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Abstract

Bacterial wilt caused by Ralstonia solanacearum is one of the main diseases which affect crop yield.
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However, no effective measures have been found to control bacterial wilt in China. Therefore, un-
derstanding the interaction mode between Ralstonia solanacearum and plants is of great signific-
ance to develop new ideas for the control of bacterial wilt. On the basis of the literature of domes-
tic and foreign scholars, the classification system and pathogenic characteristics of Ralstonia so-
lanacearum were summarized, the infection process and pathogenic mechanism of Ralstonia so-
lanacearum colonization in the root intercellular space of host plants were elaborated from the
molecular level, and the resistant mechanism of the plant to Ralstonia solanacearum was analyzed
from the aspects of morphology, physiology, biochemistry and regulation of gene expression. In
addition, the limitation of agricultural control, chemical control and biological control of bacterial
wilt was pointed out, and the research progress of molecular breeding for bacterial wilt resistance
was briefly introduced. It is considered that planting multi-line varieties and mixed varieties with
resistance to bacterial wilt is an effective way to control the damage of bacterial wilt. Accordingly,
it is suggested that mining multi-antigen resistance genes and breeding new varieties resistant to
bacterial wilt is an important development direction for the control of bacterial wilt.

Keywords

Bacterial Wilt, Plant, Pathogenic Mechanism, Disease Resistance Mechanism, Control

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|15

FE AT R % 75 kb 5 ZK FC T (Ralstonia solanacearum, i AR F Aili ) 51 R ) AL PEGH 6 3 . AL
AT It fa MR el BOREEATRMED LA RAE A . FRESEIETT4) 450 FHAEYI[1], MM EZE A
TR AEE WAL, @ mEY Ky SR s s A EE, P REEYT. HiE
i CL8 AE VG Bl RHEAIE i T R TIAR M5, ORIV 2/ B B RS E -, ™ E
fEHIRE RN = E BB R R —. WA, B R EY = B i R Rk i 10 42
FEou2]. Hk, TR IIRLE ERERBT T FBCN T BN ANEF RS . RSB TEXHEF R
)5 AR BAE O AT AN Rna s, ik — 0 BB A A= G AU B ML IR I S8 S 4

2. BRES A RHHFNIE
2.1 BHES%

TG (K76 995 8 75 Ak T N 7 Rl R 260 1 (Pseudomonas sollanacearum), #&—Fidg 2% [CFH M . S 40 B
[3] ZMRE T EWE vz, JFRERENERM. ST ELE, ASFE R ECA R
R ZIAMFAEAS S AL, 1 HBUW IR Z [4] [5] [6]. H AT RRAT 3 [ BT 24 A I 7338
RE, — MBS R R IR 1) F R B AR 2 B A R A B0 ) 22 5, SEERTE 0 5 AN AR BN
(Race): —/&MKHE T LB X 3 FlOOUREAN 3 Fh LB MM BE 1 22 57, I F 50D 5 NS [E A4 A6 A2 Fih (Biovar)
[7], ZRAMIEFAEPSERBE R R, W H 5 A FBF R A (phylotypes) [4].

2.2. BHENARFHMERHBmHE
TR A AR AT AOR F . R FE SR, SRV A e LR S T RIS,
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BE R T BRI A BT IR 2, P AR e LIS AR AL (K 1(a))s A RIS R A 1R G
Ja s FEARIRAEIR AT e WA — M 5B 2535, 50— MM R B K IER, 2ELH “Hm” K
(K 1(b)), B PUZAREYI R 7235, FRET(E] 1)), AW A KA BRIR BRI, 1A% 2=
S MBUKELRIFEE, B S IZHTAE N K 1~2 em IIBEER, RIFAE IR K 4 ACE R0 J5 WA i . K
TR ALK (R ZERE DI s, DT b PR 4 R ) TRV, T T A 5 A 2 A B 1 X
TRFEL8] -

Kb, (a) Tmimt A 235 T, BRI T M R, R e R 2
bk (b) — MU A B Z IS TR — O A A IR, B I AR AR
HFR: (c) BRI R RN RS IFAE T ROMRTRIRE; (d) (R RR AR IR

