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B E. ETOBREH (Hevea brasiliensis) & W 3 X B B L BAEY), A% (Erysiphe quercicola)124%5]
AL R 2 o B AR o™ T R o R B o TR D T8 3o 43I oy B (1 I T HRAE ) e R 55, LU
1RYSFNESE . H B RTSON 3 FAEAZ B 8 B 0 F2 VR FHRLER A AR DCAIF 8 /0, BRI T 500 & Fh B AH 5
B4 TAERTFIR o AR by TR PR ) 24 A DR SF I IR 28 1, 7 At 24> ok v oA (8], 7T
RERX A R TR BRI . o8 T N %2 2180k S B 7, BB T 2 MRSFEE AT T RE o
#r, 11 7E M ¥ (Nicotiana benthamiana) & 15 IR 15 & BUNA 2L RV 25 1 CSEP00565 il % %5 INF1 175
S AR Y T O IR BE, TE 8L I (Arabidopsis thaliana) W 3¢ 15 CSEP00565 fi fi% il B 5 JL T JE A4
f1g22 W DRI AR 2, 455 %W CSEP00565 HA MY e M IIEE . #E— 2P Xt 4ifih CSEP00565 A
PUBRJG, FRY BRI T AR Y BE T 38 T I . CSEP00565 F: 1R 3 1k 7K F- 1055 T 12 e W 2R 1 I B
(M5 24 W) B TS, IZEARGEFGES KRGS S E\EA ST, RgRRusyEA
CSEP00565 JZ A2 3 R B FEAZ IS AN AR e 1 S BB ME IR 7o RS 25 SR R T 123 R RSB A AL

HE—4 T
KR AR O BN 5 A
FESES: S432.1 XERFRERD: A

XERS: 1674 — 7054(2025)03 — 0389 — 11

XURHE, X 366, J7 R, 25, AR PR BR300 25 11 CSEP00565 ik K HLAE HIMLER R AR 5T [0]. #Ais A4=
Y124, 2025, 16(3): 389-399. doi: 10.15886/j.cnki.rdswxb.20230143
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AHIFFE A BARTHHLEAR B B R A% 28 1 2D
REPF LU T — iR, CERE e
i 133 4 CSEPs & U (14 feé i &5y 2 111, &8 4%
BN R DI REC AR B T %0, &K AN &K
EqCSEP01276 A LL 14t it 7% 12 & 1 o 75 19 9-JIii
H-IAEIEHE N R AU ARG (NCED) 7 - x4
RAE, W T ISR 0 RRE N, S Ah, %
FE RN R L BqCmu H 43 SRS BigE Ve, TR
TIKGIE A BRI (3 S22 ), Wi filAs 1ok
PR T 1Y G e i B EL AT — B = AR
M S I 9E Jr v, F AR I R S T BRI AR,
T B AN B AR B0 I AR T T A A £
KMETE 4 T M. (HER T AR 5T W, (it 4 41
A L) X% RNA (double-stranded RNA, dsRNA)
4 F 0] LU 3055 5 3k T 2R (spray induced gene
silencing, SIGS)!",  H T, A AR KA F B B0
S FHLER, 5 )R A48 A VR F AL koD B
5% FEAESE 38 2k R R B A4 R T R R R
IKFEN CSEPs G e 10l g, M~ S R ~F 1k
PR RAN R P i 356 2 2500 B 1) CSEP00565, i ik
SO TN E | A2 Y AR T Gk AT R S IR
TGRS UE, #4520 M T %800 & 7R R Y b 4R
FHMLER, IR fEHT EOm MR AL T3

1 #wetEFR*®
1.1 RBEHEMR B IW (Hevea brasiliensis ) i Fi:

FTABIE 7-33-97° (I B, FiFR A5 R K 22 °C,

JGHE 16 h RS 8 by

W25 (Nicotiana benthamiana) i Ff: A FCAH 5
BR SRS IRLEE 25 °C, OG IR 16 h, BT 8 hy IR
I% (Arabidopsis thaliana) i Fi': < EHE HLE B A= Y
BEFRAAENIREE 25 °C, JBHE 16 h, RIS 8 h,
1.2 RIEWERREME B B B (Erisiphe
quercicola) (F Pk HO-73), Wbk YTK12 bR, H#A
AR W I T S 0 B P O B R S A R
it KIGHE (DHSa) . RAFE (GV3101), 13 TK
AR AR A

PBIN-GFP # 4K, pSUC2 #4424 thy B g bz
Yy e B B 5 2 A R R e e AR
1.3 EFERFERF CMD-W #5555, YPRAA
BRI B L Y. LB 35 FR 3. YPD
BB T O

Tag Pro Universal SYBR qPCR Master Mix.
RNA isolater Total RNA Extraction Reagent, T7
RNAI Transcription Ki i 7] & . DNA 2lifb i £
) P L Tl o PR SR I S v R AR A
R R BGAF] &L H Omage A ;3 ARG L 3,3/
TSR (DAB) LT BRI (GleNAc),
W3 A A= TAIAT BR S )5 HoAbialR Il H TaKaRa
AT RACFRERHA R A
1.4 BREMEEFHENEEZSW  ([EHIHRIE
ROV EE I CSEPs HY @ B2 FF 51, 75 NCBI(www.
ncbi.nlm.nih.gov)BlastP 7F £k 3 4t 8 &K [5] i 25 H
=T 30% AHARLEE RIGA S HAT [RI 954, JFGe it [R]
AR R

fii F SignalP(http://www.cbs.dtu.dk/services/
SignalP/) 7E4L 2 4E TUIN 240 & 1 CSEP00565 155
T A 5 P2 L

{65 FH B IR 2R T 22 49 7 A Duncan 359547 80905
i, B E EMEE SR BERAkRA 3 Y
1.5 (RIZRNEFHIIREEE
1.51 B RBEGLESRAEME ERPUREH
S, 8 6 2 R e T B AR R 1R T
HFFb R R, 5555 14 d 5, WCEEBHEE 1ARReR
FURY B A 2R AT IR 2259256 o fdEFH RNA $2 350
GALBUR R FIH B HO-73 19 RNA, S84 5 A
¢DNA. FI Primer 5.0 &3t 514 (3 1), IR
BB B cDNA Sy #itie, #:47 H B9 F Beig 91 o
TEARAT B Bz 5, J8 k[R5 08 B A
FIMOCFRBEA . AT FOR B IBGGR) & kAT 5
KR, Fe 23 A 2 2k
1.5.2 RHBAFORARBERMRZE  FIHE
il ¥ N VI BamHI X} pBIN-GFP 2% 14 1k 17 5. il
Y1, 3148 H DNA 2kl & mlficakds, JHEE 1
) 5 ROV AR H 1 B AR B, R B RO R
B S D)5 A A8 o R A B AR
FFIA DH50 Y, S 3045 B 20 1 43R B4 BORL,
PR B AR 2 ARFT B GV3101 o F R Y
BATHVR IR 2R 0 B ARG R AL, JF 1T PCR Bk,
PAFAVER AT o W PR AL I A BT VR
50 mg-L™" FI4EF-H1 50 mg L' Bl KAREE R 1Y LB
BRI IR . B0 (3 500 rmin!, 2 min) YL
EFR, FH 1mL 10 mmol L™ S fbEE T B . BIFH


http://www.cbs.dtu.dk/services/SignalP/
http://www.cbs.dtu.dk/services/SignalP/
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Tab. 1 Primers used in the experiment
31ty S5 —3) Hesicton”
Primer Primer sequence(5'—3")

endonuclease

CSEP00565-F
CSEP00565-R
CSEP01106-F
CSEP01106-R
CSEP04728-F
CSEP04728-R
CSEP01329-F
CSEP01329-R
CSEP02231-F
CSEP02231-R
CSEP00565-GFP-F
CSEP00565-GFP-R
CSEP02231-GFP-F
CSEP02231-GFP-R
CSEP01106-GFP-F
CSEP01106-GFP-R
CSEP01329-GFP-F
CSEP01329-GFP-R
CSEP04728-GFP-F
CSEP04728-GFP-R
CSEP00565"-GFP-F

