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FFE - BH ZRERFBMNE - HRZEH
Bulk - FEWRE - 2FZEMERKENE
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MEMERE - REZAEIRHRE - UHEE
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1. HUENR o (A) FiERER T#E S (B) &
HEHEEE - BREH (O EHEEREE (D)
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Fig. 1. Bacterial wilt of tomato. (A) Diseased tomato
plant showing drooping leaves; (B) the whole plant wilt
in the severe diseased tomato; (C) the browning of vas-
cular tissues; and (D) the bacterial colony morphology
on triphenyl tetrazolium chloride medium.
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PRADER P EENE 1E(EEY (phylotype 1) Fk
T R, - B A ARAN RS 2 (LAY (phylo-
type 1) HHEFEENSE o HOUBERATHA - 55 1
HEREMHE G ERE RVBEHRE £
DSBS BT S HEEY) - 55 2 HE(b
MEMREESEHAIEERRE LR (Wu
et al. 2011) » [R5 2 S AL BB b i AL
HHEVECER - Ry iR SR AE R A AR R 2 R 2
EALRE MR E R - AR R & 01
PROTBER 2B 2 BLAE M E TR E - 10
HOETE EEEMG - A A LR DU IR
FPoI53 T > DA B R T B B ok oy SR -

M T A

2 D018 PR 1% B% 11 BY 2 multiplex PCR 1R
REZEN

RHER B H H B AT BT - 5E{0L32 2155 flmi
B R 2 AR I - U HUR R AR S ERTE 1%
REFINTIRE 30 s WITREEFE 2% > B
DA KB 3 K - BB AHE LTI R T
B 2 1% R AH SR B R R0 AT 4 R K R T 4
o MW FENUT 75275 Wang et al. (1993) Fit
LIS R ETC% - So B A B ] SO pl B10.4
N NaOH 50 pL )& &3 41%FE 10 min > F0
A 100 uL /9y 1 M Tris-HCl EBZR &4 - |
HY 20 pL » DU B /KA R 10x B 5 multiplex
PCR HY &2 FEFE M - Multiplex PCR 227 Fegan &
Prior (2005) Frak - DA S fRE% 5T B & i % B
16S-23S rRNA gene intergenic spacer region
(ATS) &I~ 5] F (Nmult21 : 1F, Nmult21 : 2F,
Numlt23 : AF, Nmult22 : InF, Numlt22 : RR)
E R HEALAE > W EEMHEEE M5 T
AU759f/AUT60r (Opina et al. 1997) —#EH#ETT
multiplex PCR Ml « Multiplex PCR K7 JE {5 {4
WT &R IEVIHIERTE R 25 ul > BIERE
1x PCR buffer ~ 1.50 mM AJ MgCl, ~ 0.25 mM
iy ANTP > Tag DNA polymersase 0.3 units ~ 5]
F-Numlt23 : AF 5540 ng > HERI5 [T RE S A
20 ng > WANA 2 pL AR - PCR EEEER S &
2% (2720 Thermal Cycler, Applied Biosystems™,
Leicestershire, UK) [N # {7 > PCR JE ¥ 78 B
Rt JePL96°CHEST S min 5 FFLL 94 CHEAT
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1 min > 59°C#77 1 min » 72°C#1T 2 min 3t 30
TEER S B¢ 1% 72°CH#{T 10 min - PCR EYLL 2.0%
BIRG BRI T /KB Ik o A AR AR AR B DK
[l 5 45 /K HE Fegan & Prior (2005) Fril - 77
MTAE AR A 4 75 Aot s 1 IR S B LA A -
TRED B
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BT - FHE G ARy J7 0R A B R R
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-
Biolog $&7E

