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MFF NN RBDEEFCTRHAAELEFE, CRHABRRY, K, FPHaéE, sLaeriky, FEHB
EMIR; BHULE 16 MR R PAUE 6 A R A 42ATK . Wsh s a9 455 m 2 Ak 4 it PCR 33877 3] ¥
255 8955 R AH R @ KX HZA-14 o HZ5-1, 7530 Yo st B I & /5 5] — 5 B 55 GMI1000 5 2.9 55 46 8 4
) RbE A B) 99%; iEALA M E 45 R BT HZ4-14F= HZ5-1 3 5613 %) 144 bp 69 B AR50, AEACITA; AR W R
B L4 EAARE GRS R AR ETANARY A — B8R A . SREN, F1RPIEXTERRG
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Identification of Potato Bacterial Wilt Pathogens
ZHENG Xueao, SONG Botao, TAN Xiaodan, CHEN Huilan*

( College of Horticulture and Forestry Sciences/Key Laboratory of Horticultural Plant Biology (HAU), Ministry of Education/National
Center for Vegetable Improvement (Central China), Huazhong Agricultural University, Wuhan, Hubei 430070, China )

Abstract: The colony morphology, carbohydrate utilization, microscopy, fliC sequence, phylotype and pathogenicity of
Ralstonia solanacearum were studied by using the diseased potato from four cities of Hubei Province in order to investigate the
etiology of the disease bacterial wilt. Sixteen strains exhibited irregular round, upheaval, pink colonies with white margin
differentially on BG medium with 2,3,5-triphenyl tetrazolium chloride. Six strains of them showed the targeted morphology of
R. solanacearum by microscope. Only two strains had targeted fragments, which were amplified by the specific fliC primers.
The targeted fragments were sequenced. The results revealed that HZ4-14 and HZ5-1 had 99% nucleotide matching with the
SJliC gene of R. solanacearum GMI1000. The results of phylotype multiple PCR indicated that the specific 144 bp fragments
were amplified from two strains. HZ4-14 and HZ5-1 were virulent to potato and showed the typical bacterial wilt symptom.
These results demonstrate that the pathogen of bacterial wiltin Wuhan belongs to Bivoar II, Phylotype Il of R. solanacearum.

Key Words: potato; Ralstonia solanacearum; identification
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LR SR TR 1747 T AR A AR R
S 40 1 (Ralstonia solanacearum) 5| 8 B — Fh # UL |
Dy RFMEAB R 14890 %, TEE GBI 217
e, ZAEA 1z, TR Y 54 R 450 Rk
Y, B R 7 AR DXORTPY R TR AR X D 4% S Al
MR FE— 29K, HhwAE— L9 KR
2N s o5 d ik i o | A s L S B | = (T
VIR LR EREAT TACRIR T, AR RIS
eI S E , B H AT R R A A T
SrIAe, D, SEA TR BT R R A X
LR 7 Kt B A B4 8 X

HeAt, HREARE R R E R — D E A2
PIZRTES, AL 5T Al T % DT ol i 2, 3,
5 — Gk =R IL A (TTC) 1Y 5 Al B 85 952 2Lk A 7
VR PRIE , FEARHE e AT 6 kK AL G (T i
B INALEE . TOPEE. FLME. IR LR4ERE)
AR RE I AR 230 5 AN AR 2 RDe . s, BEE
R AR A e, IR S22 W FRHI 7 (ELISA) Fl
FESS UGt (1F) S B TR BT S 1 B hlii
TR ) S E FORBLSE & kR . 4R, B IR
AR AW & e 55835, HET PCR & Fh 4+
AN s i v R IR, AR SRR
TR RTE W AR/ VA E | PCRAGIN S5 AT
WALE DR EHE MR T T s SA, JFAA
[FIHTPERY B AR o B TR EOs RE ) 264 T 1
T, LA DR AR RIBIG S OT R A

1 #MEE5 7

L1 # #

W . THES R . PR K AR
PRt 3 B A T L R R R A
HE L BEM AR T 44 DR AR I . X
TR A AR 3 /K FR TR HA4-1 (AL RS T) FIG1 (AL
B D) 4359 e v [ AL B2 Be i R E P RIS BT 22 7 8
LR LR AR B2 ) A 8 i B

