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Abstract: In the northern part of Jiangxi Province, 130 tomato accessions were naturally screened for
bacterial wilt resistance, and the seedling resistance of these accessions to the local dominant Ralstonia
solanacearum strain RS100 was verified, and TK083 was found to be an excellent tomato resistant to
bacterial wilt accessions. After inoculation with Ralstonia solanacearum, the concentration of the pathogen
in the xylem sap of TK083 was much lower than that of susceptible tomato ‘Moneymaker’ . The activities
of SOD and POD in the leaves of TK083 increased markedly, while the MDA content showed a slight
increase in the early stages post-inoculation. The activity of chitinase and -1, 3-GA increased in the early
and late stages of inoculation respectively, indicating that they were involved in different stages of immune
response. RT-qPCR results revealed that the expression levels of SINAPI, SIERF2a and SIERF3, which are
involved in the immune regulation of bacterial wilt, were significantly up-regulated by Ralstonia

solanacearum in TK083 roots. These results suggest that TK083 likely employs multiple pathways to
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coordinately combat the infection of Ralstonia solanacearum.
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HRR A M ERERIKE (Ralstonia solanacearum) 5| FEHIEY) HAAEMIRE. FHERKK
R AT FIE RS, R G 54 B 450 RFEY), HP QR 2 HENEY, W, R B
¥ L% ES (Hayward, 1991; Zhangetal., 2017; Xiaoetal., 2018; Habeetal., 2019; Wang
etal., 2019; E7MA 5, 2023) o FAH AR LE T & M A KA, 78 B A b X R AR 30 i i,
P I ] SR AL, 1 R BV (TEEE 4§, 2004 ARBUE 5, 2022 EREE 45, 2024) .
TR BRI R AR 0 . AR R MIAR AL NAR, HEN R B LUR ARG A, 8 AR
WY BRI A G, ORI T R A S 3 SRR AU R AR KEE (Allen, 20075
Xue etal., 2020) .

IEAESR, WA PR A SR (R T B — S R . AFTCRIL, FEAIRRBE T A 1 i
SSRGS (reactive oxygen species, ROS) AHKEFEVELLL, HABANYIEALES (superoxide
dismutase, SOD) GG, LE YN (peroxidase, POD) yEMEMHIH] (FFHE £, 2017) .
T R SR ARG S ROS MRA, MEVIEGE HBTEMN RS LU RIS E1) ROS (Wang et al.,
2024) o EFPERPE G, FAPUR SR BT-10 fE S8 B B A A S R — AR
FRAER B KT, TAE % AP Arka Meghali” FERK H sk S 0 35 PE 76 Jo B PRI, W5 Al b il
Rt B A B P 32 T AP 12 e 5, (HAE BT-10 0 i3& Mz i 18095 & A (Mandal et al., 2011) .
Y W AT B-1, 3 - W RAEEE (B-1, 3-glucanase, B-1, 3-GA) A1JLT il (chitinase) &
AL T2 B ) B AN VEL 8 ] LR ARG T A B B K o F RN ER 2R, B S AR ) P 1% (Benhamou et
al., 1990; HIUMRFIEEE AR, 2009; BKF5FS %%, 2013; Rawatetal, 2017; Lietal, 2023) . fE7
R UIE > FHLEI T TH, FFRN BB RILT CaWRKY6 %5 WRKY % 5% K X F Ak R4t
P EA IEAEE R (Dang et al., 2013; Caietal., 2015; Ifnan Khan etal., 2018) . fEHFAMTHHA
W7 Z5HE R R WRKY FKES R, 3B+ SIWRKY30 Al SIWRKYS81 J#id B 17
SIPR-STH2 2 5 & it R BTiE i, SIWRKY33 %275 Fw #1755 %75 (Wangetal., 2017; Keet
al., 2023) . [FERSHEYPLE . PUwHLE] % DI H @0 S AW, SIERF2a, SIERF2b 3R IEZ
B GG R IE R T PehC (955 (Keetal.,, 2023) . H4hid ik SIERF3 (f) ERF AR HLh 258
AF LR SIERF3 ARD 83 1 395 NAC FG 5 K1 SINAPL 38 RE 5 1 w2 AR A 16 5 Al P 1 (Pan
etal., 2010; Wangetal., 20200 , i H & 75T R0 G W1 h R IEEZEH .