We A Pk 28 0 Bl B R B Y PR S BB AR R 2 3
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24 h - fFHIE &% - DLIF-A #£4#)K (Biolog
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HEBERERRGHES - HIEBRFRBER D
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Hayward, CA, USA) Fi% % 90-98% T (turbid-
ity) o 2 1% i 4 1 % 0% 8 i A Biolog GEN 111
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A ES b B —lEE R % - KRHEET 2
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KSEE IR 3T » EhEE & IS I I DNA |
EY o JHEA K /N2 DNA F B DL T&A™ cloning
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DNA | BB 2 KIGIREE RS » TR Z
H % DNA 5 ERAVEE R Ih 1% » R o% B BT AR
ZHAEYIFHC A FHELT DNA PAIE T » s
FORHE 55 BB 22 AR VB flo (5 S 0 (National
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al. (1983) Fralt 17 Ref s - Saks bl 3 #k
TTHERAE TTC B EAE 28 CE R E 2d 2
1% > DUMEEZKEY o FIF Y6 EEET (spectro-
photometer, Spectronic 70, Bausch & Lomb.,
Bridgewater, NJ, USA) » JZ£ 600 nm > B4HE
BT IR E R 0.3 CREZY10° cfumL™) »
TER¥EER - Y EE TBE 301, Hib -
BREER M RRERM T e
[Eeft, BBz 4EmPHEYI R "G 75 16
A o PR TR SR | B T VA R R R
ZRBEYE R - DU $1 U8 28 1) &< B i
5O BEA R R, » 3 Bk Bl lBRtE V) &
PETE 3 bk > DR R K HVRERRIE R B BRAH -
Pt 1e  fHRE FEBRIRIE 0 48 h Z1%4TH
WIBRLS » B 28CARMEIZEWEL » DL
(AR R/ NFE A

FIBEIEEED

Ry R 52 TR & P il 2 A T 4 e o 2 A
A AEEFM: » 278 Hayward (1964) ~ Huang et al.
(2000) ~ Schaad et al. (2001) JHI%E ik 3 #E4H
ok SREE2 X - HBHEE
BHEH LW E (Gram reaction) » ¥ #] &)
B8 A A 7 20 (B 1b/3 B 55 5 O/F test) ~ {F
King’s B 528 & FEEELOZAHE - /£
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YDC (yeast extract-dextrose-CaCO;) #&EEL [
HYE & SRR ~ EALEE R (oxidase) ~ BEAALE
[ 2 (catalase) ~ R Z[EZ (urease) ~ fH&ANE
JKf#E % 2 (arginine dihydrolase) ~ 7 7N & [ fift
. [ Z (phenylalanine deaminase) ~ ¥ % &
32 JH §E 77 (nitrate reduction) ~ B JE /K & 1F
(hydrolysis of gelatin) ~ J&#5 7K f#{F A (hydro-
lysis of starch) ~ #fi {b & Y E 4 (production of
H,S) ~i5|AYE 4 (production of indole) JH|7E °
EACCTIAEREES  EAHIEHR 1.0~ 1.5 |
2.0% NaCl 7 nutrient broth (NB) Hy4: E&E

41t (biovar) BIE

Ry AR 7 BEFT 5 2 3 MRy BEPRAY 4
A » 2% Hayward (1964, 1994) Ffit » JH]
3 R BERRETY 7 R KB SRR R &
bR )T > EFEH HEHERE (mannitol) ~ LAY
HEEE (sorbitol) ~ Ff CEE (dulcitol) =z 3 /<[
B J g3 E (trehalose) HYFFIAETT ¢ ¥ AL HE
(lactose) ~ ZREEHE (maltose) ~ A 4EEERE (cello-
biose) 7 3 TEEEMERYE (LA
EILBVAIE

Fy WA oy B P 1S Rk 2 AR B » Bt 3
PR B BT E MR EE(CEE - RS
R0 Ky S5 1 EAL AL R B 0 BERR 4R 5% 105137
CREEGHFEHMERE) KORESE 2 #Hb
T R B 0 BEAR 4R 9E RS1118 CRE &S
P EEAR) T B IRAH > DURERE AL B P
Gy B FTIS oy Bk 2 AR T o Sy BERRRZ IR DA bk
N X B B 7 5 340 > R BY A M E DA bk
multiplex PCR & {F#1T » PCR EY)LL 2.0% 18
e BB AT KBk iR - PT(S 2 BR K B 5
GESR{HE Fegan & Prior (2005) HI7%E 7 il 55 B
ALY
Ry iEEE

