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Abstract

The experiment was conducted to isolate and identify the causal agent of leaf spot on
mokara orchid during October 2012 — September 2015. A yellow bacterium was consistently
isolated from the affected leaves. Pathogenicity test revealed that the bacterium was able to
cause leaf spot symptom on mokara orchid, and allowed reisolation of the inoculated
bacterium from the infected leaves. For the physiological and biochemical properties, bacteria
were gram-negative, rod-shaped, motile, facultative anaerobic, tolerate 10% NaCl concentration,
positive for catalase, indole production, gelatin hydrolysis, citrate utilization and produced acid
from cellobiose, lactose, glycerol and mannitol while negative for oxidase, arginine dihydrolase,
nitrate reduction, hydrogen sulfide production and starch hydrolysis. Repetitive sequence-based
Polymerase Chain Reaction (rep-PCR) technique was used for study genetic relationship among
the yellow bacterium. The BOX and ERIC primers showed low polymorphism and there was no
genetic relationship between bacterial strains and their origin. Phylogenetic analysis based on
16S rDNA sequences and the biochemical test showed that the yellow bacterium positioned

closely with Pantoea ananatis.
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3. Nadaun1siAalsA (Pathogenicity test)

naaeumsislsatundelianadonnin lasideadeuvefiFeiiuenldanndelivuems Psa
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(Koch’s postulation) daidenitiafianuisasildidalsavundasldldunsuundnvusaisiusido
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4.1 AnwipuautinisduaduasiAndvondouuniide

yhmsfnsaaantinieg meieduasiandvesdonuaiiBounasenisiivanzan uagsndu
fon13suunTe Tnednwin1uiini15u09 Bereey’s Manual of Determinative Bacteriology Ninth
Edition way Laboratory Guide for Identification of Plant Pathogenic Bacteria Third Edition lawn
ANSEBUALUUBASY, NISNAFBUAILENTATAYAY, motility test, oxidative/fermentation test, salt
tolerance, catalase test, oxidase test, indole test, gelatin hydrolysis, esculin hydrolysis, starch
hydrolysis, citrate utilization, arginine dihydrolase, nitrate reduction, H,S production & ¢ acid

production



4.2 MsAnaneRunALwememala rep-PCR
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afnASuedeyndngagy Qlhamp DNA Mini kit (Qiagen, USA) Inendsaitienuaiiisuuamis
PSA UsieliTigumndl 28 esmwaldea WWuiian 48 $alus 1470 1 gU avansludiines ATL Y5uns
180 lailashns antuindae Proteinase K USinms 20 lailasans naulvidity vulifigamgd 56 asm
waBea WWunan 1 $alus WhusnetWives AL Usines 200 lulasans nasliiiniu uasualifgamnd
70 srwadod 1unal 10 wiil uduindie absolute ethanol Usuns 200 lulasdns waulmidai
ﬂﬁﬂﬁuamﬁauwauﬁ"’qwuﬂiﬁiu QlAamp Spin Column ﬁlmmagjuu collection tube Wnluduindes
A5 10,000 FUFDUNT w1 Wit LWAsw collection tube Tnal wédnfutvlles AWl Usanas 500
Tulasans Tu QlAamp Spin Column tlufumiesaanusa 10,000 seuseurd uiu 1wl wiaufs
Tlwlas AW2 U3u1es 500 Tulasans Tu QiAamp Spin Column Jumlesdeninuss 10,000 sause
W19 WIu 3 W19 141 QlAamp Spin Column Tdlumaena microcentrifuge wasalud ududnmeUWes
AE U3 200 lulasans thlumissniinda 10,000 seuseund uiu 1 undi iiusnwli -20 sem
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Anwanefiunaowememaila rep-PCR selnsiwes 2 ya laun ERICIR (5 -ATGTAAGCTCCT
GGGGATTCAC- 3’) /U ERIC2 (5’-AAGTAAGTGACTGGGGTGAGCG-3’) hag BOXAIR (5’-C TACGGCAAG
GCGACGCTGACG 3") Tneldusinnssialunisviiufasen PCR 25 lulasans Ussnoudefiduievende
WUAISEANULILTY 50 ng/ ul, TopTag Master Mix (QIAGEN Inc., USA) wazlnsiies ERIC ¥iinay 0.5
uM waglwsiues BOX $1uau 1 pM indSaiiduleseiniesmiunugamgil Biometra® (Biometra
biomedizinische Analytik GmbH, Germany) ﬁ’mumqmmﬁLLazLaaﬂﬁﬁmiﬁameﬁalﬁum{%mﬁu 95
ssrmaldoa 1una 7 undl wenanefiduleusinuy (denaturing) figauviadl 94 ssrniwadoa Wunan
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d11595U Numerical Taxonomy and Multivariate Analysis System (NTSYS) A1 coefficiency #il4fan
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yinsifisUSI 165 DNA gene vasildutediarinle Tneldelnsiues fD2 (5'-CCGAATTCGTC

