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UFHE Fyve F R Rubiaceae) I FHE @ (Ixora) 2 ZEAFELREAR » [FER R m— » HAREE
% H RHEEAMUFHE chinensis) ~ &TAUFHEW. coccinea) ~ KEAMFIU duffii) K HALUFHEW
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IS By Xanthomonas axonopodis pv. maculifoliigardeniae'® > {4—FE S CIaM: « 47 E MR
JARAIE - BES IR EE (7122 xanthomonadin'? » EBEEALFGERL A8 T-1E(Gardenia spp.) "> R ALFHFE
(Ixora spp.) ™ - PR ANE R /K EHE S BURTLE A AP AR » RRE S RAVER B B A
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MR T A
— ~ REME 5 B

R E AR AT SR I PHEREE R KA GRLLT5% G RENHFE% » VIEURBE S b i
FREPRHGRENEH A L I E/ KRN EEE Tk BIEESARRES - EEFERAIL
PAEIRIEEUZ FY nutrient agar “EAEFEEL(NA; 0.5%(w/v)bactopeptone, 0.3%(w/v)beef extract, 1.5%
(w/v)agar, and pH 7.0)"_FHE{THEISHEHIEE - 72 30°C ~ SECIBERET RS 3 K1k > PREEEAH
REFE T B E > TSR REE R - ERETTEREERE—A -
= DR R EIRE LSRR

SRS 14 BRARE R 3 Al DUFS TR EC v 6o B AR B AR DRI T8 E o BB AR B E &
AMLERZE - fULEE - RBESERZ - BB OREE - EOE/KREEER - Bip/KgEEE - |40/
ST i IS (oxidation/fermentation glucose test, O/F test) ~ TX¥EEL T Befs(polyhydroxybutyrate,
PHB)Zu(f ~ SR E BE(levan)JZREE ST ~ £ RIS R IAFAE (Nicotiana tobacum cv. TTS) 3R 27 55 E i
R ERE V% -
=~ DEHAR R Z AR MERIE

R EEFTS Z 14 PRANE EREESE TN NA SRR A > 72 30°C ~ OEIRIREE Ty 3 R1&F
FHAEEA/K ST BIFAECRL 10° ~ 10° ~ 107 ~ 10° CFUml™ Z 4HE TR - DUESERAR AR LB (5 1
4 BKH5E2 RN S IFIEER - BREEIVEE S B ERE 65%-90% » Ef 30C ~ O
25C 2 RENEIZEESAWRIEL -

» DEEHARE L Biolog #7E K= T FI 947

R BERTTS 2 14 PRANE ERES & 1 Biolog Universal Growth Medium “EAREFEEL(BUG, 5.7%
(WVBUG agar) |+ 1 30°C ~ #8YCIFFHE T B #7557 2 JC{A&D) MicroStation S/ EIFEIE & 550
(Biolog, Inc., California, U.S.A.)#E{T§EE » WA GN2 MicroPlate™ 25 36 hr 2 45 S Ef ThiR £
TIPSO -
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%% Parkinson et al "2 EEFAZELT » JENT © BOBEFRIS 2 14 PRANEEEAIFS [ T8
XgyrPCR2F(5'-AAGCAGGGCAAGAGCGAGCTGTA-3")/X.gyrrspl (5'-CAAGGTGCTGAAGATCTG
GTC-3")#:7T PCR Mg » K2 FEGRA- By B maEEeFE & 20 ul» N4 DNA KK ~ 5X PCR Hot-Start Master
Mix 1I(GeneMark) ~ 5 uM 5[ T-¥f I /K » JEE1£ SensoQuest LbCycler 96(SensoQuest GmbH,
Germany)#1T » 2514 95°C K2 JE 10 min » $EEKFF L 95°C K2 HE 30 sec ~ 55°C [ZJE 30 sec k7 72°C [
2 min > Rt 3 PERILEETE 30 (E{EER - Hi& DL 72°C & 10 min > SEIEFTS 2 %8 B R B R AR
PR AR A E] (Tri-1 Biotech, Taiwan)LL5[7-%f XgyrPCR2F/X.gyrrspl F1 I 1% % B &€ 7 # (ABI
3730 DNA Analyzer)#E{TESF » FifSixBe 775 B8R 4ERg 125 2 National Center for Biotechnology
Information(NCBI; http://www.ncbi.nlm.nih.gov) > Ll BLAST 2.0 > f2 = T4 LRI 2 A s B bE )
U9 B> P3| BAAL N R &% Xanthomonas [&TRIFANE > gyrB FF5I" VLA MEGAT #ias VA THERE -
LLATH#E & 7A(Neighbour-joining method, NIRRT TG E 4T ©
7N~ DB RS 2 BRI