CSEP00565nbsp-GFP-F

CSEP00565sp-pSUC2-F
CSEP00565sp-pSUC2-R
CSEP00565-Pet28a-F
CSEP00565-Pet28a-R
Pet28a-F

Pet28a-R
dsRNA-CSEP00565-F
dsRNA-CSEP00565-R
dsRNA-GFP-F
dsRNA-GFP-R
CSEP00565-RT-F
CSEP00565-RT-R
GFP-RT-F

GFP-RT-R

EF1a-RT-F

EF1a-RT-R
AtAct2-RT-F
AtAct2-RT-R
CSEP00565-MCS-F
CSEP00565-MCS-R

ATGTTTTTCAGTTCTGTCTTC
TTCGGTTTCTTTGTCAGACTC
ATGCATTTTATGAAGATATCG
CATGTTTTGAAGGATCCAACC
ATGAATACTGTTCCAGTCGAA
AGCCCCATAAGCTAATAGGAC
ATGCGTACTTCATTACTCTCG
CAAAGCCAGTGCTAAACCAAG
ATGCGGCTCAATATCTTAACT
CCATATTGCTAAGGCTGCCAT
acccccggggtegacggatcc ATGTTTTTCAGTTCTGTCTTC
geecttgetcaccatggatcc TTCGGTTTCTTTGTCAGACTC
accceceggggtegacggatcc ATGCGGCTCAATATCTTAAC BamHI
geccttgetcaccatggatccCCATATTGCTAAGGCTGCCAT
acccccggggtcgacggatcc ATGCATTTTATGAAGATATCG
gececttgetcaccatggatccCATGTTTTGAAGGATCCAACC
accceeggggtegacggatcc ATGCGTACTTCATTACTCTC
geccttgetcaccatggatccCAAAGCCAGTGCTAAACCAAG
acccccggggtecgacggatcc ATGAATACTGTTCCAGTCGAA
gececttgetcaccatggatcc AGCCCCATAAGCTAATAGGAC

accceeggggtegacggatccATGATTCCACTTAATATCAAC BamHI
cccgggetcgacggatccATGAATTTTACTGGCTATTCTCGA
TTTTTAATCGTCTTTGTAGCTCTTGTAGGTGCTTTT BamHI
TTCAGTTCTGTC

CGGAATTCCGATGTTTTTCAGTTCTGTC EcoRI

CCCTCGAGGGTGAGATTTCACCATCACC Xhol
CGGGATCCCGATGTTTTTCAGTTCTGTC BamHI
CGGAATTCCGTTCGGTTTCTTTGTCAGA EcoRI
TAATACGACTCACTATAGGG

GCTAGTTATTGCTCAGCGG
GATCACTAATACGACTCACTATAGGGATGAGAGGGAAG GAAGAGGTA
TAATACGACTCACTATAGGGTGTCAATGAATCAGAGGC
GATCACTAATACGACTCACTATAGGGATGCAGTGCTTC AGCCGCTAC
TAATACGACTCACTATAGGGTTCACCTTGATGCCGTTC
GGGAAGATTATTACTCCAA

TTCACCCTTACACCAACA

TGGGGCACAAGCTGGAGT

TCTGCTGGTAGTGGTCGG

GAACCTTCATCTAACTGC

GTCGTAGTGGTTTGTCAG

ACTACGAGCAGGAGATGGAA

TTAATCTTCATGCTGCTTGG
GAGCTCGGTACCCGGGGATCCATGTTTTTCAGTTCTGTCTTC
CATGTCGACTCTAGAGGATCCTTCGGTTTCTTTGTCAGACTC

BamHI

BamHI

BamHI

BamHI

BamHI

TE: NG PR R TRl S 2 AR 71

Note: The sequences used in the fusion with linearized vectors were marked by lowercase letters.
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W EPEREE R ODgoq fEL N 0.5, A5 A RN H
B AT T BT AL 5 A% TE AR, 24
h 5, RN A BOR LR T (INFD EE R A
FRER, 3~ 4 dJm, LSS S X B0 A0 R AL 4% O o
INFI BAT G5 SRR 7 A e SN S A

