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Fig. 1.

HIEFHER - (A) BEER RO RZEH ¢ (B) BERESHE AR EEMZE  (O) - (D) #EHREIL: (B)

Bacterial wilt of autumn maple trees. (A) Diseased tree showing leaf chlorosis and wilt symptoms. (B) The

branches with blight on the severely infected tree. (C), (D) The brownish vascular tissue. (E) The bacterial colonies

on triphenyl tetrazolium chloride medium.
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AMBWO01 - AMBWO02 s AMBWO03 » &%
Huang et al. (2000) % Schaad et al. (2001) Ffi
AT S IR A B A BRI E - WEHE B/
5 S [ [C SZJE (Gram reaction) » ¥ %) & £ 71
770 (BB % 5 O/F test) » 7£ King’s
BEf®wE FEAENLERERAME - £ YDC
(yeast extract-dextrose-CaCO,) &R FAVE
VERIRE ~ S LEER (oxidase) ~ AL AME
% % (catalase) ~ KR Z % & (urease) ~ I &A%
“/Kf#EIEZ (arginine dihydrolase) ~ KN &%
fifi Z Il Z (phenylalnine deaminase) ~ fi¥f i &
ZJFEEST (nitrate reduction) ~ HHARE/KEE(E
(hydrolysis of gelatin) ~ JE# /Kfi#{EFH (hydro-
lysis of starch) ~ Wi{b&EHYES (production of
H,S) ~ 1 Bk #Y 7 4 (production of indole) JH]
JE o AEACTHERES  EAAIER 1% K&
2% NaCl 7 nutrient broth (NB) 1Y £&E
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2% Hayward (1964, 1994) firitt - HIEHE
A E R E IR LSRR R EALRE T DURE
HAARS AR EYREEEREIT 4
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4 4 EEE (cellobiose) ~ JE M (trehalose) Jz
3FENEERE - HEEVERE (mannitol) ~ (LFLEHE
fig (sorbitol) ~ FHCLES (dulcitol) -
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o {554 B PR A1) Biolog 8 8 2 48 #E 1T 70
Mo EFRSE &L 5.7% BUGTM agar (Biolog
Universal Growth Agar, Biolog Inc., CA, USA)
Bk £ 30CERFARE 1624 h - 218 L)
MR VA B B % R4 B RO AE TF-A B2
R (Biolog Inc., CA, USA) » ilf 8 R 3 BE R [
%2 90-98% T (turbidity) & - j# E il A Biolog
GEN III [ZfE# (Biolog Inc., CA, USA) -
FLAIA 100 pL 7 BEfE R - 5% 25-35 h DIOE
SEEONEE - FFFTS ERH4E Biolog MicroLogTM
3 ver. 5.2.2 24853781 Biolog GEN I &} &
(2.6.1 i) EE¥ » DU E AR -
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AR R 5 SRR S AT RHEY) B 4L
Fhn - RBEAEER MMM TiEM BE
WERM, AT BB PAREDERIEAR
By BB T EAE IS 3 DI
RE/KE R IR - FERERE FEHTE
RIRE 48 h > ZREREHEBLS > WEN 30C4E
RHATEEEHREL -

16S rDNA 3D 4T

PR ERAR ST AMBWO1 &2 AMBWO02
EITEEFP Y i - MEEZEEUE S8 Wang et
al. (1993) Z 5 )7 7508 R (B % HETT © HF
Aifbte ~ 4B B — B R DUR B F 8oL HUS
A 20 pL Z S B K P 0% - 218 A 0.4
N NaOH 20 pL E & A EBEE 15 min >
fA 40 uL 2 1 M Tris-HCl - B %R &394
% » HL 20 pL DUSE TR 7K Ff B2 10x 2L Fs PCR
i - 21 B G IR EEHZE (PCR) > DL4H




16S rDNA 5| 7% £8-27/r1510 (Lipson
& Schmidt 2004) #1T » {52 PCR EYLLLL
1.4% agarose #E{7 & Kk 77 17 > W E 2 & EE
T2 DNA | B » Fiifg 2 PCR E %L TOP-
fast PCR cloning kit (GeneMark, Taichung,
Taiwan) #£7T DNA | BB % KA B IR
DNA F B i Bk » ZHHMREYIRIE
FE/\E (Mission Biotech, Taipei, Taiwan) #E{T
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EIEEY (Phylotype) AITE

