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Abstract

Bacterial panicle blight disease is caused by Burkholderia glumae and B. gladioli. In outbreak areas,
B. glumae decreases rice yield by up to 75%. This study aims to conduct an epidemic survey of the bacterial
panicle blight disease in Thailand and identify bacteria causing the disease. From 2019 to 2023, 225 rice
fields were surveyed throughout 38 provinces. Rice seeds, leaf sheaths and leaf blades with symptoms of
bacterial panicle blight disease were collected, and bacteria were isolated on nutrient agar (NA) media. B.
glumae and B. gladioli were detected using the polymerase chain reaction (PCR) method with 16S-23S
ribosomal DNA internal transcribed spacer (16S-23S rDNA ITS)-specific primers. One hundred and eighteen
bacterial isolates from 38 rice fields in 16 provinces (Central, Northeastern and Southern), including the three
International Rainfed Lowland Rice Observational Nurseries (IRLRONs) in Ubon Ratchathani, Sakon Nakhon
and Nong Khai Rice Research Centers, were tested positive for B. glumae. Baterial identification was validated
by 16S-23S rDNA ITS nucleotide sequence analysis, biochemical testing and whole genome sequence
analysis which identified three isolates (BG19NPT-03, BG22PNA-49 and BG23SSK04-20) as B. glumae with
average nucleotide identity (ANI) of 99.87, 99.94 and 99.66%, respectively. Additionally, three bacterial
isolates from three rice fields in two provinces of Northeastern were tested positive for B. gladioli using PCR
and biochemical testing. Furthermore, pathogenicity tests on the rice KDML105 variety were observed for
confirmation of the disease-causing agent. Systemic symptoms indicated rice leaf sheaths and blades began
to decay, appearing brown or gray rot with dark brown or reddish-brown margins, unfilled grains, grain
discoloration becoming strawed, and transverse brown rot of lemma and palea. The symptoms of artificial
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inoculation resembled the appearance of a natural infection in rice fields. Emergency action measures were

immediately possessed to prevent the spread of the foreign strains of B. glumae by the three Rice Research

Centers and the Department of Agriculture. All rice plants were eradicated from the three International Rainfed

Lowland Rice Observational Nurseries areas.

Keywords: rice, bacterial panicle blight disease, Burkholderia glumae, Burkholderia gladioli, rice disease
survey, bacterial identification
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Fig. 1 Symptoms of the bacterial panicle blight disease in the rice fields: A-B = dark brown lesion at the

booting stage; C = seed discoloration turns straw-color with dark brown or reddish-brown transverse

on the glumes; and D = symptom on rice leaf sheath at the heading stage

e lea]

Fig. 2 Burkholderia glumae and B. gladiolimorphological characteristics: A = B. glumae isolate BG22UBN-4.1

colonies on nutrient agar (NA) at 2 old days; B = clear zone around bacterial colonies of B. glumae
isolate BG23SSK04-22; C = B. gladioli isolate BG23MDH15-03 on NA medium at 2 old days; and

D = Gram-negative rod shape of B. glumae isolate BG22UBN-4.1

U ¥ ‘d‘ U ¥
AudN82kdAaIN19N lukazn UL ANAUTI9LAN
navruLUuiazdunaainigleenn

2. Msuan@auuniide Burkholderia glumae Wag
B. gladioli

sntisdnfiansenisednalsnsadlusl S1uan
663 Fatne ieaLaNITaLWeNNs NA #1390
wenlfidenuai3eusaninnan ey adeide
Burkholderia spp. 1131 262 lalhian Ae talatidao
W NAN Yulantes 1auFey 1uialan AuN
@uﬂ’ﬂmqm'ﬁ'ﬂ 1.1-2.3 HadLumT Lﬁm‘%@mﬂ 48 Gl

e 121 lalaan 519219 toxoflavin TalAwaaala

1198153119979 TN 15 11U 1 Wns1Aw - Aquiaw 2567

1181917 NA (Fig. 2A-2C) T9gn3dinansla iuilass
Ao g9 a ) = a

A1 lFAmlsA (virulence factor) 289uWLANLTY
Burkholderia spp. @116 lsaia aeinglsfinu wanann
d” U Aﬂy a a A

e B. glumae WA VBLUANIHANNATIANT
B. gladioli waz B. plantarii dnaiugnalsnguL
A111308579417 toxoflavin laduniu Inadanslaann
A13RWAD4 11701089 UUBIUNTLALNITE (Chen et al.,
2012; Jeong et al., 2003; Yuan 2004) 4w 121
laTmanil § 63 lolaan Alqela (clear zone) 78U
Tnlatl (Fig. 2B) WeAnmanuEn g WIne w89
ARLLANIFEAYY 3% KOH wavfandimaaiumiizs
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Fig. 3 Agarose gel electrophoresis of PCR amplified products using the primers GL-13f/GL-14r for detection
of Burkholderia glumae (395 bp) (A) and primers GLA-f/GLA-r for detection of B. gladioli (300 bp)

