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WBE: [ HiY ) A5 B 1E 8 75240 18 1 SR BKER T8 (Xanthomonas arboricola pv. juglandis, Xaj) DW3F3
H rpfG FERILE YA EIRE DN W AZ AR A0 TR M R0 B 16 24 0 i R SR A E A i, [k ] DABRI
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SR FMFEIREHEAR, X Xaj h rpfG BENJEAT @R, I ARk 27 07 W 0] ik R 0 2 TR R B AH G 7
JIEF Prasi e R, [ 258 1l R8 Lu X, 78 XajDW3F3 B d &I T 5 XeerpfG . XoorpfG
FRE SR, FEMIIRAT rpfG IR SRR ArpfG. SEFAETIMLEL, 2880k ArpfG B9 A YI sk IETE 1 g
TR AT XajDW3F3 [ 44.58%; JfLAMZ2 0 et il B AR AU (Y 8.47 mg/mL Bk 5.23 mg/mL; ArpfG
P ZEEE RN, e AR, B I BoR ArpfG G s HAR LEF A BUBE N T 12.38%; AE4h
1 43 Wt 26 A T AN TRV R BE (O 02 | SRS R A UL £ 4 T I e M S0 25 RIS, T TS A T e 5, T
STIBEE IR RE SR R A8k WA rpfG 8RS, Xaj XPEEE(ER . B2 . SDS. BRERHN) AT 32 J1REAK
[ 2518 ] 45 RRW] rpfG IR RS2 W AZ Ak A0 1 R X0 TR A B0 AHOCRAR , I T 1 Al — e P asi ok

KRR BOCAAPE BT, rpfG BN, JENRAER, wH T
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B EFZE LK 30 ZF0, T E R H AR ™
AT, HAP R B e I
IR Z RO R RN SR Y, AR R I R A
BEECR ZE R (Xanthomonas arboricola pv. juglandis,
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TEAF, S 2 W 7 BRI 1 i 6 B PR 3L
SREE R G, 43 92 hrp/T3SS Hl rpfIDSF KA ZH
M 515 'S R 4 (two-component signal transduction
system, TCSTS)®, rpfC/rpfG BT PAMITE B H Al
W% . MERIPLER TG R TCSTS 2E, %
P45 R G AE 1) PR A5 ML AN AL A 2R S L, TR
Ir) 8428 40 A A 0 T B 5 e R 450, DSF 4
SIEEALEIAIE 1R, RpfG & — PRI P Y
E, BATRIR IR YE, RN A ARl
4 BR (c-di-GMP), fii c-di-GMP 5 HA5 4/
2 R R F cAMP 2K 2 1K 8 1 (cAMP
receptor-like protein, Clp)&4f#E, 1M Clp Hi%
off [ B2 AR A DG B LR A 2™, 5595 I i XA
VIR BRI S YIAI S o rpfC F rpfG W3 RGLHE
B IE R Iz AR, B R AR R IR ST
EHA: W ) BEEAS [ 95 S BT A AR )P
TEOT AT b, B A= B BRI B AZ Ak O A8 R

(A) (B)

JB T H MR . i X Xaj B A BUE AR DW3F3 |1
SR A A YIE TR I, XajDW3F3 (1 rpf 3k
R Xee BRE 8004 B rpf Jk PR 5 HE FE DR 20 1 Sz
HEFWUT b oA —35, IF HE rpf 2 K i G i
(R s BE R, Hob RpfG 741 AR >90% .
YT, FA THED XajrpfG 7] B ELAT P45 240 18 FH 56
BT RINEE, IS SRHRRNAE S G .
A5 38 2 BE R A B TR B T S T B, b T
R Az B B DR AR B0 AR RN Y rpfG LEMISN ZHE
B MESIK RS 3 . AR EIE L . DSF 194
B EIEE . DSF 0 FE A 2 48 A2 A 4
JE AR B0 PR B E B i 2 5, R
B VA AR A B T T I Y)A S . H AT R
BT v PP A% MR O A R AR S, A
W5 AR Xaj MBURHIIRSR RS IESE , (7]
R Sk T R A% Ak A AT P PR B 77 3 24 7 4 A — A
B FHAE A
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1. DSF & QS R4iRaEM
Figure 1. Model of DSF type QS system!. A: at low cell density, the DSF production is restricted by RpfC,
meanwhile, the activity of Clp is inhibited by formation of a c-di-GMP-Clp complex; B: at high cell density, the

DSF accumulates and causes the autophosphorylation of RpfC, phosphorylated RpfC loses the inhibition of DSF
synthase RpfF and activates RpfG by phosphorylation, as a result, c-di-GMP is degraded by the activated RpfG, the

released Clp promotes the expression of virulence genes.
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1 AR

