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Yo [B) 40 B A AE T, DT BEL LR B0 7 3% AL TR K B S B A SE T 5 AN M L 3RS B 3R 4 H TR Y. kA, MapMan
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Abstract: Grey mold is a common disease in tomato production caused by Botrytis cinerea, a necrotrophic pathogen,
which often leads to dramatic reduction of tomato yield. Sucrose catabolism plays an important role in plant defense
against pathogen infection by providing carbon skeleton and energy for plant defense responses and/or regulating the
expression of defense-related genes through signaling pathway. Previous studies have shown that cell wall invertase
(CWIN), a kind of sucrose-degrading enzyme, can enhance plant resistance to several necrotrophic pathogens. However,
no research has been conducted to study the role of CWIN in tomato resistance to B. cinerea. In this study, wild type
tomato (W) and its transgenic line (R) with elevated CWIN activity were used as materials to study the effect of CWIN
on tomato resistance to B. cinerea (Bc) via in vitro inoculation. In addition, inoculated leaves were sampled 12 h and 60
h post inoculation (hpi) for RNA-Seq to elucidate possible molecular mechanisms underlying the regulation of CWIN to
tomato resistance against B. cinerea. The results are as follows: (1) Elevated CWIN activity enhanced tomato resistance
to B. cinerea; (2) KEGG annotation showed that DEGs (W-Bc¢-12 h-vs-R-Bc-12 h) from 12 hpi were significantly en-
riched in five pathways, including biosynthesis of secondary metabolites, metabolic pathways, DNA replication, starch
and sucrose metabolism, and steroid biosynthesis; No significant enrichment pathway was found for DEGs (W-Bc-60
h-vs-R-Bc-60 h) from 60 hpi. (3) By mapping DEGs to plant-pathogen interaction pathway, it was revealed that the
LRR-receptor serine/threonine-like kinase gene FLS2 and heat shock protein gene HSP90 involved in hypersensitive
response and defense-related gene induction were up-regulated in RNAi leaves after inoculation, indicating the two
genes may participate in the regulation of CWIN to tomato resistance to B. cinerea. (4) The analysis of plant hormone
signal transduction pathways and MapMan mapping showed that the signal pathway of jasmonic acid (JA) and ethylene
(ET) was enhanced in RNAi leaves after inoculation, while the signal pathway of salicylic acid (SA) was weakened,
indicating that the hormones might work together to improve the resistance of RNAi tomato to B. cinerea. In addition,
the signal transduction of growth-promoting hormone auxin (IAA) and cytokinin (CTK) was also enhanced in RNAi
leaves after inoculation, but that of senescence-promoting hormone abscisic acid (ABA) was weakened. The changes in
signal pathways of IAA, CTK and ABA could inhibit the cell death in host during bacterial infection, thus preventing the
necrotrophic pathogen B. cinerea from obtaining necessary nutrients from the dead host cells for its infection. In addi-
tion, MapMan mapping also revealed that cell wall thickening, proteolysis, reactive oxygen species (redox state and
peroxidases) and secondary metabolites were also greatly enhanced in RNAI leaves after inoculation, which all contrib-
ute to improving the disease resistance of tomato. In conclusion, this study showed that elevated CWIN activity en-
hanced tomato resistance to B. cinerea. Transcriptome analysis not only verified the existing molecular mechanisms
underlying the regulation of CWIN to plant resistance to microbial pathogens, such as cell wall thickening, accumula-
tion of reactive oxygen species (ROS) and hypersensitive response (HR), accumulation of resistance hormones (SA and
JA/ET), biosynthesis of pathogenesis-related protein (e.g. PR and HSP proteins) and secondary metabolites (such as
phytotoxins and phenolics), but also revealed several possible new mechanisms including the signal transduction of
growth-promoting hormone (IAA and CTK) and senescence-promoting hormone (ABA) and proteolysis. This study can
provide theoretical guidance for the improvement of tomato resistance to B. cinerea by using modern biotechnologies
such as genetic engineering and molecular breeding.