TR L AR AR A Bl 452 S, chacoense
9701 Hy A 5256 = R A7, A MAOR S A 4% S
tuberosum 10908-05 F M KAV K A b £ i 35 22
W R B A Bh T 48 #E S chacoense 40-3
(P1320285) Al £ I 5 il 2 A A i oy A 3 7l S.
phureja DM1-3 ¥4k [ 3£ [E 1 £ 25 Fp JiT 5% U8 &
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NPSP-6.,
1.2 DHREREVNHSBERBCGTEFEMNNE

) B AR BB A s B AR R
MR TE VR IE , H 75%ER 51 14 8
TN SBEARLBG AR R 25T 202, DR 2R AR ER AL R Y
134087, SRIGHRA KK, ##E 3~5 min, 40
JUERIR, ATRVERIA @R ; A GE
U Py B, MIRDEESERYIF, HiERA
TCRKHY, B2 h 5 R A A A R4y
B, W E IR K S 100 UM L3, Hiidk
¥5fE, D2 hfa& .

VAR B RS . TR AT T BGT FAlk (2 1
10 g/L, #4525 oL, BKMREEM 1 oL, B
15 ¢/L, 2, 3, 5- G Ak = K 5L PU A M 0.05 ¢/L)
b, 28CH;FE36 h, WMECHIEAEHEY,
1.3 REEENNHHEE R BRRE

A/ IR - O T ARG R A Al VR S R R
(W — A% 1 o/L, L/KBBREE0.2 o/L, AL
02 gL, HAMK 1.0 gL, 1RE HEFH W 0.03 gL,
HE3.0 /L), P pHEZE 7.0~7.1, 121°CHEERK
20 min #51]. TERGFRERBEII AT, J3 AL I8 K
PR G T R . ILAYEE . TOPRE. FLNE. RN
o e, IR IR E10%), [FRLATCEH K R
X (CK), BARIERE3RER . X
T4 P A MR 10° efu/mL B9 B8 W 100 pL, BT
28°CHHRIS FRA R R o AR AR 73 2 AR B
BRXT 3 FfOSUE A 3 Fifr e i) S A R R IR 20 4 43 A
PR AL RS AR, RIS RE AL 3 SO RN 3 A )
M AARE RN 145 HERSEA 3 FOXORE . ek
3P EER AR LA R 2 55 RRAUIL 3 FIOUUKEFN 3 A
O N AR 35 HERE b3 MO mE. Ak
AL 3 FBURE Y A A A AR R 4451,

BN HAMERL T BCHFRIL L, 24h
JE FITCRIKIEE, Tils e, KRl )5 &
F 1005 BdE ~, MEHIEAFHE
14 FEEHPCREERENILE

AR MBS P 1 . BGFMlds IR
24 h JEPIE A TEREAE A DNA AR . i F Schonfeld
S R S R S 5 | T PCR Y 1Y, L5
Y17 U0 F . Rsol—fliC—for: GAACGCCAACGGTG
CGAACT: Rsol-fliC-rev: GGCGGCCITCAGGGAGGIC,  PCR
FCREARFR : 473 B 2R 11 20 WL A& £ (Taq i 1U,
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MgCl, 2.0 mmol/L, dNTPs 0.15 mmol/L, 5| %) 0.4
pwmol/L)

TN SE . SRR Fegan S W 0E
SHAAN B R E AL AL, B A PCR 51404 Nmult:21:1F
(CGTTGATGAGGCGCGCAATT i fL 7 1) ; Nmult:21:
2F(AAGTTATGGACGGTGGAAGTCEAIIIN ; Nmult:
23:AF (ATTACCAGAGCAA TCGAAAGATT ¥ 1k & 1V);
Ninult: 22:InF' (ATTGCCAAGACGAGAGAAGTA i £k 4 111)
Nmult:22 :RR (TCGCTTGACCCTATAACGAGTA). it
JIT IS s A T AR B A IS . PCR VA
Z: 25 pLJ VA FR (Taq 2 U, MgCL 2.0 mmol/L,
dNTPs 0.2 mmol/L, 5% Nmult:21:1F, Nmult:21:2F
HINmult:22:InF 4% 6 pmol/L, Nmult:23:AF #1 Nmult:22:
RR#1.8 wmol/L).

