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Specific disease surveillance sheath brown rot of rice in highland rice
plantation of Chiang Rai province and characterization of bacterial
pathogen
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Multilocus seguencmg analysis (MLSA) lagtasizsiainuilandlalnaves housekeepmg genes U 10 U N
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ABSTRACT: In 2016, specific disease surveillance survey on bacterial pathogens associated with sheath brown rot
and grain discoloration was conducted in highland rice plantation of Chiang Rai province. King's medium B (KMB) was
used for specific bacterial isolation of Pseudomonas fluorescens. Two hundred and fourteen bacterial isolates with
fluorescent pigmentation on KMB was obtained from diseased samples and seventy - seven isolates from
representing the collecting districts were subjected for hypersensitivity reaction (HR) test in tobacco plants. Eight
isolates were found to be HR positive, and they were detected by PCR using 16S rRNA primers specific to P.
fuscovaginae. Results from subsequence cloning and nucleotide sequencing comparison of the 16S rRNA of these
eight isolates to the GenBank database, four isolates namely 59PFCRMSO2-7 59PFCRMSO2-8 59PFCRMSO2-10 and
59PFCRMU4-8 were in the same cluster with P. fuscovaginae. These four isolates caused the sheath brown rot
symptom on inoculated rice seedlings. After cultivated on KMB at 30°C for 48 hr, white cream to cream colour,
opaque, circular, convex, entire, colonies size 0.3 to 0.8 mm in diameter with green fluorescent viewed under UV
licht were observed. They are aerobic, Gram-negative with rod-rounded end cells (0.5-0.8x1.9-3.3 pm). The
incubation for four to five days at 28°C on Nutrient agar, induced white cream colonies with a diameter of 4-6 mm.
The biochemical test result was positive for oxidase, gelatinase and arginine dehydrolase, but negative for sucrose,
arabinose, trehalose, 2-ketogluconate, inositol, sorbitol and adonitol, and not reduce nitrate, which was similar to
P. fuscovaginae, except that growth at 37°C was observed. Multilocus sequencing analysis (MLSA) of the
concatenated nucleotides sequences of acsA, arok, dnak, guaA, gyrB, mutl, ppsA, pyrC, recA and rpoB housekeeping
genes revealed these four isolates were similar to those of P. fuscovaginae Philippines strains, IRRI 6609 IRRI 7007
and S-E1, at the similarity level above 99%. Further confirmation was done by whole-genome nucleotides alignment
against rice infecting Pseudomonas draft genomes which showed the similarity level above 90% to P. fuscovaginae
IRRI 6609. The emergency action measures were immediately implemented to stop disease spread by The Rice
Department and the Department of Agriculture (DOA) of Thailand. All rice plants in the infected areas were
eradicated.

Keywords: rice disease; bacterial sheath brown rot disease; Pseudomonas fuscovaginae; MLSA
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Tsanuluiinvesdna (Rice sheath rot) vilvinandnuesdnnanas 20-85% lnsflanmglsaduion Sarocladium
oryzae SR Fusarium fujikuroi M%mmmaﬂiﬂmmﬁmmﬂﬂa;mLs'ﬁyal,wﬂﬁﬁﬂ Pseudomonas #1azildnuare1n1si
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P. fuscovaginae \Judwewinu (prohibited article) Lﬁaﬂmmﬂuﬁmgﬁ%ﬁ'ﬂﬁu (quarantine pest) MuNTE 1TV AANNY
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et al, 2009) lufufin1sudnduensninats wazsanantg ‘WUmiLﬁmiiﬂﬁiquLLinﬂﬁqiyLﬁamamamﬁwmLﬁau 100%
(Rott, 1987)

