H Zn®”
TG SR A A I ) Shig , TP 4n i
Rt fe, H2SEAser-", ik, gi
PRI H ™A ELURG 4 ) FERR S TR N 4%, AR
Iz R, R R AE R FEANTE B Y,
FRFRERASTE Zo” IR RS . JMERG MR
P RGP EE YL

FEWZ KR 8 2] 1 (zine uptake regulator, Zur)
JEANTE M N B AR ST 7, nEEE Zn®
49 WA AT e A DG 5 DXL 1R R 3, DA T ke i T 44K 1A
Zo® EHGT R BcP #EY L Zur WAT RS —Fb
AR E AR R S S A TR ) — e A L RE
mEgETE . BTz BN T R
16 7K A5 11 A% 9 B (Xanthomonas oryzae pv.
oryzae, Xo0) PX099" F bk, Zur 5 I 2 FEAIK
P AK 19 M Zh 2 B (extracellular polysaccharide,
EPS) /™ &, Hll 55 1 bk 75 27 3K A5 b 09 B0 1
(pathogenicity), {HAN 50 B bR AE IR 35 40 5 1
W & o BB0PE BB (hypersensitive  response, HR)RE
F11, 5 Xoo HHLE, B E AR (Xanthomonas
campestris pv. campestris, Xcc)f Zur #IFE I H
ARIEIRE, Zur 25 8004 FKKY EPS & R
EAEZF Bk HR 881, fH Zur RiEFH:

NS XC 1R BRI EPS A RIS 7K A it 56 TR

Feak T X S gL LR, Zur TERE Y9 R 5
PR T AR e DB A 25 Rtk A
I R B NRRE

FH BB PR R A0 1 AN BSOS 1 (hy persensitive
response and pathogenicity, hrp)3d& K 7% 4 5 (1 111
43 22 4t (type 1II secretion system, T3SS)A]
EAEDF FAY B 3OE HR FIE SR 27 R4 b
SLESRE". hrp HHKEH 6 M RIT
(hrpA-hrpR)4L %, 7 20 Z 4 ANFF hrp-hre-
hpa 3 R 1), 32 36 PR 7% 2 38 B 1 3% % HrpG/HrpX

&: 010-64807509

GO, ] 22 SR s R T B
s, A Zurt™ | RsmAPY%E . SR Zur
PR [RI A P s ) B B TR hrp PRI 1) Rk
FRAE—EER, RUHEKRRESE. 78 Xce
th, 8004 [F KA Zur # i hrpX 1% hrpA-hrpF
S BT FRIEIY T XCL FERRAY Zur FEATH
¥ hrp JERFERYFEN, 7E Xoo PXO99™ B AR Al
JK R 45 B 7 (Xanthomonas oryzae pv. oryzicola,
Xoc) RS105 @##k, Zur #1 HrpG LASF-A7ph~7 7
A hrpX B JE#E hrpA 58T R
ik AT MO hrpX P45 hrpB-hrpF %% 5% HoT
R X ZE LR AN AR s
HUEE Y Zur X hrp 3R R RS HA AR RS
P Zur G PR hrp LR 7R B VE M2 0 Xag
HEE)F FEY EAEM AR

RHERSE Zur #E Xag SR FM Y EAES
FIThEE, ARMFFTHE T ZI15 HAR zur 3K B
RBRAERR (Azur), 8k HrAzur )R
BT RURME L RS . BT A
FORA IR RIESE, B T Xag 1 Zur (1)
Bt TESCHT Zur (Xoo. Xoc Fil Xco) I HEWFFTAY
Bt b, AR LIRS TR
B Zur MDDRETE S 2%, SR
BT Zur 75 55 50 P 5 R ) BLAR P A AR AL B S
TE LA

1 MRETE

1.1 #H
1.1.1 B E RN R

EN SRR e A

Xag M HAf A bR B T 28 °CRi 3%, KHr
P (Escherichia coli)& F 37 °CH: 5% .