1.1

111 SR G BoRL . WA B A PR B0 A2
M Xanthomonas arboricola pv. juglandis (Xaj)
DW3F3, 4385 [ FHIT Rk e 19 9 728 A% bk A1
DR S T 350 b TR 2% B R € R B o o 48 4 2 Tl
WAL A H A SR ARG BT TR R N B T L
= 1,

1.1.2  ¥FHEE: YPG HFHd(L): &AW 5.0,
FERERS 5.0, #IZ8E 10.0, pH 7.0, YPGA }igs 4k
(g/L): YPG 5323 BifE 15.0, pH 7.0, YPGS
Figidk(g/L): YPGA eSS ErE 100.0, pH
7.0 MAME BRI 55 552 58 . YPGA H & 1% (W/V)
IR DIRY o HLAMTER A I B 52 5k . YPGA

B 0.1% (W/V)RIRTEPETEN . MISNEF 2 5 WA
RiFRIE. YPGA P& 0.5% (W/V)RYHR B JLLf 4k
K(CMCO). iz BRI RS 37 5L (swarming “FAR) :
YPG HRAN 0.5% (W/V)BigHE

113 FEEG]: LBET(Cef), TAEWKEN
30 pg/mL, FABEER(Km), TAEMKEDR 30 pg/mL,
5 N L -B-D- i AR 2 FL B 1 (IPTG), LAEWK
1 mmol/L, FitkE&K . IPTG ¥IT FifEA T4
TARABRAF]; WIRL . 45 ST Figd T4
Y1yl PCR = 2lifbidin & o e I &
R A BOA R &0 A A T AW | 5 BRI
WUITE . Ty %480 . 40765 DNA 42 BUsH &6
HREREY/AF, PCR P HIEEREM AL
BrAY AL 519G BRI Y 35 i A T 58
B, WFFE AT RS9 L3 2, Hofth ik 2zl 2 R 43
Bradi, W[ E 255 B A 2E A BR A Bl (H ) .

R 1. AWRE R E RN BRAL

Table 1. Strains and plasmid in this study

Strains and plasmids

Relevant characteristics

Sources

Escherichia coli

DH5a F 80AlacZAM15A(lacZYA-argF)U169
recAlendA1hsdR17(rk-,mk+)
S17-1 F, thi pro hsdR (RP4-2 Tc::Mu Km::Tn7 (Tp Sm))

X. arboricola pv. juglandis

expression  vector

DW3F3 Wild-type strain, Cef"

ArpfG XajDW3F3 rpfG deletion

ArpfG(rpfG) ArpfG carrying plasmid PS-rpfG, Cef’, Gm"

Plasmids

pSRK-Gm pBBRIMCS-2-derived  broad-host-range
containing the lac promoter, lacl?, and lacZa", Gm'

pK18mobsacB sacB-based gene replacement vector, Km'

PK-rpfG DNA fragment used to deleted rpfG was cloned in pKI8mobsacB,
Km'

PS-rpfG rpfG ORF fragment inserted into vector pSRK, Gm"

Laboratory collection

Laboratory collection

Laboratory collection

This study

This study

Laboratory collection

Laboratory collection

This study

This study

actamicro@im.ac.cn
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x2. AMRAEAMSIMFIIER

Table 2. Primers used in this study
Primer name Primer sequence (5'—3") Digestion sites”
rpfG Nde 1 GATTACCATATGGGTTTTCTTTCCGGTAAGCGC Nde 1
rpfG Hind 111 CTGACTAAGCTTATTTCAGTTCGAGTTCGTTC Hind 111
rpfG up for AGCAGAATTCTGCCGATCGATCTTCAGAAC EcoR 1
rpfG up rev GCTGTCTAGAGGATCCATATGATGTCCCCAATACTG
rpfG dn for ACATCATATGGATCCTCTAGACAGCCTTTGCTCGACAG
rpfG dn rev GTTGAAGCTTCAGTTCGGGAAGCGTGTAG Hind 111
pK18-R ACGGACGGCCAGGCGAT
pK18-F GACCGTAGGCCGCGTCA
pSRK-R GCCATGAAGATCTCGACTG
pSRK-F CTCAAGGGCATCGATCTGT

Underlined parts are restriction sites.