PR T A B A 22
i L 3 8k 73 Bk DA egl Z 517 ¥ > Endo-F
(ATGCATGCCGCTGGTCGCCGC) f Endo-R
(GCGTTGCCCGGCACGAACACC) (Fegan et
al. 1998) Mg egl H53 A RN P51 » PCR EYIA
PTACETT egl RN EEIE R - ZHAVIRIE A

BIEFF o FTfe 2 o7 Bk E A Fe 51I4E NCBI 441k
LUBLASTn bR > ilf 2 55 SCBk ¢ NCBI T &,
A EEACE R P SN B R B egl ER T
P AE RS2 EEN - EITR&H & (phy-
logenetic analysis) » ¥7 4% B 1% 73 #1 2L MEGA
X #RAGHETT » S DAL RG22 Clustal W 57
BEMRDL R 2 E ER Z P Y ETT 2 5 tRE > 3
B — B FY01% - 5 LU % (neighbor
joining) » 1,000 2t & # HUt (bootstrap) £ i
I EHIRE (phylogenetic tree) » 1 4 B (%
AZSEERKORL -

IEE ECERAIE

bt 3 BRI BERRIS R AT TTC 8284 - DL
e 7 53 Y R R A I R R U (1
£ 0.3 GEE4Y10° cfu mL™) {E R H - 3
ERta ) BB AE A0k 4Y 3 B B >~ T K 301
Fhh > DAt 7 2R Ty S A R A AR Ik -
3 PRSI S 3 HRE A > DB E K
FHMERIE BB IR - BB B MEEE
RBLIRIR 48 h - ZIRfTHEEBS  KHIKE
£ 28 CAE RGBT HBREY » w2 &t
T RRTE S B0 o7 Bl s IR A BT > P o0 BRI 4 B8 DA
multiplex PCREZEE 74 BLEERENY 2 BEbRAH A

oL R B

TR0 B

2016 ¢ 1 FH i B B PR 55 3 i K i > 4K H
multiplex PCR {H HIE PR 5 5 B > 8 PRAE IR
F] B S A 12 280 bp A B o K
o 1 BRFE P & DA M 256 2 AL B E AL
I Z 372 bp &RHE - 7 B i HE PR A S
1 AU 55 Rl T R Z 144 bp GRER - B4
(2017 £¢) 3% HH 16 ¥ i Ff G 3% 2L B Al BB
RS E] 17 PRE I F LAk > EENEHRAF
15 PR SETE PRt M H R 2 b B A
2 PREHIEMR RS | EE BB R B R - By
e A2 5 2 R L B R B Y R P o R A R
5 2 AL BIE A R 2 AR R 0 (R
By Bl IR A > A AE TTC B8 AP B4y
B LH B R AL R AR DL T TR AL € > P B
Fy B ARV B - RIE - # %l E E %
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Table 1. Ralstonia solanacearum reference strains for phylogenetic analysis.
Strain Host Origin egl-tree Phylotype” Sequevar GenBank No.
A3909 Heliconia United States 1A 6 EF371812.1
ACH732 Tomato Australia v 8 GQ907150.1
AW1 Tomato Alabama I 7 KC188082.1
CFBP2957 Tomato Martinique ITA 36 AF295265
CFBP734 Potato Madagascar I1la 19 AF295274.1
CIP120 Potato Peru ITA 38 GQ907152.1
ICMP7963 Potato Kenya ITA 7 AF295263.1
JT516 Potato Reunion 11B 1 AF295258.1
J25 Potato Kenya 1 20 AF295279.1
CFBP2047 Tomato United States ITA 7 AF295262.1
MOLK2 Banana Philippines 1B 3 EF371841.1
P822 Blueberry Florida ITA 7 MF783889.1
Po82 Potato Mexico 1B 4 FJ561070.1
Pss81 Tomato Taiwan I 14 EU407270.1
Pss358 Tomato Taiwan I 15 EU407298.1
Psi7 Tomato Indonesia v 10 EF371804.1
UW21 Banana Honduras 1A 6 DQO11546.1

“ egl: endoglucanase.