NB ¥i#idk(g/L): ZREMNF 5.0, WLk
BUP1.0, FERE10.0, 4RIZHE3.0; NY BRI
(g/L): ZEREAN 5.0, BAEEW 1.0; LB &
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&1 KWK R ERFI R

Table 1  Strains and plasmids used in this study
Strains and plasmids Properties Source
Strains
Escherichia coli DH5a 090, 1acZ Ami5, recAl This lab
Xanthomonas Wild-type, the pathogen of soybean bacterial spot disease, car’ This lab
axonopodis pv. glycines
ZJ15
Azur zur deletion mutant of strain ZJ15, car” This study
CAzur Azur harboring pHM1-zur, car’ This study
Plasmids
pKMS1 Suicide vector derivative from pK18mobGII, sacB*, mob", kan" This lab
pHM1 Wide host plasmid with pUC19 multiple cloning site, mob*, spe’ This lab
pKAzur The upstream and downstream fragments of zur were fused into pKMS1 vector, This study
kan"
pCAzur The zur promoter and its ORF fragment were constructed into pHM1 vector, spe” This study

car’, kan' and spe’ indicate resistance to carbenicillin, kanamycin and spectinomycin, respectively.

FH(g/L): BREAFR 10.0, BEEHZEWY 5.0,
NaCl 10.01%,

oA £ . RFH B K (carbenicillin, car)
60 pg/mL; FHRE 2 (kanamycin, kan) 25 pg/mL;
W B 2 (spectinomycin, spe) 100 pg/mLP!,
1.1.2  #EPHMR

AWFFE T K 5.(Glycine max L.)& iy i
11, JHEL SR A AR AR (Nicotiana benthamiana,
Nb) Fll = 4= 4l (Nicotiana tobacum, Nt), % i
(Solanum lycopersicum L& Rl 428, i+
(Solanum melongena L.)fFP A biih 15, Bk
(Capsicum annuum L.)#hFlh — 4. Fifa
YA R R OB SRR EOR = P
L.1.3 iRXFA514

gDNA FEHUAF & . DNA 4lifb i) & 551y
F Axygen AwEI(BLM). FREIPENVIEG . T4
DNA %40 . Ex Taq lif . RNAiso Plus i&5] |
AMV JH i85 €2 A1 SYBR® Premix Ex Tag™
ZEW H TaKaRa 24w (Ki%).

SIP(ER 2) AL SR A YRR R A B
2 FI BT B R

http://journals.im.ac.cn/cjben

1.2 &
1.2.1  zur EEFFIHELLME S

it PCR FB vl ZI15 BERRAY zur JEH R
BOtRe, RJEH HAE5E NCBI ##47 BLAST [
XF, FAGANE R e B L P[4 Xag. Xce,
Xoc., Xoo . M & 15t Iz 1 (Xanthomonas axonopodis
pv. citri, Xac) il HHL BT 25 9% B (Xanthomonas
campestris pv. vesicatoria, Xcv)35 18] ¥ zur %k
DNA JFHIAHIME . [FIEF A NCBI M3 3B | iR
AN R Py s S B B TR Y zur JER P41, A
F BioEdit # {41 — Hoxt A 5 ZI15 Bk zur
LR DNA J7 51 AHRIPE
1.2.2  zur EE KT AR HE I EE B #ME R
pEifES

FEF R A R FEA A zur JE DR AR 58 AR
P, L gDNA Wt , 748 zur JEFAY 1. Rl
FPol R B, A s AR prMST™,
o pKAzur, F B EAH A pKAazur
FAZE ZI5 B SANMI 28 2 K [ 5 8 2H A2 4
PAF zur BLH R 2R, 4 8150 PCR Bk )
i 44 N Azur
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x2 FAMRFAASIY
Table 2 Primers used in this study

