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Research Title: Isolation and study of plant growth promotion by bacterial endophytes from
rice (Oryza sativa)

Researcher: Dr. Chokchai Kittiwongwattana

Faculty: Faculty of Science Department: Department of Biology

ABSTRACT

Endophytic bacteria are recognized as those that colonize the internal tissues of a plant
host without causing detrimental effects or diseases to the plant host. In the present study, 192
isolates of endophytic bacteria were isolated from roots and stems of rice plants that were
collected from rice paddies in Supanburi, Bangkok, and-Chonburi provinces. Amplification of the
16S rRNA gene fragment was obtained only from 183 isolates. The gene fragment was used for
partial characterization using amplified ribosomal DNA restriction-analysis (ARDRA) and the
seqguence analysis. The result showed that these isolates belonged to four different phyla
including Firmicutes, Proteobacteria, Actinobacteria and Bacteroidetes. The majority of the
isolates were affiliated with the phylum Firmicutes. These bacteria were also classified into 32
different genera with the genus Bacillus as the predominant group. Additionally, isolates 1017,
1048 and 3037 were likely novel bacterial species because they displayed low levels of
sequence similarity (<98.5%) when compared to other known bacterial species. The
phylogenetic analysis showed that isolates 1017, 1048 and 3037 were potentially members of
the genera Pedobacter, Sphingomonas and Paenibacillus, respectively. The production of IAA
and ACC deaminase was also examined in all isolates. The result indicated that 45 and 42
isolates were able to synthesize the phytohormone IAA and the ACC deaminase enzyme,
respectively. |IAA-producing isolates were members in the genera Microbacterium, Micrococcus,
Chryseobacterium, Bacillus, Lysinibacillus, Staphylococcus, Acinetobacter, Aeromonas,
Citrobacter, Cronobacter, Enterobacter, Escherichia, Klebiella, Novosphingobium, Pantoea,
Pseudacidovorax, Pseudomonas and Sphingomonas. lsolates that produced ACC deaminase
belonged to the genrea Micrococcus, Bacillus, Fictibacillus, Halobacillus, Dickeya,

Enhydrobacter and Burkholderia.

Keywords : ACC deaminase, endophytic bacteria indole-3-acetic acid, Oryza sativa
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IAA Telauriy u,a~u:uﬂmsamawuﬁummsnmmﬂswNmawuﬂwumsas'\aaaﬂuu AA atuldine
nsldans nitrous acid ImamenL'iwmun"mJ5U1J*§awua;muaauﬂﬁuawﬁn1w1umsniw1u‘lmwmu
mswiydvlmnntudowiouifivuiungueuny FamsigivTnvesnniliisduiidmalifivanns
Qmﬁuuismﬁﬁuﬂuﬁanﬁm%muﬁﬂmmaaﬁw‘lﬁﬁéaﬁu (Singh et al, 2013) yiidentunilsldvhnsdn
wenLUARISY endophytes mn%’nﬁﬂanluﬂsvmmmwﬁ wuAviiSe endophytes waneUUnANNINAT
gosluu 1AA 1o ImaLmﬂmiammuamag'luana Bacillus, Pseudomonas, Serratia, Klebsiella,
Paenibacillus wag Microbacterium ‘H&LLUﬂﬂLiEJﬂal!umﬂJ'ﬁﬂﬂi mumsmetmﬂmawqﬂmmﬂ (i et
al., 2013)