21-22]

(Hypersensitive response ) FJ1E 2 2,
1.5.3 RAFHELENFHMHIFEL K152
52 i CSEP00565-GFP BH M 4k 176 & A7
50 mg-L™" ] 4 F 1 50 mg- L' B R B 55 K 11
LB} 28 °C 1555 48 hy #5.00(3 500 r'min”!,
2 min) YR A, (i FERR (R IREIF RS 50 g L
Sucrose., MS Salt 2.2 g-L™' Fil MES 0.5 g-L™) %} [
IRIEATETE, %L ODgy fH M 0.8 ~ 1.0, XJHEF7
VU JE AL R T AT R B BT, SR AR AR i
TEE AR IR IR PR LE 5 min, R EE AR IR0
TR, TE RIS b T 48 h LR EE SR, 2R
Je 1EH 55 E R T I P SR,
1.5.4 BEERARRGRE ol m Ir e
AHTTE 48 h J5, PR Fr 59 R TR (Vs
Vew=3 1B 233 B, R i et % 1w i £
VUV, 0.01% 2K iz 0 v W OR B 5 % T
0.067 mol-L'K,HPO, ) # 47 ikt Y e 4 4 h, 8 1 ¢
I S A B A I B RIG 5 AR BB B, (3 Tmaged K44
F£ 1 mm? JEFE TSI R S 0,
1.6 M EH CSEP00565 BITHREISIE
1.6.1 X4t dsRNA &9 4 R A s fli [ T7
RNAi Transcription Kit i 5] & & i dsRNA, DA
pBin-GFP JFi ki rh ) GFP JLK NAR A, 94 GFP-
dsRNA; ffi [T & CSEP00565 4t 55 (4 Bk, 4
14 CSEP00565-dsRNA . %11 T dsRNA ¥ 14 (1)
AR 519, 5%6h T7 B s FIFH1 (R 1),

1)dsRNA 14k

O #R4E T7 250 S A5 Al S S AR &R

@ PCR Y H 37 °C ) 2 h

B 37 C ML G, MXGER i 800 bp,
FELE 3t 72 °C W 10 min, B[ 2R B HIB KB
dsRNA

(@ FRNase T1 Dilution Buffer ¥ 100 umol-min ™'
RNase T1 H#iBA% 10 umol-min',

& B U T TR &

© 37 °C ¥ 30 min, HLIKASIINEE 728

2) = atifk

e B T7 3050 & U B 5, #5357 RNA Clean

Beads /Il A RNA 5=, & TG4 L5k
L. TR, AT K, A5 4k )5 1 =8,
TRAET 20 C.
1.6.2 N4 dsSRNANFHFEABREK (I
dsRNA Kb BHAR A 18 T BB AR R R 10 d
LA AR AR I B, R4 T R 90 T B TR T 1) e
(1x10° >-mL ))&, B dsRNA FIJCHE KRG B, 4494
F IR AR T N 20 pg LY, W 5 2 1 4%
Pl g6l 4b, $ b BSR4 AE 24 °CL K 12 h
IR, 10 h BERF I E N . 3 d 5 XSS ECR S
BT, 7 d Ja LS R0 1 0 I X5 Bt 1 AR R AT 4 1
3T