Name Sequence (5'—3") Product size (bp)
zur-up-F1 AATCTAGACGACCAGGAGCTGTTCACCCA 602
zur-up-R1 ATAAGCTTACAGGCTCCGGCGTCAGGCCG

zur-down-F2 ATAAGCTTTCGACTGCCAGGTCGTGCGTA 314
zur-down-R2 TACTGCAGACGTCGGTTGCGACTTCACTG

zur-F3 CGAGCTCGACGACATGGTGAT 1990
zur-R3 CCAGGAGGAAGGCATACAACG

zur-complemention-F TAAAGCTTCATCGCCCCGCAGTTGGAATA 971
zur-complemention-R ATGAATTCTTACTCCGCCACTGCGCATTT

ihfA-F GCATTGACGAAAGCGGAGATG 257
ihfA-R AGTTTTTGGCCAGGGCGGAAC

hrpB1-F GTCGGACTCACCCATGACAA 213
hrpB1-R GAACAGGCAGCAGGCGTA

hrpD6-F ACCGATACGGTCACCCAAGA 192
hrpD6-R TGCTGCAGTAATCCCGTCAT

hrpE-F CGAGGCACAGAAGTCCATGA 124
hrpE-R TTACTGGCCAACGAGCTGC

hrcV-F GGCGCCATGAAATTCGTCAA 193
hrcV-R CAGCCACCGATATCAGCAGT

hrcC-F CGAAGTGCAGGTGTTTCAGC 210
hrcC-R TTGCCGAATGTGTTGGAGGA

zur-F AGGCCTACGAATTGCTGGAC 226
2ur-R TCGCGATCTTCCAGTTCCAC

engXCA-F GCCCAGCAGCATCGACTACAGC 200
engXCA-R AGCGCAGATCATCCAGCCATTG

egl2-F GCAGGTGCGCATCCATCGGTC 157
egl2-R ATACTGCTCGTAGGCCGCCAG

prol-F GACCCCAGCGTGGACTATGTG 231
prol-R GATGAAGTCGTAACCCGGCAG

pro2-F GATGCTGTACCCCACGCTGAC 195
pro2-R AAGTCGTAGCCGGGCAGGATG

pro8-F ACCCCAATGGCGGCATCAATG 133
pro8-R TCGTAGCCCTGCAGGATGTTG

proll-F CATTGCCGAACGATCCGCTGC 205
proll-R GAGAAGAACGGATCGGTGATG

alphal-F TGGGCAACGACTGGGTGGTAC 226
alphal-R TGCAGGTACGGCGCCAGGAAC

gumB-F TTGGAAAAGATGGTGGCCGAC 226
gumB-R TGCGAAACACGATGACATTGC

gumD-F CGCGACAATTACTTCGTGGTG 228
gumD-R CTGAATCGTCGTGCCATGGTC

gumK-F CGGTTCTTCTCGCTGCGTTAC 240
gumK-R ATCTGCCTCGCGCATCCAGTC

gumM-F GCGCTGGATCCTGGACCACAG 145
gumM-R GAGCAGCCGATACATCCATTC

gumG-F TCGTGTTGTCGGGCTGGGTTG 230
gumG-R ATACAGGCGTGACCCATTGGC

gumH-F CAGGACACGCATCAAGGGCTG 231
gumH-R CTTCATGCGCGATGCGTAGGC

&: 010-64807509 D<: cjb@im.ac.cn
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L gDNA MR, ¥ 14 zur ZEF [ 30 H
5E B YAt ¥4 (coding sequence, CDS)[X ], FflH:
P B IR AN A pHMIM™, 4544 4 pCAzur .
P E K A AR pCAzur T A EAzur
T ARG IR B AN T, ShuA Rk &
PCR BiiEf5, fiv4 4 CAzur,

1.2.3 HEIRE

S S A R Azur FE KT W EUR
P, K25 TR R 1 % ) (ODgoo=0.3 )M 25 4 F 22 K
SRR, 14 d JE B R AR A
FE AR Azur FETF F R G R HAU P Ay A KRR
71, R ICE I 5 456 T 4 (ODgoo=0.1)1F A
KGR 20400, £3BE 24 h 57 BCRERD X AFES |
Tl . T, S E 7 d i sE S Bk Azur
AR FHY L& HR BBJ1, B4 WkRIG %
) (ODg0o=0.5)1F AAEZF F(HEL . i+ . T
BRAOM 440, 48 h 5 LB Frfiedk, S2iy
wHE 3 KM,

