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A: Symptoms of unvaccinated control plants and plants treated with needle inoculation; B: symptoms on the affected

stem; C: symptoms on leaves at the early stage; D: symptoms on leaves at the late stage.
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Fig. 1 Disease symptoms of Hezuo 909 tomato after inoculation with Clavibacter michiganensis
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Fig. 2 Symptoms of highly resistant and highly susceptible
tomato varieties at 38 d post inoculation with

bacterial canker pathogen
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Table 1 Evaluation on the resistance of 66 tomato varieties to bacterial canker

Ryl it T8 %L Disease index PSR (38 d) ottt
Variety 16d 24 d 38d Resistance level (38 d) Resistance type

Micro Tom 0.00 0.00 6.25 HR 1
21 4 2% }b Red brandy 0.00 0.00 16.67 R 11
FEIKIE Telena 0.00 33.33 33.33 MR 11
¥k Huangzhu 0.00 25.00 33.33 MR I
475 Dongxiu 0.00 25.00 25.00 MR I
4:Hk Jintao 25.00 33.33 41.67 MR I

HIRIA Golda 0.00 16.67 25.00 MR II
2211199 Fushan 99 0.00 16.67 25.00 MR 11
[ & T4 Bailingqianxi 0.00 25.00 25.00 MR 11
W HAEFLRR Yellow strawberry Mary 0.00 33.33 33.33 MR I
1 /1M Chengxiaoying 0.00 41.67 41.67 MR Il
Hi &1 Scarlet 0.00 33.33 33.33 MR 111
/N8 Baixiaoni 0.00 6.25 25.00 MR Il
/NT-4: ¥ 1 Xiaogianjinhuangfei 0.00 33.33 33.33 MR I
%111 88 Fushan 88 33.33 41.67 41.67 MR I
JERSJH Hei’ egan 0.00 25.00 31.25 MR II
731 Mixiangpo 0.00 16.67 25.00 MR 1l
t 1 % Barbosa 25.00 33.33 33.33 MR I
LR Audrey 16.67 33.33 41.67 MR I

5% DU Zhongshu 4 25.00 33.33 33.33 MR 111
B} £ Kefengmeitian 25.00 33.33 41.67 MR I

WKy 202 Zhefen 202 0.00 16.67 41.67 MR I
WA 145 Zheyingfen 1 0.00 25.00 33.33 MR 11
Wik 809 Zheza 809 0.00 33.33 41.67 MR Il
Ailsa Craig 0.00 33.33 41.67 MR i
BB A4S Lola strawberry 33.33 50.00 66.67 S I

BRI Milena 25.00 33.33 50.00 S I

A7 W1 #%F Brown strawberry 0.00 41.67 50.00 S I
4,057 i Niuxin tomato 50.00 58.33 66.67 S I

M7 Mesa 41.67 50.00 58.33 S I

HJF AT Misha strawberry 0.00 33.33 66.67 S 11
HL1#E 4> B ) Kade golden queen 33.33 58.33 66.67 S I

B33 15 Hawaii 1 41.67 58.33 66.67 S I

EL {3 Barbos 33.33 50.00 50.00 S 11
4295 Golden nugget 25.00 50.00 50.00 S 111
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£F%& 1 Continued
v i1 H8 5L Disease index FOHEKFE(38 d) ot
Variety 16 d 24 d 38d Resistance level (38 d) Resistance type