DIMtEHRMSE 250y TTC f28 & L4t (B
1D) » k57 Bl 22 #R oy BlEbR - 2 183 S H
EEEKE > CZHERFEERERE - €
Fifr 5 B ) A B o e o BB A P 228 3 R B R
[EFE IR 57 Rk > 4R 5% A TBWO1 ~ TBWO02 &
TBWO3 » DUk — 5 8 78 % 9 B 8 e 4B )
Fivss > X HBEmRAEERE SRS 2 H
(B2 M PR LY -
Biolog $&E

e b At 5y i i T e 5 L N T R A A
Tz 3 BRATE 7 HEfR > DL Biolog # /E Z 470 #E
T4 » 1 3 bRE B o7 B PR 3E = {F Biolog GEN
I JZ FERE - I TE 3% 77 mle R Y A B8R 1 R 3 2%
TR ZRAVF RS - 55& 25-35 h Il > D%
SEENE R BB LR > TEEEER
4% Biolog MicroLog™ 43 #7 F bL B &} 1%
3 PR TR » 2B R, solanacearum
FEALE £ = > A EE 53 Bl B 0.738 ~ 0.704 ~
0.736 » LB A 4% E R E 0.5 it 3
B R R T AE B R. solanacearum ©

16S rDNA B3I

FRHAHTER 43 Bl TBWO1 K2 TBWO2 > DAAH B
F 16S rDNA i 5 | T%f £8-27/r1510 #f7 PCR -
BRI TR 0 2 BRI EERRET AT S R H14Y 1,500
bp DNA R B - 3% DNA |5 Bepl D E 22 K
BRREERE  ETERRER 225k
77 Bk DNA Fp 51 It 2 T A 5] & F 100% >
LI TBWO1 7 16S rDNA 751 By {t3 _F{& NCBI
(GenBank accession number MK418540.1) - j§3%
FZ %I 4E NCBI L FE¥% > 45581 R. solanacearum
strain K60-1 (GenBank accession number NR
044040.1) LUKz R. solanacearum LMG 2299 (GenBank
accession number EF016361.1) fH[EE 55 » 7
100% -

FIE/)ERIE

Ry IR AR 8% L Y R B 2 AR BV
e Ty L e B - Rl 3 pRor Btk
DLzl s A s 2 % 00 ~ 3 - %
02 fLAfERR - M2 d 1R 0 4 TESORHEY)
BREEN ~ B BT - BRELIRIENFZ
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EAERER AR ERBMEKTEEE 7
d Z & PR R B4 B R b R/ 2k
KHVZE AR > PRt B K 2 B IR R R 3R
Z R -

it R 28 s A 20 R [RI R B 2 PR AR
HIHE & 15 B i £ Tk B8 5 3 & B A = A
LT 5y By 5 B A= B/NAE - 5B 1 AR B/ NE T
DA i RHEY) - BiE & i - & &
$RE T - REEMEZEIEHRHEY) > I8
TR AR £ o 55 2 A H/VE » BRI 3 15
He TR LL R FE B (Heliconia) THY) - TRTE By
EERE A o 53 A8/ME T ZEEREN
> WAERERZ > BHHMORMEYHELE
(virulence) #MK - 25 4 £ B/ NE B HIERE R
WEFT T £ HERAE  THAEER
Fnoo 555 AR HE N By (o O e R e S A P
MY E & FELESN BT RERER
JEEEESS » JRFE 3% 1% % (Buddenhagen et al.
1962; He et al. 1983) -

BB HMEE R F R E 2 A8/ E - 2%
FERE FEIEREIZAE 1 AR/ NE - EEE
P e FRREE 3 AM/NME - AR
AR 3 FROTBERRI T S A RMEY) - BiE
Ao ~ B~ A0 > BERE LU IEMBHMEYITE
4 ERERGEE KL AR Z HA R -
It 3 MR BRI L TR 0 I H
AT R i B Y S R IR - S
RS 1 A ENERE - RBLRE R E
F5E 1 /N -

