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41°C AR BAEKEAR ~ 58 ~ & T8 - BBEHF 0 AR /1B E LG - Ml I3RS
M > B LIRS RGREIEZE 47 (FAME) ~ Biolog GN2 Microplate ™ &% 16S-23S A5 (internal
transcribed sequence, ITS) ZFFFI Tl T8 T » WERELE £ Burkholderia gladioli » i A7 fifl sk
AT RS o iSRRI o ARBRE I R R IR B S R L > I B. gladioli 1R figh 1E
P IR 25 7E ¥ o Ay St A B 1R R U - RIS B. gladioli 1T858 X 7 il AT T M JES WO 2 1 K

[orHEAR] < 7 s A e 1R S o ~ MM 2 o

A4 (Pleurotus eryngii [DC. ex Fr.] Quel) 515
B9 (Eumycota) ~ ¥& & Ei[] (Basidiomycotina)
B fE M (Eubasidiomycetes) ~ IiE & Af i
(Hymenomycetidae) ~ #2F H (Agaricales) ~ ll B F#}
(Pleurotaceae) ~ WE4EB (Pleurotus) W] BVELESE » B2
A rE R (ARER] ~ BRI R AR ~ & 5] > Hrag
Ml ~ JLIE R b el O 1 o A gk KB A Ak
H IR Rfam a2 o HE A4 R EAR E i - JaR &
AR A S ah > REAEEEE Y .
A R ELEN R R R E 4k S i o
SEEMER 10 (57T CBEZEEZENEHEEY.Z
— s [HARHBE RIS T RE S EBURED
A M B M hry e & i E ~ 8 R E KR
B o ARAERT SR - CA1PT & 2 Bk 19 R A

B ~ 16S-23S B gk I8 .2 721 73 H7

YIRS fLE OB R (Cladobotryum varium) " ~ 751
TEHIEIRE (Gliocladium roseum) ® %5 B F iR R BL75 iy
Gt OAEBERE (Pseudomonas tolaasii) @ ~ 75 fuaEiE
JRE (Pantoea sp.)® SFHERIR

AREFERS 2008 HEH R HE B (E1TEE A
Ry & AR OR BT ) HO A Sl 2t o 5 45 M 15— SR LU 1 1
TR fE & ARG AR A » £ H AR B AW ] B A Ak
figg ~ MR 2 T - PR R A e (B — > A) ©
UIHGERH AR RS e B B g T B - S PR R
TR ER > LIRS SEER I B it A FH & 7R 05 205
nutrient agar (NA, Difco Laboratories) > King's B medium
(KB, BN FHE 20 g Bacto ™ Proteose Peptone No. 3, 0.4
g MgSO, * 7H,0, 1.5 g K,HPO,, 10 ml glycerol) } potato
dextrose agar (PDA, Difco Laboratories) 3% % 31 T i
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MR o 7 BB RS 22 o P Bt Z R PRIE NA B5 85 BP
REE > RKil B HH 2 #vE - WHEGEEE KB &
B B ELEEOCYE - 1F PDA BiEE FHIZH A6
MFIR 2% > IO ERS KB K PDA Bk B2
R PIE R o ARG v B R B A I B E R
W25 PR AR T2 0 i B A it -2 9 ORI R R RO TR P
tolaasii ¥ B\ & Al Pantoea sp.® » HFij RS Hhm] Jik
Gt g 9o [ R TR AN ] o

7% 985 7 1 M 2 B 1R 1 0 B AL - e LUIR IR
B3 43 47 4% (MIDI Sherlock® Microbial Identification
System, MIS) BLSEAHE T E & GC-MS (HP 6890N,
USA) 7 M fidd o7 Bt MBgl ~ MBg2 K MBg3 1Y
N IAEAR R - 5 R B RE R MBgl ~ MBg2 K MBg3
(MIRERAEEAHAY B C10:0 30H ~ C14:0 30H ~ C16:0
C16:0 20H ~ C16:0 30H ~ C16:1 20H ~ C17:0 cyclo »
C18:1 20H FRXEHAH & » BLE BHE LA R - e
& MBgl ~ MBg2 [ MBg3 £ Burkholderia gladioli >
HAFUE 53 155 0.853 ~ 0.830 Kz 0.872 ° F§LL Biolog
GN2 Microplate ™ (Biolog Inc. Hayward, CA, USA) 731t
Ffk MBgl ~ MBg2 & MBg3 %f 95 flifix £ IRAIFI 1S