H A A A H AR BTIR 2577, AEPE ORI R — P (Or R 4, 2013;
Jiang et al., 2017; Dong et al., 2022) . &EBF YU mFZEPIEHE R CETB .. EHNIMEEER
AL B B BRI W T IUE AR ISR (Sequeira & Rowe, 1969; Grimault et al.,
1995; VEEF 45, 2003) o (H2 5 Fli 8% 2 A PE S, 5 3000 &Rt 1 00 M 3 %87 B 55 (Huet,
2014; Lietal., 2016; Jiangetal., 2017) , Ht, FFxdhpEfiE X, IHIRNH . FaE P
FRB0T P B B B S ARHIE T AE T R i R X 130 47 2 Al U5T EAT K M 48 5 i ik
PAK S PR BGALE , 97538 HE 075 A0 Pl SR T8 3 F5%6F 1 A 28 M 6 A L A DA S A 95 35 A 1) 2838 3k
TR, WIBERFT T TKO83 X 5 A7 A v 5 L
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1.1 R FIRIE &

130 & AnFh 5 & @R L i Solanum lycopersicum var. lycopersicum (SLL) - HEREZFEAG S.
lycopersicum var. cerasiforme (SLC) FEESEFEAN S. pimpinellifolium (SP) 3 NFhal AR (B 1, A) .
P I I A T 2 R R e R X O B B S AR RS100, A2\ E R R 1 8. J8n
i Moneymaker /& & AifE 78 o (1) 8 AR LG A, FLsE 8 Sig . 5 TS MEIE, PunitEss,
W TR 0 S R B I ELAEALE] (Milc et al., 2019) o FUi Al o K H ik 50 A7 TV b
AT B TR A A el 5 A e e, 12 A M AT 2 RV S o AR X RS A A G H
FEICHIRER] 11 CRLER, 4 130 frMpJs K Aigh i B H b, SR A>T 20 #%,
I3 MBS AN A X B 1 BRAEAR IS AR IR TR0, SIPRA R, ik it
TR A ET o ARG 28 50 RGO, K 130 B AP 4 28 TR, BRRARE <
5%: 112K, 5% < K% < 30%; I35, 30%< KWFE < 75%: VK, 75%< K%,

1.2 EiEEAERER TG

FTFIHE (75%CB2 5 min, ZRIE/KPEE; 20% NaClO 327 10 min, ZRIE/KFEMT) &
TNEAG ZE K IR IR AR G IR LN, TR 28 °C, MXHEEE 55%M08 320G A&, W1A) A2k b
Ko RN BRBELIEF, FEE 25 C, WIF 55%, HIESRET 15 000 Ix FI44F FE9% 20 do 7E
Modified SMSA i1l AR 755 (Denny & Hayward, 2001) P-4 EHREE Fs E RS100 Bk 5
SifE, 28 °C, 2001 - min AT AR TR, AKEBERIHES] ODgo=0.1, REMRIERN. HMET
TR 28 °C, TRFE 80%, JEHESRFE 15 000 Ix 26 NEGFR, FFMLEEICSR% &Pl I A i 165 L o

1.3 BERBRENSTBSMEE

A it R 45 3 B AL T 75 A 03 B A BB R AR (25% ~ 50% M ), TIIZ S em 22
BB RE , RmPY), Fundty); ZBREHASERE L, SR N im R R A TG
K, FEZ) 3 ~5 min APWERFL A AR ZESE, OB ER . BTSRRI, £
Modified SMSA -4 17 [ 7445 77 2P XIZR, IEBE BN 28 CAEMEE FRFH L 77 48 ho PhH &
AT T %58, 16S tRNA W7 bt it — B\ SR B Ak . 00T B (R HPERR BT TKO83 ik
WA ‘Moneymaker’ FERRIERR 12 Bk, 4 BRARTUHABIRN | AFEs, &R 3 REE. F
R B 5 B0 AT R 22 B3R (Wang et al., 2021) . FlF RS100 16S rRNA J¥%1 K GenBank %
5 PEH () Ralstonia ARE 7 HIR AR (B8