\We P. fuscovaginae \Junuail3ounsuau ldadreaos figusrnduviow Wavineuu dauin 0.5-0.8 x 2.0-3.5
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Mulet et al. (2010) fidas1uunidadae33 Multilocus Sequence Analysis (MLSA) 438U 165 rRNA gyrB rpoB Wag rpoD
wazRew Quibod et al (2015) Sasuunidedae MLSA Tngld8u acsA arof dnaf ouaA gyrB mutl ppsA pyrC recA uag
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1,300-2,000 LUMS LLazﬁaqumﬁqﬁﬁﬂu%’aﬁmL%aaswa mudnYalzeMsnsIeulng Cother et al. (2010) duiiusiegng
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(Zafri et al., 2015)
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msfndenieuuaiiSedemaia Polymerase chain reaction (PCR)
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flsraaulnenisadne Phylogenetic tree m133% Neishbour-joining AiuaaiAIAUU LT afiaves Phylogenetic tree aanis
ATILAMAT Bootstrap 911U 1,000 A% Tnol4TUsunsu MEGA 7 (Kumar et al, 2016)
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was (fluorescence pigment) 53184N1INAFBUANANTANIINIEAIN warduaiiJudnuazveuie P. fuscovaginae
(Miyajima et al, 1983) léun nsiadayneldanneiilifieondiau msasaeuley oxidase nsld arginine mm%zyﬁ@mmﬁ
37°C N33 LULATN NSYRBLIATRY LLazmﬂ‘ﬁﬂ;ﬂma sucrose arabinose trehalose 2-ketogluconate inositol sorbitol
uay adonitol MLIBTN1TNAAOUVBY Schaad et al. (2001)
nsnadaunisiinlsaludud

vhuueiiFeilvinaufAsen PCR iuuandulnsiwed PF3/PR3 uazainsanmsinseiidanalelvdudy smaaouns
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)
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f198u Ugnieuusiundnang 40-50 Yu deTBanwaduuiuassiieuiuing 0.25 wa. druinunluamAinisues Zafi et
al. (2015) m’maavé’ﬂwmmmwé’aﬂqm%a 14 Ju
nsIAziLaziUssuisuainuilanalalnaues housekeeping gene #1835 Multilocus sequence analysis (MLSA)
waziFeuifisudrduiinedlelndvedluniuiadede

thideuuaiiGeawelsanulunidimavesdndiuan 4 lelwen wnadadlufindiduielasarade Presto™ Mini
gDNA Bacteria Kit mm%umwuaw%ﬁ%é’wﬁm (Geneaid Biotech Ltd., Taiwan) ve188ud1v03 housekeeping gene ¥838U
acsA aroE dnak guaA gyrB mutl ppsA pyrC recA way rpoB dsasziianduiiandlelnad Vishuo Biomedical Pte. Ltd.
uaz Novogen Co. Ltd. Uszinaansisasguszvvudu thieyaitldindnydiesgididuinndlelne wisuiivuanuduiug

¢ v aa

MINUENTINTIAULTD Pseudomonas spp. 31U 36 angiug Aeian159es Quibod et al. (2015) lagasis Phylogenetic

)

tree gaelana Maximumn Likelihood (ML) 31as1g%a1uu1dadeves tree fian bootstrap 1,000 adq Tneldlusunsy
RAXML (Silvestro and Michalak, 2010) kagA1uauA1A10LRA aua281uLAa Maximum composite Likelihood Tagld
TUsIASH MEGA 7 (Kumar et al.., 2016)

mMsiaseialunvendaduny 2 lelatan ldur 59PFCRMSO2-7 uag 59PFCRMSO2-8 Tnuasslufindidutediarin
lodenuluinszvimainuianalelnadvesdlunaisunaneosy Iumina HiSeq Auu3Eyn Novogen Co. Ltd. Usgind

v a I~

a15130usgUTTMYLY aTvaeuRunnvesiRuilirdlelndmelUsunsy FastQC ddeyadduiandlelnaudndiuezuny
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¢ ¥

wosuavarduiindlelnaidnuninaiaelusunsy Cutadapt waztnaiduiindlelnaedlunuueuiisudiuie