1.1.4 EENEFBG TIES SW-CI-2G (b
WA B, IR FRAR AL h 2R A A
PR w]), X128 KIS LDZX-75KBS (I
T H BRI AR ), BOGIHCEESh-AT I Ao B i
UV-6100S (b 3% ik), 18 Ik % 82 K
ZQTY-50NS ( FiHEHIZE),
1.2 AR BBURE T rpfG EEE B SEkE
LB B B R A T Rl 40 R K R A B
XooPXO099™ FIHT Il 8 BRI B Xcc8004 1)k K 41
NZ ), ik NCBI Wb AR 41 b Xt
5 B8 (BLASTn) , 7 2 #k 40 16 4 B 5 5
XajDW3F3 FEH A b F B RAETE rpfG B[R]
N, EFAERFIE, WRIEHLERTY], &t
BIEGIY, P TIR SR PCR TR AILAE [0 KL IR A
FIAE D5 D225 DNA Star H' MegAlign [13))
REXS rpfG BE N 9w A% A T RpfG #EA T [A] IR LE XS
Br, HE—25 HA 3 PN rpf LR A 5 .
13 rpfG FEF R SABIR B IR B F B
1.3.1  BRAREAMAMMRE . AWESOR AR NS
By ik T rpfG IR B R AR, LU
XajDW3F3 & DNA Mtk , PCR 97314 HFREE

i DNA R B, FERAER PCR K BT ilf B
g, PRI IEE EcoR 11 Hind 111 BV )5 %
B3 B A3 pKiSmobsacB |, §ifi % B 4 ki,
V6 FH 22 DR v 83 1 B 20 R 2 Ak R A TR sz
Y S17-1 w, it = SRARE AR R TR
ABP AR XajDW3F3 1o HI5 A Cef. Km 1Y YPG
SR i A () IR B A e () — IR EE 2 -, R
7 PCR HiF . PRECIEUE IE 6 Y — R EA 7 F
28 °C., 180 r/min FEIRYR G L AUIETR, 4 TR
AT T Cef 9 YPGS “FAl I, KRS
PCR K, 0kt & A WS T bR, FRAF AR
RARK ArpfG

1.3.2 [ EMRAME: L) Xg/DW3F3 & DNA
B, PCR ¥3% HEREEIA rpfG ()54 DNA
B, FREIPEN VIR Nde 1 1 Hind 11 BV J5 14 33
15 FRIBEAM pSRK B E A ok, @it =
EAREA WG EALTR 3 A SR A ArpfG
A Cef. Gm HitEM YPG “FARFEEES
PCR KriiE 1E 4 BRI R IR RE ArpfGlrpfG

1.4 A=Y BB BUEE TR
PGS SRS A rpfG R JE XS Xaj A9

http://journals.im.ac.cn/actamicrocn
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PIEIE R 73 B4 XajDW3F3 | ArpfG
ArpfGlrpfG F 5 mL YPG AR =5+, 28 °C 4R
DiIEFR BB, SRR ODeoo M 1.0 2245,
W5 mL PR ORI, 1 mL YPG By
FRILFE B, HeFh A 4 mL YPG KSR 3L 13
IR E T, AR BT R AN IPTG, BT 28 °C
B PERERIR S AT, EREERI, JCRIKYE
BRE 3 HETINA 6 mL 1%F045 i 254 €5, 30 min.,
Py, FICHEK B RE, LTSI,
WA RE IR A — RS EY T, miidss; A
1 mL Jo/K OBV RS RELE fh 48, I5E 630 nm &b
WS E e s, IR E 3 AN EE
1.5 S HEEPS)EBURE SALII

TR VBA R R & T 000 7 45 TR bR ™ A EPS 1Y
o SRR XajDW3F3 | ArpfG. ArpfGlrpfG F
YPG AR SRR, 28 °C IR G R B2V B, 7
SRR ODeoo N 1.0 7247, F# 1%2% (V/V)HY
R 50 mL HEE YPG MUK IR, In A
NP4 R A PTG, 28 °C JRi% 5% S d i, ks
WHEA 4 FERBIOK 8, Bk b,
SRIG PR ZLRTTIEY), BT 55 °C B LT, R
&, s, IFERESARYIE M EPS Y& (g/L),
BRE3ANES.
1.6 AN I B8 T BRI

