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Z —, BITIA 5k & Yi(type 111 secreted system, T3SS)aik ZAAM AR A A9 IITE 2R & & (type 11
effector, T3E) 2 iZ B €265 m B F, B A2 Ac T3E 49 ARMMAREFTAR. [B 4] L2 HRREK
B 1%L 89 T3E Acidovorax outer protein Al (AopAl), H#TH*F Ac Em 7 69 & raFo T AL %05 69
7 X. [FEY AR AWE EFF E0H AopAl F7454E. AviBsl R FRE 2 AIIER G415
b, BT K AEF PCR A AH aopAl A B R X4 AL A L4 R R AL 5 FHEKX
(pathogen-associated molecular pattern, PAMP)i# &_#9 %.J%& R_JZ (PAMP-triggered immunity, PTI){z 5
WRAFICAR R LG Frn;, AARABARERERSGRELA T E, BNHOER . HEHAR
LR AARF R R o R, &R BT R XA HE AR AopAl I 2m it T Ax e LI 58K F 55
mipst T i he ). (4R 1 AopAl & @ 7 5 F 235 R #ae R o435 Ik, 2 —AFBR A% 3 (adenosine
diphosphate, ADP)AZ 2 Ak 45 4% B4R ¢ 45 My 3K, /£ T3SS 4w 2L B hrpG #= hrpX K L4k F aopAl & B
RiLE R EFEIK, RiX AopAl Z AvrBsl 1 #E X (59—445 aa)é) avrBsl £ TART # -5 ECW-10R 3Rk
ot K AT R L, A9 AopAl BB 2 )4k, aopAl A R BARAEFHINTF o+ La) 3 m
3, S5 X a0 ENTrraf F LA EABIKR ST H R EH I, AopAl £ KK IET 5o
KRG, BaERa TR mieiz, LA HMAT NIP F5e-tmien s, FR-Taie
& PTI A3 538584730 A H GRAS2 v ACRESL 89 R F R F MK, (4% ] £HRRAE A —
ANEAL T mie A miniE . A ADP HE 4545 B 45 #)3R 69 T3E & @ AopAl, % T3E &A% 37 4
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Identification and functional analysis of the type III effector
AopAl in Acidovorax citrulli

LI Yingying', MA Boya', Youlituzi Naibi', CHEN Baogiang', 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 caused by Acidovorax citrulli is a prevalent
disease in cucurbitaceous crops, and the type III effectors (T3Es) secreted by the type III system
into plants are the major pathogenic factors of A. citrulli. However, the knowledge about the
T3Es in A. citrulli is limited. [Objective] To identify a novel T3E, Acidovorax outer protein Al
(AopAl), in A. citrulli, and investigate its impact on the bacterial pathogenicity and interference
with plant immunity. [Methods] Bioinformatics tools were used to analyze the sequence
characteristics of AopAl, and then the AvrBsl as an avirulent reporter was used to verify the
transport function of AopAl. Fluorescence quantitative polymerase chain reaction (PCR) was
carried out to determine the expression of aopAl and the effect of AopAl on the expression of
marker genes of the PAMP-triggered immunity (PTI) signaling pathway in plants. Furthermore,
the gene insertion mutation and functional complementation methods were employed to
examine the pathogenicity of the pathogen and the accumulation of hydrogen peroxide and
callose in plants. Finally, the transient expression method was used to predict the subcellular
localization and the ability of AopAl to inhibit elicitor-induced cell death. [Results] AopAl had
a conserved domain of adenosine diphosphate (ADP) ribosyltransferase and no transmembrane
helix region or signal peptide. The expression of aopAl was significantly down-regulated in the
mutants of hrpX and hrpG (core regulatory genes of T3SS). The co-expression of aopAl and the
AvrBsl functional region (59—445 aa) induced the hypersensitive reaction in the leaves of
‘ECW-10R’ pepper, which indicated that AopAl was a transporter protein. The aopAl mutant
presented declined pathogenicity to cucumber cotyledons, while it increased the accumulation
of hydrogen peroxide and callose. After transient expression of AopAl in Nicotiana
benthamiana, the protein was localized in the cell membrane and nucleus. Additionally, AopAl
inhibited the elicitor NIP-induced leaf cell death and down-regulated the expression of the PTI
marker genes GRAS2 and ACRE31. [Conclusion] We identified a typical T3E, AopAl in A
citrulli, which was localized in the nucleus and cell membrane and had an ADP
ribosyltransferase domain. AopAl functioned as a virulent protein inhibiting NIP-induced cell
death and reduced hydrogen peroxide and callose by inhibiting the ACRE31-regulated immune
pathway, thus suppressing the PTI defense mechanism in plants.
Keywords: type III effector; AopAl; PAMP-triggered immunity (PTI); Acidovorax citrulli; function
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0 M SR B (bacterial fruit blotch, BFB)J&
A o % I BH M T —— V8 I & R T (Acidovorax
citrulli, Ac)5|&m—FP & E 2B~ BHEY rY
Py, BFB 7E R E O 4 & 1 TT, 43R
Aok TR FH AR, hT A B G TE
A s il P, BFB SN IR 4 4
AR T E . ISR, FEP AT Ac P
AR EE 1730 R G BT AN R i s SOy, Ferp
7Y 53 3h 7 4t (type 1 secretion system, T3SS)43
WA TR S 2K [ (type 11T effector, T3E) & L -5
(877 . BH9E Ac 19 T3E ] LUK AT B Y
BORAILHI S B, W AT LU PR B R
RAAT R BTG T A SR AL A