(B) that negative control as Xoo = Xanthomonas oryzae pv. oryzae BB2022UBN-22, Xoc = X. oryzae
pv. oryzicola BLS2018-1, and distilled water (dH2O)

14
WLLBNINTRgsaunBEenUAiFe 16 laloan wuan
a a v a al .
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TS 204130 B. glumae WU4N FeuuafiFe 118
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81913 B1NNIORNLFNN T LA LA LT a1 A
395 bp (Fig. 3A) a8AARBNALNNIANE1284 Takeuchi
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2477 300 bp (Fig. 3B) AAARBINLINNIANETDY
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4. Meanuwungianuaiisaanuntsasaalu

4.1 ALANUTANNTUAT NNINAABLNITATI
ulaieanding Aoaudunsoaaaudniiagil
Microbiology Bactident® Oxidase (Merck, Germany)
wudn uuARiaea 16 leloan ansnsnadraiewlel
DANTAR MNALINABNITNARALAEILNUATIAAAL
dfag lenpseunnaniindaniidangansia
g3a31) API® 20 NE (BioMérieux, France) 1Wnanns
Suundeuuniice 16 leloian aeandesiunnanta
ﬂJmL%'a Burkhoderia spp. (Table 2)

4.2 Qpszvianauilanale nsuFions 165-23S
rDNA ITS NANI3IATIENRHUANAINANANUTN
are3dmuinig taaldarauilonalalnduiinn
165-23S rDNA ITS Tessaumudenuniiae 6 lalzian
1#un BGT19NPT-01, BG19NPT-03, BG19NPT-05,
BG19NPT-07, BG1INPT-11 waz BG19CNT-11.3

100

9

P
0.050

14
anuunitluiie B. glumae (Fig. 4) AanARASALNANNS
paaaaLAneaantens Inadnnguesiu B. glumae
MAFF301169 T4ilu type strain Wae B. glumae
1BGRE5-1 lalmanuanaindsudniesidn 19sneany
v
neuntinil (FAanT uazAnie, 2560) JA1 %identity
14 1
99.97-100% UENNANeaNaNi@a Burkholderia 1]
NG TG
4.3 Aansziasudanale Inmisaluy (whole-
v
genome sequencing) AATnzaNALTaARA T TN
= o & Aa A Y %
alunresunude LA FeAuenlaaindrqlunina
¥ o a A A
nae AAld waznanzdueen@eaauile Ae leloan
BG19NPT-03, BG22PNA-49 ilaz BG23SSK04-20 sNd
o o 1 zﬂ” a a a
AU Wudn WeauuanGe 3 lelman U1 average
£ 4
nucleotide identity (ANI) AariLiTa B. glumae Saea
99.87 99.94 Uaz 99.66 ANANAL (Table 3) T9A1 ANI
4o do 3o - ,
dunilaludruinsgrunldauunaiia (species)
R ° o ANa Aa o |
wuAnze laaniuualduuanFanaAn ANI Aau6
v dgl a a a a o 2‘1
faear 94 Auld wiuafFerfiafeaiu wenanil
flafiAn GC content 68.19, 68.14 uaz 68.37 mol%

&

Ind\AreriLAn GC content 284 B. glumae &NaRUS

Kl

BG19NPT-11

BG19CNT-11.3

BG19NPT-05

S = Burkholderia glumae Group

BG19NPT-01

Burkholderia glumae 1BGRE5-1
Burkholderia glumae MAFF301169*T

BG19NPT-07

Burkhelderia plantarii VA1316*T
Burkholderia gladioli pv. gladioli ICMP 3950*T
Burkholderia gladioli pv. alliicola ATCC 10854
Burkholderia cepacia BJ1222

Ralstonia solanacearum ATCC 11696*T

Fig. 4 Phylogenetic analysis of Burkholderia spp. 13 strains/isolates and Ralstonia solanacearum (out-group)