f]— ~ A it T 1 8 PO 1R

A~ BRE 2 FEBEA - 58 A R SR 2 TR AR ~ MBI s B ~ 5 A ik M 1 SR MO ) MBg3

J& » i LA Biolog Microlog 3 ver. 4.20 A#fEAT M B E
B L o f5SRBER MBgl ~ MBg2 5z MBg3 £ 1] Fl]
A 49 Ffifik IR : Tween 40 ~ Tween 80 ~ N-acetyl-
d-glucosamine ~ adonitol ~ L-arabinose > D-arabitol »
D-fructose ~ L-fucose » D-galactose > @ -D-glucose >
m-inositol ~ D-mannitol >~ D-mannose > D-psicose
D-sorbitol ~ D-trehalose ~ pyruvic acid methyl ester »
succinic acid ~ mono-methyl-ester ~ acetic acid ~ cis-
aconitic acid ~ citric acid ~ formic acid ~ D-gluconic
acid ~ D-glucosaminic acid ~ @ -hydroxybutyric acid ~
/3 -hydroxybutyric acid ~ « -keto butyric acid ~ D, L-lactic
acid ~ quinic acid > D-saccharic acid ~ succinic acid »
bromosuccinic acid ~ succinamic acid ~ D-alanine *
L-alanine ~ L-alanyl-glycine ~ L-asparagine ~ L-aspartic
acid ~ L-glutamic acid ~ L-histidine ~ hydroxy-L-proline *
L-phenylalanine ~ L-proline ~ L-pyroglutamic acid ~
D-serine ~ L-serine > 7 -amino butyric acid > D, L- « -
glycerol phosphate ~ D-glucose-6-phosphate * fif 7% B
& MBgl ~ MBg2 & MBg3 £ B. gladioli » HAH{UH
SYAIES 0.84 ~0.76 & 0.58 - BRI 8E & 5 RAHFT o

B MBg3 inoculation

Bg3

AR

10° CFU/ml ZHHE BRAIEAS 10 15 SRR (% 22 W B AR S A5 fifn s B4V > A& 16 °C AR RAE 6 K1k 2 BURHARMIR K 48
LR R K (CK) Z BRI A4 5 C ~ Db lw MR O™ MBgl ~ MBg2 ~ [ E il & s
(Burkholderia gladioli pv. gladioli, Bgg) MBELRIGIHE (B. gladioli strain Bg3) LL 10° CFU/mI %2 Fill B2 A 75 fif &
0 AEFD 16 °C LERFE 6 RIZHIHE  (Bar =1 cm)

Fig. 1. Symptoms of bacterial decay disease on king oyster mushrooms. The red arrows indicate the decay tissues on cap
(A) and stalk (A, B, and C) of the mushroom. Microtip-stab inoculation of Burkholderia gladioli strains MBg3 (B), MBgl,
MBg2, B. gladioli pv. gladioli strain Bgg, and B. gladioli strain Bg3 (C) into the stalks of king oyster mushrooms are
performed for pathogenicity test. (B) Bacterial inoculum of 10° CFU/ml is serially diluted, stabbed into the stalks of king
oyster mushroom, and incubated at 16 °C, 6 days for symptom observation. CK, mushroom stalks are stab-inoculated with
sterile water as a control. (C) Bacterial inocula of 10° CFU/ml are used for inoculation. The pictures shown in B and C are
taken at 6 days post inoculation. Bar =1 cm.



#E— SR ET ARG Z 16S-23S rDNA A8 £k [ 45§
(internal transcribed spacer region, ITS) B —E5| %
primer 1 (5-TTGTACACACCGC CCGTCA) ¥ primer
2 (5'-GGTACCTTAGATGTTTCAGTTC) " i B ik
MBgl ~ MBg2 & MBg3 2 ITS F % » 55— K/
868 bp M EL » 5t DNA F BUR B B2 A YR
R OHETER > WA B R K EVRHEE
#H L (National Center for Biotechnology Information,
NCBI. http://www.ncbi.nlm.nih.gov/) 173 K] J#H Lb %
ELAT T > #E R BURE K MBgl ~ MBg2 K& MBg3 Z
ITS FR9l LIRS 100% FHIFE (identity) (GenBank
accession number HQ827770) » HEIFLKEH M B. gladioli
pv. gladioli I NCPPB1891 (GenBank accession number
EF552070) K& B. gladioli F 1k ATCC10248 (GenBank
accession number L.28157) WAHLIEEE 97% ° K Schaad
BN ZHESHTEE MBgl ~ MBg2 K& MBg3 (194
PAAERE > RS RA0R—FR © Wkk MBgl ~ MBg2 &
MBg3 5 IR > HHIE AT 41°C TR H
REERS 4°C 505 5% NaCl 2 NA ¥R FAER - HE
HHARE (gelatin) ~ JEE (lipid) ~ % T& (chitin) ~ & &