T3E Mk e 3 M rmte. |k,
T3E FEAE LA e S ARAET, AR B8 2 51 4
FE R BRI ERAE AT IR 18 , v LLRAS— it
fBE3E R Ac T3ER, Hk, #2[RIAMERE P, T3E
(2532 T3SS O SEH A IAEED), Ac Aacs
PRI T3SS 203 hrpG Fl hrpX 45955 5 T3E
Mk, X—WFREAN Ac T3E MYk % E 24
FE T IR B T3E HATREE HRE,
IO FH G BE IR 15 R 48 BE 8 30 UEAE ) s 5t 200 1 e 1
T3E MR I TIRE , AR SR LB h =i v B0 g By
M 3% B 78 b (Xanthomonas  campestris pv.
campsetris, Xcc) 8004 FHEIGEESE N avrBsl Sl
HHEEM ARG E N Xee WBBRLN &
XC1553[12]; Jiménez-Guerrero 21 AvrBs2 JCEE
ARG 7 A Ac B9 T3EM, %W se 4t 1
LKW, L Xce MIJCEEHEA e 2L R i Jo il
EREN LI HTF Ac T3E FisFRIER K E . ¥
IR 3 AT G N T Ac A0, A BT
$EF|RPERY, HRBUE T3E,

9 i A% oy 2 11 6 A1 (] 1% [] 9058 4 2 4
M, (H 5 i AR E TR Ac s aT DA e 3] —
86 T3E, JFiE— 2D o b H T A S5 BV Y 7

3, Zhang & P Ac Aac5 FIREAT AopN g H
P& T3E XopN [A]il, FRIAT LA A MR e
J2 )i (hypersensitive response, HR), Ff H APl 5AH
43 FAE K (pathogen-associated molecular pattern,
PAMP)i % 1 .35 J52 1% (PAMP-triggered immunity,
PTI)™; Ac FC440 Bk P (80E 1 (harpin) AopW
5THBAME HopWi-1 [FJE, AopW TEZH E
BN AR RETF AT LAS | AR Rl 2 4= HR 2
W, ARSI AE Ac FC440 BvEH A& BL— Mk
T3E &, 5 AME D HA BRI
(adenosine diphosphate, ADP) 1% H# & 4% % [if§
(ADP-ribosyltransferase, ART) 4% #4) 3 A9 XopAl
(Xanthomonas outer protein Al , J¥ 4 5 &
NZ_CP008998.1)[HEE!S), A4 HAy Acidovorax
outer protein Al (AopAl). fE¥ Jidi & H B ART
TEVERY T3E ThReC Al , ABIZEE AReigiE L
AR AL B R S A bR 2 TS T
MRS Az, bR R ARG, i
TEEAE R A HopU1"™H HopF2™, Hir
HopU1 i@l b L GRP7 Ml 1455 RNA
FRIRE ST AT U7 PTI Sg s ™. B st iz
EAMIEEAPEAEE AR, AR Ac EA
ART S5H38H) AopAl JEA 1478 MITHREVIAL 73T ,
R NS T3E BZI6E IS 5%
R BRI B e S