Figure 1. Incidence characteristics of bacterial wilt

B 1. Ftme R mEHE

T B A A 3 BE AR AR R 22 45 D s AE R AR . TENRF EMWIE, B aME
YIRS R ZANp L, FR/ESNBR e BR P9 35, AR 2RaE hrp FERSRGRES 111 BL43ih RS0 (Type 111 Secretion
System, T3SS), Bl Ja A4 T3SS HF RN T 70 Wb 215 AU rh, 55 Y A0 i B B R g 1 11 1 S R SR,
M TR R g, SRS, EANETEE B FAK, 5 S B4R (Quorum Sensing, QS), QS
Z 5 EAERAETE RN e i, AR s B A VI T 9], TR B AR R A ) 3-FR ik A B 5k
FRHEEIE N QS HIME 5, AT AN B A 8E J1/E FI[10]. BEJS 7RG B 1R Yo 25 £ RTS8 (ERE A F A
PR S AL (8] 2)0 BT IR LUK TR A AR A K 2 T 20 B FD 4 B P AR I A 2 B R, S BT
TR, ISR E R ZEE[1L], RA TR EF YT,

A 5 R ; N
(RSB , BAKFIBSE

-

e RO ek BEREAE RO A
wigmi ko RS, THIE i WIBEIY B
Y R A Y8

Figure 2. Colonization and infection process of Ralstonia solanacearum in the intercellular
space of host plant root cells

2. BHEAETTEYRAEEFEEENERTE
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H 20 el 80 FEARHIALIK, G /KF EARFUAN [RIB0w K1 43 74 75 Al B3 2 32 A A 1) B0 1
PR BB ST AR 2 o BT, A S0 55 RG B B0m HLER B FL R E AR T AEXT IV BUHEE RS0 b2 BE
2R LA 1B Hrp 43U 2 G870 AE S0 ik R (AR FH

TE T Al T N AZ R AR SRR TE 2 A A 40 B B B e R A AR R, TS B (3 sh M A [ ik R T B
TER .. TANER I IV BUEE RG0S HAE R YA R TH A G 25 UIAE DG, 520 T 75 R B ZEAE AR N (1365 2
BETTEEME 1 AT R BURE[12], HrpX A1 HrpV EEZ 5 T AN VLS R G4 %[13], S 5HME
5 30 BT 75 22 R KB - AR AR S [14]

SEERE SR R T AN 2 B eps FERwAD, LA EAR FE TR Sk B AL B
55 R AR 3 SE RN IR 25 A S5 [6] [15] [16]. Shen £5(2020)SZ384IF B 1 &5 A th 4R B L- &R
ST R TR B A 2 R P R R DGR R [17]. AN R AE A R S R e A KR A 2 R, XL
o 22 W AR RS I BELZE T HEA) S T K o Ig i, R A Dy AE R A AN AL S S LA RN ) S 5
FIBUE B ZE, AT 5] AR 2 (18]

WL AR A T A EOR R T2, R EE T 1L B 2R 45 23 Wk B B A/ BRAZ 2% B R4 M P £
TR B AR RD 2T 4 2 K A i S 2 5 B0 A T B0 1 (1 B 2[R 1 [19] . 2R SR A S5 (2008) it iad 6 75 44 1 A 4
BV VR 5, R IR 2T ¢ 2R Wi V5 A T 0 1 S v LA 9 [20]

[ L5395 FR 45 (T3SS) S H R ~(T3ES) e T A T 5 i B0 i A AN 27 2 FLAE S8 A e Ry 28 6 B (1 [
F11] (K] 3). hrp FRAB{AR A& Tovk 51 S A B 8 B (Hy persensitive response, HR) B3 JGv2: 51 L B Y09 i
(1) T3SS R RALR[21] [22]. T3Es M 3 BEAf FH A2 180 B8 () AN [RIRE ) J8 % > 51 b 37 [23] [24] [25]. Ak
BRI — AMRRER IR AE T 6 K& T3Es (FAANH ki 2% 76 A T3Es), XA 113 4~ T3Es £, 1EA
TR R RV B AR Rip [26]. SR, FTREEH T HIWERICARME, 1RG0 IR T3Es J2& Al 1 B0
PEFTAZII[27] [28]. oW RAERNEG ST Col-0 itk L, ERAED S VR FHifihFl L, JL T ¥ — T3Es
FRARAEIF 1 R P05 B A B AR R IR 0L 1T 224 T3Es M RARA N SRAT T sk itk £ 84 [27] [29] [30]
[31]. FAGEI T3Es B9\ 118 FAMRAOE Y . & O A IS S a5 AR i #2, MR 1 — A
JEAR T LA AR K EREE[23] . Macho (2016) & FK &2 0] LLEI T R B 2 A5 PEI flg, BUDDSEE T E AN TE
flg22 Ak, FHBE T KT 2R B EBAL 2, KX AN s T A P AT R, Y5 T A A
BRI IPTPE[25] o BH T AN R I EOWRHLEI S 4%, SR S0 1 1 B A4 A ¢ ) B8 2 gt B R i 22 A8 TR A AL )
st —2ut g, DMEdE—0 7RSS S AR, SRS b7 16 T RER (i 7 L