RK— ~ DAl R o 2 AL B A R

DI TR oR 251

F (casein) 2547117 fiFGe J1 LR (oxidase) ~ fiffif
(catalase) FMERIEM: » B B. gladioli IR VLR © 55
ARG EEIE 34T ~ Biolog €SB ~ ITS 443 #T
B2 AR PR A LGRS SR - 50 i B 4 Mt o2 996 D
¥ 8 € 1% B. gladioli °

FoMERR b7y B GRAR AR IR - R R MBgl ~
MBg2 ~ MBg3 7RI NA FilihiE % ~ 30°C 2
K DU K BRI R FRE R E 5 ODggo = 0.3 ZAllR£2
FEIR (FRFERIES 10° CFU/mI) » IS FEHE (syringe
infiltration) ZfE A EEER (Nicotiana tabacum Z1E 5
SRanAR) o R RIIAEYIE S 30°C ~ 12 /NREHUE
B ZMY A RAET > 24 /NIRRT E RS FLTE v B
VL SERE7S 208 ST MR 28 » (L Lo A0 I /K 2 'y S AL ) 2
8 (data not shown) ° LR 7 EFAELZ ODgy, = 0.3
M RS 10 f5RYIMEEE 10° CFU/ml » B —H
FEFR (10° ~ 10° ~ 107 ~ 10° CFU/ml) 8L 200 11 LLZE
Hll7% (microtip-stab inoculation) FEFE A+ MR ELZ A
gk BN o RN T EEE A SR e
*16°C £ RFER 6 Kk M 244 B 22 fIl5E
S A B SR B RIS TE o &5 REURE K MBgl

Table 1. Physiological and biochemical characteristics of the bacterial strains isolated from king oyster mushroom

Strains from

Characteristics

King oyster

B. gladioli’

mushroom' Pineapple’

KOH test G () G- G (-
Wrinkled colonies on NA +4 + _
Fluorescent pigment on KB — - -
Diffusible, non-fluorescent pigments on KB + + +
Diffusible pigments + + +
Growth at 4°C - - +
Growth at 41°C + + +
Growth in 5% NaCl - + _
Oxidase + + V+
Catalase + + +
Nitrate reduction - - -
Arginine hydrolysis - - -
Starch hydrolysis - - -
Gelatin hydrolysis + + +
Lipid hydrolysis + + +
Pectate hydrolysis - - -
Casein hydrolysis + + +
Chitin hydrolysis + + ND
Lecithinase + + +

Data are collected from different sources *'*'*'72),

The bacterial strains of king oyster mushroom bacterial decay disease used in the tests are MBg1, MBg2 and MBg3.
The pathogens of pineapple fruit rot disease used in the tests are B. gladioli strains Bg3 and Bg5.