SYBEFTIS . 14 RRANE B R BSER] > B2 M LURAR B A T - S S8 T
Mt 1,000 {852 75%$¥5h R R /K B RI(BE L ER - B ERIFEATR A E]) ~ Mk 1,500 f%2 25%
RSB (EERIE 5 - BURRAGAIRAT]) ~ Ml 600 2 66.5% L H5 8RR @ BN%EH
PRAE]) ~ ik 2,500 (%2 250g/L SR KRRICL el » &8 IEZRH D AIRAE]) ~ 7% 1,000 £%
Z 23%EERUKIERI(FE A B LS T ER D AR AF]) ~ #ikE 2,500 %2 50% H e 57K it
KRR > BT RRAGAIRAE]) ~ #iFE 3,000 52 S0%CRAEER () KB HERIEI(TREEE -
LR A PR E]) i 1,000 £ 2 77.5% 55 1580 m] R M B Chs e » R L22 TR A IRA S
Mk 400 %2 2% 25 FDRMEMTEI(EEE - GEREBRAIRAT]) - #ifE 500 52 40%HiHR 155
AR NG » 55 TP RERL DA TR A E]) ~ FikeE 400 (5% 2 S8%0¥: S iz 2 Al R Mt i (B 28
F o B AIRAE]) ~ FikE 400 £5% 2 80% 564 SR AR I 2-45 » B AIRAE) ~ #
FE 1,000 {55 2 12.5%HE 2R (TUREE /G LB A TR A 5)) S Mt 1,000 f5 27 10%HHEIUER ]
FKBEMBIGEESE - 2EREARAE) -
+ - FEta

‘EERHIE A A SPSS12.0 #AS#E{T one-way ANOVA analysis > FI]F least significant difference
(LSD)test #E{THIELLES > 45T LLL p<0.05 R ELEIE A H -
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Table 1. Bacterial strains used in this study

Strains Collection date Location Isolation part
Tepb21 2018.03.19 Tianwei, Changhua Leaf
Tcpb22 2018.03.19 Tianwei, Changhua Leaf
Tcpb23 2018.03.19 Tianwei, Changhua Leaf
Tcpb24 2018.03.19 Tianwei, Changhua Leaf
Tcpb25 2018.03.19 Tianwei, Changhua Leaf
Tcpb26 2018.03.19 Tianwei, Changhua Leaf
Tcpb27 2018.03.19 Tianwei, Changhua Leaf
Tcpb28 2018.03.19 Tianwei, Changhua Leaf
Tcpb29 2018.03.22 Tianwei, Changhua Leaf
Tcpb30 2018.03.22 Tianwei, Changhua Leaf
Tepb31 2018.03.29 Tianwei, Changhua Stem
Tcpb32 2018.03.29 Tianwei, Changhua Stem
Tcpb33 2018.03.29 Tianwei, Changhua Stem

Tcpb34 2018.03.29 Tianwei, Changhua Leaf
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Fig. 1.
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Symptoms of bacterial leaf spot of Ixora and morphology of its causal agent.(A)Brown and
necrotic lesions surrounded by a wide chlorotic halo on diseased leaves.(B)Bacterial stream
emerging from diseased tissue margin.(C)Bacterial strain formed yellow and mucoid colonies on
NA medium.(D)Necrotic lesions surrounded by a chlorotic halo appeared on leaves of Ixora x

westii after 28 days after inoculation with the bacterial strain.
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Table 2. Biochemical and physiological assays for 14 bacterial strains Tcpb21 — Tcpb34

Characteristics Reaction'

Aerobic metabolism of glucose +
Anaerobic metabolism of glucose —
HR on tobacco
Growth at 40°C
Catalase
Oxidase

+ o+ +

Lipid hydrolysis
Protein digestion
Starch hydrolysis

+ 4+ + +

Pectolytic activity

Polyhydroxybutyrate granules accumulation

+

Levan production from sucrose

'+ indicates positive reaction; —indicates negative reaction.