GACAACAGAGTTTGATCATGGCTCAG-3’) ag rP1 (5’-CCCGGGATCCAAGCTTACGGTTACCTTGTTACGA
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CT7-3) Toeldusunssanlunisiuisen PCR 25 lulasdns Usznaumeduevesdowunfiisening
Wudu 100 ng/pl, TopTaq Master Mix (QIAGEN Inc., USA) uazlwsiues fD2 waz rP1 ¥dinag 0.5 uM
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91nUfATe1 PCR unsialasizvimeitoznlsaadianinslui@a (agarose gel electrophoresis) Tngld
2% agarose T 0.5X TBE l¥nszualifinfidiariusnedng 100 Tiad uiu 25 urd Joudiduladae
wienluslud asaguauiduenieliuatgansililewn dwmanda PCR Winszimadiuiaadlelvg
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Snwarornmaiuganauiiiaad sovunafiurdivdosdniou MnenisTuLsuRATAYEER AL
Ansefuduunavieivg sililusasls luulasifinsszuiavedlsasunsslasanzdrsiinunazeinia
FouagnudnwuraInsnduuiutenenwazniunennailgldaieg Mlvdensniniuwazaansisla
(Figure 1a, 1b)
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an1sLenFeannnIndnunze1nsluge uagnduaeniniveindaslianadienaiin nuide
wuafiFenidnvauslalainay Amdes uues NA lurngiidnwauslalatuuems PsA Talatiduidien
B (Figure 10) denifivlalatuagyilifudeouian? lnefudeusardluindudidofigungi 4
osrnwalea ivlundlwesea 15% uay 50% Tigaumgil -20 asnivaidea

nsnpdeunmauiRvesteidosunui WudeuuaiiGounsuay annsosnyldvidluanindd
p1mAuazlifiennie (facultative anaerobe) dslsinssiudnuazuuaiisoaunnlinvondqslifinei
enuidlulssmdlneuazinsssmmnieu Weuuafidoaimalsaveandelififisenulusaszme
waziflu facultative anaerobe f151891uN15ANWIv03 Abdullah and Kadzimin (1993) Wuide £
chrysanthemi \Juamglspidnazndlgliiananineuazanannaueudaluussimanade Cating et
al. (2008) s7w91unUNISAALIALUILEY (bacterial soft rot) mmamm%a Dickeya chrysanthemi (E.
chrysanthemi) vundaeliignuaniaudlunaignasian Ussmaanisoniniiundusn waz Cating
and Palmateer (2011) s1g91unulsAtd1lag @1n $31N e Dickeya sp. (Pectobacterium
chrysanthem) vunéeldeudifelulssmaansgeusnidundusnivuiy
dmsudsznalnedsealae Chuenchitt et al. (1983) Asranuiile Pseudomonas gladioli
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awnenstugnveansmelianavneluwdaslanndeldivanusuuy Teusy (2547) nulsanitaziin
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INUUATILTY E. carotovora subsp. carotovora LsALUNAAIINLUATILSE Burkholderia gladioli (P.
gladioli) Wag Acidovorax avenae subsp. cattleyae Upinilnazaaly (2552) wanifoainlundaeld
anuaNwILABioN s duuNaananveudnEes soULHATAN BALTIRIUT UNWNaTEIERNAINAATLYIN
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Mndeyadudu nuduuaiide £ chrysanthemi Wuannglsavoendasldiinumesusily
Uspinalneuasinelssna uazsnenuves aiguuazafin (2539) SwunidenuafiGeanvelsadouny
Ye9duUrIA (marbling disease of pineapple) lngn1snaasuAMalUANIFLATNUI Anantte
WUAILSY E. herbicola var. ananas %Qﬂﬁ]ﬁgﬁ}umﬁw%ﬂu Pantoea ananatis (Mergaert et al., 1993;
Trper and DeClari, 1997) Ineidoviaasyiiaiu facultative anaerobe Wuidsafufuidonuaiized
wonldanernislugandasliianadiennsivedine feiuiddidowuaiide £ chrysanthemi uas P.
ananatis Tun1sfnwiUseuiiieu