1.4 SR IsRRNE

ERERERHRERT (0 d) FMHEEE 3. 5. 7. 9 d 355 DIFE SHCRE, AR 8 AR R A
BATANELE, 3ANEE, BWFEERERE - 80 CHRAF. Hy0,w % (malondialdehyde, MDA)
&, LELEE (POD) | BEAYEALES (SOD) « JUT FBEM B-1, 3 - # KhElE (-1, 3-GA)
TEPEAY A A AR & (R3EE, FED AT, Wi R4 S & U AT .

1.5 TR, =. HiE RNA AR
BEMM . 22, HFETERE R B B R, NN TRIzol (FEERK, EE) 1mL, IRGHEMIE
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BTk b, BEJEI 200 uL S45, 4 C 12 753 r - min” B0 15 min, BT C RNA BB O
Erp, RN 50% BB S IRE, K EFE 10 min J5, 4°C 12753 r- min” B0 10 min, {5
P TEI IO 75% CBEEGEEUTE, W2 QR UTER 2 &3, I 20 uL RNase free 7KIEFFITIE
1.6 SERTRAEEE PCR

Iy AREUEAEM . 25. i RNA, A cDNA. ¢cDNA )4 iif#i Fi| RevertAid First Strand
cDNA Synshesis Kit (2828 &, 3£[) . f# /1] TB Green” Premix Ex Tag™ (Tli RNaseH Plus) (TaKaRa)
A1 Bio-RADCFX Connect (f'k, KE) #7706 ERE PCR /0. 9IWEENE 1. BRMNAER 10
uL, EAKN: cDNA R 1 ul, IE. &F5147% 0.2 uL, TB Green Premix Ex Tap (Tli RNaseH) (2x)
5uL; ddH,0 3.6 pL. qRT-PCR F2/7 W1 ~: 95 CTAEE: 30 s; 95 CAEME 5s, 60 ‘CIiBKFLEA 30 s,
40 IRAEHR . SIWME R 1. M 229 SRR R A& .

% 1 qRT-PCR FiFI3I40
Table 1 Primers for qRT-PCR

ElEvER S ERGH (57-39 KRmEGIH (5 -39 v Bt/bp ZH53CHk

Primer name Forward primer Reverse primer Fragment length ~ Reference
qSINAP1 CCAAATAGAGCAGCTGTGTCA TTGGTGGTTTGCCTTTGTAA 121 Wang et al., 2020
qSIERF2a TATGCACAATTACTTCGCGATG GCTTGTTGTTGTTGTTGTTG 155 Keetal., 2023
qSIERF2b CGACGATACAGAGGAGTTAGAC AAAAGTACCTAACCAAACACGC 96 Keetal., 2023
qSIERF3 GGTGCAGTTACAGCTATGGC CTAGCAGCGTTATCATAAGC 191 Panetal., 2010
qSIWRKY33 AAGGCAACAACAGACCACTG CCATCTTCCGCCTTCTGTTC 162 Keetal., 2023
qSIUBI TCGTAAGGAGTGCCCTAATGCTGA  CAATCGCCTCCAGCCTTGTTGTAA 119 EH %, 2017

2 RS0

2.1 130 REMMRERBEBEBRLHER
X130 A B (1, A BEAT RIS, K FSAE 30 d I A, 50 d 5 A3 A

14.6% = BB R A 100 7————  ————— 100 r
. Solanum lycopersicum " Y
var.lycopersicum 2 56.9 47.8 47.4 I
) FERRE = 11
35.4% S. lycopersicum var - 1
cerasiforme ° <5
R ifoli £F ot
. pimpinellifolium W Q
ﬁg g 50 T 50
= K& 239 315
/5 =g 29.2
JbE W North America = & § |
33.8% 30.8% \ _ 3 South America g 10.9
= Bk il European 2 o 3.3
= AP Asian A & £ A Bd Ly
HEH N/A Y P — [ o 108 ~
| | |
30 >0 SLL  SL  SP