= PEHIR R RRIEAR

HIFHUE T B A BRI 2 14 PRATE I PR Topb21-Tepb34 S RIRAE S (IFHER - &5%
RURRENER 7 KINEER B R R NBER - R IERF R A > 2 e tifH H R B E fIR
ZIFBE(E — D) > UJHURBE fe F AT (e FEpm AH M 1T 85k o] R EDRUR HH B NA PR T
T = AR R, -

 DEHARE R Z Biolog £ Bk RTTHI A

SYBEFTS . 14 PRANEETE Tepb21-Tepb34 DL MicroStation fi{4: )T & LM THEE > 45
REURE R KA E VSRR (Y. axonopodis pv. dieffenbachiae) » PRI R 0.75 » S3HfTis
GN2 MicroPlate™ i 36 hr ZHRZEITCAIHIFI > SEERWR=FR -
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2=~ [l Biolog GN Microplate Z&0 I 14 #R 9 BEATE E Ik Tepb21-Tepb34 i ZETH BT
Table 3. Carbon utilization pattern by 14 bacterial strains Tcpb21-Tcpb34 with Biolog GN Microplate
system

Carbon sources Utilization'

Acetic acid, cis-Aconitic acid, L-Alaninamide, D-Alanine, L-Alanine, L-Alanylglycine,
a-Ketobutyric acid, D-Cellobiose, Citric acid, Dextrin, D-Fructose, L-Fucose,

D-Galactose, Gentiobiose, Glycerol, Glycogen, Glycyl-L-glutamic acid, L-Glutamic

acid, D-Glucose, N-Acetyl-glucosamine, a-Ketoglutaric acid, Lactulose, +
Hydroxy-L-proline, L-Leucine, D-Mannose, Maltose, D-Melibiose, Malonic acid,
Methylpyruvate, Propionic acid, D-Psicose, Succinic acid, Bromosuccinic acid,
Mono-methyl-succinate, L-Serine, D-Sorbitol, Sucrose, Tween 40, L-Threonine

Arabinose, L-Aspartic acid, Glycyl-L-aspartic acid, Glucose-1-phosphate,
Glucose-6-phosphate, D, L-a-Glycerolphosphate, D-Raffinose, Tween 80, D-Trehalose, A%
Turanose

Adonitol, D-Arabitol, y-Aminobutyrate, 2-Aminoethanol, L-Asparagine, 2, 3-Butanediol,
a-Hydroxybutyrate, f-Hydroxybutyrate, y-Hydroxybutyrate, D, L-Carnitine,

a-Cyclodextrin, i-erythritol, Formic acid, Histidine, Itaconate, Inosine, m-inositol,

D-Galacturonic acid, D-Galactonic acid lactone, D-Gluconic acid,

N-Acetyl-D-galactosamine, D-Glucosaminate, B-Methyl-D-glucoside, D-Glucuronic -
acid, Glucuronamide, L-Pyroglutamate, a-D-Lactose, D, L-Lactic acid, D-Mannitol,

L-Ornithine, p-Hydroxyphenylacetate, L-Phenylalanine, Phenyethylamine, Putrescine,

Quinic acid, L-Rhamnose, D-Saccharic acid, Sebacate, D-Serine, Succinamic acid,

Thymidine, a-Ketovaleric acid, Xylitol, Urocanic Acid, Uridine

'+, 80% or more of strains were able to utilize the carbon sources; V, 80% or more of strains tested produced
borderline results; —, 80% or more of strains were not able to utilize the carbon sources.

A~ DR RN grB RHIERBMEN

FIFH 5 [ XgyrPCR2F/X.gyrrspl H4iiE gyrB #Z1% 7 ELF51)> i DT #B4E &4 (Neighbour-joining
method, NIIEAHHEITHIG M EITAT > &55EER Tepb21-Tepb34 55 14 7 A B B REMIPHEAH B EE
BERR E (X axonopodis pv. maculifoliigardeniae) ” FR&FR G (B] ) -
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Tepb32
Teob30
Tepb31
¢/ Tcob34
Tecpb29
Tepb33
Tepbh22
Tepb27
Teph28
Tepb24
Tepb23
Tcob21
l. Tepb26
Tcpb25

65/

P pv. mac NCPPB971
Xanthomonas perforans ICMP1092
Xanthomonas euvesicalaria 85-10
Xanthamonas alfalfae subsp. ctrumelents LMG9325
Xanthomonas axonopodss pv. digffenbachiae LMGE95
Xanthomonas axonopodis pv. phaseoli NCPPB3035
Xanthomonas axonopodis pv. begoniae NCPPB3003

Xanthomonas meonis NCPPB3434
100~ Xanthomonas fuscans subsp. fuscans 4834-R
Xanthomonas fuscans subsp. aurantifoli NCPPB3236
Xanthomonas otn subsp ctn A306
Xanthomonas axonopodss pv. glyanes NCPPB554
Xanthomonas brom: NCPPB4343
Xanthomonas vasicola NCPPB2417