1 MRETE

1.1 #&
1.1.1 &

B Y R 35 K (Cucumis sativus) K 7525 il
an P, FFI AR RIERE, B S dIHE; R
A 7S [ 4 (Nicotiana benthamiana) #1345 46 %
(Nicotiana tabacum)Zz 4l 95, Fh114 i b A bk
BHE K2R TR A EN , 555740 50 d BHE
I (Capsicum annuum) ECW-10R Sh &l , Fh 7
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IR AR I, 559749 60 d B .
YRR TG RE RS 3746 28 °C/25°C. 16 h/8 h 58
BRI TSR

BEXTE AR PE MR A AR AT GV3101 AR
A FF I I 5522 RS S I i, dR
Xce 8004 532 FH 4 EPW 5, TERE
FRTE FC440 B AE R MR th g il K= A A
HPZI, Bk Xcee 8004 H H ERME B MAE )
ISR TR T3 B 2, RAF I GV3101 FIER G HE
W S17-1 AN % IR A7

ABFE IR F A3 pK19mob2QHMB
JF % Fe ik K pBBRIMCS-5 . [k I 28 ik 4R 44
PAPK J pBINGFP2, AR 2547 .
1.1.2 EHHE

B PRI P 1 R 5 AR AR S 3R I B R
BEH IR A RS #7 3 (nitrogen yeast glycerol broth,
NYGB)Z% 3CHk[20], PHRNERREE . KIGATFH &
AT TR A 15 5 45 1 Je 5 32 il i G 92 56 2 2% 3
BR[15],
1.1.3  FERFIFNEE

Y5 RNA #2800 &, b e aAmH
ARABRATE] ;i 5600 a Aot e sl 4
VBB AR B A R A F] A R R A
DNA #BULH &, RARAMEHE A A RA
Al b AL E SRR &, LR,
A PR/ ; PrimeSTAR HS DNA Polymerase J [
HlE N YT, FAY TRCKE)VAIRAF . #ot
REWMEE, RARZERDEE(PENARA
Ot i PCRAY, N AAEM RG],
1.2 7%k
1.2.1 AopAl £¥MMEEFE N

FIkE Ac FC440 (1) aopAl %: K (GenBank % 55
=l OP748399), 43l fuzznuc. SingalP .
TMHMM . SMART FI Cell-PLoc il s #r H ik
K o7 X PIP-box . ZifsaE 1741 e & & A 15

SR B EARHEDC | PRNF A FY SR 2 B o
HAB IR S 2 BR 5 0m &
122 MBEEERTEKKINELAEK

Z W RGP ek, 4 Primer
Premier 5 %1154 aopAl-F/R (% 1), H4iE%E
(K12 DNA $2 B £ 4615 1 FC440 TR R4
DNA Jy#&tl, fifi & ff £ PrimeSTAR HS
DNA Polymerase 4 3 4845 F il 75 2 [ 5 AR {4
) 249 bp HAYHBL, PCR MNIKR R A&MHSH%
SCHR[21], % EcoR T A1 Hind IIT ARG 5 IE 5 4%
NS B RIGFFE S17-1 v, RFWGEZAS R )
P EA RS AR AR FC440 FEREANIE
{37 Ac FR S 14 AAC-1/AAC-2 Je R4 K hYy
514 aopAl-QF/QR #A T PCR JuiiF, Fuikf
MR FR K 5552 SCHk[21], RAMEGT 15%
. LA aopAl-QF/QR 5|4 1% aopAl A4
K, FIRXGEA S Bt D g B AN B Pk
1.2.3  ZHEEUR SN

S PRGN I s e,
BRI, BN 1x10° CFU/ML
1l ODgoo M 0.3 MTH B HFN 23555 5 d K
TIN50 d (IZEAE 95 MR, USRI E SR B IF i
() I DLAVR B e HR RO B S, FF 36
AN R A PR B A A R 2
1.2.4  AopAl ¥ EINEELIE