Keywords: cell wall invertase; Botrytis cinerea; tomato; RNA-seq; disease resistance gene
DOI: 10.3969/j.issn.1000-2561.2024.06.006
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KRB EEAEN, AT LAY B 88 B n; (4n
HMLREINE . FEP R G ) SRR ik
ZAFNRE R, T E R S A R OO (A
BEFNFME ) 38 7T LI A5 5 20 T R P00 2 A Y
FaRM RIMIR N PR R R B, B
{1 ( invertase, INV ) FlpEME & W ( sucrose
synthase, Sus ). AR 402 A7 A TA], F5 AL
AJ R 254055 o A EEFL AL ( cell wall invertase,
CWIN ), W54t ( vacuolar invertase, VIN )
FYH R AL ( cytosolic invertase, CIN ) 121

H R AT S TR A it A RN b0 s %) 4 G
W BB F CWIN, SHA 3 FlfEws o i

(VIN, CIN 1 Sus ) A[A], CWIN 7E 5T /M4 = ]
TR RN, X CWIN ZEARYIPUR H & F5 26 R
FIFER . 128, CWIN i i B AR R YL ER A7 ) jE A
VA 8 DT AR A TRV Y 8 A 8 DA F57) Bz 5 1) o 17 ke
YeERA s AN, AR b7 1y BRI R A 1Y
WAL HY, CWIN 7R AMA 2 8] 43 i
AR OB T DA AR 5 40 FIOE AR B B TR
N o WFFEFRIT, AP SN Y S Bl A B Ak
PRzs Rl MR 5 IR, A 40N i S
SO R R SR B AR A A0 R 2 R

o 22 IAEL) 1) JBT AIMAR 25 (B R SORE 3 ( R 2 4
BRSNS ) e A K 2 F, Wk, CWIN
AT L o 48 B A MAR 25 (] RERE ) S i i B A O
W& R R A AE KR T . CAMREN,

CWIN TEAEPIHTRG B4 FH A RE 320 I A 27
F R BCE FE 7 s, Bl CWIN AT 48 =AY
XFAEARE FE ARG ( necrotrophic pathogens ) HY#T
PR, AH 23R I6 AR E FR AL & ( biotrophic
pathogens ) fIHLIE!,

SR, HHTHTE CWIN %25 i K E R P tE i
Wil A RE DG 9T o FH T K250 B T AR A4 R PR
B, DR HEI CWIN AT 32 5 7 Al K 290 1t
P BTAGEE RNA T4 (RNAL) BOAR T E
CWIN #II 7 (INVINHL) f5 0] 3%
PR A CWIN JE PEPY S ASHF 28 DA% S 5L A
Fh (RNAQ) K HAHR A EFAE R (WT) K
PR, BB CWIN X 7 K 25 s Bk i 52 o []
B, 38 3o e S 2 D P 5 R A0 8 7 CWIN 45
HOK BB R 4 FALE], 8N —2B RS E T
BT B AR W B R T B 8 3 O K B
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1 MR5FZE
1.1 ##

P BT AR B A (WT ) A s b Bl 24 B
el 2R TR B E & 2 5. IR RNAI £
AT WT F i CWIN #7655 INVINHL
fIZe3k, MR CWIN FE Pk [0 B % 3 8 &
(RNAi) Y% K495 ( Botrytis cinerea) i
B R A AT DR AP 2 B X o e P
12 A&

1.2.1  FasAbiL 480 30 ki RNAi fil WT Fh1,
B 70%JK OB IFIRY 1 min, FHZEIH
JKIGVE 2 6 J5 7E 0.2% NaClO % H i1 5 min,
TR FHZE AR 5 o KT KR AT &
TIRH R A RE AR R SR ILN , TR A vk
JefEiR (27 °C) f#2F 5d. MrE#EAE, BT
R 24 fLOCEWNHITE Y, PTHERNER
2~6 mm IR A, FEFIF )R, FFIRTEE 1/2 ¥
JE B FEla 5 5 IR . B 20 d IR IR A
= o A A A AR AL R TR A AR B 2 T
(LA 3 : 1), FME 30 kg/667 m” A ELAR Jiti
ARFFHEEGHE (N:P:K=15:15:15) X
B I N 0 S e e[ 2PN o 1 e o 05 )
BEN.