W g KR i Tmaged #4441 mm? i8I
AT Bk B 3 IEYE R

P BRE TR A {6 FH Imaged 04X M R o B T
BT, Sk A 3 WEYESR
1.7 M EF CSEP00565 HI{E IR
1.71 BHARERFILGREFHINT K
S A TGS 1R R B2 A I 1 AR — S0 o ]
At R b, IR S 4. 12, 24, 48 h X AT
FEA K4 . ] RNA isolater Total RNA Extraction
Reagent i 7| & #& 0L & RNA. % )t & & PCR
(quantitative real-time PCR, qRt-PCR)>K i SYBR
Green | #¢ 644 khik UEAT 46 I, PCR 473 51 9 40
T 1w, UL EFlafE RS . A FEARSE
15 3 ML R o SN 58 R, 2747 3y
Bt CSEP00565 B RTERR IR UM TR JAR IR AN
AR BEA A X 2R KO
1.7.2 CSEP00565 12 5 bk 4~ b 7 M B 3E
CSEP00565 M55 BT 5 #4221 A 2R A %
FEPRHEL e 2 TR % AL B3 R A 3 Ak pSUC2 b, ¥
Fa R G R AR AL 2R W BE TR AR YTK 12 R 24 30
i T CMD-W R 373 [, PRH A PE FEFE7E YPRAA
BrgR i SR E A K AE DL .

ot oK 2,3,5-= % 5L A Ak YA M (2,3,5-
Triphenyltetrazolium chloride, TTC )& Jii b AN ¥ Y
LAY, KGR I M o BRI T g
Iy 1 % BE AL F T CMD-W A 85 35 5L rh 8 35
B YTKI12 A% A pSUC2 25 g AK i YTK 12 B £
BRI A YPD WA K: F2 v, 28 °C 1557 48 h
12 000 r-min' Y& £ B {& , ddH,O & ¥k 2 &, H
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KN AR5 BRI DB 14120 2 1 CSEP00565 1A Fiit X FAE FIHLERAT AT 393

750 pL 9 ddH,O X B /A i 17 5 &, il A 500 puL
F) 10% (S5 28 43550 IREAREVS TR 250 WL A 1 1 - i
R EH 5z v, 7€ 37 °C ¥ E 10 min, 12 000 r'min”’
B IR, A E A 0.1% TTC ik e
H, IR R R 15 min, LIS 0L

2 HRESH

2.1 FEMHERIE CSEP00565 & INF1 ST
BMERE  FEARZF R AR ELA R IR A PR
RV R L 7T B AR B0 1 B v 4 e E A £, R
WAL B ROk . R, S AR R A B
CSEPs R 8 12 312 7 41 5 Ho b POk T8 14 164
XFEE, $R 2 T P 24 D ERsrEERY R B (7E 75
A B UA B R TR DA R AR R 1) o AR
WFsE O 2 A~ 1 CSEP00565 il CSEP04728
FEAS A B 35 A0 00 o A 400 3 e R 1
itig, I [ i I 4 IRARSF ) CSEPs(IKF 10
A

A VB A A AE R AR DR 3t BRCEL 1-A)
T I AT R A T A AR M R 20 B2 R o D 2K
N & 1 (GFP AR 45 ), [R) B 2 3% 5K BF 18 3 & F
INFI2' -2, JEF 3~ 4 d J5 Kt Aok, & 3
CSEP00565 1l il T INF1 5 5 Y 1 8L 1k 35 ¢
(# 1-B) o fRARSTHER) CSEPO12761 o=k 1 [rlk:
PR, SHTIIGE —8 ., D, Sl iz
TR, T 3 T I TE A BOR HF CSEP00565 .
2.2 FERIEIFRIE CSEP00565 P B AR BT AL

S T #fIA CSEP00565 ELATHE ) S8 B W A1 il ()
itie, FIHAKT B 4% AL 31552 2 CSEP00565 s 5t
DML g TF AR, JF CSEP00565 Xif ik S5 4 AH 56
41 F 15 3 (pathogen-associated molecular patterns)
W 2R BEAMEIEN . @i qRT-PCR 43
MrYGUE T AE Y % A 3 R ) 263k (] 2-A) o iR
PRE G5 R AN 240 TR R 2R 11 (flagellin) FEC TR
JUT J5i (chitin) ™ ~ 2 1T fish % 605 2 7= A= D AIG 5 07T

