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Study on Burkholderia gladioli and B. glumae, Pathogens of Rice in Thailand

Yuews NARH' uaz ASWs aauuila”
Boonyaporn Parkpoom' and Siriporn Donnua’

Abstract: Burkholderia spp. causes seedling blight and dirty panicle diseases of rice. Thai climate is
suitable for occurrence of these diseases but rarely reported in Thailand. Total 49 isolates of bacteria were
isolated from rice seeds. Colony on Nutrient Agar (NA) was white, fried-egg-like colony, entire margin and
produced yellow pigment. Colonies were classified into two different size categories according to their
diameter: type |, the average size was 1.16 micron and type I, the average size was 0.66 micron. Type
[l caused more severe disease than type | by induced leaf sheath blight with dark brown margin and
panicle blight. Both types were classified into Burkholderia genus by Matrix Assisted Laser Desorption
lonization-Time of Flight Mass Spectrometry (MALDI-TOF MS) analysis. Identification by Polymerase
Chain Reaction (PCR) using gla-FW/ gla-RV primers which specific to B. gladioli showed positive to type
[, when using glu-FW/glu-RV and BG1F/BG1R which specific to B. glumae showed positive to type II.
Phylogenic tree analysis by UPGMA, type | was classified into B. gladioli group and type Il was classified
into B. glumae group when compared to bacteria nucleotide sequences in GenBank, NCBI database.
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L%’ﬂ Burkholderia gladioli Wa e B. glumae
HludeuuniiGuawemanine WiinlsawEasig
visalsAsalvgl (bacterial panicle blight) WAz
nandvizesunan vl (seedling rot %138 seedling
blight) 89d19 tTymniaifialsamédnstevizalsn
saaluaeedng denansenusanisnandnesing
mnLﬁmmnﬁﬂﬁmmammm@ﬁq 70% (Mulaw
et al., 2018) WUWNWFszUNALALAR lTIAAANNIAS
e ulszmAaniaunasiafay ssmdlng
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mi‘ﬁmﬂ%ﬁmﬁm%@ﬁ‘ﬂﬂﬁ@ﬂ (FUAANT LazAnLE,
2560) FouuniGe B, gladioli @unsan e
21n19999 Wislreadne e1ntmnaui lunssuzinng
WAA waznUlRinAaTeddng a1nneviai
UDIUNARTBAALATUDN 390090 NI TLIRA Uazln
whlundaglfanasie @edmd uazane, 2553;
Afel, 2560; §N1N30d warAMY, 2562; Ura et al.,
2006) 30 B. glumae faaniudngNa N vinlu
MAFUNAN WA WanaL iWuamananlu
naiinlsasaeludeedng inlduandand1nanas
uazdanudnanunsaninlfiAnlsaiianvesuzide
uzidewa 91 Win uaziedug anndn 20 Tila
Tmﬁwumiﬁ‘zmmﬂ;"al,m‘ﬂﬁﬂizmmﬁﬂu (A,
2560) U unn Iraaude wila zﬂﬂu WNUALE
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(313819 uazAuy, 2560) 'ﬁuﬁ?‘imqmﬁu@@mﬁm
Irasaniewing quiden mndauazeniduse
NM93EUNATRAIT B, glumae aAYMINLIAN
nasAuRiTe NABLEY AT BTG ViledaaiaanT
lupntesmunsansanisiianisszunnvesisals
2819990139 Wazsinwun19szLNAutingzasd1aeen
399 @1z Winendnadumsis .Wwanay vnsa
WAARETIaNN2ANe TuNUuATERIINITIeNTad
WARAAAY (Yuan, 2004) AN TusnEe
LLAT AN TiLgAeN NN TINER AN NAGELINNT