AR5 R FH P ARSI 32 3 SRS I T A% TR
SRILMIANE IR . LA UE R Tl S M S AT G R T Y
A&7l
1.6.1  FUAME BB FF b 7 55 5% 00 1 DU B Ak B
T BEIF M ODgoo 2 1.0 J5, FARS TR #5051 W HX
2 pL BRVREEFN T 1% BEIE 24105 AR R B2k R
IPTG /% YPG “Fil |, ###E 10 min. 28 °C 53¢
2 d, I H AT S K A 37 BH B A e R

actamicro@im.ac.cn

FIWTTER - MM E R ATE T, 100 E 3 AN
1.6.2  MUSMGEMIEG : 5 755 77 00 1 0GR A 5 7
VIR I ODgoo & 1.0 J&, FARSMARWMHL 2 uL
BRAERT T 0.1% IS VETERy . A HTA R A0
IPTG ) YPG VA |, #E 10 min, 28 °C K
2d 5, FIABEH 1:100 89 L/KI (0.08 mol/L L,
3.2 mol/L KDWY {4, 10 min, SR ] 70% PG
Veor-l, BB AEMIANE R IR TE AR, HETEAEK
Qb % BRI AT % BTG €537 PR P, ORS00 it i ] el
RN, RIS 3N EE
1.6.3 MASMFAEREG . 40l 7 55 77 00 10 0 B Ak 5
FEWIF I ODgoo Z 1.0 J57 , FARS IR 2 uL
HRER T &4 0.5% (W/RIRFRLLT4HER . M
N4 R IPTG ) YPG F-Ae b, ##E 10 min,
28 °CHiF 2 d 5, 1P EIAZ 20 mL 0.1%
(W/MBIRIER LT (Congo Red) %4 30 min, 7K 21K,
F£H 20 mL 1 mol/L ) NaCl liifh 2 ¥k, HRZ
20 min, BEPARLTAERMEAIEAR, HEE A KL
KR T Jl— 2 W R, WLEE -0 25 ] el ) RS
RIGE 3 MEE
1.7 izzhRnm

W 3o B SR By B 0 R B B R W R ORE O M
ODqgoo %2 1.0 J5 , TR BB AR W 2 pnL R R %
TEA 0.5%IENEWE Iy [ A8 35 Bl B (Pl
i R 7E 88 4 A 15 5-10 min), 1E & TH%E P
T, FETF 28°C IEERFE2d, WEREMY
R DL R B E AR, gttt iRk
HI3IANEE,
1.8 EHREITTIH ST
1.8.1 TifEhSCEE: il NaClVRE 41510 0.01 .
1.5, 2.0, 2.5 g/mL i) YPG AR, Brisgilr
)45 TR S SR 22 ODgoo — 3L, 29°M 1.0, ILHT
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BRI IE L H 1x10° CFU/mL, FH&ERY YPG ik
PR I3 TR0 o D R HEA TR BE R R, AR BRI
TR 10°05 ) . 107", 1072, 107 43 BIMEH 2.5 pL
5 R B 1) RV YRR T 3R T A T - Al
b, FETE, FRET 28 °C B9 2d, WIEH
ARG, REEL 3K,
1.8.2 TABRZLH . FH HCIHYY YPG KR K410 pH
B, i pH {E4 %1k 5.0, 5.5, 6.0, 7.0, F
BEFRIEARASIN 1.5% (/) BIEERR, & R AR:
FrHk o TRVRAL PR R AR S0, R AN [ ik b
TS T AN pH A6 2 0 Al b, A6 45 147
AR R P T 32 155 5L
1.8.3 il SDS L& [ YPG FIMAKEA 5%
SDS, fHliFILF T SDS WE/HIA 0.02,
0.03. 0.04. 0.05 mg/mL, il BAHR FHr, HoAt
AR b
1.84 THEBRMELE: 1 YPG H A KW
100 mg/mL GuSO, ¥, fisEFREEH % GuSO,
W BE 450k 80, 100, 120, 140 pg/mL, A
A, HA BRI ik
1.9 BRIy

K H Excel 2010 #EA7504E A PR, HR FH ¢ K56
HEAT BT . P<0.05 (*), AGit¥ER;

pr/B lysS
Xce g N >

prfB lysS rpfG
Xoo N

\ U4

prfB lysS rpfG

2. rpfGEYEE
Bioinfonnatics analysis of the predicted gene rpfG.

Figure 2.

/G rpfH

P<0.01 (**), 2553 P<0.001 (***), 25 H
WE; P>0.05 27 AR ENS).

