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. [¥3) @8t £ 5% (bacterial fruit blotch, BFB)A —#F & 4 f£ 3 B AHE 45 £ th 45 b 7
Z, AR H A BN B F (Acidovorax citrulli), )RR BR # 18 i 1A 43 £ 4(type 111 secretion system,
T3SS)H#% & 29 5 s B F 1A B & @ (type 11 effector, T3E)4435 2| AA MR A, AfmE K. B AT, *F
T T3E B AmAH| 69N R 3F 7 A TR IRA A AT B &5 T 2| HNR BRI FC440 B AR F 49 — 2 4%k T3E.
[ 84]) A% &NEBAE FC440 HARMEZL T3E F AopBF1 #5745 4E. 45 WA E 7 R H K5
AP AMER, TOAHIRNBAT AR B BRI e ia, (%] A RAMNEEF TR, M
M HHr AopBF1 #9 T3E A |4F4E; i iT RT-qPCR. LF%& @ 3R4% A 440 AopBF1 FF % 42 A 4%
EHFM; VLR aopBFl R EAR(FEAN R T) AT R A BN A R H & E, 547 AopBF1 5t &K
R EH A TR, [£ 2] AopBFl B4 T3E 44/7 74548, RAFRTF MR, BA TG %6 F
5|45 4E; AopBF1 f& T3SS #Z-SifdE A B hrpX. hrpG REMRF 49 kX & 8 E 41K, L aopBF1l A B
5 AvrBsl ##8 X (59—445 aa) b B R B F awBsl R AR £ KB, 89545 X 4 Bsl & @ 49 ECW-10R
AR R K A TS IR T ; aopBFL R R AR 9 5N Bm A R E M, W R ERAR T
FALE. RAMB T HAOERARB MR NREZTEIA R E I, AopBFl SE X H MR F L 698
N REIE, L EHFAKMEE hypersensitive response (HR)R I £ & E & ILIER; AopBF1 BEET &
®AY, RRAATARMBMERG@MILT . @A milE, TiHELAKMEA A HR R, R
PAMP-triggered immunity (PTD) B K@ AR K K F 69 kL. [4#£] AopBFl ZHNRERE ¢ — /A2
H &G B4R TIE, 349 278 M 8 F IR AR B 5 PTI %2 RS AR 3 BN BR H 09 B,
BE A R T E G 49 R KIE ) PTI A F A8 K 405w B I RRL .
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Identification and functional analysis of the type III effector
AopBF1 in Acidovorax citrulli

MA Boya', LI Yingying', Youlituzi Naibi', CHEN Baoqiang', LIU Jun"'?

1 College of Life Sciences, Xinjiang Agricultural University, Urumqi 830052, Xinjiang, China
2 Xinjiang Key Laboratory of Ecological Adaptation and Evolution of Extreme Environment Organisms,
Urumgqi 830052, Xinjiang, China