% I3 Provence 50.00 50.00 66.67 S I
EEFR A T i Great white tomato 0.00 41.67 50.00 S 11
.55 A Heimeiren 0.00 25.00 50.00 S Il
JEE AL 71l Moka cherry tomato 16.67 50.00 58.33 S I
T ML Shou’ erhong 33.33 41.67 58.33 S I
20 ¥y i £ Century pink crown king 6.25 50.00 50.00 S I
LR UL Super beibei 33.33 58.33 66.67 S I
¥4 % Linglongmi 25.00 33.33 66.67 S I
4 8—5 Jinpeng 1 41.67 41.67 50.00 S I
42k Green pearl 25.00 41.67 50.00 S I
% A7 7l Roma tomato 0.00 16.67 50.00 S I
1£45 3k Huaxiugiu 33.33 41.67 50.00 S I
£1 7154 Red pear 16.67 25.00 58.33 S I
#3465 53 Fendu 53 16.67 50.00 58.33 S I
W%k 203 Zheza 203 0.00 33.33 66.67 S 11
41 3% 2% Red saint 41.67 50.00 58.33 S I
H 231 F Baiguogiangfeng 25.00 41.67 66.67 S I
23578 Black emerald 41.67 58.33 83.33 HS I
KIF 1567 Tianzheng 1567 6.25 41.67 83.33 HS I
1558 F13% 5 Chocolate tomato 58.33 75.00 91.67 HS I
Wi 409 1E4: Yuanchao 409 peanut 0.00 41.67 91.67 HS 11
AL 70 Yellow peanut tomato 33.33 58.33 75.00 HS I
H A Micai tomato 25.00 58.33 75.00 HS I
HEEM Antelaisi 6.25 75.00 83.33 HS I
fifi ) Hard-pink 25.00 75.00 83.33 HS I
HHEAL Yellow pear 16.67 25.00 83.33 HS I
H i K254 Sunrise bumble bee tomato 0.00 16.67 91.67 HS 1T
A1 906 Hezuo 906 33.33 58.33 83.33 HS I
44909 Hezuo 909 33.33 50.00 83.33 HS I
7 5L EEPAk Emperor yellow cherry 41.67 58.33 75.00 HS 1
X 56 Yellow saint 33.33 50.00 75.00 HS I

HR: =405 R U0 s MR e 5 S 18005 s HS « = J8% T SUBURRY S T1: B AR AL T 047 J'é 8, HR: Highly resistance; R: resis-
tant; MR: moderately resistant; S: susceptible; HS: highly susceptible; I: dual-sensitive type; II: resistance to spread type; III: resis-

tance to penetration type.
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Fig. 3 Disease index dynamics of the tomato germplasms with different resistance types
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L SR s -1 R0 5 12 Z0VE AL 13 3 W RE T 1L HUAR AL S 11 R PR R 70 5 11-2: PR OG5 T-3: i 42 203 1T 7
JEFY S TI-1: 28 11 8851112« EL T s I1-3: "85 DU, 1: Dual-sensitive type; I-1: Micai tomato; I-2: Red pear tomato; I-3: Provence;

II: resistance to penetration type; II-1: Great white tomato; 1I-2: Heimeiren; 11-3: Zheza 203; III: resistance to spread type; III-1:

Fushan 88; I1I-2: Barbos; I1I-3: Zhongshu 4.
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Fig. 4 Dynamics of Clavibacter michiganensis populations in tomato plants across resistance types post-inoculation
P B A B bR iR . RTINS TR 2 Duncan [GHT B AR 22 K6 9622 5 1 3% (P<0.05) . Data are mean+SE. Dif-

ferent letters indicate significant difference by Duncan’s new multiple range test (P<0.05).
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TR RS BTG T RS RS 120 hitik
FIEAA, o4 309.75 Ulg, Fll e [ 309 42 B v JE i o AR
XA 172450 1.63 4% ; B S Pl 5 119 SOD i
PRI F X B T = P s P R S 6 hiig H: SOD i
Phgl i 2w TR (FR2) o mI UL, & 40 e 1k 5t 9