B + INF1

CSEP01276-GFP [&

CSEPO0565-GFP

AR 1R TR RN, ) IR AR
EH The numbers of
E.quercicola CSEPs homologues

CSEP00565 82
CSEP04728 79
CSEP01329 9
CSEPO01106 5
CSEP01276 5
CSEP02231 3

CSEP02231-GFP

CSEP01106-GFP [

CSEP04728-GFP

CSEP01329-GFP

A G ARN K 5 TR R AR A B R EICRE, A NCBI(www.nebinlm.nih.gov)BlastP 748 T.H R 46412 A A i L
X, # H 2Z M) Z R AR LS 55 T 30 % $OA A P 4 A3 B: CSEP00565 TEAS (G AR R i R ki 1 INF1 75 5 19 i St IR
BE, BHYERS Bl CSEPO1276-GFP, BIHEXS Bl GFP, A7 2R “RBEnT ) /A )2 e R A0

A: The number of species containing homologous proteins of candidate effector proteins,Protein homology comparison was
conducted using the NCBI(www.ncbi.nlm.nih.gov)BlastP online tool system,The amino acid similarity between the two proteins
was higher than 30%, which was considered to be homologous;B: The expression of CSEP00565 in N, benthamiana inhibited the
hypersensitive necrosis induced by INFI,GFP serves as a negative control, and the effector protein CSEP01276 serves as a
positive control, The numbers on the right indicate “necrotic leaves/biological replicates”.

B1 MEBAEARKEE RIS INF1 5 SIFRFEATR
Fig. 1 The activity of E. quercicola CSEPs in suppressing INF1-induced hypersensitive response was
tested in Nicotiana benthamiana
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A C Mock + f1g22 + (GlcNAc),
300
Ng )
o é 200}
& 2
K.e
=g
CSEP00565-GFP & 20l
GFP % <
Atdct? =
a3
O

B Col-0 GFP

+Flg22
: 500 um
o -

0 \ H
QR NN OR N D OR N
DR DA SR D DR K
G&Qcﬁcﬁz@(’égcﬁﬁeégég

@@Q"@ Q"@Q‘?@
NN\ QN
S FF
F& F&
PERAE IR

CSEP00565-GFP#1 CSEP00565-GFP#2

A: RT-PCR BE UG I+ Col-0 F' GFP il CSEP00565-GFP Wbk 2 A J: R 3k, Atdce2 fE R NS RN ; B: XTI
Col-0 fH K GFP F1 CSEP00565-GFP [#% 3 R R ST AE B, 115 20 pmol L™ 4874 flg22 F1JLT i (GleNAc), i iy F
JDFACET AL BB (FR R 500 um) ; CAHARE BRI EARRHEZE, a # b RELEF BEMEP<0.01), NS RETLBEER.

A: RT-PCR was used to verify the gene expression of GFP and CSEP00565-GFP in A. thaliana Col-0, and AtAct2 was used

as an internal reference gene; B: Callose deposition in 4. thaliana Col-0 plants and transgenic plants with GFP and CSEP00565-
GFP, following injection of 20 umol-L ™" bacterial flg22 and chitin(GIcNAc)in leaves(scale bar 500 um),After 24 h, A. thaliana
leaves were stained with aniline blue, and its callose was observed under a microscope. GFP was used as a negative control, The
red arrows indicate callose; C: The amount of callose per 1 mm?® was calculated by using ImageJ software version 1.49v, The bar
graph showed mean values and standard deviations, with a and b representing statistically significant differences(P<0.01), NS
represents no significant difference.
B2 MAEZEHE CSEP00565 FELIFTF Col-0 Mk _EHIFRIA MBI B AL BT
Fig.2 The CESP00565 expression inhibited callose deposition in Arabidopsis thaliana Col-0 plant

B, A A 20 pmol- L (9 JL T BT 544 (GIeNAc) ; I
flagellin fKk Bt flg22 ZbFRALLEG vt F, WL EEA W) 4
R E R A ORS00 o BB 25 SR B, 5 % e
ZH B A RUAE R Col-0 S SAPEXT A GFP § i A A Ak
AH H, CSEP00565-GFP #% %t A 4 #& (CSEP00565-
GFP#1, CSEP00565-GFP#2) I F Hv iy Ji G okt 50 2
TFET 60% ~ 64%, LI 45531 CSEP00565 1]
PR ST 7 A 1 S O (1] 2-B, C) .