1.2.2 sAEA#EM MEEF 5 FEH RNAL fil WT
FAR EAE R EEE 3. 4 R/ IR—E 1 52
M, FZE KIS BT m T K A AR IR
IREE R 2 I LIAN 22205058 B 5e M
SMB i #4355 552 He il 25 K B T R BRI, JF
729k B 7 2x10* AN /mL, SR 5B AR R A & A
0.8%HURHy3EFR I, FHORFr P2 fE%g: it
T EPKPM RN 3 TRAFBIR, BHHZ 5 uL;
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J5 12, 60 h XF At e #E T IE I BURE o B
FERF LU R AL o -1 T TFLIORE , [RIL AR
91 em, JEFRELO.15 g BE Al REUE TR, B T80 C
PRAF, TR 22 RNA ORI 3 0 7E
MR E 3 MEYFEER

123 #p&HmE 28 TOMLINSON %2y
B, RSO CEETHEIN E T R CWIN TG
1.2.4 #FWM 554 XAREEM (Mock ) Al
HAh (Be) K& WT (W) I RNAi (R) 7
A RAE 12 h A 60 h BEATHORE , BN AEBE 3 A2
Ve, 24 MR, R ETRE SRANT .
A RNA 4 Healife 5 Biat vPAL . cDNA SCE R
LSRN T ZFE) T N S A R A BR A
A58 o X FHLEY raw reads FIH fastp #E47 54,
g RS adapter 1Y reads. ZEFES N IR T
10%09 reads. ZEPREHRIIN A #HFEN reads, =
FRAGIT & reads (BTl Q<20 AUHRILEL L% 5%
read 1 50%LA In), 153 clean reads., ] FH HISAT2
BAEXT clean reads 5 mE % R A4 (1TAG4.0,
http://www.sgn.cornell.edu ) F¥ i3k T2 % JL R 4]
(1) EE X434 o 4% 18 FDR<0.05 H.[log,FC]>1 By 3E A
i 2 S AR R T e bR, R T 25 R AR IR
(I o M S B A R A BR A W] R IR
HYFEZE i ( https:/www.omicsmart. com ) #1722
SFFRIAHH K GO MKEGG & #4047, HiH KEGG
18 [ P 2 A FH pathview 782k W 25( https://pathview.
uncc.edu/analysis ) il i, FH MapMan {46 il
AW 3 Ao AR b Y 22 R A

1.2.5 RNA-seq % ##) qRT-PCR 323iE  DUIFE 4
WP FH Y 5 RNA SR, i FH AR BE HiScript
Il All-in-one RT SuperMix Perfect for gPCR ( R333 )
10 2 SR 0 RNA A R A 7 2 o, i HH v e
% ChamQ Universal SYBR qPCR Master Mix
(Q711) 5l &, WidfEEH%E qTOWER3G &
i PCR S 540 Hr 3 BR B AE X 2638 K F- . fi
NCBI Primer-Blast T. H.( https://www.ncbi.nlm.nih.
gov/tools/primer-blast/ ) it R T8 51 WXt
AT il actin JER1E A2 ML | MR 27440 )5 ik
VIR SR AR X 2 387KF- . qRT-PCR 55k it
AR A 15 B LR 1,

1.3 #iEAIE

FIHI Excel 2020 5t B 4 400 17 1R &

FFFEAT t-test 4347

%1 qRT-PCREI#ER

Tab. 1 Information of primer pairs for gRT-PCR
BE K G 5 kWG (5-3") KI5 (5-3")
Gene ID Forward primers (5'-3') Reverse primers (5'-3")
Solyc01g106620.2 GGCGTAACTCGGTA TGGACGTTGTCCTC
CGTCTT TCCAGT
Solyc01g110110.3 GCAGCAACTTGTG TTGCAGGTTGCCTT
GACTGTG ATCGGT
Solyc03g118810.1 CTCCGTTTCCAAGC TTCACGAAGCTCCC
CTTCTCT TAACGC
Solyc01g106605.1 GCTGTGAAGATGTG ACCGACTTACGCCA
GGACGA TACCAC
Solyc08g066350.2 CAAGGGTAGCAGC CTTGGAATGCCCTC
TCAAGCA TTGCAC
Solyc08g067410.2 GCTTGTTTAACCCG GGCGTAAGTGTTGG
ACCCCT GATGGA
Solyc09g007010.1 TGTCCGAGAGGCC GAACCACCACCCAT
AGACTAT TGTTGC
Solyc10g008520.3 TGTCCCTAATCCAG ACCAAAGGCAAAT
AGTTGGC CCCCACA
Solyc10g079755.1 CGGCTTCAGAAAA GTTCAGTCCCGACT
CCAACCG CTGCTT
Solyc11g011030.2 AGCACTTGCTATGG ACGACGCCGTTTCT
CTCGTA TCTTCT

T RN g 5ok [ 3 ih 5k R 4 Rk http://www.sgn.cornell.edu.,
Note: Gene ID comes from the website of tomato genome,
http://www.sgn.cornell.edu.