falsna G]?Q@?S‘qu‘ﬁﬁﬂLL@::“%’WLLuﬂij“H@\‘lL%ﬂZWLW{]
eavifutlszloniilunisnsaaauuaziiinsed
miLLwéa‘:mm%qm@mmm:wuﬁmmﬂ:@ﬁ@%\a
luidaninnuazlinnunananaesdalnely
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aUnsaluazlanng
NSWENLTALLANITLAINLNARTND
dgl/ a a [~3 v dl
WENLTIRLUATNLTHANNLNAAT 19 AR
BINN9AN WHARAL LAZANAUNANNANANAN
[~3 al'd Y v | = v £ daol
WAANHDINNINAT1FanaN suadtiinng
Inefmuladiaann Ruiz et al., (2003) Schaad et
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al., (2001) a2 Yuan (2004) ALFAIL1NAINAINIA
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nAug Uyusnl upstgn Feeidnuav@ariys
Wga9t] W.A. 2556-2562 TNNNHTRUURLLNAR
v & %’/ @ A v v
el 70 % WAANBERR ANNUULANAAVTRFUNAN
Turhilsgin@audauinly spread plate Lua1ug
sucrose-phosphate-glutamate (S-PG) Uuh
37 agAIa@ag 48 dqlue Anaenlalaiiinen
Adnednaaga g nutrient agar (NA) Lu? 37
= o A o X a <o X
avANTalTea 48 Galue e liima1sgnoinaian
w4 nutrient broth (NB) Uni@ialiuasaaiaeinmausa
90U 100 70UABUT gEUNNH 37 aeAlTaltad
48 dalue udaiuine e lunamesean -20
BIATALTEE

NAaUNITNalsALUNANIII bRGY T2 lusses
NANLAZITEZAANS
ﬂ@m%@tﬁ@ﬁg@ﬂmmmﬁﬂ Koch’s
postulation AAKUAIITANN Keith et al., (2005)
Nandakumar et al., (2009) uaz Yuan (2004)
euuARGet 49 leloan L NB e
fguuniivesiunan 24 dalus widuiad
WTITUARETE OD_ w1y 0.2 ﬂ@Jm%@muu
nunenia g deisn e ufisen daaeq
e B. glumae waz B. gladioli Wiwngafiuludng
(Keith et al., 2005) %JWL%@'?{E@&’QE 70 % LRANBARR
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o U 9./&91 v &
nunalaelldanin wiane s Tas L Uane A
UuapNuEaLENmg 50 uladns savew 1 Tu
NTIATAY 3 11 T1AT 3 T ANUUNTLANEN TR
luaruanmaasaite danaainismndu una
7 1 tuineasazangnwiFaudeuiunssnia
dav¥ .4, X .
AauANT lF A e T U BITAR LUUADE
. X . . s
nanisdgnisaasuudalaadnulasdsain
Nandakumar et al., (2009) waz Yuan (2004)
H@esunu type | (K16-09-16) uaz type II
(K29Ws07-006) taei@ardinniuludng ane 1 1hau
te1Bunns 50 lulnsdns fe 1 fiunsIndtas 30
ARNAIINATIAANUIL 12 FaTue udaeIgeeen
N9sxttar 10 41 dunmainienndu unan
o o =R = o aal Py
7 u tuinuaifFaudiauiunsssnsaruaui 1
SO/ 1 dsj [3 v aca = 1
1lan Ugnieuuiuanfaeian1sannuuueag
y » v
d1aszazaenuiu anglszunnd 3 ey e
U3u1m9 3 HARAMNT ABTIN ANUIU 3 FI9ABAU
AARENNAL 3 91 AGNAEINAIAFNUIW 12 Falus
udalangeean dunnaniemndy wunan 7 Ju
o K = o aal d’j
Tuinuau FauisuiungssdsaLAx LanEaan
wanLuINTLgniEelasguun 5 999 anvisg
9 994 ABNITNAD UARTINNRIIAEALALEAE PCR
d AN o A o v
Wetuduiaana
N1SATINAAUAILAMANUANINILNINUAE
Fapduneilsznng
Aneanmuzdugananzesialatinig
flanAuULLNIN NNTLRTYLUANMIINN 3% NaCl
NN9IA3TYLUANMTNA pH 4 pH 8 pH 9 Lazn1e
glagllaaAu MNITNI9U8 Schaad et al., (2001)
NN9IASTYNAUNYN 40 aeAIaLTea waznigld
arginine ANXNA8N13284 Schaad et al., (2001) Laz
Uraetal., (2006) wazn19as el urease AN
A5n179949 TUARNT LaTADLY (2560)