PR B0 T AR AR SR B g A ], AR P
95°C 3 min, ZFPE 94°C 30 s, 1B k435K 55°CHI
59°C 30 s, ZEAH72°C 30s, 30 MEFR; 72°CHE i
10 min, §"34J5 14 PCR 74 F 2.0% 1) 35 N5 0l 5 Ji
HHLIK, 3E AR BEE BRSO SR 45 5
1.5 B#RF 50 F & bk 3t

FH B IR B 58 i v UKk 43 25 DL b 4 1 i 5 TR B
DNA F B, f#i il TaKaRa DNA gel [a11050 3251 £ [9] i
Hir kB, 322200 Sunny P A R ZEF TIN5, K
RS % 50 UE 4T W BLAST FE X423 B (www.nebi.
nlm.nih.gov)

1.6 AERIRERERE iGN BB

HO0E 0k IR R B R A,
HZ4-14, HZ5-1, G1. HA4-1 DUFP 40 5, &
40-3, DMI1-3, 9701, 10908-05 P Fft T4 4% 2 f#
Bl RMIEARE BT, BRI &R0 R 12 £k
R, AMRAER 3G, (EHFARIITREEE
THH, BEMEIIAS mL#10° cfu/mL T, {F

HA4-1 Gl

HZ4-14 HZ5-1

HMIEH 9 dGIT RRHEEL, KIFEH N 0E 4
0 (O ICIRREIR . 1 900 T BT 25% AR
N, 2H25%~50% R 21, 39 50%~
T5% RO FEREE RS, 4 KT T5% s FERZE H B8
HIRRIET) o

2 HR50H

2.1 FEFBGTERFEMHESMER £/ NFH
LT

T B R A S T R 0 o A L
TR B XTI R, K PH L BEN . R S b 1Y
BELPE . BREEA - HEAESEAT THURE . AT BGT
FRFRBL A B4R T 18 B4 B, I b kit
T 16 ELra BAT AR RIS (D), L
G1 FIHA4-1 AXF I8, BRI BGT K5 3 F-He, MEK
AN BUREEE SN ES . 5REW, 1615
B (F 1), HZ1-8% 1013 BT 75 5% IR
ML, RBONRL G, 1 HI-2% 6 NEVEH
ORI R 5 W W i A ek
F, X BB AR HAA-1 1 18 % g R A K
F Y, T BB AR G1 A /b & 1A 53 W
Y, mioaEwha ONREEE 2 e ik
Gh, WY KRR, A 50535 HA4-1
AL, FERE E B A ey i, mosh 114~
SN GLARMRL, B AR ey,
22 FEEEBMETHRSNEE

R T 2 IR X A B REIE, LA GL I
HA4-1 BB DX IR, 78 100 £5 AT T X458
YNBSS T TEE, 45R%KY], HZ4-14, HZ5-1
L6 GL A HA4-1 TR ASHXT—8, ¥ hFF
RANEE , PREER, 1 HZ3-17 28 10N B Wil T
ARAERIR (B 2) o TR 2L R, J&T

HZ3-17

B 1 BREEEFELHEEENE

Figure 1 Morphology observation of R. solanacearum on BGT plating

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



*86 ° TE TR 8%, H28, 2014
F 1 BGTHEFEESFFHERENNFETE
Table 1 Morphology of R. solanacearum on BGT plating and biovar identification
3173 BV B (SRERA SV (%S AN KA T
Strain Color of clone White margin Pigment Biovar Collecting site
HZ1-2 PR + T I vl
HZ1-8 IRLL + T 1 Tivl'd
HZ3-3 RLL Mo, I I
HZ3-7 IRLL - T I vl
HZ3-11 IRLL - o I vl
HZ4-14 FaR i) - o, 1 avh'd
HZ5-1 FAR ) - o, 11 frawd'd
H2 FAR ] + G I JELit
H3 FANEN - T I Bite
Cl1-3 IRLL - o, I KB
C4-1 IRLT + G I KB
C3-1 IRELT + T Il AN
2-3 IRLL - g 11 AN
S1-2 FaRE) + 1t 111 Rt
S7-3 IRLT + o I Bifi
S7-4 RLT + i I Biti M
HA4-1 AN + e ta, I EAN/S
Gl IRLL + T 111 E
HA4-1 Gl HZ4-14 HZ5-1 HZ3-17