Z IR 2L K PR ik e s e, R 3L
AR W H 4 2 /A& pBBRavrBslso.as-a0pAl 73
M hrpF il avrBsl 28748 #k T, 3515 Xce 8004
(AhrpF-pBBRavrBslse.q4s-a0pAl) #1  Xcc 8004
(AavrBsl-pBBRavr Bslse.4s-a0pAl) # ¥k . fii FH
NYGB }i 53k 28 °C ., 220 r/min ;354 wi bk
% ODgoo KF 1, WHL 1.4 mL FH 12 000 r/min
20 1 min 5% FIFICREREIR, FEHICHR 7K HAR R
1, JERTE B 2 ODgo M 0.3, TH5THERNE
ECW-10R A1, WEGCE 2755 [ HR
I, LLJGHE K . Xce 8004 (AhrpF-pBBRavrBslsos)

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



144 (YIS Gk Microbiol. China

I Xce 8004 (AavrBsl-pBBRavrBslsous) MBME 1558 M (necrosis and ethylene-inducing peptide,
XFHR, DABFAETY Xoc 8004, #6ik Ac FC440 Rtk NEP)YFIEURAERMUL T INF1 B THFAEHHSE,
1044(Ac M6 Fitk T3E APSS8_1448 (IR 3-8 d JE AT LA AL A 2 ISR TR L

K avrBsl IHEIX(59-445 aa)fiilEtk Xce 8004  1.2.6  AopAl SLHARGE L 77#

(Aavr Bs1-pBBRavr Bslsy_sus-1044) 7 B 5 HE LA514) aopAl-DF/DR(E I3 H i B,
125 AopAl HIHIME FESMMM TRt AR IARIR pBINGFP2-a0pAl,

SEHMMOR T BIt s, Fitikg IR ARITE GV3101. WANMLRE (7 H) W 2

T B T % ODoo 9 0.4, BIEEE 2h  THIKERESD IRl (LS nigm

J5 VE SR o T [ R L s A B g A G S T PR EE R ODgoo 4 0.6, THHHERI AL

24 h JSTEBERRRAL BIVE S R AR T TR, ARG RO R, BT IR T

F5PHF bel2 associated X protein (BAX), IMEES: 5% 48 h i IHOGILIRAE BIMEEIEE AopAl AU

& M (necrosis inducing protein, NIP), ¥EK 245 AHMIEN .

#z1 k514

Table 1 Primers used in this study

Primers Sequences (5'—3") Size (bp) Sources or references
aopAl-F CGGAATTCGTCTCAACGGTTCGCCCATC (EcoR I) 249 This study
aopAl-R CCAAGCTTTCGCCCCATTGTGGTCG (Hind III)

aopAl-QF CCAAGCTTATGGATCGGCGCATTTCG (Hind IIT) 876 This study
aopAl-QR CGGAATTCCGCATCAGACTTCCCTTTGGT (EcoR 1)

awrBsl-59F CCCTGCAGGCTTTGCACACCTCATCGTTAGAG (Pst 1) 1161 This study
avrBsl-445R CCTCTAGATTACGCTTCTCCTGCATTTGTAAC (Xbal)

aopAl-ZF AGGGAACAAAAGCTGGGTACCATGGATCGGCGCATTTCG (Kpn ) 876 This study
aopAl-ZR GTGCAAAGCCTGCAGGAATTCGACTTCCCTTTGGTGGATCGT (EcoR 1)

aopAl-SF TTTGGAGAGGACACGCTCGAGATGGATCGGCGCATTTCG(Xho 1) 876 This study
aopAl-SR TCATTAAAGCAGGACTCTAGATCAGACTTCCCTTTGGTGGATC(XbaT)

aopAl-DF TGTACAAGGGTACCCCCGGGATGGATCGGCGCATTTCG(Smal) 876 This study
aopAl-DR GAGGATCCGTCGACCCCGGGTCAGACTTCCCTTTGGTGGATC(Smal)