(*T = type strains of species) was inferred using the neighbor-joining method based on the alignment

of a total of 415 positions in the final dataset of the 16S-23S internal transcribed spacer region. The

numbers above lines represent bootstrap values from 1,000 replicates with MEGA 11 software.
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Table 3 Genome features and statistics of the sequenced and assembled Burkholderia glumae

genomes

Feature BG19NPT-03 BG22PNA-49 BG23SSK04-20
No. of contigs 279 284 180
Total contig bases 6,712,253 6,772,404 6,556,713
N50 (bp) 50,347 46,041 74,821
GC content (mol%) 68.19 68.14 68.37
Estimated genome size 6,654,625 7,237,816 6,343,151
Geneb,902 5,868 5,712
CDS 5,830 5,791 5,634
No. of tRNA 67 71 73
No. of rRNA 4 5 4
No. of tmRNA 1 1 1
Average nucleotide identity (ANI) (%) 99.87 99.94 99.66

N50: A N50 means that half of all bases reside in a contig of this size or longer

ANI: % of relatedness at whole-genome level

LMG 2196 Bailu type strain B 68.20 mol% Matii

=3 o a A ?/ d’l

AR UNLUAREERS 3 lalaian dwide B. glumae
drusurdalalsian BG19NPT-03 a1na9udn

uAILN WAy BG23SSK04-20 anAsudnesazing §

o

o o a = & A dill
mmumm‘lﬁ@immmmum@ B. glumae mwwuﬁq

BD 21g awglsatnnlutlszmetiananme unign
A1 ANI §atiaz 99.87 UAY 99.66 AMNATAL T84AINT
A8 B. glumae 60BGCRMSO31-5 antwnlsasalugd
pa9t19 lusandnimesse dszmelne Sa1 AN faaay
99.86 uaz 99.52 Awnady Tusnsiidelelaian
BG22PNA-49 a1ndaudanen darauiiaaalalng
wileuide B. glumae aneniiug 957856-41-c &nunlse
dalusgaedaun anigelnsnn uaz B. glumae
60BGCRMS03-9 awglaasaslusdiansdqludamdn
\era3el Usemnalng Hein ANI $aeiay 99.94 (Table 4)

5. ANSNARDUAIMNFINITO LUNITNDLSA
FTEENAUATLANNE MAILQNITE 3 Fu Fudnaisy
waA9a1N1AU LNTINAEN AN AT R NN BRLLKAR
Aaldu (Fig. 5A-5B) wuazene il uaswuennis
whiilu@snanidunanslu (Fig. 5C) wastlgniaa 7
514 fudaudmsanIsilatianfeudunnnan Lz

981391N1349 TN 15 a1Tui 1 ungA - Rguiem 2567

lusazaaulu TnaRveuknaluaRULA T HANN A AT
vredumnanae (Fig. 5D) Tnelalmaniiuansannis
suusann Aa lalmian BGT1ONPT-11 uenlaanniudn
d1rig na41 Sandpnasigu laltian BG22UBN4. 1
weinandnaig nu59 Aandnguatsi wazlalaian
BG22NPA-49 uginldaindiaiuganonanuzd 105
IMTANI WHATENaE1999m5991n1 IeandqLn
A8l VTALEATLNEATNANNENA AU NN LUl
fialudraaugatlansly
o & o = a
srevaanAan wasgniTe 3 4u naunenALY
al £ al 1 = %;
Wuan19119 AukarA UL UREIAIAMIN WU
1a9nALAAN IPLNALAANTIAEFIALEUUAAIDINT
nau (Fig. 5E) meﬁaﬂqﬂﬁﬂ 7 93 WU WARTI7
ugnsanslsassludvias (Fig. 5F) wanannil senu
an1snuluwazlinduinaiietianieduinna aau
% 5 do A oy XA X
WHARUIANATN TurnuENAUNNUAfe1N TN T@a Ly
LAAIAIN1TY9lUITHENAY WANNE LAZAANADN
, d . g Y

(Fig. 5G) HaNINITUENLTRANNFUALAAIAINIT WU

o A o o o o Ao
anwaurlalatiuiaudunuenlaainsaasineniunn
anuilasin (Fig. 2) uazidetlgniaaiianass dauans
, o o & 4 =2 a 1
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Fig. 5 Systemic symptoms of bacterial panicle blight disease on rice KDML105 after artificial inoculation

with Burkholderia glumae: A = systemic symptoms in seedling stage, brown lesion on rice leaf sheaths

and blades; B = symptoms in tillering stage, brown or grey rot with a dark brown margin on rice leaf

sheaths; C = initial infection on rice midrib; D = necrotic symptom with a dark brown margin on a

rice blade; E-F = symptoms in flowering stage, unfilled grains, grain discoloration with transverse

brown rot of lemma and palea; and G = no symptom on negative control
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