A JERRH/d Record days B c

B 1 130 ERMRESROEEEREHKRR
T3 RIWIE < 5% 113 5% < KR < 30%: [I3: 30% < RFFE < 75%: VI 75%< KFi%. SLL: FHil@iEEm; SLC:
MRk A : SP: EEIEF Mo
Fig. 1 The natural incidence of bacterial wilt in 130 tomato accessions under field conditions
Classl: Incidence <5%; ClassIl: 5% <incidence < 30%; Classlll: 30%< incidence < 75%; ClassIV: 75% < Incidence. SLL: Solanum

lycopersicum var. lycopersicum; SLC: S. lycopersicum var. cerasiforme; SP: S. pimpinellifolium.
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AR, B TR HERS , R4 35 AR 0 0 5 Rl R R IR Tt A 30 d RRRIEE] 100%H)
H 8 A, RFEZENO MG 641 TG 50 d KIFEZEN 100%1) EF-3] 54 A, RIFRFER 0 R
FH184 (K1, B) « ®H 50d )5 130 & amfmd 128 (CRE < 5%) A 18 Fh, 113 (5% <
KIRFE < 30%) F 8 M, MK (30% < KIRE < 75%) A 36 f, IV CRIHE > 75%) H 68
Flo HRIEARIE AP VR LLEIRE E, PERREE A T 2R LLBIAs &, (ES @R R in . Rk im0
BE IR AR 4 PR FE AL (B 1, O
2.2 BRFRMBEREEMM RS ISR IRMEEIE

AR IR I8 2 AL 2 2 B T M BT A B P R PR RS100. XF RS100 K Ralstonia 3R
FPE AR, B 2 BIR RS100 5 GMI1000 REAER—433Z, bootstrap fHA 99. 14k, RS100.

GMI1000+ Ralstonia solanacearum LMG2299/UQRS461. 3 %% Ralstonia syzygii {83 B ¥k AL [/ — 4
Y, W RS100 /& —F5 GMI1000 £ 3T Z H 75 kv B B ik

_89|: Ralstonia syzygiisubsp. syzygii RO01
97

Ralstonia syzygiisubsp. Indonesiensis UQRS 464

Ralstonia syzygiisubsp. Celebesensis UQRS 627

82 Ralstonia solanacearum LMG 2299

Ralstonia pseudosolanacearum UQRS 461
GMI1000

Ralstonia mannitolilytica LMG 6866

90

95

Ralstonia insidiosa AU 2944
93

Ralstonia pickettii ATCC 27511

97

Ralstonia JFZG s SSH4

88

Ralstonia FOWV s NFACCO01
—88|: Ralstonia JYOB s 26
Ralstonia CP001068 s 12T

Ralstonia AKCV s PBA

87

Cupriavidus campinensis WS2

100

Cupriavidus metallidurans CH34 YhmE
—97|: Cupriavidus cauac MKL-01 Outgroup
Cupriavidus gilardii LMG 5886
2 EHFEEV RS100 SHt Ralstonia RFEFFINRGH LR

Fig.2 Evolutionary tree of Ralstonia solanacearum strain RS100 with other Ralstonia representative sequences

94

I FH 4 1 7 e T LA R AR RS100 X 130 4 F R AT i AP ME L . 1 3, A BoRBEZE I ]
RS RO P AR R 2 . HERREEMS 12 d BRI R BT, 18 d BRI RS R, 24 d
ZJa RPN FUR TR R FEARAAR . MG 24 d AR ER > T5%0A 15 F, 1E 30% ~ 75%Z 184 59
i, 0<30%MA 37 Bl KIEER 0 KA 19 Fie