FEFEEFIEURELERIE

R T BEARA I T BT 1S B i B 2 AR R AR
R - Bl 3 PROTBEPRNNE B A B AR
PR AR - SUBREE 2 K - 3 BROTEERIIESS
RAE - B R R EE (gram negative) -
4 5AME > £ King’s B # AL PR IEROEEMR
FEA > £ YDC B i ERE Bk E > &7
HEREALEER - KERR - BRILEBERER
B T B 28 I e 0 M BB 1 I S HE - AR = i —
KIEEEZR ~ RN BRI R - BB KEE
F o~ BREEESE - Bein KREER - BLERTE
4 BIUREYELE - AIBRELIE - 5550 0 #
STEERR R IE S A 1.0% K 1.5% NaCl 2 NB 4

£+ {H1F 2.0% NaCl Jz 40C T A4 (£ 2)
HAEREHAECRHESFMEEHEE - £41E
RURE b FrRIERY 3 BREERRSE T 51 7 b
KALEHESERATE - NEEE LA - B
ME - AR A 3 TEENE > RREFI A H B
LI EOMERE ~ B CBS 3 f/SHERE > EH0] DUFI A
RERE o NIt > ¥ 8 Hayward (1994) &}
i 3 R RERER R EE 1 AR 8Y (R 3) -

$% Hsu (1991) K Lin (2008) W22 - £ &
B RS A TREAIRIE S TEY
HIE MR RS s | A/ NE - BB 3 5
EALLE  RFEEESRE L AIAE 3 £H
N/ 2 BB A B EBREREFM
RS (Wu et al. 2011) « RRGEEHHEHE
SR FOTE AR 7 B 2 7B R 1 40 ek > &K bk
7R K LS ETAEERDAE - BN 1 4
(B2 i IE &8 RS i 53 AR B B Rl B 2R 3
F5E 4 AL A BUE R E RS 2 £
B % o SRR Btk g E
%o BIDIEE MR E B A A E AR -
BIEBYRIE

1 57 Bl A AL AT 19 2 3 R 0 i R il BRI
% BETEMBEER Mol ko B2
JE ° H multiplex PCR &5 817R - ¢ B M S
& Al T 47 i o 2 73 Bk bk TBWOL ~ TBWO2 ¢
TBWO3 » 35 0] 841 155 2 JE(L AL 372 bp K& F
Ff R 280 bp 2 DNA FfSEMER B 5 1 E L
RS BE2H = 25 05 A B 0 BERR 4R 9% 105137 »
WIE e 1 EARA > 144 bp ELEREE 2 280
bp Fi 1% DNA 7 B < (i 56 2 JE(L A IR4H -
2 ZE o BE PR 4R 5% RS1118 > BaE H 55 2 JH AL
R 372 bp KFEFE 2 280 bp FfEE: DNA
F B o BB B A0 PRI AR o B AT S 09 o0 B
HRBNE 2 ELBBFHEE (8 2) -

BT B Ry R A BRI R B v R R
f& 2 ¥ & > Fegan & Prior (2005) 2 H & fh
W EDEC A B A4 0 FIH 16S-23S rRNA
gene intergenic spacer region (ITS) AY#% E& ¢
Hl > BEFH S BRElF 0 TR EFEMFEEE A
oy Ry AEDEAER - BL & B MW E & — sl T
Au759f/Au760r #:{T multiplex PCR » HJ [a] B
HE TR R E S B EMMEE (Fegan &



280 G

2. HEAEIEAE Z A AL -
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55 4 1

Table 2. Physiological and biochemical analyses of tomato bacterial wilt pathogen.

Character

TBWO1, TBWO02 and TBWO03 strains

Ralstonia solanacearum’

Gram reaction

O/F” test

Fluorescent pigment on KB
Colonies yellow or orange on YDC
Oxidase

Urease

Catalase

Arginine dihydrolase
Phenylalnine deaminase
Hydrolysis of gelatin

Nitrate reduction

Levan production

Hydrolysis of starch

Production of H,S

Production of indole

Growth at 40

Growth in broth with 1.0% NaCl
Growth in broth with 1.5% NaCl
Growth in broth with 2.0% NaCl

G GH
e} 0
+
+ +
+

“ Data adapted from Huang et al. (2000) and Schaad et al. (2001).