124 BFEEMNE

B FF I PR AR B 5 2 ODgoo=1.0, H 2 mL &
BRI E NA PR, R R S e 5
MR, HHE 5 min J5 LPRZ AW B35 2 ul
ZnSO, (1.25 mol/L) .FeCl; (1.25 mol/L)&{ CuSO,
(1.25 mol/L) ¥ ¥ 1) I8 48 F ikt & T A o
28 °CHPEH;FE 48 h Ji, WLELUE 4K A J) [l 40 1 el
LR, IR 3 P,

1.2.5 RRNERESSH

R FR 2 ODgoo=1.0, BLLUEETE
T, KB 258 F 7K TR 2R 2 ODgoo=0.5,
Fi& 1% Lo 0K BB A3 i 4R 255 0.,.0.05., 0.1,
0.15. 0.2 5; 0.25 mmol/L Zn*'#J 20 mL NY };3%
Berpr, 28 °CHRG ISR 24 h, & 3 hlE 1 &K
ODgo, SEHGE 3 K,

1.2.6 RSk iR EE Ik 40

R BB 5 IR 2 ODgoo=2.8, B0 UEE |

http://journals.im.ac.cn/cjben

WO EERRA, B30 uL A BInA £ 0.2%
AT TETER  1%BIR 415 . 0.5% K I HLLF4E R
5 0. 2% S B NA SR/ INLIN, 28 °CHiEE:
FEF% 2448 h, X BE 3R VAR 3 0l 64T AH L %) e 42,
ACFRJE , ERIN AL K A R AT AL, SE R
B3RP,
1.2.7 EPS ME

JEPE TS RAZUr 19 EPS 5, B 2 uL
15 I BT 1K 1 77 W) (ODgoo=1.0)He B T35 2% 4
PEECRERD A NY BRI F, #ERRE 7 d
S MERRVRIE A o e JE e 2848 pRkAzur 1) EPS
PR, 1% Ho R 45 TR AR B 55 W1 (ODgoo=1.0)
TR T3 2% A0 (B B NY WA RS 77 0
t, RGHIIE 5 d RO RBRIEERIK, ARG
FATCK CBETTE FIF W Y EPS, 55 °CT )5
Frif, L dEA 3P,
1.2.8 ZHKEE PCR

Shy a0 6 47 K A T 4 0 56 DR AT EPS & i 3
2B, KRR T NB i kb
77 %2 ODgo=2.0, B0 WUR A T RNA $2 5
kil hrp PR AR B Rk A, F
FH T T 58 e 44 157 0 781 1k 781 85 W (OD00=0. 1) 7
ARG B4, 24 h 5 55 BOE 5T X S A
FWAPUE R AHT RNA 21 R
zur FERTE Zo® ki 26 0F A FRIB K, ¥ Xag
PP BUTR PR T NB 5555 5P 5595 2 ODgoo=1.5,
) H N SN BR IANIR Zn® 2 RO, 0.05,
0.10. 0.15. 0.20 5% 0.25 mmol/L)Jf- 4k £ d 15 5
4 h, B.OWCEF A T RNA $2H 7 18 RNAiso
Plus (TaKaRa 72 m])#5 1E 150 B 2 BB MR 19 5
RNA , 3 JI JC RNase fit) DNase 224 gDNA JR i,
220 MG EETH R R s VKR I B L S, PR R
PrimeScript ™ RT &7 £ (TaKaRa 2\ 7)) #EAE DL
B4k cDNAMY, DL ihfA JEHE 2l i
SYBR" Premix DimerEraser™ (TaKaRa 2 ) )if 7]
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#IFNH 7500 Real Time PCR System (Applied
Biosystems) X} H AR S5E G174 38 o B by 4514 H
95 °CHIZEPE 30 s; 95 °CAZEME 55, 60 °CiR 2k
34's, 40 MER,