2 ERAAMN

2.1 rpfG WAEYME BT

Wk AN FE e, 7E Xa/DW3F3 By 5L 4
FRI T 5 Xee8004 . XooPX099* /1 rpfG [R5 1Y
FH, WAV Z R XajrpfG. WFFEIE— %t
TS B LR (Xec) 7K A TR (Xoo) LA K R
A B B AL R BUR AL T (X)) 3 MR ERETE rpf
RERFEIEAT T HXF, rpfG FERTEFEH 4 i s
B oG 5 () 35 (T Z5 A S A i an /1 2 Fiom . 7E
XajDW3F3 W rpfG 5 rpfC MIAB , H.A4% 5 J5 1a) A1
rpfG KEH4 KN 1148 bp, H4ih =9 l2— A xWH
4y ZR G N RS 2 1, B REC A HD-GYP B ~45
MEH R . REC NBERR(E S5 IHAIZ14&, HD-GYP
FLABERR R RS VE o Wt X =38 rpf FERFE HEXT
IR R, Xaj 1Y) rpf FERBEHAT S Xoo 7E2—3K,
5 Xee FEA—3, Xee 2 17— rpfH FEH , @it
MegAlign X} rpfG FEH 4ifis iy RpfG & [ [F] I
PR T30, XA R /R XajRpfG 5 XecRpfG
EFFHIMMIPEN 95.9%, XajRpfG 5 XooRpfG
HEEFFHIARRIIER 95.6%.

rpfC rpft’ rpfB

vV N N

pfC g/t p/B

rpfC rpfF rpfB

O
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2.2 rpfG EF BRI AR S BIFM ARG

ARWFFAGET rpfG FEHE B T AR, FIXT R
IR R B BR S 19 P1 AN P4 XF ArpfG il A Y
XajDW3F3 #E17 PCR BF, PCR HELIKS5#) B /R %
K ArpfG 34 B 4547 /T 1 kb, il DW3F3
PIAFTE 2 kb Aoy, HENBHE (A 3-A), &
WS I3RS rpfG R MBI T kR . K e B A5 S AY
rpfG-pSRK  FE A1 kL i —SEARE A A RT3k
FRAER G S A AR, HEAT PCR B0iiE, HLUKZE IR i
ZNE/RE: i o I A R M < 7S
ArpfG/rpfG (¥l 3-B).
2.3 ipfG RAEXEYBBIL K. SN
ZBERE S

AW (biofilm, BF)J&:4H 1 i oML (£
B ST AR LIRS R AT T A WA
WY . GRS AR, AR A R — A
L ERE T, Y- AR A
VERM, 52 A0, KdhZ i (exopolysaccharides,

EPS) 2 AH W3 It i 77 A6 1) 55 i R 25 VI AH DG i) — 28
HEEURH T, HMA 2R Y A
By . B, b TR rpfG K215 5 0 240 1
FHOCEE ST R F 194300, ARSI T 58 A8 (A A )
YT RCRE ) . 2RBERE 1 LSS 2R i, S5 R
R, K ArpfG AR IEIY BURE T o 2 AR
(P<0.001), {UHEFARIRY 44.58% (K 4-A); sz
W=t AR Y 8.47 mg/mL F&N 5.23 mg/mL
(Kl 4-B), =B rpfG LR 1E 4R W B ) TR R
FRLSP 248 077 A= 5 T BUEMR ArpfG/rpfG A=)
P B S A 2 B A, (BN REYK
S FNEF A RUKSE o BRICLAA, X T AR 2L 1 A
M2k R, B AR T R R S TP OR T 2L, T
RAKE ArpfG I B BRI S, TR R
i, RSB MO 2R BEY, R rpfG BB
FEEIE R BE; [URME 2RO, IEER
A/ BB, RRETE AWK A B A T T R
(K 4-C).

=<

kb B 1 2 3 4 M kb

(=]

coco— b
—Duuo o
oL SUS

3. rpfG HIERK ST HRFNEI %MK AY PCR 383 B2k &

(A) 1 2 3
P_I,Up Dn P4
Knockout boX — = T }—
k—991 bp —]
[ﬂ)Up rofG Dnﬂ
Xaj DW3F3 }
[——2139bp |
Figure 3.

PCR analysis of the deleted mutation and complementary strains of rpfG. A: Construction and

characterization of »pfG mutant strains. The maps of the rpfG deletion mutant and the map of the wild-type allele
(on the left) and PCR confirmation for ArpfG (on the right). lane 1-4: the PCR product from colony to screen
ArpfG; lane 5: the PCR product from wild-type strain; M: DL2000 DNA marker. B: PCR confirmation for
ArpfG/rpfG. lane 1-3: the PCR product from colony to screen ArpfG/rpfG; lane 4: rpfG-pSRK plasmid as
control.

actamicro@im.ac.cn
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(A)

WT ArpfG

ArpfG/rpfG

7.5+ *

(C

~

10.0

*
*

Production of EPS/(mg/mL)
wn
S

: B\

WT ArpfG

ArptG/rpfG

(B)

120 -
X
3 90
ﬁ;’} k%
LL‘ =
f 60 ®kk
2
% l '
&~

O 1 1
(D) WT ArpfG ArpfG/rpfG

WT ArpfG  ArpfG/rpfG

4. EHREVEMWEET . BESNSHEFE . SERE N
Figure 4. Biofilm, extracellular polysaccharide and flocculation tests of strains. A: Biofilm formation on the
surface of finger tube; B: the histogram of biofilm yield; C: comparison of dry weight extracellular polysaccharide;
D: flocculation test. Different numbers of star (*) above the bars indicate a significant difference. *: P<0.05; **:

P<0.01; ***: P<0.001; ¢-test.