P. fuscovaginae maﬁua: IRRI 6609 selUsnss Burrows-Wheeler Aligner (BWA)
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ANgR 22.4°C ANUAUAUIS 80.7% warUSunaunu 166 . (Mun: annfanienine Yminduese) iudieg1adninugiig

q $1uru 16 us Tiun dutines 1 91duu nu13 9:dun szdiun a¢d 8ln fivalan 2 nua9 nv1a Jeldlas Fousidu
Yl N6 N15 wazeInenued 105 Tuituivgninsunesant usiftmans Besde wiase Wos wian Feadosds
wagnu Jmindeas T,msﬂﬁyuﬁLﬁuﬁaasmﬁm'mgjammsﬁuﬁwmLaixm"m 391-582 LuMT ﬁLﬂuﬁuﬁmmwdwmm uay
‘171'Lﬂuﬁuﬁiwwumﬁszéﬁ’ummqq 619-1,033 LUAT 31U 350 HIDE4 wansemsEasawaznuluihdiima (Figure
1A-B) findofudnuaizonmsfidsneeu (Cother et al, 2010) Ynnuenideuunfiiosasemig KMB nudefidlaladides
waddeanielduasganiililedin $1uau 214 Telaian andaegrsernismulunindiuau 11 lelewan wagaindiee1as
wazLanA19d1uau 203 lolwian

miﬁ’mﬁanL??amnﬂﬁﬁ%mmmauaumaeimﬁauwé’uuuéiumqu (Hypersensitivity Reaction, HR)

Fadondefiieuaiuuonns KMB Tneiidnwaeienud Bigiimana et al. (2015) s1891ul3 ieldidufunuves
wasitiinsdrsasiuan 77 lelaan nudnde 8 lelwian Ldur 59PFCRWC3-7 59PFCRWC3-9 uay 59PFCRWC3-10 91
guneiissds wenlaaind nuid Ingleleian 59PFCRMSO2-7 59PFCRMSO2-8 way 59PFCRMSO2-10 tiuldanngLneu
a9 wonnd1atiel 18y lelaian 59PFCRMU2-9 wag 59PFCRMUA-8 uenatnsnunewdes Tudnugnd fliuaufftennis
mevausspgudsunauduuIn ImawuluEnquﬁé’ﬂwmmﬂuﬁL‘Mﬁaaﬁﬁﬂ%mﬂuﬁnmﬁﬂqm%@ aelu 24 21us (Figure
10)
msAndenidedlemaia Polymerase chain reaction (PCR)

e 8 lelawanilinauvaniunisvaaey HR lus1gu wmsaaidosasmaia PCR daglwsied PE3/PMR3 1
penuUUTUIEAUTY 165 RNA Y80 P. fuscovaginae annsanfinuSinaduiidueiifivunsmig 714 bp I (Figure
1D) upsiilorndduinndlolndveadolinneiuisudsuivrondouuniiiiouugiudoya GenBank faelusinss BLAST
HIULA3 89189198 WResLTR (https://blast.ncbi.nlm.nih.gov/Blast.cgl) wazAnwiAmNuduRusNIHUNIIUABN15AS
Phylogenetic tree w11 4 Telwian laun 59PFCRMSO2-7 59PFCRMS02-8 59PFCRMSO2-10 Way 59PFCRMUA-8 flanau
Thedlelndmilouruide P. fuscovaginae anevtug ICMP 11824 9 nUszimaladubeidnanaumilou 97.78 97.78 97.62
uay 97.78% muai Tuvniziidelelean 59PFCRMU2-9 mfloufuile P. oleovorans aneiiug Pss.48 fisanumilon
95% \Jolelaian 59PFCRWC3-7 59PFCRWC3-9 59PFCRWC3-10 willouifuifo P. parafulva anewus PRS09-11288 i
ANITlow 99% wag P. fulva anewiug YMC09/4/B4619 finumiion 99% (Figure 2) 3slddmdoniamzide 1w 4

Tolaaniwilouriuie P. fuscovaginae unld@mnwludumely
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Negative control