2.3 SIGS FESBERBME CSEP00565 TLBRS
HEURHTFE 4 TUEW CSEP00565 fEaUik -k,
Veidad SIGS 5 AR F1Ry B L R BRI )

SERMREURTE. LA CSEP00565 F GFP W) 4ats 731
AR, R T7 J5 shF AT RSN 5%, & Ui R
ek 500 ng-uL™! i) CSEP00565-dsRNA Fll GFP-
dsRNA =¥y, FE it S IR R Fr 2R T b A
BEIEE(1x10° ~mL ™) J5, ffiH dsRNA (100 ng-uL™")
WA TR AL . 3 d J5, A BR (CTEREEZK Mock) |
GFP-dsRNA Kb HEA F, CSEP00565P-dsRNA Ab FH
SRS RCE D T 82.7% (K 3-C, E); 7 d A,
CSEP00565P-dsRNA #b H S 25 55 B¢ 18 FH R AR T
58.1%([#] 3-A, D), qRT-PCR & FH, CSEP00565-
dsRNA AbH f5 i iF o CSEP00565 35 R 363k i
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A CSEP00565- B CSEP00565-
Mock GFP-dsRNA dsRNA ~ Mock GFP-dsRNA dsRNA

RN
Aniline bule

(LD ON
Zoom-in

s, D g5 E o Tan
£
g L 0.201 Tz 8150
gggl.o- 25 015 g 2g
W5 =8 & 0% 100+
T o = 5010 S8
k =} . A\ <=
=205} g YE
250 £ TE S 50t
2 0.05} S
®Wog
0 0 ¥ X 6 g0 & & &
N \adiiet 1 Q
RS S Q@‘)byv & &Q§Qu°iv RS 6§Q§)by~
J 4 RS
& & & FE § &S

A: JLER CSEP00565 W BRAERR B M 7 LR ECR T, GFP BIXUE RNA(GFP-dsRNA) FITLER CSEP00565 AL
i RNA(CSEP00565-dsRNA) 73 1Ak B A 5 B 0 A 7611, FEAERRIRA I J 3 3R, 7 d Je I BOwi 1, Mock (G
JKALFE), GFP-dsRNA $5 B X B: (81 A i/ CSEP00S65-dsRNA b B A B B 224 K A2 3 1 4l (B 3 d S5 g,
(AR 0 T 22 2 (5, B5 X 20 pm), Zoom-in A FH GHECERIHOR, H @ HTKAURMAS; C: SERHARXPOLE 4 (QRT-
PCR)M5E GFP-dsRNA Fll CSEP00565-dsRNA 4bBE 7 d J5 AR E T CSEP00565 Feikte, #RARE /s I E AR HEZE, a F1
b AU 25 5 3 (P<0.01); D Al E 31 43 AR T 4% 7 d I R BRE TR AR/ INFIR B 3 d 5 T 22 IR e B A e 145
CSEP00565-dsRNA A B A T B4 J AR 22 A6 K, AR R S EAIBRIEDE, a, b, ¢ RFZER B EME(P<0.01),

A: Pathogenicity determination of strain silencing CSEP00565 on rubber tree leaves. Conidia of E, quercicola were treated
with GFP-dsRNA and CSEP00565-dsRNA, respectively, Conidia were inoculated on rubber leaves, and pathogenicity was
determined after 7 days, Mock(no enzyme water treatment), GFP-dsRNA refers to the negative control; B: Images show that
treatment with CSEP00565-dsRNA inhibited the growth of powdery mildew mycelia(measured 3 days after inoculation,
mycelium stained with aniline blue,scale bar 20 pm), “Zoom-in” represents a magnified view of the area within the white box;
white arrows indicate haustoria;C: quantitative real-time PCR(qRT-PCR)was used to determine the expression level of
CSEP00565 in Erysiphe quercicola 7 days after treatment with GFP-dsSRNA and CSEP00565-dsRNA, The bar graph showed
mean values and standard deviations, with a and b indicating statistically significant differences(P<0.01); D and E: Statistical
results of the lesion area size after 7 days of infection and haustorium number of conidia after 3 days of infection, respectively,
showing that treatment with CSEP00565-dsRNA inhibited lesion expansion and mycelial growth,The bar graph showed mean
values and standard deviations, with a, b, and ¢ indicating statistically significant differences(P<0.01).

