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Etiology of Angular Leaf Spot Disease of Eucalyptus in Thailand
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Abstract

Surveys of disease on eucalyptus were performed in Kanchanaburi and Khon Kaen provinces
during the years 2011-2012. Water-soaked and angular spot lesions with dark brown color were observed on
leaves widely damaging to eucalyptus seedling production. Twenty-eight bacterial isolates were extracted from
symptomatic leaves. Pathogenicity tests were performed by spraying bacterial suspension on one-month-old
eucalyptus seedlings. Twenty-one isolates were revealed as causal agents of disease. The bacteria were
characterized as gram-negative rods ranging in sizes from 0.5 to 0.8 ym x 1.6-3.0 ym with monotrichous
flagellum and bacterial cells arranged singly or in pairs. All the tested isolates formed yellow mucoid convex
colonies on YDC medium. Bacteria produce yellow pigment of xanthomonadin, require oxygen for growth and
growth was inhibited on medium containing 0.2% triphenyltetrazolium chloride. Polyphasic taxonomical
methods based on utilization of carbon sources, cellular fatty acid profile analysis by the Sherlock® Microbial
Identification System, and comparison of multilocus sequence analysis of genes (dnaK, fyuA, gyrB and rpoD)
were performed. Results strongly supported the identification of these bacteria as Xanthomonas axonopodis.
The host range of bacteria was evaluated by inoculation on plant species which are previously reported as
host of X. axonopodis. The isolates only infected Eucalyptus sp. and gave the typical symptoms. From these

results, the causal organism of angular leaf spot in eucalyptus is identified as X. axonopodis pv. eucalypti
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TGRTT) (Young et al., 2008) G91l3znauds 1x PCR
buffer, 1.5 mM MgCl ,, dNTP IHAs: 0.2 mM, Tws
L83 Forward uaz Reverse Tadudasiiu atnvaz 0.4
UM uaz Taq DNA polymerase 1 U 1%‘1]’%11’1@1561@171”151
20 p leslfsevlumesiufiSodail  dufl 1
predenaturation 94 °C 3 w7 ?jy'uﬁ 2 denaturation 94
°C 30 517l Tu# 3 annealing 56 °C 50 3W7t GuA 4
extension 72 °C 1 w1l uaz T 5 final extension 72
°C 7 wift Fdnaudi 2-4 $1uam 30 saU (Fautasann
Young et al, 2008) ‘[@mm’%ﬁo Thermal cycler
AT9FOLNAVEIUJATumnAlA  Agarose  gel
electrophoresis ANLTNTWLAR  1.0% HauunUALI
matensidenlusiug  anameuunudiduiemeld
Wy UV éﬁmﬂ%ao Gel documentation system
(Syngene, Cambridge, UK) LuinA W wazana PCR
product ﬁnl’gﬂaﬁ'@ Gel/lPCR DNA Fragments
Extraction Kit (Geneaid Biotech Ltd., Jhongli, Taiwan)
mu%%'msﬁl,m:ﬁﬁmmjwam nnuulnaudusindudn
gwaFlanIne pGEM"-T Easy (Promega, Madison,
USA)

@183%  heat

LLa:mﬂwmaﬁ@mUwam“ﬁﬁ;jl,l,mﬁﬁmé”ﬁﬁm
shock transformation @133TA1VAS
(2001)

WUANFEIITNG LazihanananaalaLasEINaIaNa

Sambrook and Russell RO VLTI
a €0 o a a € o o » a a AN o
Jeeaauiiailaing ideuiiadlalnan laun
v o v A = & ' 6 a
aaaauiinalaling NN TUaINAIRAA
6 3 1 A 1l
NaasoandulUsunIn  VecScreen  HIWLASa1NY
Bulaasifia  (http:/www.ncbi.nim.nih.gov/VecScreen/
VecScreen.html) uazi3sddasauiiinilalnans 4 du
lasi3u9d1auaniu dnak, fyuA, gyrB Was rpoD