2 ZERE54

2.1 A REIEYRERERMRER zur EEF3
= ERT

HAYE B F Al H, zur JEHTE Xag
1 3 ANEIRR(12-2 . ZT15 Fil 8ra) HA 100%f1 DNA
FESIMRIME, AN, Xag ZJ15 BRI zur K5
Xac (306 THkK). Xoo (PX099*., MAFF311018 i
KACC10331 F#k). Xoc (BLS256 A1 RS105 [#
FE). Xce (8004, ATCC33913 il XC1 ##E). Xev
(85-10 HHR)Z 1 zur FEH I HA 90%LL 1y
DNA JE AN . X L5 LR, REAEY
JU B B B ) zur KR ERL R 8 B v B AR .
2.2 KEWZIRE zur RE L RT R
R IIE

A Xag Hozur FERITNRE, A AR
AR zur 3[R O AR B 1Y) 28 A8 bR
(F 1A) . A4 2 Uk (] U5 EE 2 AR A5 19 1E A AL
LT, B 2 53 PCR S M TRAIE, L
b [ PR 51 8 (zur-up-F D) AR 3 [R] 958 5 1 4
(zur-down-R2)A 4 A 88 L1 i [R] R A1 1E 5 | 4
(zur-F3) F1F Ui [F) 6 R A 4E 51 4 (zur-R3) Sk 41
A, P GRS DNA Fr BOM 38T 55 A= BU S50/ )N
507 bp (& 1B). XULIHAMSE BN T zur
I R S5 28 A8 MR (i 44 A Azur)
23 wr EEBRKEHISAEHEREERE
LH BN

REEIE zur FEFTET FRE FAEBHRMEE
M, SR Pl R A MR Azur . B A CAzur
QB A RUTR R 43 i HE A TR L SR A . A
14 dJ5, WERIE RS AIERGH F Foli

&: 010-64807509

W (0 I R BE 5 (H SR AR Azur T 7 A2 (4
BEBCRAES T CAzur F1HEF A= 79 T bk 1 0 I s /0>
(K 2A). RNUERTEAL zur JENAE Xag BoE
R RAEIVER, R JCET 1 5k 2 A8k Azur |
H AT CAzur J2 A= Y PR AR 43 0 AR 0 B
L LRSI N AT, 2828 kA zur
FE I e BB AR T A A B A R
55; DIREH AN R A MR Azur (BB RE TR
FEHF AR (F 2B), XS5 R, zur FE[H
J& Xag X K & AT H0m I b 75 19 o
24 zur EEBKHSAKERERELIES
FHEY LA A HR &

FEAH zur JERRE RS Xag 7EE A £
Yy Lk HR GeJ7, SRAJCH IS R A8 bk
Azur, HANF CAzur Fo A BUBE #k 4 3 AR
A E L R A )M R A B
Flv 48 h J, WSS B R A bR Azur 76 iRIETF 48
Y BTk HR, (%R HR BEJIAHAS 1Y
A BRI RES S 2 IS5 5 DhRR BN DR R AR BRA zur
WOk HR BE IR 28 7 A= B K- (18] 3A-3F) . X
SeZk BLL R, zur JEDR R Xag AR EAEY) 1%
& HR i it

RIS 2ur RS Xag 7EEFF M
Y1 Ok HR HLEE, FIHZEOEE it PCR il
hrp JE R4S £ S K (hrpB1. hrpD6. hrpE.,
hrcV #1 hreC)Hy Rk Ko AT TERF A RIS
R, RSN (K] E 58 S MR Azur H 9 2RaE K
SR RE R E, Ho hrpD6 1 hrpE &K ) £
KRR B, B IS 80%LL E (8 3G).
X R zur R 98 7% 5 2 A b p 2 DR 7 L X )
Feik, MITTHHE A MR Azur 7EAE2F A i
% HR fETT.
2.5 zur EE K EEILE KT D RERT
Zn*, Fe 1 Cu® RO B 1t