RT-aopAl-F  TCTTCGCAATCCGACACC 167 This study
RT-aopAl-R  TGGCAGGTCCTTCGCTCA

rpoB-F GCGACAGCGTGCTCAAAGTG 104 [22]
rpoB-R GGCCTTCGTTGGTGCGTTTCT

AAC-1 GACCAGCCCACAACTGGGAC 246 [23]
AAC-2 CTGCCGCACTCCAGCGA

PTIS-F CCTCCAAGTTTGAGCTCGGATAGT / [15]
PTI5-R CCAAGAAATTCTCCATGCACTCTGTC

GRAS2-F TACCTAGCACCAAGCAGATGCAGA / [15]
GRAS2-R TCATGAGGCGTTACTCGGAGCATT

WRKY7-F CACAAGGGTACAAACAACACAG / [15]
WRKY7-R  GGTTGCATTTGGTTCATGTAAG

ACRE31-F  GCTCTTAACGTCGGATGGTC / [15]
ACRE31-R AGCCAAACCCTAGCTCCATT

GAPDH-F  AGCTCAAGGGAATTCTCGATG / [24]

GAPDH-R  AACCTTAACCATGTCATCTCCC
M RIZA R BRAIPEREIOE RG; /2  BOR/NRRN

The restriction sites are underlined; /: The fragment size is unknown.
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1.2.7 PTI Mo N5 & SN

1 AL S PG TR R e PR e il S5
Rajput ZECFXIFRE s fgel, (1
TG B 7KK L3 45 TR PR TR R S R R R
1x10° CFU/mL, FEGHEFR T K/MAE I KT
M, 24 h R MER, Sl SRR
(diaminobenzidine, DAB)YL {3 FIA M Wt YL (6 E
PRI E T A SRR R, I P A
XTYLEESREE, YR ] Image J 3K 74007

o AL S S AR v R R4
R E =, FREL0.1 g BT 1 mL
ERFEA TUKISWEES, 4 °C, 8 000xg &5.L> 10 min,
WEHR T oK B T b AR S I
B2 3 g AL A S R R £ .
1.2.8 mRNA RIAEDH

SRRSO IR E T, 4
PREUBEI R8T AopAl FI&k 0,28 Y64 M (green
fluorescent protein, GFP)J A4S [ &L RNA,
2 USSR PTI A5 53l B R ic BE R (PTIS,
GRAS2, ACRE31 Fl WRKY7)fZika, 4k
1 K ik 227 3R [22], 1EHL GAPDH N2 5k

A

TTCGB NIS5 TTCGB

A7 I —fb AL 3L

AopAl iy KK R ik & 4 M . (8 A A
RNA $#2HUR 7 & P B R T Y 5 RNA,
4 RNA VR EE R — UG U skl cDNA, #21R
9 R Tt AR G U B E R R AR &R, e
aopAl 7E FC440 (WT). FC440 (AhrpG)Fl FC440
(AhrpXyt R A&, SOVAKR R M S
BT P58, A rpoB A NS LA
129 HEGItHH

FRIEIIATT 3 UL B E R, K
K BE il IBM SPSS Statistics 2K 2 7 29k T
EZRMAN, P005 ERERARE;
0.01<P<0.05 N EMER, TERPH*ERR;
P<0.01 Atk 25, EEIPH*>*RR; H
GraphPad Prism 5 #171EK .

2 ZERE54

2.1 AopAl FHHFES R
Ac FC440 A ¥R aopAl 2L [H (GenBank % 5%

5ok OP748399)4K: 876 bp, ZILK AL AR A
3 94 bp Ab AT B[ PIP-box (B 1A), H 5

N3] YANNDT

1111

TTCGCAGCCCTCCCCGGCACTTCGGAGCCGGACACTCCGCGCCAGCCGCACGTCCTTAGATT:
L ] —

PIP-box

—10 sequence

El1 AcaopAl REFIEZYIHFIHSES  A: aopAl FR S 4607 5 _EIiF PIP-box 4347, A. T.
CHI G HPEANTILNLS ; YARBE CELT; DAKRMIEA, GEHT; NUEKA, G, CHT. B: AopAl