N15AFIATTYTUALLATNLTUA28E MALDI-
TOF MS

AONTounATFaFIuNY S1uu 8
wthaelu Type | anuau 4 lalhan 1dun NK009-
02-02, NK001-04-01, NK018-05-02 way K16-
09-16 WAy type Il a7uqu 3 loldian lawn
MPWS, BP02-004, NKO10-05-03 way K29WS2.4
(accession KX213522.1) Admaglungaiiian
fu type II Immgmuummi Yeast extract-Malt
extract (YM) ﬂm‘ﬁ'@mmﬁﬁmmu 48 daluq
ansudasaat1 L finsAngAaa s sume
NIENIINAI1T UL eduunafinlnanis
31As=s A28 MALDI-TOF MS #edumaunis
FAsinFaulasan Kajiwara (2016)

nsATIATEUTUALLANIEALERE PCR Tagld
Tnwsiassunie uazdasziidsauiiausn
Autiaadlalng
AI9ATzyINALTaLL AT FE4 AL 49
lalaian tnaldlwswes gla-FW (5'- CTGCGCCT-
GGTGGTGAAG-3)/ gla-RV (5'-CCGTCCCGCTG-
CGGAATA-3) fisumnzsiatte B. gladioli (Maeda
et al., 2006) waiwes glu-FW (5-GAAGTGTC-
GCCGATGGAG-3")/ glu-RV (5’-CCTTCAC-
CGACAGCACGCAT-3") uazlwsiuas BG1F
(5’-CCGCGCTGTTCATGAGGGATAA-3) BG1R
(5'-CGGGCGGAACGACGGTAAGT-3") ‘IﬁﬂoWLW'ﬁz
[ﬂ'm%@ B. glumae (Maeda et al., 2006) 147n
UfjiTe1 TP1000 ExcelTag (Smobio, Taiwan)
TuFunmnssun 25 1ulnsans Usenavusae 10x Tag
buffer 2.5 lulAsan3 25mM dNTP (Toyobo, Japan)
1 lulAsans DNA template 1 luiAsans Twswwas
20 mM gla-FW uag 20 mM gla-RV agiNay 1
lulnsang ensaida B. gladioli Insiwas 20
mM glu-FW/ 20 mM glu-RV e 20 mM BG1F/
20 mM BG1R aginsaz 0.5 lailasans itemsaite
B. glumae 1.25 U ExcelTag DNA Polymerase
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(Smobio, Taiwan) 0.25 lulasans UsuLFunssae
dH,0 Wiilét 25 Tulasiins 14 delalnian K2OWS2.4
accession KX213522.1 1flu positive control
Aa B. g/urr?ae wazy dH.0 \{l4 negative control
MUY 94 espniaiTaa Huaan 5107 1 sau
mﬂ&uﬁ’]ﬂﬁﬁ?mgﬂiﬁﬁﬁ 94 paAnaaEe Wuom
1 w7 siedae A 63 seraades Wiuaan 1 und
LA 72 eernTaiTed 1 117 41w 35 58U Uax
saugainedl 72 evrnaades Wwna 5 Wi
#in PCR product fildmsagaudae gel
electrophoresis Uu 1.5% agarose Tu 0.5X
TBE buffer uaziadutaliuignilag
15 High Pure PCR Product Purification Kit
(Roche, Germany) 3R uR U LUz
Tne135N ukad9 PCR product @auuaide
Faunuanuau 10 lelaian lufau3sn Solgent
Sequencing Service (UszinAn1va) el
sdufianalelng tneulude type | S1uw 5
lalaian leun NK001-04-01, NK009-02-02,
NK018-05-02, K16-09-02 LAy K16-09-16 WAL
type Il anuau 5 lalaan laun K29Ws07-001,
MPWS, BP02-004, BP02-007 war NKO10-05-
03 AntwingduTanalelnun edit & align
uAtNIAFIUNUN R A NANTUEN 19 Ug NI TN
(Phylogenetic tree) Tmma@ﬂmﬁmmjmmu
Unweighted Pair Group Method with Arithmetic
Mean (UPGMA) saalilsunsn MEGA X a1nnig
ATUITU bootstrap 1,200 a¥e 1WRauieuy
famalalnstu DNA gyrase subunit B (gyrB) 289
L%mmﬁﬁﬁm"lugmﬁaw GenBank, NCBI léuri
L%I'ﬂ B. glumae (KX6384030.1, KX213522.1 uay
MF139560), B. plantarii (AB190645.1, AB190654
way AB190657.1) B. gladioli (AB239178.1,
AB220902.1, AB220893), Pesudomonas
fuscovaginae (FN554185.1), Acidovorax avence