ek B B R DA B F 5 5 R HE AT I B AR
HU% » i< Fegan & Prior (2005) Fff 4l #E 7 42
& 20K & B 24 55 S (multiplex PCR) f7 g
BT » PCR 5] FHLE 5 fR3% T H ITS
&k 2 5] 7 (Nmult21:1F ~ Nmult21:2F ~
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FH LA Al B M B 2 AR > DUR 2 R A A
REEE 2257 AUT59f ~ AU760r (Opina
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£ 25 pL HR G H#ETT - & RIEVHIRE B
1x PCR buffer ~ 1.5 mM Yy MgCl, ~ 0.25 mM
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5] Numlt23:AF 5 40 ng » HEEA 5| FEE
B & 20 ng > WAIA 2 pL #E4R - FERER K
JE 2% (GeneAmp PCR System 2400) N#EfT >
PCR & S ER R+ S DL 96 CHE 1T 5 min
FLL94CHETT 1 min > S9CH#EFT 1 min » 72CifE
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plate DUHI E H 4= R M K ¥ 2R A 1S
1 etba pr S &R 2L Biolog MicroLogTM
3 ver. 5.2.2 24t RERHE L o 34
RE# R Bk AMBWOL - AMBWO02 &
AMBWO3 Hi R. solanacearum Z fH{MERS °
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Fig. 2.

Wilt symptoms of autumn maple plants observed 7 days after inoculation (A left), and check plants without

symptoms (A right) ; Close-up of brownish vascular tissue of stem after inoculation (B).

R. solanacearum 1% M % N E W %40
i —#8 &1 (species complex) » (KA EHYE £
0 [E v & 57 5 (8 A 3 /NE (race) o 251 A2 H)N
TR E & 0 SRR ERE - FAELEN
RHEY) K EMEY) - 5 2 A3H/NE EEER
H& - TEEL(ERETERBER (Helico-
nia) - F3EHNMENEERZEF L2 TER
EERZEHF I - B H A RHE Y R R
95 - B4 AEM/NMENHERLZ > THEIEEREE
PR ENR - HAERLE - 5 5 £B/NENES
W& > oHEE PEIRERR RS > TEAEES
ff > A0 e 5 8% B IR 149559 (Buddenhagen
et al. 1962; He 1983; Tzeng & Chang 2013) o
TEEHFMREACHSE | B3 A/ NEZ
HE o B 1 AHNMNEEHB IR Z 0 ©EF
Y R B3 AN/ NMERIELEERE L
25 (Hsu 1991; Wu et al. 2011)  FARZAYHE
MR EUR - 3 MRl E RS Rl S E GO RHEY)
PR FEfRt Z (64 » BRIy > BRFLE -

A H AR A E - Rt 2R By > R
HIRI RS 1 AR BNV -

FEECFERECE (Biovar) AIE

R R il L i 255 Ak B 2 A B AR AR
i 3 B T B 2 E ik AMBWO1 ~ AMBW02
Ko AMBWO3 » Gl g Ho Az B AR AL HY 5514 - 3 fit
AERAAGERAERE BN EMEKEEE
(Gram negative) » & M » F King’s B 5 &
BEAEARCOE £ YDC BEA REARS
WK ABEE%  fERLBEER - BELEN
AR REEZ - HREERE IR A IE
[HE - 1M &AM KRR R - 0B KEIE
H -~ B KR ER ~ RN AR AR - ik
DL ~ BLREYE AN E R E R TE - EikT]
HERIEEH 1% NaCl Z NB ; HEEEHE 2%
NaCl Z NB DL 40C T A AER - 3 el ik
HRE Z AR EEE (E D -

TEF MR E AL 280 E o DUREBRF
M Kk Sk KL &R 70 R 6 fEA 1L




Bl (Hayward 1964, 1994) - ZR1f » A= 3/ \Nfad Ei
A AR BY  F G e A 1 B L 0 (HEE 3 AR NN
TEBINE 2 £ - G8F R 2 FMHE -
REHBNE 3 REFE 4B HRAE14H
/NFE (Hsu 1991) © A2 Fr o7 8 2 7 2 5 il i
3 E R AT EALILME (lactose) ~ 227 M
(maltose) ~ & 4t “E ¥ (cellobiose) 3 fi & i >
A H AT A H 85 1R (mannitol) ~ LLIALTHE RS
(sorbitol) ~ FH 2 EF (dulcitol) 3 F& 7~ il fg Kz 5
SEHE (trehalose) o [RIL » #1118 Hayward (1994)
Eifh o R E AR RS 3 AR E A
(£2) HEEERNALERMEE -

E{EE (Phylotype) JAITE

Fegan & Prior (2005) L 16S-23S rRNA
gene intergenic spacer region (ITS) 2 #% 8% >
Fl o gt S GRS+ RGN G B E
J& (multiplex PCR) HJ i 75 #ifi s i 7 ok 4 e 8
BB o JEIEEALAY 73 S5 2 0 B B AR St B S DA