Abstract: [Background]| Bacterial fruit blotch is a prevalent quarantine disease caused by
Acidovorax citrulli in cucurbit crops. A. citrulli secretes the key pathogenic factor, known as
type III effectors (T3Es), into plant cells via the type III secretion system (T3SS). However, the
pathogenesis of T3Es remains elusive. In previous studies, we have identified several candidate
T3Es in A. citrulli FC440. [Objective] To reveal the sequence features, transport characteristics,
and the role in the pathogenic process of the candidate T3E AopBF1 from A. citrulli FC440
strain, so as to lay a theoretical foundation for dissecting the mechanism of pathogenesis.
[Methods] Bioinformatic tools were used to predict and analyze the T3E sequence
characteristics of AopBF1. Then, RT-qPCR and an avirulent protein reporter system analysis
were conducted to reveal the regulation and transport characteristics of AopBF1. The
pathogenicity of aopBF1 mutant (insertion mutation) and overexpressing strain was investigated
to unveil the role of AopBFI1 in pathogenicity. [Results] AopBF1 had the typical T3E
characteristics, possessing a protein kinase domain and no other conserved domain. The
expression of AopBF1 was significantly down-regulated in the mutants of the T3SS core
regulatory genes hrpX and hrpG. The co-expression of aopBF1 and the AvrBsl functional
region (59—445 aa) in the avrBsl mutant induced hypersensitive reactions (HRs) in the leaves of
ECW-10R pepper containing the Bsl protein. The pathogenicity of the aopBF1 mutant in
cucumber was significantly reduced, while the accumulation of hydrogen peroxide, superoxide
anion radical, and callose significantly increased. The overexpression of aopBF1 significantly
enhanced the pathogenicity and delayed HRs in Nicotiana benthamiana. The AopBF1
transiently expressed in N. benthamiana was localized in the cytoplasm, nucleus, and cell
membrane, and then induced HRs and up-regulated the expression of PTI and hormone
pathway-related genes. [Conclusion] AopBF1 is demonstrated to be a T3E with a protein kinase
domain in A. citrulli. It can inhibit PTI immune responses such as host reactive oxygen species
and callose accumulation to enhance the pathogenicity of A. citrulli and can trigger PTI and
hormone-related immune responses in N. benthamiana containing R proteins.

Keywords: Acidovorax citrulli; AopBF1; type III effectors; virulent protein; protein kinase

T4 N & B2 1 (Acidovorax citrulli) 5 A2 i 4l & Rpe)N . &R ES P RHEY R R o™ . H 2
B 1 R BE SR (bacterial fruit blotch, BFB)H B IX i, e RN, 24X BFB k=4
W ELHLE, EESEEEN 257, BB IR $E it o B 5T P JICES TR B 1) 3508 ML AT
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DLh R A8 BiiE BFB 87y e gt ks . B
I PE A R T A BOm L R I, AR
o — Bl B, TR 4 90 R S
(type III secretion system, T3SS K- I RY v/ 25
(type III effector, T3E)¥% iz I A 4 241 il 9 & #54F
A, T3E 270 N R B B0 2 72 v i 2 A
+, Pk, TR R EERE H 8y T3E Ffaoe
55 R AR EAE T 7 2R B e TR B0 AL
P L EEA T

AR, XTPH R BRI T3E AHC A5
KB, hrpG 1 hrpX F 2% B 1) T3SS #2000
FE -, AR R i 126 %6 o P TN PR 1A
) T3E BEE T B EHERIY. T4 4l B 45
EAEYIE B2 0T, 78 AacS TR A i % 25 % )
T Acel, Hoi i A4S PO A% 15 14 48U A 2R A0
HCEUTFR 4 PAMP-triggered immunity (PTI)%2
FERLINE, AR v £ R A X A o PR R )
TN EBE TR T3E Acel242 52 T3SS #%.0>F: K
5, AR R I o R A P IR A B,
AR PTL G i i, TN RRE T3E
AopP il 3§ [7] CIWRKY 6 & [ 1) 11l 4 40 #7928 It
LA R AN SA {75 5 Sk G s P9 N R TE
Xt 16 F RS P INE B A A9 T3E AopN A]
DA 3 2ok 400 1 3 A AR 7 A2 A PTT B gse S g it 3
P 2 D T AE A RN B e L R
G PR A TR R P B R T 1Y) 2F Al ) O
Mr 7 T3E Hg PR P 7R I B SO i B2 i 1
P, BIad 27 A PTI G S iy A i
JRTR O, TN TR A TUH PTI 5 J g 1Y
T3E, 0 AR E L R ILARGE

B VB 28 0 1 2R 1L 2 5 R s i TR AR
T FEPL R ITTRAR 42 A G i B Y
SR R E , AR RINECR 1T
Rt 2 5 4 Uy R NG A X K SRR
WS ohae R e EmE Y, Hay, RAEE

PG P b & B RS 1) T3E. WFSEPE R
R B FC440 B #R T3E H & 16 7776 8 F I 2%
ROV A, AT LA — 2 b Ve N B R 1A A
Y=z o] A FA ML 2558 Ll

AR

1.1 #8
1.1.1  #&

R A R AR (Capsicum: annuum)
ECW-10R )7 P4 KPR A B, 5K
(Cucumis sativus)fl & % — 5 B Hr98  B K
FFi =B Y, AR A B (Nicotiana benthamiana)
135 3 M 22 (Nicotiana tabacum)ZEHH 95 211 74
JC AR 4 2 B TR AR Y
1.1.2 Bk, RAKSIH

AHIEFE b T R R B ORI AA LR 1, 5
P2 2.