+, positive; —, negative; V+, 21-79% positive; %, strains variable; ND, not determined.
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MBg2 & MBg3 fEHFHIR A ##E 10" CFU/mI FFE1A]TE
- E S R R AR M R~ R BR (R AT R VR Vi SR
8 (18— ~ BELC) » BB flfE Bl B RN E (B. gladioli
pv. gladioli ~ f&j#E Bgg) FTEm A HREAELL (& — ~ C)
LA RELAB M e o 657 7T o e 51 B o A A L T T >
FEESLURIERE (B. gladioli 1K Bg3 ~ Bgs) HIE L
JERTEL (B — ~ C) » M H A e TR K A St I RE HI Ao el e
Ao SE— IS A HUAEE K (MBgl ~ MBg2 & MBg3) ~
JEEMERRE (Bge) MBI RIEHREFR (Bg3 &
Bg5) LIEHHIE (needle-prick inoculation) 47 Al 8 22 1%
HnEs 2~3 EZHEWEER (Gladiolus hybridus Hort. cv.
Amsterdam and cv. Pink Giant) ° 7% JhFIFHIEF 2
23 SRUESSTEENCRE Bt iy EEDEES T B S wl KA
75 AR B R Z HER BRVFIR (ODgoo = 0.3) B B 7K
MG ~ (R o SRRy OB BB R a5
fR¥E - FHEA 30°C IAERAE - MRIEMRHHER -~ %
A FCERIR I RIE T - 66 REURS & i Pk MBgl
MBg2 ~ MBg3 ~ [ EVH B EWE Beg KIBFLIRIEHE
Pk Bg3 ~ Bg5 FRAE £ B E R AL RKR
TSI R » 1 PR 2 1 /K 2 S R T 2 2R 0 o
FFHY 10 11 ~ ODgy = 0.3 Z & fLEE K MBgl ~ MBg2
K MBg3 ~ [EE B R R K BAUR R R R E K Bg3
Bg5 WM E PR A TEE (Allium cepa) S Fr ~ BN
200 1 AR AR I F2 LA 22 RTE SR A SR A 7.2
VR SO T IR I P I - RF B AR 1R T R0 I A

2 B BRI PR 2 RPN

IR () BpREE R (W) o 2 30C AR
FERE 2 W R IR B A B BB R IB T » f5 R
gk Ik MBgl ~ MBg2 ~ MBg3 ~ [ E i E @ WE Beg
KBBLRIETR R Be3 ~ BgS B AT AT v s A4l
Ak [P g Y i T2 P e 36 2 1 2 ol g 1) 2B A L
JEIR T o f A DLERRIEPEHEARS R (R ) > BRIER
MBgl ~ MBg2 K MBg3 %12zt Bt » 15 B
KerE RN E g5 s - B2y # R B OREC R 2 B.
gladioli pv. agaricicola"” 183l  HRIGA IR AP LFF
T R FLERHIRTEL » ARRTERG B. gladioli TEA gk bk
FRHIR € 4 s A gt Al B PRI O » LR B. gladioli
E B o A Ml B 1 T R i s

A Bt 5 5 B 51 RE A5 fitw 2k A 1 N PO 2 8 T T
Ry B. gladioli » B3R ECHEK AT f& 3 A il i s [l
P. tolassii & Pantoea sp.® AN[A] ° B. gladioli &7
HEIE R E I - BRUE B Y~ TRELYY S PEEE 10~ )
BB~ AR~ WIREE O~ KA 2 RJBEL F
HEP) £ 45 405 L [ R e e > LR T v A
B LREPIRERGET) A - ALl B. gladioli 3£
BRI/ (pathovar) » 73 Bl E R R NME (pv.
gladioli) ~ YEIEIRIF/NE (pv. alliicola) BRIF4EHR 5/ Nl
(pv. agaricicola) " o FLHEANTST 57 Bl 2 75 fifa 26 40 1 12
JEWURE B. gladioli STk AR 4 A1 B E RS T B.
gladioli pv. agaricicola"” WKL » BRI SaE A0 1k
T8 PR TR B 1o 2t A 1 1 R 9 <2 I S TR AL S B =

Table 2. Pathogenicity tests of Burkholderia gladioli on various hosts

Strains from'

Burkholderia gladioli pv.

Source / Host King oyster

Gladiolus

Pineapple . ladioli’ alliicold’ agaricicold’
mushroom pp hybridus g &

Rotting of tissue slices

Mushroom slices + + ND + + +

Onion slices + + ND + + +
Rotting of whole organs

Mushroom + + + + + +

Onion bulbs + + + + +
Necrosis and water soaking of leaves

Gladiolus leaves + + + + + +

' The bacterial strains of king oyster mushroom bacterial decay disease used for pathogenicity tests are MBg1, MBg2 and MBg3, the
pathogens of pineapple fruit rot disease are Burkholderia gladioli strains Bg3 and Bg5, and the strain that causes bacterial blight of
Gladiolus hybridus is B. gladioli pv. gladioli strain Bgg. Host tissues and organs are inoculated with 10> CFU/ml and incubated at
30 °C, 2 days for symptom observation. The 3 strains of king oyster mushroom bacterial decay disease and the 2 strains of pineapple
fruit rot disease elicit similar reactions on the testing hosts, which are summarized in the first and second columns of Table 2.