3 iEK CSEP00565 EREEMERNTERTEEY R
Fig.3 CSEP00565 silencing inhibited hyphal extension after the pathogen of
the powdery mildew was penetrated into host
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KRS B AAR 25, a0 by oo VR 22 9 12
(P<0.01).

The expression level at 4 h was set to 1, and the
expression levels at other time points were compared to the
level at 4 h. The rubber tree powdery mildew EF/a was used
as an internal reference gene. Each time point included three
independent biological replicates. The bar graph shows mean
and standard deviation, and a, b, ¢ and d represent significant
difference(P < 0.01 ).

Bl 4 CSEP00565 TEERT R B EEX RILEAF
Fig. 4 The relative expression level of CSEP00565 at the
infection stage
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ZERRA pSUC2 WM FATEXT IR SP: {551k

CSEP00565 signal peptide can guide the secretion of
yeast sucrose invertase. The growth of the yeast strain on the
CMD-W medium proved that the vector had been successfully
transferred into the yeast strain Y7KI. The growth on the
YPRAA medium and the color change of TTC verified the
signal peptide secretion function. The predicted signal peptide
of Avrlb was used as a positive control. The Y7TK/2 strain and
YTK12 carrying the empty pSUC2 vector were used as
negative controls. SP: Signal peptide.
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Fig. 5 Yeast invertase secretion assay to determine the
function of CSEP00565 signal peptide
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Screening of effector protein CSEP00565 of Erysiphe quercicola and

preliminary analysis of its mechanism

LIU Lijuan’, LIU Yuhan, FANG Yuxiao, SHAN Jiaxin, ZUO Minghao, MIAO Weiguo’, LI Xiao"

(School of Tropical Agriculture and Forestry/Ministry of Education Key Laboratory of Green Prevention and Control of Biological Pests of Tropical Plants,
Hainan University, Danzhou, Hainan 571737, China)

Abstract: The rubber tree (Hevea brasiliensis) is an important economic crop in tropical areas of China, and its
related industries play an important role in the local agricultural economy. The powdery mildew fungus
Erysiphe quercicola is the most severe disease infecting H. brasiliensis. The effector proteins secreted by
phytopahogenic microbes play important roles in the pathogenesis, but how effector proteins promote the
infection by E. quercicola is less documented, which has limited disease resistance breeding programme and
disease control strategies. The E. quercicola has 24 highly conserved candidate effector proteins, which has
homologous in many other powdery mildews. It is possible that these proteins are required for the pathogenicity
of powdery mildew. In order to find the important virulence factor among the 24 CSEPs, two conserved
effector proteins were selected for functional analysis and found that only the effector CSEP00565 suppressed
hypersensitive responses induced by Phytophthora infestans INFI1 when these effectors were expressed in
Nicotiana benthamiana. The effector CSEP00565 suppressed callose deposition induced by fungal chitin and
bacteria flg22 when this effector was expressed in Arabidopsis thaliana, further supporting that CSEP00565
has a function to inhibit plant immunity. When CSEP00565 was further silenced by using spray-induced gene,
the pathogenicity of the fungus significantly decreased. And the expression level of CSEP00565 was up-
regulated at the haustorium formation stage (24 h) after inoculation with E. quercicola. Further research has
discovered that the signal peptide of CSEP00565 possesses the activity of direct protein secretion. All these
results indicate that CSEP00565 is a key virulence factor in promoting the infection by E. quercicola, which is
conducive to understanding of the molecular mechanisms underlying H. brasiliensis-E. quercicola interaction.
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