1.1.3  EZ50FEE

BRI P U0 . Tag Wi A = PR . DNA R4
B, FAEY LRERIE)V AR A £FPTER,
W R EFHELA IR A A Joss w il &,
B MEVEAE BB Iy A PR A W] B 4 4R
HOAGR f Fn ponn /MG &, RARAE LR b
HOABRA ] RNA 2B &, bt e ek
W ARA B W] 5 S s ) G ot e it ik
M&, ZULBEYPHCARA A SRt E
i PCR {¥, Applied Biosystems i FHEY R 40
Al BOBIRRERMEE, RREE DL
AR,

1.1.4 BEFBEREFRFH

RAFH GV3101 M1 S v JINE R T4 5
FrBE BE IR A S 1 5 98 v B BE I = %
SCHR[17]; B M B 35 3R Bk S R A F & 5%
SCHR[14]5 A% [C X Ik B 22 3% 22 o 1 e i =%
SCHR[18].
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Table 1 Bacterial strains used in this study
Strains/Plasmids Characteristics Sources or
references
Strains
FC440 (WT) Amp~, wild type Our laboratory

FC440 (AaopBF1)
FC440 (AaopBF1-AopBF1)

FC440 (AhrpG)
FC440 (AhrpX)
FC440 (AopBF1)

TransT1
GV3101
GV3101 (GFP)

GV3101 (pAPK-AopBF1)
GV3101 (pBINGFP2-AopBF1)

Xcc 8004 (WT)
Xcc 8004 (AavrBsl)
Xcc 8004 (AavrBsl-AvrBsl)

Xcc 8004 (AavrBsl-AvrBs1%744%)

Xcc 8004 (AavrBsl-AopBF1-AvrBs1°%44%)

Xcc 8004 (AhrpF-AopBF1-AvrBs177-44%)

Plasmids
pK19mob2QHMB
pAPK
pBINGFP2
pBINGFP2-AopBF1
pMD19-T-AopBF1
pK19mob2QHMB-AopBF1
pAPK-AopBF1
pBBRIMCS-5

Amp®, Kan®, FC440 mutant defective in aopBF1
Amp®, Kan®, Gm®, FC440 (AaopBF1) complemented with
AopBF1 gene expressed by vector pPBBRIMCS-5
AmpR, Kan®, FC440 mutant defective in hrpG

AmpR, Kan®, FC440 mutant defective in hrpX

AmpR, Kan®, Gm®, FC440 strain containing vector
pBBRIMCS-5-AopBF1

Escherichia coli strain

Rif*, Gm®, wild type

SpecR, Rif?, Gm®, GV3101 strain containing vector
mAEV-GFP

SpecR, Rif?, Gm®, GV3101 strain containing vector
pAPK-AopBF1

Kan®, Riff, Gm®, GV3101 strain containing vector
pBINGFP2-AopBF1

Rif®, wild type

Kan®, Rif¥, Xcc 8004 mutant defective in avrBsl

Rif}?, Kan®, Gm®, Xcc 8004 (AavrBsl) complemented with
AvrBs1 gene expressed by vector pPBBRIMCS-5

Riff, Kan®, Gm®, Xcc 8004 (AavrBsl) complements the
functional regions of AvrBs1 gene expressed by vector
pBBR1MCS-5

Rif}, Kan®, Gm®, Xcc 8004 (AavrBsl) complements the
functional regions of AvrBs1 gene and AopBF1 gene
expressed by vector pPBBR1IMCS-5