3. NadaunsLinlsa (Pathogenicity test)

wansnadeunisAalsafunéaelianafionns wuindeuvafiSeiidnvaslalaiinay Andes
fugnldanndelidmiaunsusy aumsanns uazs vy ansailiAslsauundelild dnvureinis
ndaandgnidie 3 Yu lundreliiiugadniasveuunaduidmdosdou 1ntugaverslngiurey
wradudvdedaay wnafianusndedurhldndeueinising uwasvililusiainduld (Fisure 1d) nns
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figaulsanuisn1sves Koch (Koch’s postulation) anunsauenlaieuuailiseilanvuslalaiinay 3
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4. uunanvuzaeiugtowuaiiseavelsniiy
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4.1 Anweuaudinsdieiiasidndvesdouunilse
va a a ara [ 49) a a aa )

nadeuAMandAn1alvaridndvoatanuniisen1uisnislu Bergey’s Manual of
Determinative Bacteriology (Holt et al., 1994) wag Laboratory Guide for Identification of Plant
Pathogenic Bacteria (Schaad et al., 2001) lngwguiigurnanismaaeuiudayalu Bergey’s Manual
of Systematic Bacteriology (Grimont and Grimont, 2009) Han1SANEINUI LB UATILTuTRN WML
Talafiuue s PSA WullenBudindes Wedeudunsunasnaasunisaisazay 3% KOH wuindu

aa ] I3 | = Ay Y  a v & Aa 1 a

wuAfiSeunsuay sUsaluvieu anansamdeuile Wigldvdluaniniiionniauwaglifiennie 13gyldly
911157301n88 5% 7%uay 10% adrueulyil catalase a@519toulesl tryptophanase M1l indole
Nndu Weau1sadeslaatiu gee esculin 14 citrate Wuunasansueu wazad1ensnan cellobiose
lactose glycerol wag mannitol 1 uwa@sldaiuisadsulumsmululasnla weldauisandn
wulagl oxidase, arginine dihydrolase laianansaasne H,S wazldaiusageaudala (Table 1)

4.2 MsanwraeRunAduLAsmALla rep-PCR

= ) v ¢ & A a v v < A o Y a

nsAnwdnvazaeiugiteuuaniseavlsalugnvendleldanaionasinaiuisavilviia
Tsavundaglille 4ruqu 30 leluian lneldinalla repetitive sequence-based polymerase chain
reaction (rep-PCR) Mmaglnsiuasdnuiu 2 4a lawn BOXALR wag ERICIR fiu ERIC2 (Versalovic et al.,
1994) wulnwswesisaosyaliarefiunfowevesdenunafiseannglsavaanaisldvnaienuglndifes

s

fiu Tnsiues BOXALR TigUuuuaefiunmdued uiu 6 wuu dwaufdue 5 wouinulaluynaienug
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voudoiienldanndelinazainide P, ananatis Inefisuuuurosmefiusididuounnsiisognsdnion
fuide £ chrysanthemi \auuafioanvglsavesndaslianadionaiirandamiauassunas
aynsanasiisUuuuasiunmduelndifiesiy dunuaiideanglsaveindqeliianavennisiainsivys
fisduvvanefiunfdwendeiuiu P. ananatis 11nN31 duglnsiues ERICIR fu ERIC2 Tiguuuuany
fanidiBuounneafusiuau 9 uuu dupufiBuie 4 unuitwulflunnaneiugueadofiuenldainndaeld
wazanude P. ananatis ImaﬁgmwwmmaﬁuﬁﬁﬁmaLL@ﬂ@iNa&m%’mwﬁ’UL%a E. chrysanthemi \de
wuAfiiseamalsrvesndqeldanaiennisiaindaminuasugusaraymsainsisluvuatefuifdue
IndiAeariu dunuaiivanmlsavaindieliianauennisiansvuilsuwuvaneinifdwendieiu P,
ananatis 1nn3Geaenndesiuiulngiues BOXAIR (Fisure 2) ¥1n1531A518nAL LR UEN1
fugnssuveade BenunuRiBueifienuuanmsssviadofinaasulnefvuauaufid el binary