Xanthomonas oryzae pv. oryzicola BLS256
m Xanthomonas aryzae pv. aryzae PX0994
Xanthamonas vesicatoria NCPPB422
Xanthomonas pisi ICMP570
Xanthomonas arboricola NCPPB411
100y Xanthomonas hortorum pv. vilians BC2575
N l)(.:x\mcmunas gardnen ICMP7383

Xanthomonas campestnis pv. raphani 756C
m)L Xanth as ¢ [ ATCC33913

Xanthomonas cucurbitae NCPPB2597
) cassavae NCPPB101
Xanthomonas theicdla NCPPB4353
Xanthomonas translucens NCPPB973
Xanthamonas hyacinthi NCPPB599

2]

l:nl

X

sacchan NCPPBAM1

X bl

LMG 494

Stenotrophomonas maltophilia JV3

[T

T~ DL gyrB R MEITAT RS AR ST 14 #R T BT IR Tepb21 — Tepb34 B2 Xanthomonas
J& T R A ] R 4% M - FIl FH MEGAT s LA Jukes-Cantor fH4H T TEERIEE T & Xanthomonas
J&IR R A gyrB P32 4 LS o Stenotrophomonas maltophilia JV3 & Ry 53 M H 2 4

BERE - 7 RU(0.050)F R 25 BRI 8 (LU BE A AU -

Fig. 2. Phylogenetic tree generated using the Neighbour-j

showing the relationship of 14 bacterial strains Tcpb21-Tcpb34 with other Xanthomonas species. A
phylogenetic tree was constructed in MEGA7 by deriving from the Jukes-Cantor method. The
sequences of Stenotrophomonas maltophilia strain JV3 was used as the outgroup species. The

oining method of gyrB partial sequences

bar(0.050)at the bottom represents the number of nucleotide substitutions per site.
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FIF 14 TEEERUEIT NS - BURDADUAE R - SR R B e 8 TlEER - ¥ 14 PROBEME
EREIHI AR ZAES) > Ep DIFRRE 1,000 527 12.5%88 202K SARRE 1,000 %22 10%SHIUER
ZKEME RIS U I EERIIHIRE T 5 - PR 1,000 f&% .2 75%SE I B/ K oy R ~ Mk
1,000 &2 77.5%52 1550 m MR A ~ e 400 fi5.2 72%082 2 AR MR 7l S Mg 500 52 40%3f
PG EE AR T SERHIHIRE DR - MFRRE 400 {52 80%F i 7 FR M Bl K AkE 400 (%
Z 58%F¥ it S AT R MR B RE I = (R I) -

U~ R 14 PR BRI B PR Tepb21 — Tepb34 Z fIIHIAE
Table 4. Inhibition activities of fungicides on 14 bacterial strains Tcpb21-Tcpb34.

Chemical Dilution times Inhibition zone(mm)
75% Mancozeb + Zoxamide WG 1,000 2.60c!
25% Etridiazole EC 1,500 0.00f
66.5% Propamocarb hydrochloride SL 600 0.00f
250g/ L Mandipropamid SC 2,500 0.00f
23% Azoxystrobin SC 1,000 0.00f
50% Boscalid WG 2,500 0.00f
50% Polyoxins SG 3,000 0.00f
77.5% Kasugamycin + Copper oxychloride WP 1,000 2.47cd
72% Bordeaux WP 400 2.00d
40% Oxine-copper + Cupric hydroxide WP 500 1.93d
58% Mancozeb + Metalaxyl WP 400 0.33¢
80% Mancozeb WP 400 1.73d
12.5% Streptomycin SL 1,000 4.94a
10% Streptomycin + Tetracycline SP 1,000 3.61b
CK - 0.00f
! Statistical analysis by LSD(p < 0.05)was applied to compare the inhibition zone between each fungicide.
SR

At B =R USRS P 0 2 Topb21-Tepb34 55 14 PRANEEME - R RIRRalE - 47
SN - AR ERR LA R RO TR - ARAEBE(LEFR - BEE R
EHE/KIRRE R ~ Beln/K iR S R B iR 2 > 1t NA SPIREF SR B R ORI % - mTik
40°C MA & - HATAI I RERE D B R E - R EE R BT S B S AR B
Xanthomonas J& ¥R IFANE : DIEFZEHAH AR 2k (IFHER L PR 7 RAESER LEdK
RN/ - BB A - 2R e I H EE A E CRIR 2R > HR(EA S REE R
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10° CFUml™" » BRI 14 #h55 BETE B AR Ry B LT 2 R T