2.4 rpfG RASX A ML RSN
SRS A W ) 2 L R O g i T AR A Y T
B, AELR D 30 3o 3 0 — 2R 9 R e 3 1 A o )2
NN RERG T, M MR ALY, DR S Y o3
A i) e o Bl 3 D R P B0 ¥ 0 . S B A Y
R Ak it A0, 35 0 4D 25 1 i (extracellular protease) . ffd
HNGE K3 i (extracellular amylase). HIAMT4E K i
(extracellular cellulase), Hi4h il (extracellular
cutinase) FIHE 4N L (extracellular pectinase)Zs .
A 5T X B AR BT M AT S K . JERY G . B
BTG PR T 1A, SR DL 5 S B AE TUAR EE,
KSR ArpfG 53 Mh£F 4 = T T T8 B ) [ i

R . 25 718 /1N (P<0.001), Rl B AR K/ R AR AU 1Y
52.94%/c 40, UEH rpfG 578 I AR T I 2T AE R T
(IBE ST T RE, [EAME ArpfG/rpfG 1Y/ WRE J146 FiF
FHE, SRR 1.38 %, HRAESE K2 28
AR5 43 WA TE M T 11 5 A P J 25 78 R
(P<0.01), BIEAK/NHEARIN 123.29%4 17,
Ui B I Ve B BE 4, T Rl Y 23 WA BE
WARRETE IR E B EP A RUKY 5 AR ArpfG 43
B BT O B A B S B A BUAR LG, TCR 2 5
(P>0.05), VLU EIEERE IR B, X Less
W rpfG HL N IE S XajDW3F3 £ 4k 2 [l /00
TR TERT B U0, X B TR 23U A R

http://journals.im.ac.cn/actamicrocn
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Protease Amylase Cellulase

(B)
3.0 1

B Protease

>
)]
T

B8 Amylase

8 Cellulase o

g
L
3
o
E20r
:_8 %k
2
° 15
5 NS
5
= 1.0 |
&
g
= 05
O ]
WT ArpfG ArpfG/rpfG

5. BEPRBRSMNEEFEAE BE N AR
Figure 5. Detection of extracellular enzyme produced by stains. A: The test plates of extracellular enzyme. 1: WT;
2: ArpfG; 3: ArpfG/rpfG. B: the histogram of enzyme yield. Different numbers of star (*) above the bars indicate a
significant difference. ns: not significant; *: P<0.05; **: P<0.01; ***: P<0.001; z-test.

2.5  rpfG RAENT MR E SR R Vi B s ARz s g s ; m BIAME ArpfGrpfG
WL 6-A MRS AT g R, SEpg  FURTES EAR R N (P<0.001),  HLEF A RN
BRI, 2846k ArpfG BTG AN B 32.75%, R pfG REFINT Xaj H32 B4 I 1F
U S S B B T 1238%, . SRR S
(A) B)
2.8
2.1+

1.4 +

0.7

Average diameter/cm

O 1 1
WT ArpfG  ArpfG/rpfG

B 6. EHKE N EMN
Figure 6. Motility test of strains. A: Colonial morphology on swarming plate. 1: WT; 2: ArpfG; 3: ArpfG/rpfG. B:

Colony diameter on swarming plate. Different numbers of star (*) above the bars indicate a significant difference.
**. P<0.01; ***: P<0.001; ¢-test.
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2.6 rpfG FRAEXNFHEARPLIE R R

Figure 7.

comparison of colony growth on different pH plates; D: comparison of colony growth on different concentration

(A) 10° 107" 102 103 10° 0! 103 10° 10! 102 102 10° 0!
WT
ArpfG
ArptG/rpfG
1.0% NaCl 1.5% NaCl 2.0% NaCl 2.5% NaCl
B) 10 100 102 10° 10° 10 102 102 10° 107 102 102 10° 10" 103
WT
ArpfG
ArpfG/rpfG
0.02% SDS 0.03% SDS 0.04% SDS 0.05% SDS
(©) 10° 107 102 107 10° 10" 102 10° 10° 107! 102 10° 10° 10"
WT
ArpfG
ArpfG/rpfG
pH 7.0 pH 6.0 pH 5.5 pH 5.0
(D) 10° 10" 102 10° 10° 10" 102 102 10° 10" 102 107 10° 10" 102