HE 3, B AL, 78R HATE R 50 KA R0 A0 B ImIE S 24 RAEWZEEIR 0
PIFBANE TKO83 CHEBKERAL, SRIFHIFGEIMNEMZIR) o Z a4 TK083 7L HH LM 2
R R RN T 5%,
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Fig. 3 Screening of tomato accession for resistance to Ralstonia solanacearum
A: Incidence of seedling inoculation; B: Comparison of bacterial wilt incidence between natural screening

in the field and seedling inoculation screening

23 IERMR TK0S3 fy7RE!

TERERR AN S A5 18 J5 5 d> Moneymaker %)) 78 46 HE BT AR G REtR, - R AR K 257, TKO83
IR FF TR (BT 4, AD o3RS d R4 AR 38 h 75 6996 1 8 TK083 249 0.36 x 10°CFU - mL™,
LI T Moneymaker fJ 9.41 x 10°CFU - mL™ (&l 4, B) , JfH. TK083 KR IEREME 24 d 54 0 (&
4, C) , VEHITERRTEBEIR AT LMZJ TKO83, {HILAE TKO83 7R I Eh 23] | B33 .

4 AR TK083 FBAHHUR Moneymaker (Mm) SIEZEREFEHRHE 5 d FRIRE (A) « KEBEESR (B) § 24 d RHKRHE (O)
(K, ** FORIE P<0.01 KP EEREE
Fig. 4 Phenotype (A) , number of xylem bacteria (B) and incidence rate (C) within 24 days of inoculation of resistant accession TK083
and susceptible accession Moneymaker (Mm) seedlings 5 days after inoculation with Ralstonia solanacearum

t-Test, ** indicates significantly difference at P <0.01 level
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2.4 TKO83 M EHHBREEMEXEEET L

Klgs R (B5) KB, A RDHE ) TK0S3 M SOD 1 POD B M5 H B & BT+, 1
Moneymaker 3 LR, TEHEA LMY G RENEZES 57, Ui TKO83 Hhif kA5
S BB AL MDA 2 R flg i AL R B2 () 224845, TKO83 ' MDA
SEEBEEVY/NG E T2 53N, T Moneymaker HET 5 d #7482 F 7, ¥i#] 5 Mm #HH, TK083
GLih F e v TR R E . AN SR e A R B B-1, 3-GA FIJLT R B RG ETE
TKO83 i i #ki o b J5 t IR Ak, JUT B PEERT 7 d SR 2 BAHEH, 11 B-1, 3-GA 7EHF
VIR BON SIS, H5d 5 2 ETHES . Mm [ B-1, 3-GA AL T FlgiE A% 5 TK0S3

BRI W LT A A AR

152 217

BAR—F, {HE TKO83 g £ .

REA SRS /(U - ¢'FW)
SOD activity

H,0O, content

HEILES B/ (umol - g'FW)

B-1,3-GA activity

B- 13- BB /(U - g'FW)

_-m- TK083 -~ Mm
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a
b =
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1 &5
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=
0 I I T I T 0 T I | T T
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M 5 R #L/d Number of days after vaccination M 5 R #L/d Number of days after vaccination

5 FimThRR TK083 FELHFIE Moneymaker (Mm) SIS EEMEHFBEGHEEEBEFETLK
Z 5 B FEN R Duncan's Ki, AFE/NS FRERIR F—FBURFIR W 2Z R R (P<0.05)
Fig.5 Changes of physiological indexes in seedlings of resistant accession TK083 and susceptible accession
Moneymaker (Mm) after inoculation with Ralstonia solanacearum
Significant difference analysis used Duncan's test, different lowercase letters indicate significant differences

in the same accession at different times (P <0.05)
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2.5 MREMENEEFRERERFREEEXEENREER

BEMEREEIG 5 d, NAC ¥ 173K SINAPI 7E TKO083 HIMRAIZE h £ AR 2%E S, H
FEIR B v T BOW S Rl Moneymaker, i8] TKO083 AJfEilid SINAPI FiifEi@ AT H A wHitE: &
J# WA B K ¥+ SIERF2a~ SIERF2b F1 SIERF3 7F TK083 H ()R IAME A 5 Moneymaker /775 2 5%, #4505
TKO083 #R - SIERF2a 1 SIERF3 {1351k .3 T+ &1, SIERF2b Fo W 5481k, 1 7 Moneymake " SIERF2a
W25 N, SIERF2b #9245 531K, SIERF3 LW A WRKY FRHEH SIWRKY33 £ % [
AR LIE S, HAETE TKOS3 fr f e is 4] (B 6) .