GSE AT SIRIIEARS
Figure 1

Sequence feature analysis of Ac aopAl and its expression products. A: PIP-box analysis of upstream

of aopAl gene transcription start site, A, T, C, and G are the single letter abbreviations of base; Y represents C
and T; D represents A, G, and T; N represents A, G, C, and T. B: Prediction results of AopAl protein domain.
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M6 TFEkH APSE8 3344 K:[H . AAC00-1 FtkH
Aave 1647 FERF—FPEIR 100%, SHISBZG
& (Xanthomonas axonopodis pv. citri, Xac) [
XopAl J¥81—&ME N 43.06% , aopAl JE K 4 il 7=
Y1 oh—> 291 aa, 32.58 kDa [, T AHr
7R, AopAl J7 91 FRNAEAE 5 REEMETie DX RIS 55 1
SRK, LT AN A A B, L C
vt i Be B —AMRSFI) ART 25835 (&l 1B).
2.2 aopAl & hrpX # hrpG T K HIER
BESH

PENRE L PCR Al 25 (18] 2)% i, S
RUAHH , 7E hrpG Al hrpX 28728k A aopAl JE K f)
TR0 EREAL, UEWIHRIRSZ T3SS %05
hrpG 1 hrpX B 1E TS .
2.3 AopAl EBFHRIEINAE

Xce 8004 MR EE T AviBsl fEn| & #547
Bs1 Hitk LA A ECW-10R U KR 774 HR 2
N, I 51 & HR SO Y PIRE X R H: 59445 aa
R B, ik, AviBsl JC#ER S 2 G0 BB e ik
T3E M35 AvrBs1 [T REIX (59445 aa) DNA

1.5 - aopAl
=
2 1.0+
g
S
I
[}
o *
B
=05 _*
[ %
i /
| n %

FC440 (WT) FC440 (AhrpG) FC440 (AhrpX)
Strains

2 Ac hrpG/hrpX EFE =T #k+ aopAl EEHY
RIKEDH

Figure 2 The expression analysis of aopAl gene in
hrpG or hrpX gene mutant in Ac. *: 0.01<P<0.05.

FBl G Rk, YEAFURAE awrBsl AR
iSRS 2 ECW-10R BUtURE M ™4 HR [y, {H
fE T3SS DIREHUR R AEVRHARES & HR U
iF, RPRWIMEE T3E BA M T3SS iz ke,

ECW-10R {5 1 2 Pl 4% T Mk I 1) 2% 78
( 3) i« FHMEXT REHFAE AR Xee 8004 M 361k T3E
1044 J%Z avrBsl JIHEIX (59445 aa)y avrBsl 288
KIRENSIA T A HR SR ; BAMEXT B ER A awrBsl
IIREIX (59—445 aa)f) hrpF S8k FN avrBsl 875k
PIRSE HR IRPEBEHPL; [R5 aopAl Al
avrBsl HIfE[X(59-445 aa)fit) hrpF ZRASFR AR F T
&4 HR s TR aopAl Fl avrBsl )
BEIX.(59-445 aa)lt) awrBsl ZRASFRIN LA S0 H
PR T HR IIRBESE , 8] AopAl AT LIA-F awrBsl
TIREIX (59445 aa)fhiz AN IS HR R
(IR, ZEE R AopAl ELASEZFHE, HIL
B BRI 45 F 52 R 1Y) T3SS,
2.4  AopAl X Ac FC440 BU% IR 2 00

AF F TR IR 72 h PR KRB 4A)
R s B AR A R B0 N i,

3  AopAl¥EINgERN
3 dJE ) HR R R
Figure 3  AopAl transport function verification.
Phenotypes of HR response on ECW-10R leaf after 3 days
of inoculation. 1: Xcc 8004; 2: ddH,O; 3: Xcc 8004
(AawrBsl-pBBRawrBslsy 445-1044); 4: Xcc 8004 (AavrBsl-
pBBRawrBslso u5); 5: Xce 8004 (AawvrBsl-pBBRawBslsg 445
aopAl); 6: Xcc 8004 (AhrpF-pBBRavrBslso.ss); 7: Xcc
8004 (AhrpF-pBBRavrBslseqss-a0pAl); 8: Xcc 8004
(AhrpF-pBBRavr Bslsg445-1044).