(EU024200.1), Xanthomanas oryzae pv. oryzae

(MH560799.1) was X. oryzae pv. oryzicola
(MF248714.1)

4
NANITNARDILATIANTY
NSuENLTaLLATNLFERINT1?
d’l a a dld o aal
wenawuANsanianeuclalatiauag
nax Yu 1714219 UUNWNSAETe S-PG (Figure 1
A, D) t6anuqu 49 lalgian SaNanunizAfneTe
B. glumae type B N31aanulng Judand uazane
(2560) Schaad et al., (2001) waz Yuan (2004)
1 type A HANHULNAN Y 19UEHL AUnaas
Aal o =
wad ke type B Talaftdnae aziieunaavizensa
NANNALAY LATLIRMEAENLLANMT NA WUI1
al o aa v ]
Hanwouelalatidann nanvevlandnelinng vau
Foy 45198198 massuuRautine s (Figure 1B,
C) TaenulaTatlumnsnariu 2 Wiy wismNauin
Wuruguinaslalail Ae type | 10101088 1.16
luasau JAa1uau 32 lalban (Table 1, Figure 1
4 o . . e 4
E) Seflawnlungjuazyunda type 1l Adawaeae
0.66 luAsau a1uq1 17 laldian (Table 1, Figure
1 F) Bashalinumesnwdnde B. gladioli Alalatl
210 IMEN91 B. glumae L1a11%17 NAAINKANNT
d’l dd‘d 1 o o %
wenmanu A talnNuuALANFAN9A WA IHd N1
uginia B. gladioli I@dnandn Wasanfaunaluay
A1 NeaiulstaLa IneannyasingENn I N T
auaulzlu azinlwinwainlanalunisideninlail
PWNARNYBATD B. glumae NIRIIAIATIZH LS

NAKAUNITNALTALURANII bAGY W19 lusse
NATLASTLYULBANGIN

nasaumsalptasTanuATBaiIA
49 'laTsian LuntUven witannsLlgnide 24
il wudwﬁwmﬂqm‘%@ 2 5unnlalaanneli
Lﬁmmmiﬁiﬁﬁﬁﬂ?LQMLLmaﬁﬁ’]nﬁiﬂ@nL‘%@ LSCRTY
ﬂqm,%@ 3-7 fu Uiwnuazenglveyfinaumdu
wnalazwdudtiona wh dndundudnies
‘Lummzﬁmmuamﬁ'@ﬂzﬂﬂL‘%ﬂé’fmﬁmﬂdﬂmmm
21N131U0
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Watlgniaavuuniuludiolaaldiae
laltan K16-09-16 Lusauni type | WUINUAS
5 . o 4 A
anigniaa 1 Ju nMuluiFnaiilgnidediainis
2111 nasanigniaie 2 4w nuluBuuansainig
Indunal@de1amn veuunalduinia uasann
¥ . 2 x
nsignide 3-4 Ju uNaTENYRNNINTY 381
unaiAurmnady wasannnislgniaie 5-7 Ju
LealiaENE TeLLNANANIANA T NAINITONDS
winlddnian (Figure 1 G) uazieigniaalals
AN K29WS07-006 Aulusiaunid type Il 1agann
gnitia 2 Ju nulRaENLAAIINI3 AT
POULNANALIANE UAIa1NN9LgN1aEe 3-7 Fuuus
X Y v s e
wenalvnfiu 2euunaidtiamaduauienn uas
anawlldalu (Figure 1 H) GenaliiAineinis
TUUINNINTD type | lWanLENgIniBALANLIS
Ugniasasinnlanliuansenis (Figure 1 1)
y ¥ )
Welgniauusasdnluscazaanuiu
e imelalban K16-09-16 Wlusaunuide type |
WUINT1ILAAIRINTINEARNT LNART1MN 2BL
WHAAUNANS MAIAINUgNITE 3-4 U uazh 7 Fu
aa %—‘I v d’( < Y o
PAULHARNAUIAANTY WinaeunladaLau
(Figure 1 J) Wailgnialalaian K29WS07-006
Wusauwnuide type 11 WudNdaugneaniIsuan
ANLAZAL YRUUWNANAUIAIALTN 799TF9TU
(Figure 1 K) @ana liiinTanguusandnia type | i
wanfunisielsalunen luanzinssuisacuaw
Wailgnimasaeinnlan lduansanis (Figure 1 L)
P N T
ueniaanmanilgniiadnaiiuaznma
v s doa . N
#RUMIEATE PCR Wiatiusiuna wudnd@eiuanann
WanvaINssNIsNgnitie lalaan K29WS07-006
Anie 5 999 sxylidniwmaiiwme B. glumae
(Figure 2 B) dau @euenldaniuanaeensssia
nlgniaalaloen K16-09-16 a1nvis 5 999 sey e
duiluida B. gladioli (Figure 2 C)
NANTTNARBIADAAR BIALITIE9N UL
FudaT uazAnz (2560) Mnagaulgniaeiuan s