NERIE zur IR RS Xag Wi R 4 8 5

D<: cjb@im.ac.cn
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FRIME R AR RS S A E Zn®"

Fe* ' fil Cu® X748 bkAzur . HAMF CAzur KB
R RO ERE S . R 4 ATHN, Zn®" | Fe'
- Cu* BREXT 28 AE bR Azur . CAzur % H7 4 RUBR]
R A B TR A RIPE T B Bk 3 FhEs Xt
GEAZBRAZUr (A VR FH AR 55 5 A TR TR AR
W5 (& 4). ThEE I AN 2 A KRAzur St Zn®"
Fe’' il Cu™ Wi 32 PR 52 58 7 A RUKF- (] 4).

A

3530508
-3 531 149

- 3 531 463

XSBLE B R, zur SR B HESE Xag X Zn®"
Fe Rl Cu® " (i mi 1o S, B2 zur 3% AT REAE
Y5 Xag N 48 & TRad ) m HEA/EH .
26 wur EES5HBXIHRBHRERARN
RS

RERGE zur FERIE S S 52K Xag N
BERRAS, A1 E 2 A8 MRAzur . HAMT CAzur
T A YR R AE & R TR Zn™ e B % 3 T P 1 A=

[exN 3]
O O

35319
3
-3 533 386

Genome location (bp)
Transcriptional regulator

Genetic organization of zur

Zur Glutamate-tRNA ligase

Pl

[ 602 bp

I

507 bp

[51:bp)

Up

F3 F1

Down

|

- -
Knock-out process — NN N
- -

B
. & &
NP K
bp < %9 Q
Confirmation by
PCR amplification
1990
1423

WT

&1

R2 R3
\}
N\)
Q
¥ W F
Q < {7 bp
1483
916

Azur

RERBHE zur BERARTHRABWE A zur EEECRRLRER. B: zur JEHHK RE

FREGEGIE. WT: ZJ15 Bk Azur: zur BRI Bk 28728 {4

Figure 1

Construction of the zur-deleted mutant from Xanthomonas axonopodis pv. glycines. A:

Construction diagram of zur-deleted mutant. B: Verification of zur deletion mutants. WT: ZJ15 strain; Azur:

zur deletion mutant.
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2 RTHkAzur EHEEF KT ERBEHENE A fEM T RIEE SR RE ). B: FEM i AL
ZHHRE ST, **: P<0.01; n=3 (t Kik)

Figure 2 Pathogenicity of Azur in host soybean. A: The ability to form bacterial pustule on the surface of
soybean leaves. B: Reproductive capacity in soybean leave tissue. **: P<0.01; n=3 (t-test).
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Figure 3  The ability of Azur to trigger HR on nonhost plants. A: Inoculation diagram for each strain. B—F:

Followed by chili peppers, tobacco (Nb), tomato, eggplant, and tobacco (Nt). G: Expression level of
representative genes from hrp gene cluster. **: P<0.01; n=3 (t-test).
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(t K56

Figure 4 Sensitivity analysis of Azur against Zn*, Fe’”, and Cu**. A: The inhibition zone formed by each
strain under Zn*" (1.25 mol/L), Fe** (1.25 mol/L), or cu’ (1.25 mol/L) stress. B: The inhibition zone
diameter formed on the test plates. **: P<0.01; n=3 (t-test).
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Figure 7 Expression level of Azur in extracellular hydrolase. A—D: Expression analysis of extracellular
amylase, extracellular protease, extracellular cellulase, and endo-glucanase, respectively. E: The expression
level of extracellular hydrolases-related genes. **: P<0.01; n=3 (t-test).
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Figure 8 The ability of Azur to synthesize EPS. A: Qualitative analysis of EPS yield. B: Quantitative
analysis of EPS yield. C: The expression level of representative genes in gum gene cluster. **: P<(0.01; n=3

(t-test).
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