TKO0831F % Normal === TK08342## Inoculted MmIE% Normal === MmiZff Inoculted

59 s+ SINAPI 1259 ., SIERF24
]

-

10 4

34 * 3k

N 0

FAXT AL =
Realtive expression level
¥
FAXT IR
Realtive expression level

7| SIERF2b

1.5 H
ns * 3k
| ns % |_| |

1.0+ .TI L 'I"_‘ -.’-_‘ T T

0.5

FAXT AL =
Realtive expression level
FAXT IR
Realtive expression level

#E Root 2 Stem i Leaf

5k

FAXTHIE =
Realtive expression level

#E Root 2 Stem i Leaf

6 IRAFIR TK083 FIEHHR Moneymaker (Mm) S EREMBRARFHE 5 d EAXRENEEENRIER
(RS, * FRORTE P<0.05 KF EZERRFE, ** RRIEP<0.01 K EZEREZE, ns RERNEE.
Fig.6 Expression patterns of related immune response genes in resistant accession TK083 and susceptible accession
Moneymaker (Mm) seedlings 5 days after inoculation with Ralstonia solanacearum
t-Test, * indicates significantly difference at P < 0.05 level, ** indicates significantly difference at P <0.01 level,

ns indicates no significant difference.
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A5 PP R SRR AP P R DR T AR AR I I T (Xuetal., 2022) , AHRFFEHIR
137 — AP TKO83, 7EH2 B fa 3 A 1E 5 1) TKO83 25+ B Al 275 A3 B, (H A2 5 Ak
BA EH 352D B0 B A Moneymaker, 1 RH TKO083 AN REI6E 50 5 Ao 8 12 4, {H ] BEAFAE SR AL
BEMG AT R P BT, SEMRAREK, LIS HEHREILA.

AR LT3 KA A TR R R (ROS burst) N, B SHME A=A G A, D&
VG T SEAE NS 5 2 TS — D B RO N, (R B e 3 A B8 A va oA Vi P S T e 2 K S A4
T R K B TR HE AR )0 U S A R A R = A Al R T, AR TR fiERE (Kadota et al., 2015)
B FLRMY, BAIEF T AR G SOD 5 Bk &, MOEHITTE b Ae J1ilkse O™ 4§, 2022) . TK083
e f2 e 5 Fr b SOD Al POD v ME B it b7, B TKO83 52 EI4 YL i vk 14 42 1 s S AL i) B Ay ke
FURH, 5 6 N 2 HH A MDA & BANFERT 3 d /Mg BT, 2 JRBFaSE, 1 Moneymaker M
MDA & &N —HEM EFAEH. 5o, TK083 HJLT RBHEMEER IR B-1, 3-GA fERGE
WL & B, VLIPS RS SEEA R B R RN . DR ARR — R N5 5 T
W%t T AP T I S SN, B WRKY . ERF Al NAC 25 % (Pan etal., 2010; Wang et al., 2020;
Ke et al., 2023) o AWFFH KM TKOS3 HixX 4k 42 #H L % St [H 7 2R H (1 R IA B 5 5 K1)
Moneymaker {7 1EZ 5, B0 SINAPI. SIERF2a F1 SIERF3 1f TKO83 FIHR Fp 4l 7 Al 18 12 Ye i 2015
S, {HfE Moneymaker %A #4753 H R ANH], V0B F HUE MR 0SB BT ANE, JF H TKO083
Al ARl IS 2 AME SE R SE IR, (R BARE 2 FHLEE fRdE— P A
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