B 2 BRHEERMETHRSERE

Figure 2 Morphology of R. solanacearum by microscope

ASIE TR T A B AR T P 2R B AR B R R
TORIRJE , PRI N 4 s 80 %) 8 Ptk R4S
HZ3-17 %5457 B W) AR BB TEAL B 73 251 BGT K R 5
DA HE A A8 1 S5 2 ) S 6 A 1) 5 BH A X R —
HEMLER, (Hef IR R,
2.3 PCR#&MEFFILEXT

SR YRR Ml T A B R IR, SRR
BV SES AT T 16 D3 B Y PCR 14
R RN, {UAH HZ4-14, HZ5-1. G1 FlHA4-1 4
AR AR 2] T AR KN B AR 45, AT
MR 1R B b g (B3), iIL Ui B 5E 3 2
IR 5570 B 31 T R IR TR .
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AT BREY 1 40 ) 0] A S L R R S
P, W EXHHEE S R 55 1 3G e 9 6 T T
FEOGAE . X HZ4-14. HZ5-1 09300 ¢ 45 5 @R,
HZ4-14 J HZ5-1 78 [RIJEPER 100%, R PR
TR AT AR [ — N RN R b . RIS T 9 4
LI BRT AR B2 43 B 3RAS 1 BT A 1) B SR R P 3 i A 7
FeXF o, Z55REM, HZ4-14, HZS-1 IR
J¥ 37155 9 /0 e B A P AL, 356 R A Tl D 2407 99%
DL (E4); mit—F B NCBUERE 2 blast 455 2.
7N, R. picketti, R. mannitolytica %5 1T Sk Fh i) FF 51 AH
IR T 95%, X5 /K [ HEE 74 ERD
P RECRNE, HEA —E RN
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M 1 2 3 4 5 6

bp

500
250

100

M. DNA ladder 2000; 1. G1; 2. HA4-1; 3. HZ4-14; 4. HZ5-1; 5. HZ3-17; 6. CK.

B3 SHESBYHPCRY

Figure 3 PCR amplification of R. solanacearum

20 40 60 80 100
Po82 116
Col4l 117
DSM9544 116
FQY_4 116
GMI1000 116
HZ4-14 116
HZ5-1 116
CMR15 116
PRs—Pun 116
CEBP2957 116
PSI07 116
120 140 160 180 200 220
Po82 233
Col4l 234
DSM9544 233
FQY_4 233
GMI1000 233
HZ4-14 233
HZ5-1 233
CMRI15 233
PRs-Pun 233
CEBP2957 233
PSI07 233
240 260 280 300 320 340
Po82 350
Col4l 351
DSM9544 350
FQY_4 350
GMI1000 350
HZ4-14 350
HZ5-1 350
CMRI15 350
PRs-Pun 350
CEBP2957 350
PSI07 350
360 380 400

Po82 400

Col4l 402

DSM9544 400

FQY_4 400

GMI1000 400

HZ4-14 400

HZ5-1 400

CMR15 400

PRs—Pun 400

CEBP2957 400

PSI07 400

E4 FEBHEM FIC FHLLER

Figure 4 Comparison of FIliC sequences of different R. solanacearum strains

24 HZ5-1, HZ4-14ENBILE SyFRE, HZ5-1. HZ4-14 RiEALT (£ ),

AL R 5 45 R B8 HZ5-1, HZ4-143840R G1. HA4-1 ik BTG AL, Fitk, S8t
FPAN PG A5 5] 280 bp M55, G1. HA4A-1WIAS 77 THE 95 Ml s JL 1A T R G 40 M i AL R 1T,
F]7 144 bp W 257 (1 5), AR Prior Al Fegan 4 %] HIESIEE
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bp

500
250

100

M. DNA ladder 2000; 1. G1; 2. HA4-1; 3. HZ4-14; 4. HZ5-1; 5. HZ3-17; 6. CK.

B 5 SEPCREEFHEAEMLE
Figure 5 Phylotype of R. solanacearum identified by multiplex—PCR

1.0
a
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KIRTEEL Disease index

10908-05 9701

HA4-1
Gl
HZ4-14
HZ5-1
a b

& p

c c c c
40-3 DM1-3

ALK Different materials
Z 8 BRI Duncan {0261, AR FRFOR A W22, MEFRFRR TR E 2SS (P<0.05),

One—way analysis of variance with Duncan's multiple comparison post—tests were used to determine statistical significance.