2 HERG5HH

21 WT 1 RNAI FEMAEXKEFRMELHNESR
B WT F RNAQ Foaii B8 MK &R 5

S FHERNS 12, 60 h ISR L IRFEE Y2557, 45
RFEW, BEFJE 12h, WT A1 RNAi Fhlim H 1
TCI AR BEC B 1A ); ZE4EA S 60 h, WT il RNAI
Zennrt ¥ BB R BE, (H WT 0 R 595 B 1f
IR KT RNAL it (B 1A WPk FoR ).
CWIN 76 P2 1, 78 0 h Bf RNAi Fihit A aY
CWIN #E ML WT & 73%; MifEEFE 12, 60 h,
WT H1 RNAi /) CWIN iGME TR %255, I HAf
LA RER: , WT Fl RNAD HH# CWIN
B RPGE EFA MBS (B 1B), RUHEMIK
HEAAESFRMT A CWIN PR T, 28 B3R
B, RNAi it A eym CWIN & M al 48 7+ 2
TR IR 2595 BT
22 ERANMNFHBEBRESH

YRR (Mock ) FlERN (Be) KA W
WT (W) FI RNAi (R) #FafitH7E 12 h F1 60 h
HATHORE, SRR AT SR Y o gt s e
M EHE 5 Fonh A R H AT Leoxr, o B — P4
HA e 65.43%~95.28%, clean reads &L K
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A: Inoculate leaf lesions; B: CWIN activity. * indicate significant difference (P<0.05).
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Fig. 1 Pathogenic spots and CWIN activity of WT and RNAi tomato leaves after inoculation with B. cinerea

1 047 124 488 ; 3@ 1k X3 8 J5 A5 P 2047 o 1 1P A
BREM Qa0 BHILH /0 =93.02%, GC HFHE N
41.88%~42.47% (% 2), ULEHIF BEEs, %k
P ] {5 B o TEAIBR 2 B HFFEAS S5 ( W-Mock-
12 h-2 F1 W-Bc-60 h-2 ), A [a] 4 5 1 24 18 43 #r
T r HYRTF 0.80 (& 2), EHF—HARH
HEM M BA R ELZN, THTIRZ5
5T .
23 ERFTIXEMA (DEGs) &k

it I8 FDR<0.05 Fl[log, FC>1 Ay T A o S
Ve 22 R R IR AL ( DEG ), %3 M e Rh K 2590
R )5 ) DEGs ( R-Mock-vs-R-Be Fl W-Mock-vs-
W-Be ) #7400 (& 3A ). 459k, SRR
JKEER AT MAE L, 80 12 h J§ WT Fl RNAi &
A DEGs B8 ( LIERITIE ) 20510 4 A1 6
A, #FP 60 h () DEGs BB 4514 76 4~F 163
Ao SHER R L, 2R BN ) DEGs
B2, JFHEME (5512 60 h) RNAI &
MY DEGs R B & T WT, E—4r i,
5 AR FP KBS TR AH L, R0 12 h J§ WT Hil RNAG
Fefint B B R SRR 0 1 AR 3 A,
Fh 60 h Y REE BRI E R 430 o 52 A 137 A
A, SREMIKEIREAMLI, M 1205 WT
HI RNAi it 7 TR R 3 4, #
Fl 60 h J5 19T IR I R R 43 R 24 A4S 26 4.
TR S, RNAT Tl LA SRS E 2 T
WT, T &M TSRS A K, Hit,
J& WT il RNAI 7€ b #E RUBCE: [ )22 vl e
SHBURMZE RN RN EAERENE, WT
FIRNAIL M/ 7% DEGs fil & DEGs 7£ 4 Fh 12 h
M1 60 h Z [ TEE S, BN A FFif 19 DEGs,
F Wi v R RO e TR S5 S T A B A

ML AR R ZE 5

BEKRE, 7F 2 MHRERT T, 8 169 4
FENTE R-Mock-vs-R-Be #1227 ik, 80 LA
£ W-Mock-vs-W-Be 125k (K 3B), £H

& 2 RNA-seq HiERES
Tab. 2 Summary statistics of RNA-seq data

FUR/-Y R A (]
O1gpa DL ¥ .
FERSYS  reads BXH  Z5F LM Qwl% Qs0/% GC/%
Sample No.  Number of  Unique_

clean reads mapped/%

W-Mock-12 h-1 48 153 370 95.28 97.93 93.68 42.18
W-Mock-12 h-3 40 876 574 73.18 97.62 93.02 42.12
W-Mock-60 h-1 40 943 546 95.12 97.84 93.53 42.24
W-Mock-60 h-2 54 919 720 70.13 9791 93.70 4231
W-Mock-60 h-3 42 966 862 93.82 9791 93.65 42.24