ECW-10R A3 Fh
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ddH,0 FC440 FC440 FC440
(WT) (AaopAl) (AaopAl-AaopAly
B 100 -
— 80
\o\i
5 60 *%
s}
g 1
° .
@ 40 + pomgeogae
= o l:l "
2 20t e
0
FC440 (WT) FC440 FC440
(AaopAl)  (AaopAl-AaopAl)
Strains
C

4 AopAl ¥t Ac FC440 BUHENWE WMo
A B RFHAEROAR R ERE 3 d J5 i R AL B:
AR RIS TR R, . P<0.01. C: ZH
95 P45 B KK 2 d J5 Y HR S 7

Figure 4 Analysis of the effect of AopAl on the
pathogenicity of Ac FC440. A: Pathogenic symptoms
on cucumber cotyledon after 3 days inoculation with
different strains. B: The disease statistical analysis
index of different strains, **: P<(0.01. C: Phenotype
of the occurrence of HR response after 2 days
inoculation with different bacterial strains in
Qinyan 95.
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JRFIE Y H0, &R i H0, & i
4k 5 DAB G 25 R AL, RIZRASARIZ YT Y
T 1,0, & 3 s TR AR 50),
IXUELE IR, T R e % ER, Aop AL
il ¥ N2 HoO, WA BRI SE5 A A 2 4

BN i 2 2 v J IR o R R 1 R e i
g R (1F 5D, SE)iR : aopAl ZRAS AL P )
JRFIF A K A BRI, i A A
AE B AME AR R 2L 2 DI AR AR X
W AopAl 1EIRIE 575 £ HAERS, A LAAfiAE
Wy b R B S S I LT R 2R
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Figure 5 Analysis the effect of a0pAl gene mutation on hydrogen peroxide and callose accumulation in cucumber
tissue after inoculation. A: The phenotypes of hydrogen peroxide-stained cucumber cotyledons 1 d after inoculation.
B: Statistical analysis of staining intensity in cotyledons under different treatments. C: Determination of hydrogen
peroxide in cucumber cotyledon 1 d after inoculation. D: The phenotypes of aniline blue-stained cucumber
cotyledons. E: Statistical analysis of staining intensity in cotyledons under different treatments. *: 0.01<P<0.05.

6 ARIKIEM E AopAl I 4 FE L FiES MR IEHIRE
Figure 6 Phenotypes of AopAl inhibition of four elicitors induced cell necrosis responses on Nicotiana benthamiana
leaves.
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FE R F R, TR IR TE 3 40 i it 36 PR DL 3
WY A ART W1 T3E M S0 &

GFP

7 AopAl 7E 7% K XER4M B o 49 I 48 B <€ 1L
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) T3E AopAl K rEPEIRER =,

TSI T3E J [ i) iy [ s 1 B R ALK
AR T, 158, T3E #£ikZ T3SS
OSBRI EE , X it Ac T3SS 1 hrp JEH &
SR B, HRT 1125 T3SS R4E, S MK
o ) AR A = 2, BB B R Y hrp SRR 45
FIFEAWF5E, hrpG T hrpX, hrpX AT LA
T3E B 81 T IX i PIP-boxP", & PR & % 5E
f) T3E HA{#5T Y PIP-box 41135 Ac 1 hrpG
1 hrpX RS T3E MZs, ik, T3E if
HA 512 FFE , Western blotting 3 AP J o
SR ZR g g T 90 UE T3E M558 R 1E
Zhang 57| Western blotting £ AR%KFEH Ac
Aac5 FFRF I AopP Fl AopN HA 5k iz hRE! "',
Jiménez-Guerrero 2541 FH 5 B A JCRE AR [ AvrBs2

GFP N2k {0868 11 ; Bright N ; Merge N& NN

Figure 7 Subcellular localization analysis of AopAl in Nicotiana benthamiana leaf cells. GFP is green
fluorescent protein; Bright is a bright field; Merge is a superposition field; The white arrow represents the cell

membrane, and the yellow arrow represents the nucleus.
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Figure 8 Analysis of the effect of AopAl on the

expression of PTI signaling pathway marker genes. *:

0.01<P<0.05.
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