Rif}?, Kan®, Gm®, Xcc 8004 (AhrpF) complements the
functional regions of AvrBs1 gene and AopBF1 gene
expressed by vector pPBBRIMCS-5

Kan®, suicide vector

Spec®, transient expression vector

KanR, transient expression vector

Kan®, pBINGFP2 vector containing AopBF1 gene
Amp®, vector containing AopBF1 gene

Kan®, vector containing AopBF1 gene

Kan®, pAPK vector containing AopBF1 gene

Gm®, expression vector

Our laboratory

This study

[12]
[12]
This study

Our laboratory
Our laboratory

[13]

This study

This study

Our laboratory
This study
This study

This study

This study

This study

Our laboratory
[13]

[13]

This study
This study
This study
This study

Our laboratory
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Table 2 Primers used in this study
Primers name Sequence (5'—3") Size Sources or

(bp) references
AopBF1-F CGGAATTCCTTGCGGGGCTCCATACC (EcoR I) 370 This study
AopBFI-R CCAAGCTTCGGTCAGGGTGGTGAGATA (Hind III) This study
AopBF1-SF TTTGGAGAGGACACGCTCGAGATGCCCGGCAACCCCCAT (XhoI) 714 This study
AopBFI1-SR TCATTAAAGCAGGACTCTAGATCAGGCGCTGTCGTCGTC (Xbal) This study
AopBF1-YF CTGTCAAAGGGTACCCCCGGGATGCCCGGCAACCCCCAT (Smal) 714 This study
AopBF1-YR AGAGGATCCGTCGACCCCGGGTCAGGCGCTGTCGTCGTC (Sma 1) This study
AopBF1-ZF AGGGAACAAAAGCTGGGTACCATGCCCGGCAACCCCCAT (Kpn ) 714 This study
AopBF1-ZR GTGCAAAGCCTGCAGGAATTCGGCGCTGTCGTCGTCCGA (EcoR 1) This study
avrBsl-F CCCTGCAGCAAGGGCGAAGGATAAAC (Pst 1) 413 This study
avrBsl-R CGGAATTCGGCACGAGATTCACCAAC (EcoR 1) This study
AvrBs1-QF GATAAGCTTGATATCGAATTCATGTCCGACATGAAAGTTAATTTCTC (EcoRI) 1335 [14]
AvrBs1-QR AGTGGATCCCCCGGGCTGCAGTTACGCTTCTCCTGCATTTGTAA (Pst I) [14]
AvrBs1-59F CCCTGCAGGCTTTGCACACCTCATCGTTAGAG (Pst ) 1158 [14]
AvrBs1-445R CCTCTAGATTACGCTTCTCCTGCATTTGTAAC (Xbal) [14]
RT-AopBF1-F  AAAGATCGGCAGTGGCAGC 195 This study
RT-AopBF1-R  ACCCGCACCAGCGAATACA This study
RopB-F GCGACAGCGTGCTCAAAGTG 104 [12]
RopB-R GGCCTTCGTTGGTGCGTTTCT [12]
NbPR2b-F TCCAACTTGGAATCAAAGGG / [15]
NbPR2b-R GTGGACACTATACTCAGGTG [15]
NbLOX-F AAAACCTATGCCTCAAGAAC / [15]
NbLOX-R ACTGCTGCATAGGCTTTGG [15]
NbERF1-F GCTCTTAACGTCGGATGGTC / [15]
NbERF1-R AGCCAAACCCTAGCTCCATT [15]
NbWRKY7-F CACAAGGGTACAAACAACACAG / [15]
NbWRKY7-R  GGTTGCATTTGGTTCATGTAAG [15]
ACRE31-F GCTCTTAACGTCGGATGGTC / [15]
ACRE31-R GCTCTTAACGTCGGATGGTC [15]
NbPTIS-F CCTCCAAGTTTGAGCTCGGATAGT / [15]
NbPTIS-R CCAAGAAATTCTCCATGCACTCTGTC [15]
NbGRAS2-F TACCTAGCACCAAGCAGATGCAGA / [15]
NbGRAS2-R TCATGAGGCGTTACTCGGAGCATT [15]
18S RNA-F GCAAGACCGAAACTCAAAGG / [16]