W-Bc-12 h-1 40 506 610 82.69 98.01 93.94 42.23
W-Be-12h-2 64984 710 95.28 98.00 93.89 41.95
W-Be-12 h-3 67 622 744 70.78 98.10 94.11 42.08
W-Bc¢-60 h-1 53 498 630 65.43 97.73 93.29 42.27
W-Bc-60 h-3 42 806 726 79.94 97.87 93.56 4231

R-Mock-12 h-1 46 541 394 95.16 9791 93.64 42.18
R-Mock-12 h-2 45396 356 94.93 98.13 9421 42.27
R-Mock-12 h-3 47 965 106 94.64 97.71 93.07 42.23
R-Mock-60 h-1 46 707 842 93.18 97.92 93.67 42.47
R-Mock-60 h-2 45 446 302 92.89 97.87 93.58 42.36
R-Mock-60 h-3 52 805 972 93.29 97.83 9349 42.11

R-Bc-12 h-1 47 468 632 94.68 97.89 93.54 41.95
R-Bc-12 h-2 41 866 798 95.03 97.85 93.57 41.96
R-Bc-12 h-3 42292 870 94.42 97.86 93.52 41.88
R-Bc-60 h-1 46 047 566 91.12 98.03 93.96 42.39
R-Bc-60 h-2 43 563 294 93.52 97.81 9345 42.13
R-Bc-60 h-3 43 742 864 92.27 97.88 93.64 42.32
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Fig. 2 Sample-to-sample correlation heat map
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Fig.3 Venn diagram of DEGs between uninoculated and inoculated WT or RNAi tomato
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Fig. 4 Venn diagram analysis of DEGs between inoculated WT and RNAi tomato
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HX K EEIRPUIE R VIAHOC ) DEGs ] A 247 7R
FHFPRI, X 58 F 12 h 60 h HATH 24
A DEGs & R —20
iR KEGG {ER R KL 5 1> DEGs &5
R B, (X S0 g b 1) B IR R S )
AT PEAR G , PRIk 22 R4 T A ) s It A B AR
I3M . LAKERE A il e P VIAH G R R T
SR EFL, 47 9 4 DEGs W% 4 K@ igh, H
HP (LA S T 1Y) 2 [ e 2 5 s oy 0 97 8 A G B
iSRRI FLS2 (Solyc02g072440.4) LI KNS
55 8 N A Kk B A E R HSP9O
(Solyc07g047790.3 ), SH:FhJE Y WT AHLEL, iX

2 AN IERTERERNE I RNAL Blih 1 B Fw 0F
HEMW, FLR &5 FoaMmEL (LRR) Z{K%K
22 W R | I8 AR 1 ( LRR-receptor serine/
threonine-like kinase ), J&AH ) 1) 56 R E 0% R G000
BB, K4 A Dl T SR A A 1 5
—IiEBiZk, WIS RGRAFEDTTE (SAR ) FELTE
AT EEAYFLI 0 AL, AR N S A AT
o T 1 e B A SR e BB BB R v 2 — BT i
HSPOO 3[R Sy S s 1oy () i A, T3 ek
% R ) 5 R B A D O BT R TR
FLS2 A1 HSP90 iX 2 A Af figj CWIN 5 %
WX IR B PR AR P A B
WY Z KRR (SA) FEEFIRE (JA) 1
HEYIPUR T 4% 25 T R P AR ) i ad ks
¥ A% DEGs B A 2R G 5msd, LM
5 WT MitL, BMIREREE RNAL FiE K
% (TAA), 453K (CTK) M)E (ET) 15
SR, MBYERR (ABA) fl SA fF 5l
DBk 55 o A Ml A S 3 R A9 MapMan 1 &1 50 #
W IUE T EaR 255, RUEE AP KB 95 1 5 RNAI
FAire IAA M BT 55215 2358, I ABA 5
SRR . A, MapMan YERIL &K EE RNAi
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FeIRFEHE R NES (BR) AR (JA) w2 -
WA B 158