LI MicroStation /L WIETES: E 408 E 14 MROBEMIRERE - SERBURH Ry KESTCAE M
HHRBE(X. axonopodis pv. dieffenbachiae) » #—5 571> GN2 MicroPlate™ 125 36 hr 7 bR Z 1A
FHET B4l & B PR BRI R cis-aconitic acid~ D-fructose ~ D-galactose ~ D-glucose glycerol ~ L-leucine®
D-mannose Kz methylpyruvate 248 » {H #f£;% A adonitol  D-arabitol ~y-aminobutyrate » 2-aminoethanol
L -asparagine ~ 2, 3-butanediol ~ D, L-carnitine ~ a-cyclodextrin - itaconate ~ N-acetyl-D-galactosamine -
D-galacturonate ~ D-glucosaminate ~ L-pyroglutamate ~ B-hydroxybutyrate ~ y-hydroxybutyrate ~ D, L-lactic
acid ~ a-D-lactose ~ i-erythritol ~ m-inositol ~ L-ornithine ~ phenylethylamine ~ putrescine ~ L-rhamnose -
D-saccharate - sebacate - D-serine B xylitol ZE i B ME— 2R > Bl Bergey's Manual 1 Xanthomonas
& B VLB X, axonopodis BELEIFLINE: 5 2R Xanthomonas [BANFE E S EZ FE—M: » X
B AC 4 B 1M T R B R R AU AE - 2P M5 [ 5 XgyrPCR2F/X gyrrspl 3iE Tepb21-
Tepb34 55 14 PR BN R E IR 2 gvrB % Bt > W EA% Xanthomonas J&¥5 R4 E 2 gyrB FFHI LR
5% & 3% (Neighbour-joining method, NIV #E{FHIS M I » BRI 14 FESBEAT BRI RESULFHE
AMEEEEPTA (X axonopodis pv. maculifoliigardeniae) BT 7 ¥4 R % > HEET AR E 2 W IR A1 E
By X. axonopodis pv. maculifoliigardeniae -

UFHEA R 1 SEBOR e 28 > S BT 2018 AER ol SRR 12T e PR
il A 14 FEE N EATTT ~ FORBEHE MR E 2 ZERE TR » BURDUERM - IR R E
<o B IR A SRR R A B A R 2 BE 7 Horp DL 12.5%SEEZA R R 10% s MU BRI Z2/KA MR
U E R EERHNRIRE ST B » T 75%$rh RE B K B AR ~ 77.5% 520580 iR M ~ 72%
K7 R S5 TR MR ~ 0% S EE R - 80%SEEE /5IR R MK K S8%e st R S n] R
Ty PRl 5 SR A A B < R B STV RE i 5 ZRIAG o 2 B o e 4P B B R S R B A L i =2
1 > BEERGN Xanthomonas JBANE CA R Z HeE ™ - h DASHANID & (L4 M SEBm i 7R B
PUEEMERES -

PN

LSRR - SR B - R 2018 (IPHCAIEMESESERES X RIS ST TR
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g i -
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Identification and Characterization of the Causal
Agent of Bacterial Leaf Spot of Ixora in Taiwan'

Shih-Chieh Chang, Chien-Chih Kuo, Chung-Ta Liao and Chia-Hung Chao *
ABSTRACT

Ixora(Ixora x westii)plants exhibiting brown and necrotic lesions surrounded by a wide chlorotic
halo were observed in March, 2018, at Tianwei Township, Changhua County in Taiwan. Microscopic
examination showed that masses of bacterial cells oozed out of the freshly cut tissues from the junctions
of diseased and healthy area of lesions. The bacteria formed yellow and mucoid colonies on NA medium.
Results of Gram staining showed that the isolated bacterial cells were Gram-negative. Fourteen bacterial
strains were characterized as Xanthomonas axonopodis pv. maculifoliigardeniae with phylogenetic
analysis of gyrase B sequences. All of bacterial suspensions(10° CFU « ml™")were prepared individually
from these 14 strains and sprayed onto 4-week-old Ixora plants. Brown and necrotic lesions surrounded
by a wide chlorotic halo as the field-grown Ixora plants were observed. Bacteria isolated from the
inoculated Ixora leaves showed the same cultural and biochemical characteristics as the bacterium
originally isolated from the field samples. Subsequently, the sensitivity of the bacterial strains to multiple
commercial fungicides was tested, and the results showed that the bacterium was most sensitive to

streptomycin(12.5% SL)and streptomycin + tetracycline(10% SP).
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