* G (-): gram negative; O: oxidative; F: fermentation; +: postive ; and —: negative.

3. FAUH A E A CEDAE
Table 3. Biovar test of Ralstonia solanacearum of

tomato plants.

TBWOI1, TBW02 and
TBWO3 strains

R. solanacearum

Carbohydrate biovar 1

Utilization of
Mannitol = -
Sorbitol - -
Dulcitol - -
Trehalose + +
Oxidation of
Lactose - -
Maltose - -
Cellobiose - -

“ Data adapted from Hayward (1994).
¥ +: positive; and —: negative.

Prior 2005) - LT R AY 4 {EH (BRI H 2 4
Hun P EHRJAAHRE > 56 1 BE(EE > EHE
s (Asia) BE#R > multiplex PCR A3 55
1E(LRL Y 144 bp FF 5 1E DNA | B DU B 1

M 1 2 3 4 5 6

372 bp
280 bp

144 bp

I 2.

i 75 7 B AR 8 E
marker : 77 1 @ 55 2 JE (LA 5 Al R & 47 Bk PR 4R R
RS1118 2 DNA ¥f85 : 172 : 55 1 (LB E R
Sy BERR 4R 5% 105137 2 DNA #f#8 ; 7173 K &FH
DNA AR > &8 5 17 4-6 © Bk E B E A
W4T EEE TBWOT ~ TBWO02 ~ TBWO3 ©

1T M : 100-bp

Fig. 2. Phylotype identification of Ralstonia sola-
nacearum. Lane M: 100-bp marker; Lane 1: DNA con-
trol of R. solanacearum phylotype II isolate RS1118;
Lane 2: DNA control of R. solanacearum phylotype I
isolate 105137; Lane 3: no template control; and Lane
4—6: DNA of tomato bacterial wilt pathogen TBWO1,
TWBO02 and TBWO3 isolates.
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i B < i B0 DNA J5 B 280 bp » 55 2 LAY
FE M (America) Bk - ATHEHE ST 372 bp
Bl 280 bp ZHF MR B - 55 3 LAY (phylot-
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Occurrence of Ralstonia solanacearum Race 1/Biovar 1/
Phylotype II/Sequevar 7 Causing Tomato Bacterial Wilt
in Taiwan

Chia-Hsin Tsai"", Shu-Ling Hwang’, Jia-Rong Li’, Ching-Yi Lin’, and Yun-Sheng Lu'

Abstract

Tsai, C. H., S. L. Hwang, J. R. Li, C. Y. Lin, and Y. S. Lu. 2020. Occurrence of Ralstonia
solanacearum race 1/biovar 1/phylotype IlI/sequevar 7 causing tomato bacterial wilt in
Taiwan. J. Taiwan Agric. Res. 69(4):274-285.

During 2016-2017, growth decline and wilt were observed in a number of tomato plants in a
tomato planting field in Yilan County. The leaves of the wilt tomato plants remained greenish, sim-
ilar to the symptoms of the bacterial wilt. The stems of the diseased tomato were cut open, and the
vascular tissues were found browning in appearance. The bacteria colonies isolated from the diseased
stems were fluidal, white with pink center on triphenyl tetrazolium chloride medium. Based on phys-
iological and biochemical properties, Biolog identification system, 16S rDNA sequence analysis and
specific primer pair, the bacteria were identified as Ralstonia solanacearum. The bacteria were further
classified as race 1/biovar 1/phylotype II/sequevar 7 by the host range, biovar test, phylotype multi-
plex polymerase chain reaction and phylogenetic analysis. In Koch’s postulates, the inoculated tomato
plants developed wilt symptoms as those observed in the field, and the same bacteria were re-isolated
from symptomatic plants. This is the first report of R. solanacearum race 1/biovar 1/phylotype II/se-
quevar 7 causing tomato bacterial wilt in Taiwan.

Key words: Ralstonia solanacearum, Race 1, Biovar 1, Phylotype II, Sequevar 7.
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