1. HEE R E 2 AR T
Table 1.
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FHEEME » 55 1 (R > Z3E Kool (Asia)
> Multiplex PCR i (& %5 £ 144 bp 5 55 2
B EFERFEM (America) Bk - HEIE KR
W ky 372 bp s 53 EACAEY - EERIEMNKEE
E 81 (Africa and surrounding islands) [ £ >
PEMERAT Ry 91 bp 5 55 4 JEALEL - EEAEIE
(Indonesia) B » BE1E (5577 F5 213 bp © {E I
Multiplex PCR 9 » F 1A T fili 5 B HY B — 14
Sl o] [EEESLPTRE 2 d B Ry 7 il B
AR EHEAREY o By AR A2 P 70 B Y i 2 75 A
I3 B < S EEEETE > DL Multiplex PCR H| & HH
{EZY > PCR H§1F i} 280 bp Z H b B & — 1%
DNA J5 B¢z 144 bp 225 1 JE{C R DNA | B (&
3) » BASTHEE G A N B RAG A E
UL ER A ERE - B RS 1 EEE
BN ENE & -

+=A
A afl

AR E ZE F R R E B B o B R i

Physiological and biochemical analysis of autumn maple tree bacterial wilt pathogen.

Character

AMBWO01, AMBW02, AMBWO03 strains

Ralstonia solanacearum”

Gram reaction

O/F" test

Fluorescent pigment on KB
Colonies yellow or orange on YDC
Colonies mucoid on YDC at 30
Oxidase

Urease

Catalase

Arginine dihydrolase
Phenylalnine deaminase
Hydrolysis of gelatin

Nitrate reduction

Hydrolysis of starch
Production of H,S

Production of indole

Growth at 40°C

Growth in broth with 1% NaCl
Growth in broth with 2% NaCl

G

GO

“ Data are from (Huang ez al. 2000; Schaad et al. 2001).

* G (-): Gram negative; O: oxidative; F: fermentation; +: postive; —: negative.
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Table 2. Biovar test of Ralstonia solanacearum of autumn maple tree.
Carbohydrate AMBWO01, AMBWO02, AMBWO03 strains R. solanacearum biovar 3*
Utilization of
Mannitol + 4
Sorbitol + +
Dulcitol + i
Trehalose + +
Oxidation of
Lactose + N
Maltose +
Cellobiose +

“ Data are from Hayward ef al. (1994).
¥ +: positive.

280 bp

144 bp

& 3.

PA Multiplex PCR # % Al 2 F 9 B 2 8 EHY « 17 M © 100-bp marker ; 77 1 @ Ry53 i H FH A2 H L

DNA : 172 RoR&7H DNA B &80 ¢ 17 3-5 © RliX B E 2 DNA (AMBWO01-03) -

Fig. 3.

Identification of phylotype of Ralstonia solanacearum. Lane M: 100-bp DAN marker; Lane 1: DNA of R.

solanacearum isolated from tomato; Lane 2: no template control; Lane 3—-5: DNA from autumn maple bacterial wilt

pathogen.

AE TTC & A LS AR % > Biolog #&
JE &4 - LR ~ 16S tDNA FR51 53
FEMRE RS TR LT B2
4HEE s R. solanacearum > 397 B &8 & T #i[E
el B 5E 1 A/ NE > AR ST
AR5 3 AR > 4K multiplex PCR JIE /556
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BRI A S e [ fe R AT B A >

B H A R AT BE#E HH LA & AR 1T R R R AY (345%
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& - NIE - AR A AT RE &S FR B 5T T RAL 5
CHR AR > LR S B 7K E AR 0 R 4% -
Wt - FEREEE TR BT T AN
K RERR PR ~ Z7TETEAE B AR R 200w H
5K » DUBD B E RS -
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Occurrence of Bacterial Wilt on Autumn Maple Tree
Chia-Hsin Tsai"", Pao-Jen Ann’, Shu-Ling Hwang’, Yun-Sheng Lu', Jia-Rong Li’, and Zi-Qing Hong’

Abstract

Tsai, C. H., P. J. Ann, S. L. Hwang, Y. S. Lu, J. R. Li, and Z. Q. Hong. Occurrence of
bacterial wilt of autumn maple tree. J. Taiwan Agric. Res. 66(1):44-52.

In 2011 some decline autumn maple trees were observed in Changhua County. The diseased
trees showed leaf chlorosis, stunting, and wilt symptoms. Internally, brown discoloration of vascular
tissues was observed in the infected stem. The bacteria isolated from the stem with disease symptoms
formed fluidal, white colonies with pink center on triphenyl tetrazolium chloride medium. In Koch’s
postulates test, the inoculated autumn maple plants developed brown vascular and wilt symptoms as
those observed in the field. The same bacteria were re-isolated from symptomatic plants. Based on
physiological and biochemical properties, Biolog identification system, 16S rDNA sequence analysis,
host range test and multiplex PCR, the causal organism was identified as Ralstonia solanacearum
racel/biovar3/phylotype 1. This is the first report of bacterial wilt of autumn maple tree caused by R.
solanacearum in the world.

Key words: Autumn maple tree, Bacterial wilt, Ralstonia solanacearum.
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