1033 (ethylene) Wusaluufiwdnuilaniiiinalunssudimaiyivinvesity Tnerosautiy
Husesluuiiiwadsuniieannisissydivievasiivluaniznieaiiinnniiadunousnsineg Fatfu
udnstudsnnsadiesesluuriietlufieddualumandnsnsasyiiulavesisluanzndualdsn
manils wuafiSe endophytes wanewiindnusoaitaeules] ACC deaminase FadueuleiiiiAansay
Tunsideu 1-aminocyclopropane-1-carboxylic acid (ACC) Fuduansdeuinaldlunsdnesed
goluuesaulvidy O-ketobutyrate way weulutily vhlvfgliaunsoduasizvieasluuediula (Glick
et al,, 1998; Glick, 2005) uaznsfnwnAgatuuailiSe Burholderia phytofirmans awug PsIN ity
fAtmuanisaaoulesl ACC deaminase grvibimigly (deletion mutation) uandbiliuiuuadiGe
wuﬁnmauamLaEJm'mmzmﬂlumsauasnmitﬂﬁmLmuTwmmmlﬂmﬂ Famamsneasiifusulidiuds
AnudAnoaulel ACC deaminase NNWUAYLIE (Sun et al, 2009b) MINAFBUAINATNITOVRY
wuaSelunsadraauled ACC deaminase aansmiilslaunisvadeunisiasgavlaveswuaiisely
9115 minimal medium 7 ACC ifhuuvdshulasiau  msdnwiinanuanddifiuinuueiiy
endophyte  fiusnlgndnsiaamannsalunisasaeules’  ACC « deaminase LazLUATIEEWENT
ansnduasunissyivlavesiiuld Moy msfnunluseiuilunveswuaiiise endophyte Tu
ana  Azospirillum  aneviug 8510 fwenlFandn wandliduduuafiSeaneiudgsnaniitui
fvuanisasaeuley ACC deaminase wazBuitanusntsasiaeulsiildlunsdunsgvisesluu 1AA
ag#ay (Kaneko et al,, 2010) lau3dBniunileiifnymavesuuniife Bacilus sp. aneug SLS18 7
wenldanity pokeweed (Phytolacca- acinosa) Budukunafieviasrieoslan 1AA uasioulesd ACC
deaminase I nisveaeunavesuuaiSEaeRugirenaniyiuinvosiivuandiiuinfiviign
inoculate ﬁ’wLvuﬂﬁL‘%ﬂ*‘uﬁmﬁﬁmm%n_;Lﬁ*u‘[mqa%uluﬁuﬁﬁnwﬂmﬁawmLmeﬂaLLammmﬁﬂu (Luo
et al., 2012)

ueniniloluanmsthuuafise endophytes 9andmanunsaluussgndldusslovilunisduais
massgdulavesiuinieuds uwaiiGeiuenldduifnenmilarvannsahluysegndldiufinesvgia
fuq Wiy fifegrsnuideiiiusnivanddiidiuinuuaiids endophytes Auenldainfivaia
yilafuanusnhlvdlumsnssdunmasiyivinvesiiveindug 1¥8nde  fafeganuideiuands
Whifeuansavesuuaiie B. phytofirmans aneug PN fuenldanideieludiusineg vasdy



ejuuarannsansefunsiyiulavesefuranisivaindug Iin Surds uazumdoma (Lazarovits
and Nowak, 1997; Sharma and Nowak, 1998; Nowak et al., 1999; Ait Barka et al., 2006) usagslsf
AndinisAunuitanuansolunisduasunineiyivlnveswuailiSs endophyte unwliawiousay
Wgiufimminaagasednuusilulndvesiivie  Methaty Sudsmdiugugnuisaneiug
whiufiiinsmevausssiauuaiise endophyte B. phytofirmans @1eWug PsJN (Bensalim et al., 1998;
Nowak et al, 1998) 6’1";&mqﬁmﬁnmﬁmﬁ’uLmﬂﬁn‘%'ﬂ endophytes tusylovdmandsuludenns
AumuuAiSe endophytes wlauazanewuglviq Jedlmudnlusdranndenisimineinsgaunse
Lﬂéwﬁmmzqnm"h’ﬂuL%amsmt-;min'i'iuaﬂwasauﬁwmﬁaLﬁuwamﬁmmaqﬁmﬁwgﬁ%
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ATATUN15IY