[16]

18S RNA-R TGTTCATATGTCAAGGGCTGG

NRIZAE NI s /0 R BOR/NRA

The restriction sites are underlined; /: The fragment size is unknown.
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N4 7E 28 °C/25 °C . 16 h/8 h B I5 22 5
MRS S d T MHET 28 °C/25 °C.
16 h/8 h BHIE A - 2/ N HE 5% 50 d A4 1,
ML ECW-10R T 28 °C/25 °C. 16 h/8 h HE5Z
B I E R 60 d A2 Al

1.2 A&
1.2.1 #ZBRS5EHRFINSH

PO R & B2 B FC440 B R H 4l iy
GE03701 ZEAMWE ST w44 & AopBF1, GenBank
oSO OP748401; H fuzznuce 4347 AopBF1
BJa s IX; fdiFH SignalP 5.0 Server TEZAR{4F4)
Br AopBF1 2 EAFTES Sk (i TMHMM-2.0
FELR T HF A7 S L5 46 5y Bt 5 {1 SMART
Server 7EZE T HAEA r 453 10 ; 1] Cell-PLoc
2.0 1EL T HFAM AopBF1 7541 B 4 i v i &
fii; I MEME 7341 AopBF1 HIRFALEL: H]
SWISS-MODEL il AopBF1 Y =2 4h#4 .
1.2.2 E#HlIE

FC440 B #k K Xce 8004 B #4 1) 55 [F 4 DNA
Fie HEHE DR 4 4 B0 G il B A A T 4R B

IR 6 8 20 WUR A A8 1 5 il 4 FC440
(AaopBF1-AopBF1), FC440 (AopBF1)iE k., #|
FAA A 5848 K R R 5 41 W% 24 58 1Y O ik il &
Xcc 8004 (AhrpF). Xcc 8004 (AavrBsl) & Xcc
8004 (AavrBsl-AvrBs1*®)Etk, HAK T k&%
SCHk[19].

KO8 iR RN FC440 LK aopBF1
%45 pPBBRIMCS-5-Aavr Bs1-AvrBs 1774 2 {4
FIERRCEASE R T Xee 8004 (AavrBsl-
AvrBs1°"**-AopBF1) i ¥k ; pAPK-AopBF1 .
pBINGFP2-AopBF1 i £ Jii ki it A4 4 2% F JC 4%
SRR TR, W RRE AR AT GV3101
BZ AN, 4 GV3101 (pAPK-AopBF 1)l
GV3101 (pBINGFP2-AopBF 1) Fisf 2 ik T #k o

1.23 EBR¥RERN

S FHA R ITE MR E ARG R
Bt PREET AR N H 2 BTORL Y Xee 8004 TR PR H
W% T NYGB W35 57 2 28 °C. 220 r/min #&
Pk FE, JH9E ODggo 15 0.3, FHVESHEER A 78k
HFl ECW-10R BB o AEF% 24 h WA IH4A
BRI SR
1.2.4 ZHEEUREE 1N

225 5 e W8 V1) 1% R A A0St ARG 0 A4 T 3
JRBE T o A FH R G R 0 5 i Ab BERAE 0
BRI R . A B8N 1x10° CFU/mL; A
FCHH A 1x10" CFU/mL; JE3F 2540 95 i ODgoo
N 0.3 IR AR . BEFE 24 h FARRIE R
1.2.5 HEMAELTFRHEH,0,)RRE8N

H,0, & il 2 2% ok B EI ik ¥
FC440(WT) M FC440 (AaopBF 1)) i & i ik J&
P4 1x10° CFU/mL 3 HHEF#FI, 24 h
Je BUT F e F — & LK 2K i (diaminobenzidine,
DAB)Jefa,, Wifa )5 MEs+nt H0, B R 1E 5 I
BRG] Image) YE1 74047 o
1.2.6 HEYELABEPEFERE(O,)EE
5