ANNARTNIALEAIBINITNEARNS NLTLIN Fagl
aal = U £ o ca 1 U
Fan1sandniuludaiugiengdan 2 wudasiuy
2 U 1 £4
NAN114aAI1N1INU LN TuTluua AR
al %; dl éz aa
MINEIND YBLLHARUNAA uaziNaLgnimanuaiize
lalaian 1BGRE5-1 wlufaunuiueantsanndnn
LAAIANINITLNAAAINAINUT 1R Us Aralan 2

a q
v
N o v

1 [~3 a 1 r-dl a A
NUIMHAARDIN7AN LA URVTENRYU AL
L3I LNINNANEOUTAIN IWARAL WA
WAIANE WBNANTARAARBIALIIENTUAINARDL
= ] dﬁl a a v
AANWIBLUANTY B. glumae Lwdnaluszazaan
PUNUIN IIAABINITINEARAN WHARAL LAY
7991915 VRULNARUIMIALASBAZNAN LN A 13 H
A el aenuasiuanidn waznudine
TAalsalunaniialunlaavinlivauuansainig
41 111 Inawmiiu (Kato et al., 2013; Nandakumar
et al., 2009; Yuan 2004)

N1SAFIAFAUAILAMANLANIINILNINUAE
Faauneilsznng
HANIINAGAUAUANTRANIINIEAIN
wazdAiLN9Lsens (Table 2) NUIWLATIEY
¥4 49 lelia WuuuaT Gounsuay ANNNTLAITY
uummiﬁ@mmﬁ 40 DIATATNA WATAINNID
giaglaa AW WAL LM IULa9TUAaNT uaz
AT (2560) LAz Schaad et al., (2001) LazULd
a5 3% NaCl uazlsianunsoisioyléa pH
4 ua¥ pH 9 LwALNAUMENLe9SUAANT way
ATUE (2560) way Ura et al., (2006) u@nmn‘ﬂ
WUdINANIMAReLNI9 LT arginine AMNN90AANGH
16 2 ngu sanpdesiuNsdAnguANaUIAlaTall
L1AINT NA UAZAAAARASTLITIEN U89 Schaad
etal., (2001) findndnide B gladiolils{\% arginine
T ) glumae @ 113014 arginine Toentlaeu
Fomsandwdeafiudtinna usnudniasiey
#i pH 8 uaznsaseuln urease liidanndas
Aunanisannguauaunlaladl wsilde type | 1%
nan1snagauvlauiunlaloan ganiTe type I
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PaTIuANANITU deAR&eIRLE 18 Uraka-
mi et al., (1994) az Vandamme et al. (1997) ‘171I
Nea91T0 B. glumae AnaseyAuTs 1 21-79%
7 pH 8 uslidanAdesiLsne1aas Schaad et
al., (2001) uay Urakami et al. (1994) 7inaa9n
@0 B. gladioli &30 \WIeyiAulng pH 8 uazlal
genndesiUeuTind1a9 1t B. gladioli Tivia
afrauazliafraenlad urease daumeauang
JUaT LazAnly (2560) naNdde B, glumae
lala¥1aeuldsd urease

N15A5IATeUTNARLATILSERAIEAE MALDI-
TOF MS

NANN93LATZH MALDI-TOF MS Wudn
faatnaunafiGe type | 1 4 lalmian 92191

iy de B. gladioli daupiatuLLANEe type I
1#un NK010-05-03 uaz K29Ws2.4 szydnilu
L%@ B. gladioli 91 MPWS ay BP02-004 el
dedniwide Burkholdria sp. fFapauiiasannin
lsifdeyaveside B. glumae Tugudeyarednsy
ANYVAIARTNITUNNE NIENIWNATTITUGY e
N ldnFauiiay Asanunsnszyliinaess iy
Anda wiaunsnudulddndedananalaildite
B. gladioli WARNN199188 ULBY Kajiwara (2016)
#131A9129 MALDI-TOF MS ifteduunidauuniide
fiuenannudadna ldur B. glumae ua B. gladioli
ov. gladioli wuingnansaszLiaiTea s salE
BENYNABIUATUNEN

Table 1 Characterization of 49 isolates by colony morphology on NA.