data fielunsusnguaufduediandu “1” uaznisldusnguauiduediawluy “0” Tinsevinadeys

=

TG EJI‘UiLLﬂiﬁ,ma:uﬂ’JLmagﬁ%%ﬁ]gﬂ Numerical Taxonomy and Multivariate Analysis System
(NTSYS) version 2.20e (Rohlf, 1993) #1 coefficiency Al##ae Dice (Dice, 1945) wazdanguse3s
unweighted pair group method with arithmetic averages clustering ( UPGMA) (Sokal and
Michener, 1985) namsdnnguauduiusnisiugnssuvedio nudriien similarity coefficient ity
0.8 Insmetansynlvinaaenndesiu lnsdnnguidonuafiGefiuenldanndeliioglunduieatuiy
P. ananatis uagLENNGLDDNINLS E. chrysanthemi ALLANAI LS TTIT0NToLUATISoTueN
I§anndagliifian similarity coefficient infy 0.9 lnsiwes BOXAIR anunsautadonanidu 2 ngu
nsdangulsiaenadosiuunasiiiuesde diuglnsues ERICIR fu ERIC2 Anuuansismsiugnssy

padeuuniisefiuenlaainnalgldian similarity coefficient wirdu 0.85 @nunsauvadessniu 2

[
a =

nau nan1sdnanguliaenadesunasinvenliuliediy (Figure 3) AuRuLUTNISTUINTTUMLANTY
aelunauidowuaiisaannnlsalugaveandreliandsminuasugy aynsains Lazs1vy3s HaTua
o & A & v o @ O i & N Y Y a
woy Meilillosaneaudaniniluniundslgnuazunds@oriendotanenlndife sy 819R0N13
wwdeuinevaudelagfnluiudiuveneiiugvsetaguannmeldlauazandnnuinldlunis@nuilifies 30

U 1

angitug 3nunaslgn 3 Ywia Jaonauldladvinlulunuaruiuwdsvendelniiu usdlefiansanaiy
fnAdweluNNTIMuAIEINTIVIINToRUAT Ea L lugavasnaslltuliaundeadsiue P,

. & o < ad 4da .
ananatis awslsatlounurasduizsnveding ap1slsinig Tunimeassmsiiweindu type strain 210
culture collection flasunissensvagylinansiwundoidufinsyensulazdnaunnau

4.3 maUSeuiieuaiuiiandlolnauiim 16S rDNA gene VoLt we)

INISNUINIU 165 rDNA gene vosfiidwefiadnle Ingldalnsiues D2 uag rP1 uadds
Answmasuiiindlelnawseuiguiugiudeyaiduiiinalelvd usiaas 165 rDNA gene 184 type

. aa I & a Y ] ] | v o &

strain MiT189ueglu GenBank nuinwenuasvanwslsalunveindeldanadenmsitnaldusiuide

P. stewartii subsp. indologenes CIP104006 (accession NR104928) A1 identity 11111U 99% e P



stewartii subsp. stewartii ATCC8199 (accession NR044800) A1 identity ViU 99% {8 P. ananatis
NCPPB1846 (accession NRO26045) A1 identity 1M1AU 98% {8 P. alli BD390 (accession NR115258)
A1 identity WINAU 98% wazide P agglomerans DSM3493 (accession NR041978) A1 identity 1Ay
98% thdayadduianalolndsumiadl 117-1299 bp vuaUseum 1.1 kb vesdouuaiiGeaigls
Tugeesndnelifanasionnsianesiug M2229 M2551 uay M2615 asrsusunisiliifieganuduiusiv
\Fouuafli3eluasd Enterobacteriaceae uasdonuafiFoiiinenuduainalsalundeldl (Table 3)
Tne14TUswnsy MEGAS (Tamura et al., 2011) #2833 maximum likelihood Usgiiiuainuidesiuves
ununAFulEiFe78 bootstrap $1uIU 1000 1 Wy LTeaERLS M2229 M2551 uay M2615 dpngusau
fuidedifa Pantoea 9 5 %iin wonngudaiausanainile Acidovorax avenae subsp. cattleyae uaz
Burkholderia gladioli %ﬂlﬂﬂ%@h’mﬁ Enterobacteriaceae (Figure 4)