S PO R 1.2.5 3550 24 h Y
BNFIE 1.5 g AAAINAGE & B8R 2% vh i T s
513, 10 000 r/min B5.0> 10 min, B EERINA
NIRRT 25 °CIZ I 20 min, ST A N 28 e HK T
PR o-Z5 Wi AT S 66 S 0, 2B 530 nm KT
P EREAE, AR R, K150, i,
1.2.7 AopBF1 7£ 7 [C K B Bt 23K

AopBF1 MV 41 i 5 57 K I 2 25 5 56 4 41
B, 43 BB GV3101 (pBINGFP2-AopBF1)
1 GV3101 (pBINGFP2)EFRAYFAE VS T LB K
835 28 °C. 220 r/min 5555 % ODggo i
0.8—1.2, 4 000 r/min &5.0> 10 min Ji5 F 2% i i A
48 ODgoo N 0.6, E{IFE 2 h, FEGEAT
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FEEANE R T, 48 h )5 BEOEI R A& B M
BRiFAT AL

AopBF1 Wi ik 2% Lopez " ik :
¥ GV3101 (pAPK-AopBF1) K #4525 44k GFP
FIARFTHE AR VE T LB WA IR 37 °C,
220 r/min #5597 20 h &£ 47, & T 4 000 r/min
250 10 min J5 122 th i 2, 7715 ODgoo M 0.7,
FIRMFE 1 h S5 IR A R A
1.2.8 EEREESH

AopBF1 JE[H LA EAGM : # FC440 (WT),
FC440 (AhrpX) 2 FC440 (AhrpG)#.57% T T3SS
HSEFRIELP 28 °C, 220 r/min £53% 16 h, fF
ODgo i% 0.55 I, 3 800 r/min # & K #5.0> 10 min
AR TE A, 42 i RNA 46 0GR & 30 W] 5 4 HURE
MITEARAY RNA, i S5 sln & RNA J
#5350 cDNA, LA rpoB K78 N E R 1Y N2
FEH . % 2 89 RT-AopBFI-F/R N5|¥ikfT
RT-qPCR #5:illl, RT-qPCR Ji2 I 1A 58 I 2 W A4
ZMSCHR[12].

ENBE RPN i PSS IS RS vy g Al
R F R4 I 1.2.7 BRI -, 48 h
Je BCT 4 RNA $2 Bt & $2 IUEL RNA,
FH 5% SR 57 806 RNA L84 5% 4 cDNA, LA 18S
rRNA JEF A AR R N 2 2 K17 RT-qPCR,
il K 4% B2 (PR2b) . K AT (LOX) . LM (ERF1)
A1 PTI 38 1% (WRKY7 .PTI5 . ACRE31 fil GRAS2)
Ry F kR RT-qPCR WA 58 e 2 i
S RECHR[12]
129 BEGIHSHH

R T T B 3 MY ER
{4 F} GraphPad Prism 5 #t178¥84c11, H IBM
SPSS Statistics 19 #17H.HE ANOVA 1%,
P>0.05 /R 2255 A B35 0.01<P<0.05 1y 2. 3%
Z5, ERTMA*ERR; P<0.01 Wi BEZES,
TEEI R .