Province Isolate

(variety, year)

Colony morphology on NA

Kalasin

K16-09-01 to K16-09-16 (16 isolates)
(RD 16, 2019)

Type |; white, fried-egg-
like colony, entire margin,

Nakhon Pathom
(KDML 105, 2017)

produce yellow pigment

NK001-04-01, NK001-04-02, NKO01-05-01, NK001-05-02, NK002-03-02,
NK002-05-01, NK009-02-02, NK009-03-01 to NK009-03-03, NK009-05-01 to
NK009-05-03 and NK018-05-01 to NK018-05-03 (16 isolates)

and the average size was
1.16 micron (32 isolates)

Roi Et (KDML 105,

Type II; white, fried-egg-

K29WsS07-001, K29WS07-004 to K29WS07-006 and MPWS (5 isolates)

2013-2014)

like colony, entire margin,

Pathum Thani

(unknown, 2017) (4 isolates)

produce yellow pigment

BP02-001, BP02-004, BP02-005 and BP02-007

and the average size was
0.66 micron (17 isolates)

Nakhon Pathom
(KDML 105, 2017)

NK010-05-01 to NK010-05-03 (3 isolates)

Sing Buri

SBR05-001 to SBR05-005 (5 isolates)
(unknown, 2019)
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Table 2 Physiological and biochemical characteristics of total 49 isolates from rice seeds.

Growth condition 2
© (%)
o B
= >
pH c 2 3
Isolate T 5 @ g
6 2] ® -— e
© & c 2 £
O z 4 8 9 € IS @ IS
S 2 © o o o)
< ™ O < D )
BP02-001, BP02-004, BP02-005, BP02-007,
K29WS07-001, K29WS07-004 to K29WS07-006,
- - - - - + - +
MPWS, NK010-05-01 to NK0O10-05-03, SBR05-001
to SBR05-005 ( 17 isolates)
K16-09-01 to K16-09-09, K16-09-12 to K16-09-16,
NK001-05-02, NK009-02-02, NK009-03-03. NK0O09- + - - + - - - + +
05-02 (18 isolates)
K16-09-10, K16-09-11, NK009-05-01, NK018-05-01
- - + - - - - +
to NK018-05-03 (6 isolates)
NKO001-04-01, NK0O01-04-02, NK002-03-02,
+ - - - - - - + +
NK002-05-01, NK009-05-03 (5 isolates)
NK001-05-01, NK009-03-01, NK009-03-02
+ - - - - - - - +

(3 isolates)

Remark: + = positive, - = negative

K16-09-16

Figure 1 Colony morphology of K16-09-16 and K29WS07-006 isolates, each isolate was streaked and incubated at room
temperature for two days; K16-09-16 on SP-G agar (A,D), K16-09-16 (B,E) and K29WS07-006 (C,F) on Nutrient agar.
Sheath blight symptom on rice leaf sheath 7 days after inoculation on three month-old seedlings stage (G-H) compared
to control (I). Panicle blight with seed discoloration and fertile seeds 7 days after inoculation on flowering stage (J-K)

compared to control (L).
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Figure 2 Agarose gel electrophoresis of PCR products of total 49 isolates amplified using primers; glu-FW/glu-RV, BG1F/
BG1R and gla-FW/gla-RV: M= ExcelBandTM 100 bp DNA Ladder (Smobio, Taiwan), dH20 (Negative control), K29WS2.4
(Positive control of B. glumae) (A), PCR products of re-isolated bacteria after inoculated on rice; K29WS07-006 (B) and

K16-09-16 (C)
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Figure 3 UPGMA phylogenetic tree was computed from the gyrB gene sequences of 10 isolates from rice seeds and

thirteen reference strains from GenBank, NCBI. A bootstrap analysis was performed with 1,200 repetitions with MEGA

X software.
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