R AR YL IR , B P A Y SOD 17 P g 387, i
TR SR ) SOD I 4 )32 I
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WACAXF HR ) 1.08 8% , FLAR ] S 4 I X R (52 2)
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Table 2 Leaf antioxidant enzyme responses to Clavibacter michiganensis CN0204 in resistant and susceptible tomato varieties
= o b
fihs ””ﬁ A 0h 6h 12h 24h 48 h 72 h 120 h 240 h
Index Variety Treatment
SOD T AGE909  XTHR 4526+  89.89+ 131.10+ 168.10+ 188.60+ 208.20+ 24490+ 131.60+
SOD activity/ ~ Hezuo 909 CK 270ab  4.02a  679a 433b  4.69a 1146b 1244b  6.88c¢
(Ulg) St 43.09+  79.86+ 129.80+ 13830+ 149.10+ 16270+ 18026+ 119.70%
Treatment 6.83b 522b 556 a 5.10 ¢ 598b 6.45 ¢ 8.02¢ 9.96d
Micro Tom X H# 4926+  58.19+ 113.10+ 130.00+ 142.50+ 161.90+ 190.30+ 198.00+
CK 317a 445d 6.76b 387d 443b  771c¢  355¢ 613D
Qb 4696+  68.19+ 129.80+ 188.60+ 192.00+ 241.10+ 309.75+ 264.50+
Treatment 2.90 ab 445 ¢ 543 a 4.61 a 7.30a 8.15a 10.32 a 720a
POD % AGE909  XTHR 1.37+ 1.62+ 227+ 2.40+ 2.46+ 2.33+ 2.00+ 2.04+
POD activity/ ~ Hezuo 909 CK 0.08b  0.16b  0.10a 0.12a 0.11b 0.15b  0.14b  0.14a
(x10° Urg) st 133% 156+  1.68- 198+  2.65- 228+ 184+  1.68+
Treatment  0.13b  0.05b  0.06b  021b  020b  0.09b  0.09b  0.08b
Micro Tom X H# 1.66+ 1.86+ 1.99+ 2.41+ 2.50+ 2.70+ 2.49+ 2.18+
CK 007a 005a 0.09ab  0.06a 0.05b 0.12b  0.05a 0.04a
Qb 1.66+ 2.03+ 2.14+ 2.95+ 481+ 5.19+ 3.30+ 2.61+
Treatment 0.13a 0.16a 0.20 ab 021 a 0.18a 0.26 a 0.40 a 0.18 a
CAT i H1E909 Xif B 439.10+ 460.10+ 468.12+ 47321+ 506.51+ 479.70+ 470.61+ 452.90+
CAT activity/ ~ Hezuo 909 CK 1080b  7.55b  7.52b  7.87b 11.80b 11.61c 11.80b  8.87b
(Ulg) st 54040+ 55791+ 60072+ 635514 65353+ 62122+ 61241+ 513.90+
Treatment 577 a 10.60 a 949 a 10.60 a 398 a 545b 6.09 a 583 a
Micro Tom %] 43330+ 544.81+ 62991+ 659.10+ 666.63+ 553.62+ 495.63+ 45931+
CK 748b 19.50a 10.60a  636a 11.90a 1721b 2270b 16.41b
Qb 53590+ 593.82+ 66921+ 68553+ 731.90+ 869.81+ 647.82+ 491.41+
Treatment 9.76 a 8.50 a 761 a 822 a 5.60 a 6.25a 7.76 a 550a
N & A1E909 Xt HE 134.12+ 16951+ 170.73+ 17822+ 180.83+ 197.54+ 170.72+ 132.81+
MDA content/ CK 628a 3.16a  438a 324b  433b  583b  438b  6.lla
(nmol/g) Hezuo 909  AhF! 129.12+ 14751+ 18143 25971+ 28132+ 31441+ 20751= 17121+
Treatment 14.60 a 6.84b 7.57 a 8.0l a 18.10 a 745 a 10.60 a 5.68 a
Micro Tom %] fi# 148.81+ 151.92+ 15891+ 160.90+ 16431+ 18552+ 161.20+ 121.22+
CK 89la  6.02b  558b  625¢  456¢  5.11b  581b  420b
oS! 149.40+ 153.22+ 16222+ 17151+ 17150+ 187.52+ 170.81+ 119.20+
Treatment 5.96a  9.93b  635b  5.66b 1320b  6.46b  485b  8.93b

R B R N B BRI DR o RPN [ /NG FRE R 7R 28 Duncan [GHT 2 ) 25 14K 50 22 55 1. 35 (P<0.05) .