Positive control -

S9PFCRMS02-10
S9PFCRMU2-9

S9PFCRWC3-7
S9PFCRWC3-9
S9PFCRWC3-10
S9PFCRMS02-7
S9PFCRMSO2-8
S9PFCRMU4-8

B. glumae
Dickeya zeae

Xoo

dH,0

M

Burkholderia glumae

59PFCRMSO2-7

59PFCRMS02-8

59PFCRMSO2-10

S59PFCRMU4-8

Burkholderia glumae S9PFCRMUA4-8

Figure 1 Symptoms and polyphasic study of bacteria causing sheath brown rot collected from Chiang Rai province
(A-B) Symptoms of sheath brown rot and grain discoloration of rice (C) Hypersensitive response on tobacco leaves after
inoculated 24 h (D) Agarose gel electrophoresis of PCR products amplified using specific primers PfF3/PfR3 (E) colony on KMB
under UV light (F) Gram’s strain (G) Growth at 37°C (H) Arginine dehydrolase (1) Oxidase test (J) Symptoms of the sheath brown

rot disease of rice plant 14 days after inoculation
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6o P. oleovorans PsTp.156

P. oleovorans PsS.48
P. oleovorans PsS.67
P. monteilii CIP 104883T
P. putida partialLMG 2257T
P. parafulva CIP 107617T
@ 59PCRMU2-9
P. cremoricolorata CIP 107616 T
P. fulva CIP 106765T
@ 59PCRWC3-7
10| P. parafulva PRS09-11288
39 P. fulva YMC09/4/B4619
ss; @ 59PCRWC3-9
5/ @ 59PCRWC3-10
P. putida PC2
P. anguilliseptica LMG 21629T
P flavescens CIP 104204T
P. straminea LMG 21615T
P. nitroreducens CCUG 12538T
P. aeruginosa LMG 1242T
P. resinovorans LMG 2774T

@ 59PCRMS02-7
@ 59PCRMS02-10
@ 59PCRMS02-8
P. fuscovaginae ICMP 11824
@ 59PCRMU4-8
P. fuscovaginae ATCC 23835
P. fuscovaginae ICMP 9996
To0] 72— P. fuscovaginae LMG 5742
P. fuscovaginae ICMP 9995
36| | P. fuscovaginae ICMP 5940
P. fuscovaginae DAR 77320
861 p. fuscovaginae DAR 77800
P. fuscovaginae LMG 2158
P. chlororaphis LMG 1245T
79 P. cichorii LMG 2162T
m P. viridiflava LMG 2352T
P. avellanae CIP 105176 T
P. cannabin CIP 106140T
P. caricapapayae LMG 2152T
P. syringae partial LMG 1247T
P. meliae LMG 2210T
1001 p, savastanoi CIP 103721T
P. agarici partial LMG 2112T
P. mandelii CIP 105273T
P. migulae CIP 105470T
P. mucidolens LMG 2223T

100

P. lundensis CIP 103272T

P. rhodesiae CIP 104664T

P. azotoformans CIP 106744T

P. tolaasii LMG 2342T

P. gessardii CIP 105469T

P. cedrina CIP 105541T

P. orientalis CIP 105540T

P. libanensis CIP 105460T
P. fluorescens A1l

P. marginalis LMG 2210T

P. veronii CIP 104663T

001

Figure 2 Phylogenetic analysis base on the alignment of 714 nucleotide PCR amplified of 16S rRNA DNA using
PfF3/PfR3 primers of eight bacterial isolates (black circle) isolated from sheath brown rot of rice in Chiang
Rai province against GenBank database of related Pseudomonas species Neighbour-joining tree were

reconstructed using MEGA 7 with 1000 replications bootstrapping

NINAFRUANANTANINENZINANET NIN18aW uazdaiaiiunedsenis

Lsfalaimaw 59PFCRMSO2-7 59PFCRMSO2-8 59PFCRMSO2-10 Whag 59PFCRMU4-8 WUNI5LA3 ey U115 KMB
01 48 $alus dnwauzlaladinay (circular) TWayuanimiiiens (convex) veulaladiifeu (entire) Wdusinugudnanaads
Uszan 0.3-0.8 1a. lelafidvnaiuiiuuas dedsadiovuomns Nutrient agar uian 4-5 fu figaungd 28°C Taladiiidy
HIUAUENaeUIEINN 4-6 13, 1NN1IVRARUNNEUgIWInevasnsfendunsy Wunuaieunsuay susialurisunse
(rod shape) sahesu vuAANNs 0.5-0.8 luasou waze 1.9-3.3 luaseu drusnnwusgduwadifen 9 vieey lug
oranusiefuluasduy 4 desnsesndiaulunisiaiey (aerobe) adrudndiSosuas (fluorescence pigment) a31avoulasl