Different letters have significant difference and the same letters have no significant difference (P < 0.05).

B 6 ARDREAEEFREFEEHLLR

Figure 6 Comparison of disease index of different potatoes inoculated with different R. solanacearum

2.5 FEREBEEE RGN E b

T WIS Ay S e S T A B0 T, AR
FHDM1-3 ., 40-3 &XF 5 At A AN [R50 i 1k
XA T D P 006 0 R4 T T AN, SRR, &
& F HZ4-14 . HZ5-1 80K 11 B 455 T HA4-1,
G1, MiHPFR TTE9701 M LA, HZ4-14 FIHZ5-1
Z IS ) BT 2 R . Mt R
M, LADMI1-3F140-3 ABTrEARx 4 (K 6) .

39 #
ABFCE I AL 442100 SR S A T
TR AT E . AR . BEOEE . PCR

RO L X DA R B A, 7E s A
183 T 24N HZ4-14 FI HZ5-1 R TR ] 5
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IRECHEE AR E R, JBALASR I, bR 1
(EMH) . RIS HZ4-14 FTHZ5-1, BA1E%
H AN R A IBORE 55, A A= Ab A8 Bl K% 3 £k TR AH [
[] B 4] L X &5 SR S 7 H L R e 47 () D Sy
100% , PRI, HE00 Fh 240 6 A1) BE g A [ B ik, T
e AL R IR R R bR . AR R
B, b A 7 A AR AR LA R T L 2 A
PEM TFSE A LA RAT: 25 R ) ) B (LUB A
PR IR S 2 2 M s 1, o e R A FF
W% .

14 50 B T A TR 43 B A BOT 55 32 36k A 7
IyEL, AR 6 ML AW r R I RE S EA T AE AL/ R
BIRI53 o TASHIFSE 8 BGT 1 5% Ke Wl & B 78 4~
993 S A R SR 16 /10 i 0 HL AT 75 R T TRV TR A R
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fE, X 16 F S 4 REXT 6 Rk K LA H1A AR R
FEMFIA, i ROUEE & B A A 6 4~ S B
FEAR, ot B 5 R AE TR ) PCR %556 1)
A 2% 58, X UG GE Y 73 B % e T A AR
BPE D A IH R 22k . A A ER IR S, &
Rl & A BRI g ks AR GE T H Y PCR A
DX DARG, P ARz 832, HHETET
A R PCR S8 2 Jy vk E R 0 oA & B RS A
1168 } 23S rDNA, H:H 16S ) rDNA 35843 F ]
HRESFERC 2, TRMEX A3 TF R. picketti S RFEY
It H BRI 80 %) Tl ) 4 5 1 B ot R PR S 1 2 PCR S8
FERSEHERE . HATE A 13 MR M H 2 o8
BT, WS AT L A Y15 B 2R 0 e
— AL PCR &R ZR, BT E b5 5 41 i Bl ) 45
SEE RPN RS, R, B EE  S T
AW KRG B2 TIR A A AT L ER
S T A D A

MEUR I MAER , T AEA R HAA-1 A
B CEAL AL D) FN & A0 09 G1 Akt D I Bo% 1 8%
58 T AT o DS B o B 1) HZ4-14 (i fE 7Y
1D HZ5-1GEALAIID) , B TR 48 A
FEARFF A LA AR A SR B 1, Bin
U5 F 7 45 1975 W B RUN292 e R T 048 235 A
Po82 7E Th4#% 28 [ HLAG B I E0W 1™, BRIk 41,
T A 0 A D R A 1T B AN ] (R Ry s Fn s
FhAAAR DG o ASCRA T U W AR R, 1y
EAYGE . 0, SRS, (Bl TR R AR
K IRBE 1 B — P R T BT IS A, TR
S H B EA —E 225, EEMR AT
T, F A —OE B AN EE R 28~35°C,  TTHITA
FIRFFERIE, —Be O S R TR el B AR
JE 18~22°CHEHL N A A E, AR T
26°CHE R AR EE , T2 B R e A 1 ) 7 At
g il BE L DR IAS B RT3 S 1 A TR HZ4-14,
HZ5-1 BEaE ARt —A I oE
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