MY EAET X b E T R, Rt
ZAE R KEGG B 2145 R —80, BpA/Ci
Wy A WA RS A B ) S T A v A . R
Y E d, SA A JA/ET IRHAEALYIH0R B 2
YERT B FRAE DT ARG ZE , o SA nl 145 A
YIRS RS SRR (4 Pst DC3000 ) FOHTPE,
I JA/ET AT MG SAH Y0 FEARE FR RN ( ANk
SETE ) MIPLTE, H SA 1 JA/ET ZIEfELEdsHilE
RSP R, Rl R B T RNAL i JA
FET {55842 09 b 98l 3880 2 50 I 899 1 3t
P, RS SA {55 8 18 A0 55t ] i — 2 1 o
JA/ET (55 @R 0VEH . TAA A CTK #BiFR1EAE K
EFEME, T ABA JB TR 2 e dhiE,
J& » RNAIL F i A sP Y TAA Al CTK {5 5 iR 404
58, T ABA 55 a8 208055 , 1XRE AT LA IS 5 2
YA B A0 M FET, M BE 1 K B B A BE T 4
JiL b ARAT A SR N AR e ot . AR AE
EHEKEBTRNGT, HBETEEMEME,
BEREMEA T, OGS RE N 2R S0
SRAEP TR ERS Y, B, CWIN $44LHf A]
i WA Y B AE S R AR B 5 T 5 X K B9 1Y
Bitk, BAh, MapMan A6 /s 36 R0 K 500 6 5
RNAi FihfE 40 M BE A B oK . TP (R
Pl ad JFCR A e S AL ) L kAR AT O A
S R , He R A AR A DG 3 R Y 1 A
I KEGG 43 #rdt S —3k, mix el 24 B
s A Y P UR g S

VIFEA & CWIN PP 50 M it o7 2
Wit L AEBEAL . QRT-PCR 4505 11272,
W TR F e Sy it AT s e . O
WFFT LR, CWIN =5 3 i 376 A 4 97 6
o7 $i 15 A ) X AR A SR T bt SR A
JHELBE S R CAn DRI B A 1 ) 39 1 AR R R TR B
N (HR). PURMRMARR (R RKR . K
FIRA M ). WWRRMCEH (0 PR AN ) AKX
AR AR (A R R 24 ). KFLE
PR A1 92T RIS B S5 2L 0 405 SR AN 43 96 U
TEABFRER, mHIL K CWIN J& 8% Xt
JREER PTG A i Ae . IEA YIRS
SWAHM, BT RKIMPURIEE KRR . R R
MAEIN, B RIERER | A M RZ MG E R
SRAEWNS ST CWIN SHEYHORTERTEE,

Ah, KigE H KA DS L N 7E RNAG T i 2
P, BT IREWRE N EOREFEE T M, R
KRR (1 . 22 58 2 LW 5 i I A 2 il
[ sf R B0 38 1T s Ao 7 SRR A R
RNAi 1R AT 684 of [ 8 8 F1 K fif Al oG 3
PRI 1) 2% 3K R B 10 K 250 TR I AR B

HAN, ARBFFEE KA LR PLE 5B
ARG R AT . 5, sIAMREN, CWIN
A 38 3 9N L I B R By v el e AL
Wi, MR ORaE ™, skl A
W R, RIEISLCH R CaLM/CML Fil
PP2C (1265 7E RNAL ZJifi b F I, X Al g2 il
ST SR B AR Y st B S AT, AT S B0R R e,
{HSZPRAEBLEE RNAL F it ATk sssg . HRA
Al RSB A T A B RS R ilb AT, An SR A <AL
O AT B8 3k R I 5 AT RE 2 AR R BE IR AT IE Ot
A E RS 300 R pg o s/, i RNAG
Fe AT 238 AL T BE BT A B A R R i T 2
(RS HER DTS Bl 4 & T ik U e ) o
HR, 5P YA 1 5% 7 MAPK Al
WRKY HEL N BCE R E LR, X5HTA
W ge g R AR MR . X EEEYE R, CWIN
5 5 it — K A B EAE AL A FLAl R = Ak, PTRE
5HAbM Y -5 EAEAR R (pathosystem ) AN[A] .

MZ, ARIFFRALR R & A CWIN i
PR AT 2 R A X K B BT, i L E i
SR F R AR RGHFFE T CWIN 3458 ik s
)5 F ML, ASURAIE T 28 A9 CWIN FUg L,
T ELRFEHE Y — 22571 CWIN Ui bl , X6k
T H A TR, 07 EFMERREYEAR
T Bt v o K A P R R Ee R

2% 30k
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