3.1 MsAauenyaunid endophyte fwulusnuazdrdiureasinn

ihdudmiiinsesgdivladuionuaarnzgnanldlunisiine Tnevinsuentudugesivy
pomdusin wazddu antuinmsrenyianuazeinuinaRivenvewusartuduvesialngnsld
a13aza10 10% ﬂaaianﬂé way Tween-20 (uan 5 uait anduinasdrafludndusiidouy 1
wit 5 ady mmumumq‘] vosfglugalnsefiiuniseusinde landuaveraiiusiamnidoasty
U“ 31A5 3-5 fladans waruatuduseg vesfiueniy wénhansazaneildlumneievuemsidsae
fumnsnafuaswiinfe tryptone soya agar AMNdY 1/10 i mnuuuumummwﬂmqmmu 30
pernwadauudusrsing 7 JuwdwhnasdudniFonialaduuniiFefisidnvasiunniafuun
IWITLAEULEIMTS tryptone soya agar A 1/10 win MnTulvaGeusias isolate zgnian
m‘lwusawﬁmmﬁ single-colony streak Lwa'lmm'la1'11911,%Lwﬂmiwusawawwmnummsmwaau
Ay UINTeILUATISY KAzNISANG Gram’s ma'lmnaawamsﬂu venanduandudldannisd
Fudusingg 'uaqwm'lumqamwm ﬂﬂUWlﬂLW%L‘HE]W'JEJL“UUﬂ‘ULWE]'LﬁLUUﬂﬂlJﬂ’]UﬂiJLLE‘IﬂﬂMLﬂU’J’]’UUMBU
miwanmmmasmma"uminmfmu.'uﬂmsawagmﬂuaﬂmuwﬂﬂammﬂiyawﬁmwLgauumﬂm'wmwnlm
AsuuAilse endophyte it

3.2 nsafaueniiueainidauunaiise endophytes

Beadeluanmsiasade tryptone soya agar ATty 1/10 i qunseRadolasyAulale
USiauisnnwe mnuwmmmaaanmmnmwmmmwqalmuﬁuwﬁs'mmnm laasluluvasnsuin 1.5
uaaamswumnauﬂimmﬂwaaqmmm 100 Lilasans sntulfeadunnuasinnisataueniuseiu
wazntiwadeanIINAduesIva1savalIeNaLIEYIN phenol - Lay chloroform  ludnsidiu 1 se 1
Usums 80 lulasans wrludumisslesldainmss 12,500 seusourii iuiian 20 unit ivansazany
dwlagruuuanidiu chloroform Usums 50 lulasans udnirluiumiswiefinaiansa 12,500 souse
w1l Wunan 20 wiil wene1alsazareMduiesuuuNInnaEnauALdulalasn1SIRNAISaTaNY 3M
sodium acetate U3u1ms 1 Tu 10 whegsansazaremidweiiuenld uazidis isopropanol Usinmsiviniu
fuansazaneidule vinsuadlidniulaenisndunasalvuudninluduwissiiannaa 12,500 sou
st 1uan 20 it nzneudiduledligninddluaisazats 70% ethanol  U3uns 100
lulAsang udnilutuwiesie antumansazans 70% ethanol  #eluudrthnenoudilluvinlyus
pynoumBuesrgninazaneluasazargtvines Tris-EDTA USuns 50 lulasdnsiiieluufjisen PCR
poll

3.3 Msduunvilnvasuunaiiiie endophytes fasmatiasziuluiana



ﬁLﬁuLaﬁ‘twnaﬁ'ﬂaanmlﬁa'mL%aLeriawﬁmgnﬁ’mﬂ?‘flunmﬁuﬂ%uwmﬁuéutaluehu%aﬁu 165
(ANA #7638 PCR Tnumsldinsies universal fail
Tnswas 41F: 5’- GCTCAGATTGAACGCTGGCG-3’
Iwswes 1492R: 5’- GGTTACCTTGTTACGACTT-3’
"stmasﬂmnmammmmemuwmama’lumwaaau 165 rRNA TuuuarilSsnainvanesia
lnufjizen PCR fasAusenaunneg Hugtail

DNA (50 ng/MU) 2 lulnsdng
primer 41F (5 M) 05  lulaséns
primer 1492R (5 UM) 0.5 llaséns
10X buffer 1 laulasdns
2mM dNTP 1 lalasdng
25mM MgCl 0.2 llpsiing
Taq DNA polymerase  0.05  lulmséns
H20 4.75 - lulasans

diunanveuijisen PCR ﬁ]vnnmm'l.a'i'amulwaamwﬂaawmm 200 Tulpsdns uwaaniluidn
wides PCR Tntldgamgiinazinandl

94°C 3 UM
94°C 0.5  ul
52°C 05 w4058
72°C 0.5 w1
72°C 5 W

- a g a d a o & v el
FJureaRduavesdu 165 RNA MnTuduuilaiargniuinsiasulayds agarose gel