WT

ArpfG

80 pg/mL CuSO, 100 pg/mL CuSO, 120 pg/mL CuSO, 140 pg/mL CuSO,

Arpr/rpr

7. BERRGUE A

Detection of strains stress resistance. A: Comparison of colony growth on different concentration
gradient NaCl plates;

gradient CuSOy plates. The concentration of bacterial culture suspension of 10° is 1x10® CFU/mL; 10",

represents dilution ratio.
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BRI ISR 55 A0 27 A 24 X 1% 0 T AR )
75 X B T 2 B R b RIS AT BTG . UL Xaj X4 T
R —THERR, TGS mpfG ey IR TR . BRSEERANIE T PR,
WHIThEE, ST rpfG ERAIG, Xaj %t PG FEFBRK RALIG f Xaj 7245 PS4
BIBEIE(NaCl), SDS. FRfyit 24t th T HurEy  ERRIBEEES . S2EIR Arp/G £

B: comparison of colony growth on different concentration gradient SDS plates; C:
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K5 (& 7-A); Xaj X+ SDS HRUSAE AR , 2% SDS
HEPE I 0.02%3 5] 0.03%HT, B A= BRI #RAGAE K E
UG58, B M RS N, ArpfG AR KA
P LA (B 7-B); £ pH EALT 5.5 MR 4
T, ArpfG JLT-ARREEK (B 7-C); 24 Cu® Ve
iAE] 120 pg/mL B, ArpfG MIFEILH X Cu* BIAR
M52, BEAE BRI B AN WG B, AR AR K 8 T
Y55 (K 7-D); 1M [BAMR ArpfG/rpfG 1845 Fhisi 55 4%
PFF A AR 0 5 8 A R AR L AT R 555 . DL B3
ZIIRW rpfG BHWR T T Xaj —EWBLINRET]

3 Wik

ARG, T8 RR X A, ARk
FETE BB TE Xa/DW3F3 R 3 1 BHE i S 55 2 i
W Xee 1 rpfG SER MR R Y, FH5Em T XHZEEH
1) i 53 B 5 73 iR A O A B AR AR A . 25 R
N, rpfG BRI Xaj (HE IR, AFE
DR 0 A= W B L RE 00855, B Ah 20
REA, HIPUBH B B R, Bahthhgsm, Xk
B IS . A rpfG BN RAEZ IR, WME S
WA L S B R AE AN IR BE AR Ak . rpf G BRI AT
DIHE SRR Xaj 192 R E 220 20 K1,
AN A FRIRADISE, WRES rpfG 252
Wi S AR N AR IRV A5 520 1 6 A K o

rpfG B IR IR T30 Xaj A= P19 EOY i g
[IPE ) T N AR N5 U AR (A
R rpfG LA TE X L 5E JJHHOCEE R Rk
SRIMAEM ST R B, A8 LR Rl R 174 45 30 2 34
fEPR YA Tk, (HANRE A B B A BRSP4
W= e X — R R T RE S rpfG BIRIK KA
Ko B pSRK Aymik ik, H E#EH 1S5
HH rpfG 1E3ESH) IPTG BIVE R &t ik
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(L HH B DA AS A K F) , DT [ 40 R R A£G
WAL, XA AU AL AT REYS c-di-GMP R AT K,
H1 T c-di-GMP {EALN Y 0 A A 5], ad ks
FIREFTHE T JR)H c-di-GMP ¥k B2 FREE AT 5 | S 4
AN c-di-GMP R E R AAL , AT c-di-GMP
PR R SRR gk, TR RV [l R A
rpfG FENBIAEAE, (EATASREORF 5 B A B — B
FAL, N TR, PRI E T RT-gPCR £
T AR XajDW3F3 K [E#ME ArpfG/rpfG
rpfG SERPYFRINIEOL, 5 s ok AR5 1
rpfG HE P Rk it L BFAE BU YL AR F rpfG BEIRI SR
K O M Z 2 (GERARS), X — AR [R] IR
rpfG TEAM B N BRI T ZYE 5 —E KK, T
ol RHTRE O A A B B R R AU R TR
M rpfG FEX MBS B I RS RS2 g, S50
N rpfG FERBEA fE vt - I RN T, SCREI | it
TEE PR 20205, 10 D 40 T 020 80 A [v) 288 2R 6 A i ) 4%
AT, 52 rpfG WFERTT b IFAE—2. BA
WRARECRE Xee B rpfC 8 rpfG BRI N SN 7
BB, Aol 2 R e . ARG, ST
RIS G AR [