oxidase gagtaaniu 114 arginine ldaunsastadluwmsndululasy liaseas Levan aantmna sucrose lilldiana 2-
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ketogluconate inositol sorbitol waz adonitol #471519 Table 1 uay Figure 164 donAd 03U uaNTAvadLlo
P. fuscovaginae (Miyajima et al., 1983) aﬂﬁuﬁﬁﬁﬁuﬂﬁﬁqmwﬂﬁ 37°C warlaildinna arabinose uaw trehalose Fsindly
INIIBIUVBE Miyajima et al, (1983) ﬁwud%%alaiﬁﬁzgﬁqmmﬁ 37°C wazigoldiimna arabinose ua trehalose agils
Aaunsfinwiues Duveiller et al, (1988) wuinidle P. fuscovaginae ABWUFAING YU Lavas susTUIUR 2 aneiudi
nadeu aunsnaildfigamngd 37°C wagluldiinia arabinose drunisldtiina trehalose nusBaLRsUINLATAY

(Schaad et al., 2001)

Table 1 Physiolosical and biochemical characteristics of four bacterial isolates of sheath brown rot disease from

Chiang Rai province compare to Pseudomonas fuscovaginae NCPPB 3085' (LMG 2158)

YP. fuscovaginae

Test 59PFCRMSO2-7 59PFCRMSO2-8 59PFCRMSO2-10 59PFCRMU4-8 NCPPB 30857
(LMG 2158)
Fluoresce on King’s
+ + + + +
medium B
Gram’ s strain negative negative negative negative negative
Shape rod shape rod shape rod shape rod shape rod shape
Size (um) 0.5-0.7 x 1.9-2.9 0.6-0.7 x 2.1-3.3 0.6-0.8 x 2.1-2.9 0.5-0.6 x 2.1-3.1 0.5-0.8 x 2.0-3.5
0, relationship aerobe aerobe aerobe aerobe aerobe
Growth at 37°C + + + + -
Oxidase + + + + +
Gelatin hydrolysis + + + + +
Denitrification - - - - -
Arginine dihydrolase + + + + +
Levan formation from
sucrose ) ) ) ) )
Utilization of:
Arabinose - - - - +
Trehalose - - - - +
2-Ketogluconate - - - + -
Inositol - - - - -
Sorbitol - - - - -
Adonitol - - - - -
HR in tobacco plants + + + + +

Y Miyajima et al. (1983)
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59PFCRMUS-8 fiuvesannie Pseudomonas spp. $1u3u 36 aneug wuiders 4 lelawan Smnuwilouvesdiiuiiang-
Tolndifuidle p. fuscovaginae lunguanssiug IRRI 6609 IRRI 7007 uaw S-E1 andsemaiautiud fiaranumioulugag
99.94-99.99% wazdtaanndodiun1siangusie Phylogenetic tree (Figure 3) fiaonndastun1sAnuves Quibod et al.
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Ao 59PFCRMSO2-7 uag 59PFCRMS02-8 nuinfiaumilounesdluniuide P, fuscovaginae IRRI 6609 a1nfladiud 7
93.86 Way 90.3% MUE1NU

Quibod et al. (2015) wui1 P. fuscovaginae ﬁﬁiuuﬁﬁwsju (flexible genomes) dANuaINRABYBILATIATI
wavnthiivsuendenisusudaves P, fuscovaginae Lﬁa@i’ﬁqaqsl,uamwLLmé'amﬁmmﬂmma waziinsuanasuiulounds
K1uN13 insertions WA deletions FoyAwaNL IFANYIANNAITIATIZH secretome seniransUgnidelutnn §euadds
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' 1Y
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Burkholderia glumae LMG 2196

Figure 3 Phylogenetic tree of four bacterial isolates of sheath brown rot of rice (black circle) and closely related
Pseudomonas species using 20,728 bp concatenated nucleotides of housekeeping acsA arof dnak guaA
gyrB mutL ppsA pyrC recA and rpoB genes. Maximum likelihood was used to infer the phylogenetic
relationship with bootstrap of 1,000 using the RAXML software
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