Y

electrophoresis

3.4 msdaduunnguyliauuaiiiseved isolate @199 lnunisldinaiia ARDRA
aseraneiintuiiSuounedy 165 RNA agasgniuniteneidaduunnguusauuniie e
n3I9ARUIMUATISE isolate TaunvsilunuaiiFusilaideniulagnisldinadia ARDRA sauiunsly
wulel Alul TneufAsendistsil

asaralufloue 8 lalmsang
10X Buffer 1 lulasdns
Alul 0.1  lulaséns
H20 59  lulasdng

o o a - a Y o

mwaamwﬂaaﬂﬂuwamwnu 37 ssrwaldeaidusyegnanusyanad 2 Falud 9INNUYIIN1SRSI9
Naﬂaaﬂgﬂimm'immamammaulw Alul Tnen15195% Acarose gel electrophoresis @snadildaziiiu
aeRUNALOULD INWUYINN1IIANGUYVRI isolate wmmwwaqmawuwmLamamuauﬂu'l,mﬂunau
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ARDRA nasiiaifu antuvimsduiietns isolate athalfesouas 30 voustazndgu ARDRA luvhins
s autumdue 165 RNA Snadwmiliieds PCR snduinanuazanansasanefiduieiiiorda
Insweskasindesne sentulnensiidhendiiagy hiufidueiiinuuiansudiflumdiuvalae
msldlwswes 1492 drwuiuavesdiu 165 rRNA vaq isolate fapgnazgninluiSeuisuiugudeya
EzTaxon (esuunIdavesuuaiiise

3.5 mafuinesuunaiise endophyte luansazatndigason

wail3efiuansenaundneadsniniosas 985 azgnimdiuiuavesdy 165 RNA iy
Taunsldlnsiues a1F,  518F  (5-CCAGCAGCCGCGGTAATACG-3)  uag  800R  (5-
TACCAGGGTATCTAATCC-3) d1auLuaueaddiu 165  rRNA ﬁlﬁgnﬁmﬂ'ﬁ'msmaaumwﬁ'uﬁ'uﬁ'"um
wuAiii3e endophytes  fwenléfuuuaiidesdndug ﬁgﬂﬁ’mﬁmunuﬁaﬁwmﬁLﬂi'wv? multiple
alignment Tasnslilusunsunauames Clustalw - wosinsuazivaiiiignissgnuiuuileligndes
nthnimanisiaseildunadis phylosenetic  tree #2833 Neighbour-oining  wazdiAIEwen
STEEUTITRUINISAE Kimura 2- parameter model ﬂ'aml,%aﬁwaamanﬁwﬂaaagn%mmw"lmﬂ
N15L835 Bootstrap analysis Tagnisvhen 1,000 A

3.6 msiudnenideuuaiiise endophyte luansazaiendiweseauayds lyophilization

wua¥itie endophyte 171'LLUnio’i'oasﬁ'm1uwmgﬂatﬁuﬁwmu'lumm'iﬁmmsau'l,ugﬂ slant agar
Wuszeznafimungauunnsisiydulnveswuadise mnﬂy’usl.%’qm%ﬂL%Tm-'z’juLmtmﬂﬁﬁamazmaluﬁ"w
naufrunsilesideUsinas 500 lulasanslunasn eppendorf  Wéfnatsaraendieoseaniny
Wit 50 9% aslunasliidhduiuaahluiuliludifugaumgll -80°C

MU LUATIEEREIE lyophilization vildlagnisinzideswuafiss endophyte fivtay
HuuueiiGerialmitlinelisumsssamiantenuuemswiiouitlude 13.5 Mintunisuasazane
skim milk aundudu 10% wasiluissde Weldiu lyophilization medium’ 91ntuymende
wuaiSeunazareluansavate skim milk Usuns 500 lulasdns vnswadlmdndusinaitiansavany
Wailludiades lyophilizer ilavileaduss waniiiulilunasauiiguugil 4°C

3.7 MSASIEBUNNSAI 19885 IAA Tnguuaitse endophytes
ynmsiwnzideawuaiise endophyte Mihaviluwuadiseviinlrunlimelasunissisauuineu
= s 2 n‘; al 5 5 L o < I J -
vuamswmiiauiulude 13.5 antuwSeraisavate skim milk anuduty 10% wazirluiesinim e
140w Lyophilization medium nuuyAEWTBRUATISENNara1Eluasazaty skim milk USu1ms 500
a o v v o oa v o & & v - a4 o qw ¢ v 2 v
Tulasans vinmsuadiidnfufudnihansasarueiluidiaios lyophilizer ievinlvilwaduis waziiull
v ol P
Tunaeauingumgll 4°C