SE. Different letters in the same column indicate significant difference by Duncan’s new multiple range test (P<0.05).
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e ol , PR B

[Rl PR-NP24 () 335 w76 = P s Aoep o B, F

24 hinf 235

WAL, S FE AR AR IR B9 39.52 4% , Oy [+ 39
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Fig. 5 Relative expression levels of LePOD (A) and PR-NP24 (B) in tomato leaves at different time points

after inoculation with Clavibacter michiganensis CN0204

P R R k- R bR R

# ek e 3 Gl 38 RO [R) A ] 285 (4G 6 o AS 16 22 57 (i # (P<0.05 . P<0.01 11 P<0.000 1) ,ns

FARTEFE 2R . Data are meantSE. *, ** or **** indicates significant difference between the treatment and the control by  test
(P<0.05, P<0.01 or P<0.000 1), ns indicates no significant difference.
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A FE X 66 4~ F it it B A1 TR 15 97 9 1 BT
PEGEAT TR, e 1A R P s AR LSBT
B, 35900 A B A R Micro Tom LT [ 22 b, HA 5
b 22 Ry 8wl R SR B, o I T T A TR 0
BN GCIR ARG . A Y e PR A= i Micro
Tom MY = HURFE W] fiE 5 HAT A AL B 18 R 48 S PR 2
) LA A G o Ak, B AR F ik Bl 40
Micro-Tom [l 3% & 22 #5198 400 Ay 7 82 35 [ )2
(Sen et al.,2015) o ARAEHTEFN 5T 58 IR A7 48 L1
TN A A T R A

AMIFFE XS T it 20 b P B R S AN R R A T
T U R T AT 2R BSR4 e AR
L B R Gtk (i e 2585 AR G ) 1 43
G ARAE (0~ Z) , flEFTIE PR b o6 50 25 00 L 7
DAFEXT i 240 R Mt i DU T A AR DGR 9T K 2
K FH i #k (Van Steekelenburg, 1985; Chang et al.,
1992) 8k i A (%555 ,2017; Bibi et al., 2018 ; Kumar
et al.,2019) B ZE B R AR M 3 4 AR T i
FotK . GnBREE S (2017 AL AR RS s e
2 1 E VER AR R 43 T 5 JiF 5 Bibi et al. (2018) I LA i
RZEELGI(N1/3Z58 2338 TN
PR . Ty AR, 20200 1 253 Ik
AR SRR 70 45 S PR RAIE A s DR PR sh 89 i)

SEALAEAT , FEAEDUHE PPN 5 5 PR A X LS
n R LSBT K B RIBR I . BB AN, BRA SR
22 B — 5] ) AR T 2, R X Pt iR A 53T
PRISA, SRR AN A . BN, o
RPN L ERAE R (16 d) R DL 255
LA IR EBIRIE (K FE<2 em) , A5 (R
FIETEAR, ICISTH S AT BER R4 b S
SR HAEE R 3247 Y. BLAh, Balaji et al. (2008)
WA R, T B B AT I S W1 LR 0%
Um0 A S KT T = IR 7 N i e’ 7
LR T A ST LIRS oA AR HL ) A O AR Rl
P, RV A RSN TC I B 2555, R 2L A0 T 4R
BT TEA  EE AR