(Young et al., 2008) \WIsuinauanunlauaeassnau

fndlandfiderulasldlysunsn Clustaw dasau
ANUFNNUTVRILUATISHLAZIAYN  Phylogenic  tree
1aeAt neighbor-joining (Saitou and Nei, 1987) el
Tusunsy MEGA 51 (Tamura et al, 2011) (e
LUANIB81989 (type strain) ﬁﬁﬂml,ﬂ'%ymﬁwagﬂu
gwuﬂ”aga International Collection of Micro-organisms
from Plant (ICMP) léun X. albilineans (ICMP 10041),
X. arboricola (ICMP 35), X. axonopodis (ICMP 50), X.
axonopodis pv. citri (ICMP 21), X. fuscans (ICMP
239), X. euvesicatoria (ICMP 109), X. bromi (ICMP
12545), X. campestris (ICMP 13), X. cassavae (ICMP
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0.48, 0.58, 0.56, 0.56 Uz 0.49 MWEGU Taen
Similarity index luseduitanansallunissadiunnls
JrauIniale

WawSeuifsurfiauasdSinmnseladues
Fans 5 lalaan fule Xanthomonas 20 g fism
(1996)
mﬁauﬁmfga X. axonopodis mﬂﬁq@ AIUNITNUTHA
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13:0 anteiso, 15:0 anteiso, 16:0 iso, 17:0 iso L8 iso

171 ® 9c (Young et al., 2010; Kasinrum, 2013)
1 a ' s { A 1 ‘yl g
LANGNNUOEWNTALIW (AW 1) TILITIN 1 Te
oo 'y &
wuafiiselunmInaasshidrsnnsa - X.

dyei  pv.

A =
eucalypti w38 X. campestris pv. eucalypti 843

Vauturin et al. (1996) T1891WINMTUATIZAIILUA

NI Lt FuniTalusrauslTav0 1 B0 U
Xanthomonas ~ &wlwnild U@ LisanInugnan

UANANNIZWINTE X. axonopodis NU X. arboricola
LLRe X. axonopodis U X. campestris 28NAINNH 29

duiudasriminaseugmaniaon s iuLay

nssunnidauuaiielag Multilocus sequence
analysis
HRINNNIANENGBINATA Multilocus
sequence analysis (MLSA) lasmsSouiisudey
fndlalndvasdn dnak (940 bp), fyuA (698 bp),
gyrB (865 bp) Was rpoD (875 bp) fivnanGasearin le
2970 3,378 bp wuintalalmian KJB14-1-2011 uas
KJB14-2-2011 fiannuindawnugaty 99.8% uaziile
Lﬂ%ﬂmﬁﬂuﬁm“%a Xanthomonas  spp. ﬁLflu type
strainlugnudoya NCBI wuhiliafidudanumiion
agluﬁaa 88.95-09.41% fien distance 0.027 WuiLda
lalaan KJB14-1-2011 uaz KJB14-2-2011 9aagngs
X.

auuAYH 100% (Ml 2) lanigalunguitdsznausdan

W@enNuLTe axonopodis lapfian bootstrap
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X. euvesicatoria, X. perforans, X. axonopodis pv.
axonopodis, X. axonopodis pv. citri W8 X. fuscans S'fid
fulafidudanuimiionarlugig 96.62-99.47% F997n
MIANBIVB Young et al. (2008) 1ag3Tn5 MLSA
5@L°§an§jwﬁlﬂm§a X. axonopodis Wial3uifisuiie
vagaslelmaniuilie X, campestris WUAMNANSN
o6 91.4% UAZENIINLED X, dyei 132U 92.4% 9
FaAARBINLNIIANEIVEY Young et al. (2008) Aiwuin
‘%8 Xanthomonas ﬁ%’ﬂagiuaﬂ%&amﬁmzﬁﬁwﬁ
fndlelnduoans 4 fu wndautuunnnin 96% uas
HAMISATIUUNTIEINATA MLSA danfluns 4 g
sunsnliduwitnsnasn usdtmadenlunms
ﬁ’]LLuﬂL%a Xanthomonas (Young et al., 2008; Young
et al., 2010 ) uszauuafieluitadng I¢ (Gevers