2 EREGHN

2.1 AENEBRERIEMER AopBF1 55l
YHED

FC440 k3N GE03701 4 5 i 25 19 7EA
WG P44 8 AopBF 1. J¥51 /38T 8.7~ , AopBF1
HH 224 /24 LR % L4 A . aopBF1 i [H 7 412

G B 130 bp AbAFAE T B HrpX U -
4541 PIP-box J£41, —10 X ¥4 GAGCAT,
55 1 AR SRR (B 1A). TN 45 R s
AopBF1 AETESE S IK(E 1B) S EZE#6(E] 1C),
o RN OEA A BT A VA 4t < U N O o
REH] AopBF1 ELA5 T3E [FHI4HHIE .

i NCBI [A 6 & (1 X, 45 R BoR
AopBF1 5 TR G Hh 982 B HopBF1
AR 76% ; AopBF 1 {RAFA i 74t R (8] 2A)
WoR: 5550 aa AAETE 3 N EEORSF I H &R
(Gly)FR 4 i ATP 454538, 25 173 aa 1 188 aa
A3 R KA G BRI S M™ 85 A0 8 =2
g T EE (& 2B) B/~ : AopBF1 5 HopBF1
B = gE R m EEARA . DL B4R, AopBF1
S HA B NS T 5 R R T3E.

2.2 AopBF1 5% RIKFES T3SS #ib £ H
T

RT-qPCR 7 45 (K 3) 87w - AR A Y A 7Y
(WT), 7E hrpG Fl hrpX 228 ¥k AopBF1 HY5:
IR AR, HED AopBF1 [5RiK5% T3SS
U FEE hrpG Al hrpX Y IE 2
2.3 AopBF1EHEATISSHIZHAES

THEOAME RGN RE 48R B
A Xee 8004 BEAK AT LS & ECW-10R M i
HR B, F=rEIZUR%E5E, 1M avrBsl 2845
FEAD hrpF 28728 I TR MR BE , avrBsl 28 A8 K1)
REHANEMRIRE T 51 HR [N RIAETT; U
ik AvrBsl HHEIX (59—445 aa)ft avrBsl 245K
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TTCGB: NI3 TTCGE N31 YANNRT

TTCGCCTGGCGCAATGCGGGTTCGCCTGCAGGGCGGCGTGGCGATGAAAGTCCTCC(‘EAGCFT

PIP-box —10 region H Transcription initiation site ‘

Promotor region —]

SignalP-5.0 prediction (Eukarya): AopBF1
SP (Sec/SPI) —
G4

0.8 Other

Probability
(=
I

0.0 e N N —

MPGNPHLAGLAPRAARRASAADPAPPAGPGLAGLHTLQPGPAELSPAELGEKIGSGSQKDVYRLRSRPGA

XXX XXX XXX XXX AN XXX XXX XXX XXX XXX XXX XX XXX XL XXX XK AX XXX XXXXXXXXX XXX XXX
L L L L
Protein sequence

TMHMM posterior probabilities for AopBF1

0
[§]
1

—_
[}
T

o
oo
T

Transmembrane Inside Outside

Probability
o o
. o

=
8]
T

%0 Sb 160 15;0 2(I}0
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Figure 1 Bioinformatics analysis of AopBF1. A: Analysis of the upstream promoter region of AopBF1; The
promoter region includes the PIP-box and —10 regions. The first row of the figure shows the model of the
conserved sequence of T3E promoter regions, where B represents C, G and T; Y stands for C, T; R stands for
A, G, and T. The second row shows the promoter region sequence of AopBF1. B: Signal peptide prediction of
AopBF1. C: Transmembrane structure prediction of AopBF1 protein.
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Figure 2 The conserved sites and tertiary structure prediction of AopBF1. A: Motif analysis of the amino

acid sequence of AopBF1; The red boxes in the first row indicate three conserved glycine residues near the
50th aa, and the red boxes in the second row indicate two conserved aspartic acid residues at specific sites. B:

Tertiary structure prediction.
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Figure 3 Expression levels of the aopBF1 gene in
FC440 (WT) and T3SS core regulatory gene mutant
strains. **: P<0.01.