lasnnduilandlolndusiia 165 rDNA gene iiswshuriniienliaunseldswunadddues
deuuafiFeiifinnulnddntugalddniauimilouds DNA-DNA reassociation (Stackbrandt and Goebel,
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Figure 1 Leaf spot of mokara orchid
a. Disease symptom begins as small yellow water soaked spots, later the spots
expanded and turned brown with yellow haloes
b. Symptom on flowers
c. Yellow mucoid colonies on Potato semi synthetic agar

d. Pathogenicity test on mokara orchid leaf
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Figure 2 Repetitive sequence-based polymerase chain reaction (rep-PCR) fingerprints obtained
from mokara strains with (a) BOX primer and (b) ERIC primers; Lane M, 1 Kb DNA
Ladder.
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Figure 3 Dendrogram among mokara orchids strains applying the Dice coefficient of similarity

and the UPGMA method using the NTSYS-Pc software.
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Figure 4 Maximum-Llikelihood tree based on partial 16S rDNA gene sequences showing the
relationships of mokara orchid strains (M2229 M2551 and M2615) and type strains of

species. Bootstrap values based on 1000 replicates are shown at branch nodes.



Table 1 Bacterial strains used in this study and their pathogenicity for mokara orchids

Strain Host Location Pathogenicity test

mokara strains

M2228 Mokara Nakhon Pathom +
M2229 Mokara Nakhon Pathom +
M2230 Mokara Nakhon Pathom +
M2232 Mokara Nakhon Pathom +
M2245 Mokara Nakhon Pathom +
M2247 Mokara Nakhon Pathom +
M2254 Mokara Nakhon Pathom +
M2258 Mokara Nakhon Pathom +
M2355 Mokara Nakhon Pathom +
M2365 Mokara Nakhon Pathom +
M2368 Mokara Nakhon Pathom +
M2369 Mokara Nakhon Pathom +
M2370 Mokara Nakhon Pathom +
M2374 Mokara Nakhon Pathom +
M2383 Mokara Nakhon Pathom +
M2441 Mokara Nakhon Pathom +
M2549 Mokara Samut Sakhon +
M2550 Mokara Samut Sakhon +
M2551 Mokara Samut Sakhon +
M2552 Mokara Samut Sakhon +
M2553 Mokara Nakhon Pathom +
M2556 Mokara Nakhon Pathom +
M2557 Mokara Nakhon Pathom +
M2559 Mokara Nakhon Pathom +
M2560 Mokara Nakhon Pathom +
M15 Mokara Nakhon Pathom +
M2615 Mokara Ratchaburi +
M2616 Mokara Ratchaburi +
M2617 Mokara Ratchaburi +
M2618 Mokara Ratchaburi +
P. ananatis P708 Pineapple Prachuap Khiri Khan nd
E. chrysanthemi  E2398 Dendrobium Nakhon Pathom nd

nd means not determine; + means positive; - means negative



Table 2 Comparison of physiological and biochemical characteristics of bacterial strains isolated from mokara orchids

Character M2228  M2229  M2230 M2232 M2245 M2247  M2254  M2258 < M2355 < M2365 < M2368 < M2369

Gram reaction - - - - - - - - - . B, i
O/F test F F F F F F F F F F F F
Motility test + + + + + + + + + + + +
Growth on 10% NaCl + + + + + + + + + + + +
Oxidase test - - - - - - - - - . , i}
Catalase test + + + + + + + + + + + +
Indole production + + + + + + + + + + + +
Esculin hydrolysis + + + + + + + + + + + +
Gelatin hydrolysis + + + + + + + + + + + +
Citrate utilization + + + + + + + + + + + +
Nitrate reduction - - - - - - - - - . , i}
Arginine dihydrolase test - - - - - - - - - . . ,
H,S production - - - - - - . - - . _ _
Starch hydrolysis - - - - - - - - . , } B}
Acid production from:

Cellobiose + + + + + + + + + + + +

Dulcitol - - - - - - - - - . , _

Glycerol + + + + + + + + + + + +

Lactose + + + + + + + + + + + +

D-Mannitol + + + + + + + + + + + +

D-Sorbitol - - - - - - - _ - - - -




Table 2 Continued

Character M2370  M2374  M2383  M2441  M2549  M2550 < M2551 < M2552  M2553  M2556 < M2557  M2559

Gram reaction - - - - - - - - - . . _
O/F test F F F F F F F F F F F F
Motility test + + + + + + + + + + + +
Growth on 10% NaCl + + + + + + + + + + + +
Oxidase test - - - - - - - - - . , ,
Catalase test + + + + + + + + + + + +
Indole production + + + + + + + + + + + +
Esculin hydrolysis + + + + + + + + + + + +
Gelatin hydrolysis + + + + + + + + + + + +
Citrate utilization + + + + + + + + + + + +
Nitrate reduction - - - - - - - . - . , i}
Arginine dihydrolase test - - - - - - - - - . . ,
H,S production - - - - - - . - - . _ _
Starch hydrolysis - - - - - - - - . , } B}
Acid production from:

Cellobiose + + + + + + + + + + + +

Dulcitol - - - - - - - . - . , _

Glycerol + + + + + + + + + + + +

Lactose + + + + + + + + + + + +

D-Mannitol + + + + + + + + + + + +

D-Sorbitol - - - - - - - _ - - - -




Table 2 Continued

Character M2560 M15 M2615 M2616 M2617  M2618 P708 E2398 PAG! PAN? PSIt PSSt

Gram reaction - - - - -

O/F test F F F F F F F F F F F F
Motility test + + + + + + + + + + + -
Growth on 10% NaCl + + + + + + + + nd nd nd nd
Oxidase test - - - - - - - - . , , ,
Catalase test + + + + + + + + nd nd nd nd
Indole production + + + + + + + + - + + -
Esculin hydrolysis + + + + + + + + + + + -
Gelatin hydrolysis + + + + + + + + + + - -
Citrate utilization + + + + + + + + + + + -
Nitrate reduction - - - - - - - + + + - .
Arginine dihydrolase test - - - - - - - . - - . ;
H,S production - - - - - - - - nd nd nd nd
Starch hydrolysis - - - - - - - - nd nd nd nd
Acid production from:
Cellobiose + + + + + + + + + + + -
Dulcitol - - - - - - - - - - , i
Glycerol + + + + + + + + + + + -
Lactose + + + + + + + - + + + -
D-Mannitol + + + + + + + + + + + +
D-Sorbitol - - - . - - - - - + . ,

Y Data from Bergey’s Manual of Systematic Bacteriology Second Edition Volume Three (Logan and De Vos, 2009) and Mergaert et al. (1993), “nd” means no

“

data, “+” means positive, means negative, F: facultative anaerobe, PAG: P. agelomerans, PAN: P. ananatis, PSI: P. stewartii subsp. Indologenes, PSS: P.

stewartii subsp. stewartii



Table 3 Strains used in Maximum-likelihood tree

Strain Source Location Accession no.

Pantoea stewartii subsp. indologenes CIP104006 ' Fox millet India NR104928
P. stewartii subsp. stewartii ATCC8199 Maize USA NR044800
P. ananatis NCPPB1846 ' Pineapple Brazil NR026045
P. ananatis SUPP1791 Netted melon Japan AB297969
P. allii BD390 T Onion seed South Africa NR115258
P. agslomerans DSM3493 T Human Zimbabwe NR041978
Erwinia cypripedii ATCC29267" (Pectobacterium cypripedii) Orchid USA Ug0201

E. chrysanthemi DSM4610 " Chrysanthemum USA NR041972
Acidovorax cattleyae ICMP2826 T (A. avenae subsp. cattleyae) Orchid USA AF137504
Burkholderia gladioli CIP105410 Gladiolus USA NR044378