A SCHik 22 3T B — i) o5, (CUnd2FP 5 28 d) Y
9o 1 4 B0 3 B Pk S5 9 (BR 4 %5, 20175 Bibi et al.,
2018; =IESF, 2019) , M ASAIF G 3 3% £ W 4% 16 .24
38 d I A2k, 7R T HUMRm ) Z R0, 1)
NPUR AR Hh A SRR S A R
Bk VKIE 1567 FE4Ari] (16 d) TEhetk (511 (38 d)
o 5 T X e SR BT AL T BEAE TR R
PRUE ST (PR AL 5 49298 by el 1 45 i
i AE LA A7 B2 Y AR5 HE 407E 24 d 138 d
TR (PP i) . RPN AR T
TR LT B BUPERLER 0 5 22k, AT RESZ AN
[l 3st A% 0 1 3800 T - B 1 PR o ol PR A
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T SRR 4% 203 FE3EFR 16 d 1 2R H 302 70 40 o
Wtz e IR, 3 AT Be - R By e el L S e 1
S HILE A K (Jones & Dangl,2006) ; MHTY FERL 5,
Fh &2 e A 16 A E T B A8 lURER G

B%025.00) ,H 55224 d F138 d A7 48 B0 e 7F
50.00, BB HA PO I A 44 FOE R I pLE . R
IS ol o U I Ay S o o, EHE LA SIE 5
TN T, 3K BT B AR AL 1 A B B I
M ERRIERD 38 d R TE TR R E R e A BT EIT
WA bn , 2 I T 2 40 R M B0 6 10 R G fZ e e
PE SRR SR, R RS S Y R
FY ™ B AN AL RN S 24 d e I AR B
25.0( PR  HEER S 38 d i ZE 83.3 (Frldak
) A RRYE RS 24 d B 2R BT K
o FAN KA K BRI = TR B Micro Tom A
T K R BE A A2 (quantitative trait loci, QTL ) 4
Y7 AL B R AZ AR 5 R 55 B B T AR b
P, A = 4 0 (R AT, 2025) .

FERE D) BT T, B A ) PR RS VT A
S50 B DR PR S S T MR R R R A e B
(Torres et al., 2006) . AW 57 45 2 & 7 &5 P i Ff
Micro Tom FyHT A AL SOD . POD , CAT I 1 75 #: F
J T TR R, ELMDA LR R AR, (655
S IR , LA R SOD T HETE 120 hik I UE(H ,
v R A Y 1,72 4% 5 1 POD A CAT 3 PE7E 72 h ik
FTVE Ay R B ARG 2,28 F5 A 1.40 45, AR
Al S A S5 B T RESE P ERCR . X — &
PRI BT B PR Bz T 00 o B AR RS

PR AR [ 38 3k 42 410 1) s D o il 7% e =i 1k 4
it BE 25 44 2 5 B 9% I (Van Loon et al., 2006) .
RT-qPCR /3454 /K , PR 3L K LePOD F1 PR-NP24
TERPUA A b i Fe Tk 2 T e R R, R
IR AR 5 I TR AR e AR DDA G . Hirp, PR-
NP24 2t JUT J0 g , ] R A9 JE o 4 i BE 5 LePOD
D)3 3 4 Ak A S5 2R DT AR 5 441 g B 0Pk (Dixon et
al.,2002) . AWFFELEIR K, PR-NP24 TE S UL
HY)FRIE R AE 24 hak BIEAE, Ol S B A 3.16 1%,
1Ml LePOD {335 25 5 T 1 25, TR B WG Iy oy Jak
R 8.87 4% , I 3 46 PR LRI Heise H g i i 538
A figJ& Micro Tom S PUREE R CHE 3362 —

RAEARIIE RGN T 66 A7 it Ff 5 9 U5 XoF
Y B I BT IR T B B AR O A B
FE AR A PR LRI 3R 7K O  (H 4808 B 0 s BRI T #4
B A I LT Z 1 F b TR, R —

SO BT A 2 i AT 2% b A AR i S, pimpinellifolium,
PABR A B8 UL L 53 50 AT G e 1 i
A HR TR BTG A PR 3 R A KT, R BE 4T
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