3.8 n15AsIvaaufanssuvasauleysl ACC deaminase
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¥ & aa av ; a a aa v @
Weidsadauuafiseaenmaaauluams tryptic soy broth Usums 15 laddnsuiuau
v o y o - v v £ v e ] a a aa
wdvihmstumlsadeiiuiead 3ntuaIuYadaeaIms DF salt minimal medium U3nns 5 dadans
y o & 44 a cal ¥ &4 & a4 v .. .
Juwisadaifiaiuiwaddnadmils Wuan 10 unil waanszauwadlu OF salt minimal medium
& e & i 5 < ' @ a A a
PntuYMsveeansaralsioasuuemIskile DF salt minimal medium Auwansnsfiuauviinfe vile
- L2 a « - a o I = L% e
WINLAY (NH),50, mmidiudiu 0.1M vilafiasaiin ACC uazwlinnanuliinerls lnsuuaiiiuaeugy
It v - o = - a A 1 n‘j
fimsafraeuleyd ACC deaminase azannsawigivlalaluamsvliausnuazyiiniaoaviniu
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U9 4
NaN15IY

4.1 MIAALENLUANISE endophytes 3N112

Tumddetuilhnisdaueniuaiise endophytes Mndniiusvsmnnundaluiui
JMIRAWTIUYT, NTUNNUMIUATY UazTayS wafiFugnAnuenandruvesnuard syl
nssindeiiianeuenids Tasuvsduuuaiidsnndnandmiagussayisiuou 74 leluen uonld
nduduessn 48 lelaanuarantudiuvesdiy 26 lolaan mnngammamuassuau 37 loly
an Tneuenldantudauessin 24 lolwian uax 9nduduasddiu 13 loluian uazandminvays
$1u 81 leloian Tnousnldantudruvessn 42 leleian uar ndudiuvesddiu 39 loluian
(39t 4.1) nefiudarlelaniiseasdeanertudnuudlalaidmansdumnauaniit
(n1AKUIN N)

o = o o o v v - & L] a9
A19199 4.1 Luavise endophytes ‘VIﬂﬂLLEIﬂlﬁl‘\"l"lﬂ‘l]']')%LﬂUi'JU?’liJiﬂ"ﬂ']ﬂ*’\NW’JﬂMN‘]

9930 Yudu | | SUE
‘e
3790 48 1002-1051
ANTTUUT
fou 26 2001-2027
vl 24 3001-2024
NFINNUVIUATY
anu 13 4001-4013
370 42 3025-3078
¥ay3
Rl 39 4014-4056
5734 192 -

4.2 NMSINNUINIUTUAINTY 165 rRNA U99uUATILS8 endophytes
= o > v v @ o v o a4 a - -
WuAISY endophytes Muenlaanntiaviaun 192 lalgangnirinanafiauiaiieiiuuiunmi
\Buie238Y 165 rRNA GefivwinUszann 1500 guarmemalia PCR 9nUUIATI8iNaveIn sy
USinudduiememaila agarose gel electrophoresis lneld agarose gel Aflauidndu 0.8 wWeasidus
warguHaLaUNISIAdauTIvefiduamIATRIRBLar AT IR NAE Fslugui 4.1 Fausinguauaud
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WHULUAEU 165 rRNA au1aUsyanad 1500 ALud Tawaunsaius sy 165 rRNA 16 183 lolsian
PNV 192 lalaan

1,500 ﬁ‘iLUﬂ 2 o rr CS T 1 £ £

,
o a

d av =3 =l = el [ s
AP 4.1 FuRBulevesdu 165 rRNA vasuuasy endophytes wgmwummuiﬂms polymerase