3. HEM B RIS

TV BRI A K R B e A Ay BRI R, 232 24 RS o & b AR YR AE Y B 1)
B, FHAR AR IERR SR EFEYEEAERRKE N EERR 2 —, RMEYHIE R BRI IHE
it R, B T U R SRS DA A7) 40 B PN P99 SR AR ) 280 SRR 25 Ao S 1 N AR o R L
B BB AT 1R 09 iR A 43 (R8O T 5 AR PRI 905 A S I, R SR 0 fish & 47 92 (EFfector-triggered
immunity, ETI), f45 5 738 & . 75 S (ROS) = A=  H 438 2 AR SR A AH S J55 DR (A % 3% B [33] [34]
ETI NS THEYEBBUN(HR), 95 R AN T Avr B 0] LA RIVERE D DU 2 (R0, e R T
I3 B VA e B A A () 0, IR R T SRR S B R S PE[35) . T AR T TE 1R A I 2 1) 7
TR N G WA RE -, 5 ARAEPIII B A S L, AN R 27 E R A 22 P2 A AN IR (R B A B L, T A 3K 2 B 1 S
RL5R GG R E T 1% A7 ERERT TR BT R SRES . PUE AR S AR N E R TR I AR
HAASETT I, WFAE—ENZE R
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3.1. EEFENH

LK/
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e —
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Figure 3. Schematic diagram of type 1l secretion system of Ralstonia solanacearum [32]
3. BthE I Bk RGREE[32]

R PO BN IE Z B MR R G5, 2 MR8 . Muhammad 55X 30 4>
AR SR HEAT TR ST SE , R BUBOR SRR R 4 d BT AR O, 14 d WHEMRE R ERTS,
MU A FESAT 14 d JE PRI R ITaR LR ESAEIR, JF iR B BER R S BLR [36]. SRRHEM T
BL, TR B3 L B A0 U -5 B SRR I AR B RS DL RAT BB AR ANPUR MR, R
REAE N B JZ ML A HEEE LA, AN A B, BA St NIRRT, B AN 28 G 2R 5
(ELAERORR it R 55 A 1 P LU N BF A B AR B2 v B AT S AR R IR B mT DA AR 4 P B T
RN, B PR FURDL, FARPUR A EARA K SE 0 TR, TS, EARERMYEE AU RN
M5 TR AT BOY S R E B, 10 FUR B4R R B 7 A R 2 IR A4 B, DL EBLR

A2 5 1 R A AR AR N S S 3 e [37]
3.2. HEIEEHHLE

FELE AR AR T BOWE O B rh Ay AR T S DUE R AT QI B A R TS TESE . R AR
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S I 3 M R LT ARG TS PE 2R I 22 Ty SR AL (Polyphenol Oxidase, PPO)IE 1t K i [m] T Bk 5 2 B, bie b
EPUsh & K PPO JE M T EOR & R, L [R] TR 7 10 2% SO AR, A AR s gs t B B 2
[38]. Wang 45(2021)7E S48 E ik S A2 5 b, ik th 21 N ERRIKE A, [FIRbGE % E K
Horpr 4 AN S F AR HUIEARK[39]

3.3. EERXIBIE

TN EMEY )G, oTMER FEDA AR EHE, MBS T SecdP /i SHIBEEE 5 S,
FEAE -2 vp 77 A T i % (Phosphatidic Acid, PA), PA 25 7 ERIBRANE AN S HIB 1 R G5 S .
B IANR, 55 7 75 F Y Jn i 2% 15 TR % R R 5 (Phosphatidic Acid Phosphatase, PAP)%iﬁIE’Ji%i,
PAP K PA iy H i — 6 (Diacylglycerol), U\ﬁﬁ?ﬁn%ﬁ@ﬁﬂ/ﬁfé%hﬁ%’]ﬁ%f‘a%ﬁaf“ B o
I3 R G (TISSY R RN T ia 274 TAMAN, SEPA ST, Wi+ PAS Eﬁﬁ’ﬂﬁ%‘a%ﬁa
e (K 4), FFRVFE AR A EAM EORE 9],