Xl 4 AopBF14E@INAEIIE AR ERAL PG

ECW-10R B F 72 h Al

Figure 4 AopBF1 transport function verification.
Phenotypes of ECW-10R pepper leaves treated with
different bacterial strains for 72 hours. a: Xcc 8004; b:
Xcc 8004 (AavrBsl-AvrBsl); c: Xcc 8004 (AavrBsl-
AvrBs17*%); d: Xcc 8004 (AhrpF-AopBF1-AviBs17*);
e: Xcc 8004 (AavrBsl-AopBF1-AvrBs177*%).
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Figure 5 The pathogenic phenotype of AopBF1 in the host cucumber. A: Pathogenic phenotypes of
cucumber cotyledons at 3 days post-inoculation with different bacterial strains. B: Statistical analysis of

disease severity index on cucumber cotyledons. C: Growth phenotype of cucumber plants 10 days
post-inoculation with different bacterial strains. *: P<0.05; **: P<0.01.

A

6 AopBFl fTEMEFRMEHERE A AR EFMAFEE 6 d BHYRR. B: ARRMEEML
R 10 d BHAYRT. C: 840 95 FEFM 45 I bR IS & 2E HR K AR L. a: MgCly; b: FC440 (AopBF1); c:
FC440 (AaopBF1); d: FC440 (WT); e: ddH,O; f: FC440 (AaopBF1-AopBF1)

Figure 6 The pathogenic phenotype of AopBF1 in tobacco. A: Phenotype of Nicotiana benthamiana leaves
inoculated with different strains for 6 days. B: Phenotype of Nicotiana benthamiana leaves 10 days
post-inoculation with different bacterial strains. C: Phenotype of the occurrence of HR response after
inoculation with different bacterial strains in Qinyan 95. a: MgCl,; b: FC440 (AopBF1); c: FC440 (AaopBF1);
d: FC440 (WT); e: ddH,0; f: FC440 (AaopBF1-AopBF1).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



200 A

FIER

Microbiol. China

FC440
(AaopBF1-AopBF1)

FC440 (WT)  FC440 (AaopBF1)

7 AopBFI EMFH H,0, R EHHN
T RS

FC440 (AopBF1)

=\
<
1

=
(=}
T

(3]
(=]

Relative staining intensity

A: DAB Je {05 T HO, IR B: AN

Figure 7 Effect of AopBF1 on the accumulation of H,O, in cucumber cotyledons. A: Phenotype of H,0,
accumulation in cotyledons after DAB staining. B: Statistical analysis of staining intensity in cotyledons

under different treatments. *: P<0.05.
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Figure 8 The effect of AopBF1 on -O, production

in cucumber cotyledons. Content of -O, in leaf
tissues at 24 hours post-inoculation. *: P<0.05.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



DiEE ¥ | ANRKREINREYNER AopBF1 HEESINEES 201

A

oo
<
1

ki

=)
o
T

=]
<

Relative staining intensity
oS
<

(=]

9 AopBF1 X &/FMH IR RN R ENFT

IR BT A R SR A, B AN[FAL R 7t g (o FE e ]
Figure 9 Effects of AopBF1 on callose accumulation in cucumber cotyledons. A: Phenotype of callose
accumulation in cucumber cotyledons under infection by aopBF1 mutants and their derived strains. B:

A: aopBF1 RS K HATE R MR YL T w10t

Statistical chart of cotyledon staining intensity under different treatments. *: P<0.05; **: P<0.01.
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Figure 10 Location of AopBF1 in Nicotiana benthamiana. GFP is green fluorescent protein; Bright is a

bright field; Merge is a superposition field.
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BFik 3 d BEREEK
Figure 11

AopBF1 expresses a transient phenotype in Nicotiana benthamiana. A: Images were collected

after transient expression of empty GFP vector for 3 days. B: AopBF1 instantaneous expression images were

collected at 3 days.
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Figure 12 The effect of AopBF1 on the expression levels of PTI disease resistance pathway genes in
Nicotiana benthamiana. A: PTI5. B: ACRE3L. C: WRKY7. D: GRAS. *: P<0.05.
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Figure 13 Effect of AopBF1 on the expression of disease-resistance related hormone pathway genes in

Nicotiana benthamiana. PR2b: Salicylic acid; LOX: Jasmonic acid; ERF1: Ethylene. **: P<0.01.
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