et al., 2005; Martens et al., 2007) %ﬂﬁwaaa@ﬂﬁaaﬁu

100

ATMITUUNNIAIPIUAILINATLA DNA-DNA

. . o & o a . A Ao o @
hybridization nNULTE813BY (type strain) TINVDINNG

@
v

) v A A a 4d9 v A a
wanelizms 1w desiiirasnsds AldTeuiiouuss
fyaanindriuynns

NMSNAFaUNTBIALLNDIAIWAITEAY Pathovar
. o F o qea
WU Wwanuansulunisnasssirinldiialsa
ldiawziugandddmrimu  ldwunaifalsaluis
A A v e . & Saa @ @
phedug  usedlWAwinselivenduiamziugan
a o , o A
AUAR ULALIAUNNTANEIWEY Goncalves (2003) 4
° & o A P A
mLLunLmammqkﬂlﬂmq@maﬂmaagmaﬂma f
WULNISzUNalnlssinaus@a 1JuiTa Xanthomonas
axonopodis LRZANNANINARBLNTNALNL DN
o a o = & A &
mslawzyaaldas Fnauanitoiilu X

axonopodis pv. eucalypti

100 X' cynarae ICMP 16775

100 X. gardneriICMP 16689

X. hortorum ICMP 453

74 X. populi ICMP 5816

X

pv.
X. fragariae ICMP 5715

s ICMP 13

pv. juglandis ICMP 35

X
X pisi ICMP 570
X. vesicatoria ICMP 63

61 65

89 X, dyeipv. dysoxyliICMP 2415
95 0 X. dyei ICMP 5382
70— X, dyel1CMP 6041
X, bromiICMP 12545
100 100 X. oryzae ICMP 3125
— X. vasicola ICMP 3103
I X melonisICMP 8682
100 ¥, euvesicatoria ICMP 109
X. perforans ICMP 16690
X

100
1

47

jspv. /5 ICMP 50

100 X. fuscans subsp. fuscans ICMP 239
X. axonopodis pv. citriICMP 21
100 KIB14-2-2011 +—
00 - KIB14-1-2011 +——

X. cucurbitae ICMP 2299
X. codiaei ICMP 9513

Y o
[ X. sacchari ICMP 16916
100 X. theicola ICMP 6774
63 X. hyacinthi ICMP 189
0 X. tranlucens ICMP 5752

ICMP 10041

0.08 0.06 0.04 0.02 0.00

Distance

jlia ICMP 17033

A “ o g0 @ a A & a a . A > &
NINN 2 ﬂjquauwuﬁﬂqﬂuu’lﬂaiﬂqﬂ@maﬂUu dnaK, fyUA, gyrB LLas rpoD NN aNANUAINNEIINIRNG

WiNAY 3,378 adla lne vadae lalaan KIB14-1-2011 way KJB14-2-2011 vSuutisunuie

uwuafi3ud1989 (type strain) luda Xanthomonas 1at3T neighbor-joining dLaIaLLSIMIALLNLT

LEAIA Bootstrap MNMNTFIWII 2000 A39 ¢ lUsunTN MEGA 5.1
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q

mmﬂug@mﬁwﬁﬁﬁma WNadNEN UYL
a | o A o & A a A
e LWathaueniTaLuanIe LLa:wgaﬂiﬂmu
WANMT Koch’s postulation WAZHNIMARBLAMENTA
a A a = 1 I a A 1 &
nIsIvInussel wudnduwuantezdsny
Yiowass unsuay  Auwaniaaaluuy  monotrichous
AA A & o A Aa
lalafifiwies nanuw (Duduin Wiy ldluanwid
ame ldiiadi3en fermentation litaSyunanmian
L@n  triphenyltetrazolium chloride 0.2% uazLiTaiisea
UsznaununIltunad

ilmq%ﬁ@ xanthomonadin

MuauaRenuATBNluge Xanthomonas
; a ¢ A a a ™~
axonopodis ~ MyaNzillIsuRsuThalazTunm
na ladunwuludadwa Xanthomonas wWuinaanany
§ . oA,
Yo X. axonopodis W X. campestris GRYEY
RNTOULNANNUANGIVBITONIREY 88 ITALIW
A a & 1A a A o v A a
WalianzAlSoufsuanumilauvessrauiiinile
Indvasdn dnak, fruA, gyrB waz rpoD AvaNiSedse
% (mutilocus sequence analysis) TN wNLTaR
vu X. axonopodis  uwazilanagaumsiialsanuie
o P Aa L o® A o &
aduriedug  NINsnwILduiNTaduveada X,
axonopodis  wuihliiAaleldlanzivganddas
Wi andayansnuaainann ﬁdﬁ@ﬂvlﬁiu%mm@;
A A e A a &
lsalugandnuad gAALAENNLABLT X

axonopodis pv. eucalypti
v a
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