H TV 290 558 rpfG RED i A= W22 D Rt
FEWEEHE, RS T rpfG 2N i i )75 A
A EERST I, (BRI R rpfG SIRE XA F
X5 . FERE ¥ B B (Xanthomonas oryzae pv.
oryzicola) XocRs105 H', rpfG BYEK SEIN 2
Bl B REO T, AT RE T3
(B S M e sy P R I A1 28 7 i T 1 K e
PR (Xanthomonas oryzae pv. oryzae) XooKA-
CC11313 1, rpfG MK FBORRBERHEE . i
ShZHE L WEsh I R o I RN AEEF ISR R
ML (X, campestris pv. campestri) Xcc8004 W, rpfG
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BB SN L . ARV BOEIE RRE T L S
PR RN, Jash 2 TR, R R
PR 25 A A EOR HE ) SRR E T T3SS
597 FuClE A BT EAE, hrp ZEE T3SS
A ZARER Y, rpfG B HRRIENE 570 710
B, X R DA K TIT 8 43 2R 495 v ) it S 35
RIS EAT AR . ZEKAE FT Al - PX099%
o, Gl Min RETIEEE wep FEH, Hd mpfG 2
5TX hrpG W5 A2 B0 B R
T, rpfG BB SRR N hrp P THIFRIB K
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H. rpfG BIBRISEIES Xoc STKFERIEURPEN I,

WIUNLE XocRs105 Ff, RpfG A hipG . hrpX K
hrpA B35 BAERFEE T, RpfG HiEE
hrp BEDRIf% o AN [ BE AT o 6 7 50 - BRSO i 1A
(Xanthomonas capestris pv. vesicatoria, Xcv)H,

RpfG WS hrpA-hrpF J hrpX 3K TWifE Xee
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o R TIRAT# rpfG LD Qray 52 i 4H 0 B 1A %
I R G e T 75 ) R, X T3SS RGEAH KA
FU & SO B IEA T RS il A S —Fh %, 40 HrpG
h T3SS [ TV 4%, 5 HA B A T A8 1 R A
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T2, F4h, RpfG M HR g M (PEG)
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W c-di-GMP & DI, AN c-di-GMP

K SCE SRR A5 5 70 T A 25
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Functional analysis of rpfG gene in Xanthomonas arboricola pv.
juglandis

Feng Li, Jiangli Deng, Wenwen Chen, Lihua Wang, Yahui Mao"

Hubei Key Laboratory of Quality Control of Characteristic Fruits and Vegetables, College of Life Science and Technology,
Hubei Engineering University, Xiaogan 432000, Hubei Province, China

Abstract: [Objective] The purpose of this study was to reveal the biological function of rpfG gene in walnut
bacterial black spot pathogen (Xanthomonas arboricola pv. juglandis) XajDW3F3, so as to provide a target for the
development of prevention and treatment agents for walnut bacterial black spot. [Methods] The rpfG gene of
Xanthomonas campestris pv. campestris 8004 and Xanthomonas campestris pv. campestris PX099”* were used as
template sequences to search the genome sequence of DW3F3, a wild-type strain of Xaj. With homologous
recombination technology to knock out XajrpfG, the virulence factors and stress resistance of the mutant strain
were detected by biochemical methods. [Results] Homologous gene was identified in Xaj/DW3F3 genome through
sequence homology analysis. The deletion mutant of 7pfG was successfully obtained. Compared with the wild type,
the mutant reduced the production of biofilm and extracellular polysaccharides, the ability of biofilm formation
mutant strains ArpfG was only about 44.58% of wild type, the yield of exopolysaccharide decreased from
8.47 mg/mL in wild type to 5.23 mg/mL in ArpfG; but ArpfG increased the motility and flocculation activity,
motility experiments showed that the motility diameter of ArpfG increased 12.38% than the wild type. The
secretion of extracellular enzymes also changed at different degrees: the ability to secrete cellulase was
significantly decreased and amylase activity was increased, but the ability to secrete protease was not changed.
What’s more, after the deletion of rpfG, the resistance of Xaj to adversity (NaCl, pH, SDS, CuSO,) was decreased.
[Conclusion] The results showed that rpfG is an important pathogenic gene of walnut bacterial black spot
pathogen, and endows bacteria with a certain degree of resistance to adversity.

Keywords: Xanthomonas arboricola pv. juglandis, rpfG gene, mutant strain, virulence factor
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