* Data are retrieved from Lincoln and Fermor (1991)"” by inoculating B. gladioli pv. gladioli strain NCPPB1891, B. gladioli pv.
alliicola stain NCPPB947, and B. gladioli pv. agaricicola strain NCPPB3580 to the listed plant tissues at 28 °C.

* Symptoms are scored at 2 days post inoculation (dpi) at 30 °C. —, no symptoms; +, symptoms are produced in 2 days; =, restricted
rot or necrosis at 2 dpi; ND, not determined.
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BRI I v AU B LR g ~ B ERE ~ ALIEEH ~ R/ NET
FFTREYIIE IR o HE T A (it O R PO R
¥4 5 B. gladioli > HIRF/ MEZ A S pv. agaricicola ]
JHME— DR -

FH 2 A fif 4 5 <2 AL AR B0 A2 ) 55 AR W) IR -4
gy TR B ik o E Bl E & 0 K A gz
B A 5% 2 I A S B ZELCE SR TR (0RO T AT - S e AT i
Fe /AR HUEYE B o HARRS /v E 88 & BRI R
B At o A ik B A 2 MG R R R AE 80%
FoAT o A AEEAE PR SN I AR E N E T
G E AT REAS I 2250 ~ K ~ BRES /M E ~ 3% ~ 8 R LA
RN BNEREE T ERH D o A gk g o
AT FEAE A ik R 5 B 558 B o2 A St 2 A e s BT
AIRES &t b7 A% - AT e ok 3 e [ E B
S5 BRI R AR B o W I FEPT R E S A E
[y o

o
AN ZE AL T BB B2 oy 2 3 At B it L L A [ 28
B oy R DR RE R 3 75 S 72 B R LR B T I
(Burkholderia gladioli pv. gladioli, f§if8 : Bgg) K JBEIFL
RIGHE (B. gladioli strains Bg3, BgS) FHIREFE » 5%
BEHL -
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ABSTRACT

Lin, Y. T.", Lue, Y. S."?, Chang, Y. T.', and Deng, W. L. " 2011. Bacterial decay of king oyster
mushroom caused by Burkholderia gladioli. Plant Pathol. Bull. 19: 249-254. (' Department of
Plant Pathology, National Chung Hsing University, Taichung, Taiwan; * Plant Pathology Division,
Agricultural Research Institute, Council of Agriculture, Wufeng, Taichung, Taiwan; * Corresponding
author, E-mail: wdeng@dragon.nchu.edu.tw; Fax: +886-4-2287-7585)

In the year of 2008, caps and stalks of king oyster mushrooms exhibiting decayed and sunken
symptoms were found in a mushroom farm in Daili, Taichung. Three bacterial strains, MBgl, MBg2,
and MBg3, isolated from the decay tissues were assayed physiologically and biochemically to show
that they are gram-negative, non-fluorescent bacterium which can grow at the temperature up to 41°C,
produce yellow pigment on nutrient agar and King's B media, catalyze gelatin, lipid, chitin, and casein
on culture media, and have oxidase and catalase activities. The MBg strains were characterized using
fatty acid methyl ester analysis (Agilent Technologies, Santa Clara, CA) and Sherlock® Microbial
Identification System (Microbial Identification Inc., Newark, DE), and each strain was identified as
Burkholderia gladioli with a similarity greater than 0.83. In addition, the Biolog system (Biolog,
Hayward, CA) and sequence identity comparisons of 16S-23S intergenic transcribed spacer (ITS)
were performed to confirm that the 3 bacterial strains isolated from king oyster mushroom are B.
gladioli based on a similarity of 0.58 with Biolog and 99% sequence identity for 16S-23S ITS. Koch's
postulates were fulfilled by inoculating the suspensions of MBg stains at 10° CFU/ml to the stalks of
disease-free king oyster mushroom, and bacteria showing morphological and biochemical similarities to
the ones used for inoculation were isolated from the inoculated mushrooms at 6 days post inoculation.
This is the first report that B. gladioli can infect king oyster mushroom to elicit bacterial decay disease

in Taiwan.

Keywords: Bacterial decay of king oyster mushroom, Burkholderia gladioli, fatty acid methyl ester

analysis, 16S-23S internal transcribed spacer sequence