Secl4P . I%A%rg %ﬁé&

A

Kﬁ%ffﬁ%lﬂﬂﬂ@ SRR R A PA N
l
"ﬂ‘I!Fﬂ‘ | A 4‘
PAJBLA A
PAPEIEKFET = T
PAKIE
T3SSREBUA R+ P FR

Figure 4. The process of plant innate immune induction affected by Ralstonia
solanacearum colonized in the intercellular space of host plants

E 4. SHEECSETEYVAREREEREZWENAREEFTSIRE

Morais %5(2019)¥ P F #1477 PPC20 5 SIP14a i ki 7 —Fh LA AMA N BARI &, $24t T
—PET SR 8 B R DX e o WA AR E FUMAE IR T %, BE i SRR W], B4 SIP14a-PPC20 1
IRANSEIG R R T HIE R AN, I H S5 EIA SIP14a-PPC20 T e S R MR AR L, 3R A% 1 (10
Y A A0St FRUAEL AR 22 P 4N B R ) B 2 TR S DR AR [40] o RS bHLHO3 5 3 [K 7 (1 LBk B 055 1 75
KRN T Ripl ¥5-5 BB B (HR) A5 32 PDFL.2 B3 P i ik o X AN S5 R B, F M5 20N 7 Ripl
I 5 bHLHO3 % 5% R4 TLAE K15 S 16 E B R B[41].

B Lm B
T A AT E LI KRR, I ATLE L TR B R P A K, I LR K A
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A AR BT 2 A BT i 8 i[42]. BT FRAm, &S mb7 G i3 2 LB iR [43] 2
FIBIR[44] LERIBIR[45])5, (HIX LRI BT VA T iEIAAEA R R BR . AR H AT Bia Rk E, #E
N FH 47005 S A S 2 H BT BN E BB iG R 42[2] [46]. BT IS LG B MOk, RetsE — R LS
XFEFPRERFI SR, (BAEGRE AL R 2 N 1) ARt [a], i BB &8 A e Bk . Bl
AT AW 5 G K e s & 8 I PUw i AR R A TR TR, N TEME R T RE S FhRid
ARAZEERIRITFBe, (55350 F B PR TEY S RSO ISE . Caldwll %5(2017) i@ i xf Z Afpi. &
st PR 43 AT T R B R B SR R I, UM AELAR RO 38 2 b T 2 AR T B 1] 4 B AR 0 P
SEMRESI[47]. B CHIZ5(2011)iE L% cDNA-AFLP $iA, Z-Mrie A diis il fhAhiz 24 9102 F1EGR
P e 12 #2545 48 h 4, 5 AN A LR IR R RIATE O, R 2R Be 5 04 5 A BU AR DG I BE R [48] . 22
USRS SR, $EE AT T AR (U, B W] DAR P R R R, XA A B e SR R AT g
B B PUbE R, H AT A ) 2 DR G AR AT BB e SR AT PURE LR 3T i RPNy kAR
T4 97 it 2R IR A - [49] » AEE ANZE PR >R ke D] v AR A 50 (R AR 0T 75 A 0 B P 7 T A0 i 4 A
A

5 RE

PLAER,  AE SRV A TR S R (R RS AR H N . AR SEBR R i R A T I e
ZIWRIEATRITIG . SRR 25905 i 2 SS9 S B0 2570 e e m - (RIS 2455000 B AR i i B
KRG G A Bia xR B A 1F T R REEAE YISO BT BT (T, A 500 Ja IBa R k. H
I L P A/ 06F 7 A A I T PR 3 32 2 B 80 7 S T B T, EE A 2R 177 it e kB 5 17
R FHHES B2 /b 83 8 K F A BB va RCR IR AN . H HIE RS & B T i Ao — M &5 a 27 i,
(EL Bt 5 7 D 1 L E AN B2 S 7 0T B AR BR/INVRE SR ST S R B U BRI R 2k . SRR 1 LT
Y LU T LRE AR 2 S IR N B EART B SIS0 Y 3 NI 9 IR Y DS - E N r L NI RS N L VR S0 B S
KIS B, WA H R SEYN TR, 3BT 2 A BTk AT 3T
VBT i R R B A R B TR EE R T 1A .

E&ImHE
AT H 52 [E AR S A F] AR A F B H 027Y2021-007 #EE.
SE Tk
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