chain reaction

4.3 Wan15IATUUNNEGULUATISE endophytes A7 Amplified ribosomal DNA
restriction analysis (ARDRA)

FuRBuieedu 165 rRNA TesuUATiGENY 183 lolmangminsildlunsiinseviguuuunsdn
sheeulesiFadumz Alu vlslsdudBueifvuauandnsiuluwiaslolsan uasauunnenaiidusa
iennanmuuang s wuanULTuABusrauafisuuayleluan mInsnaveaale
ARDRA ¥1l#i#e35 agarose gel electrophoresis Tneldf agarose gel fidlansidatu 1.5 wWasidus uas
SumauauMIAdeuTivelAidue eIt LA TnTIsinaa Ailunwit 4.2 Tasthuaufiduieves
wiazlelwiamnissuiisuiuiiegemmiisuviaiafuessuiuunsde uivinsdanguuos
wunfidseanidunay ARDRA nausingq amiwhnmsidanmwmileluanveusiazndulumiaduiva tng
wuihwuafiseria 183 leletamannsagnannguuuunsnag 198y 159 naw uaziflelaanmunuainus
a¥ngusMILILA 159 leletandignilAinsnssimdrsuiuaresdu 165 RNA
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NNT 4.2 wamTIATIEY ARDRA UduuAiiGfign sy 14 loloian Taegasii 1 fa DNA Marker
910 1 kb ¥839 2-15 Asnuaiisdlolaaniaenilay Fos7 5 kas 6 JFIAULATINIRVBILOUALDULD
willouruazdalvaglunguiie i Wazgesi 2 3,4,7,8.9, 10, 11, 12, 13, 18 uaz15 fuiunay
unYBIaUABuIRINUTgnInlviagauangy

4.4 HaNT5 AT ULUAYDSEU 165 rRNA U99UUATISE endophytes

duvaveanuaii§eloluaniuniuadndu ARDRA s 159 lelslangnunniiasisiiitedn
FuunuuaiFeluseiu senus TnsmswSeuifieunudeyaieglugndeya EzTaxon
(http://www.ezbiocloud.net/eztaxon) Budunisinduunlagaifemuaiuadvesdfuiuameds
pairwise alignment waiildaspnuansoanilugUvesariosazanuadisndafutuaiiFelugudoyads
wniirniuansiileluaniihsieneiiinnuadeeduuueiselugiudeyaun anlelsan
Faunusa 159 olsannuinléfiuuniiFomaunusua 126 leleianainngy ARDRA 126 nauitlsua
mslnngidduaiundetie TnenwuiniiuuaiiSeiifisfosazvesnnunadierdavittu 100 Wesidud
$1uau 77 lolewan wuaiiSenilasosasuasmuadonadagsening 99.99-98.5 S1uau 46 lelean
wazuuAfiFeiifirYovarvesaundioadsriini 98.5 1w 3 lelean uasilesmansiinszine
38 ARDRA fumsiinsnesidsuuadahlannsasyyitavesuuaiiGeldinun 143 loluamviorniu
Yovax 74.48 vosuuATiTuvanuaiidauenld wuafiFedwau 143 leluanigndndiuuneglu 4 Tndu
wax 32 a (M54 4.2) TnewuaiiSedningaidaduundnou 75 anewuggnineglulvdy

&

Firmicutes Tnouualu 7 3daléun Bacillus S1uau 52 anewug, Fictibacillus 31U 7 aneWug,

]
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Halobacillus 37 1 @neWug, Lactococcus 1 2 a1eWug, Lysinibacillus 313U 1 @neus,
Paenibacillus $1u 2 @ uaz Staphylococcus 31 10 @eWUg wuafiSenauitiisuauunn
Hudduitaesgnineglulndy proteobacteria Usznauseuuaiiisy 52 meiuguiadu 16 Tua laun
Acinetobacter 3742 11 @wWug, Aeromonas 911U 2 aeWug, Burkholderia 317U 11 aneiug,
Cronobacter 373 1 @1Wug, Dickeya 31 1 a1enug, Enhydrobacter 31 1 aenus,
Enterobacter 37 2 @wWug, Escherichia 313U 2 a1ewug, Klebsiella 31w 1 anesug,
Moraxella $1u2u 1 @eug, Novosphingobium ¥mi3u 2 a1eWug, Ochrobactrum $1uau 2 aeug,
Pantoea 7w 5 anewug, Pseudacidovorax 917 1 @eiug, Pseudomonas 313 7 aneiug
uaz Sphingomonas S 2 awug Induveswuaiieifisuumeiufinndudwuiiaufelndy
Bacteroidetes FaUsgnaussuuaiise 12 anesug wiadu 5 3aldun Chryseobacterium d1wau 8
anewug, Flavobacterium 3743 1 a1eWug, Mucilaginibacter $7udu 1 awiug, Myroides $1u7u 1
aeWug uag Pedobacter $1uau 1 @ewWus au Acinobacteria Simiuuusiiiseleeiignfio ¢ an
Wug wiadu 3 ITaldun Curtobacterium Fuau 1 aewug, Micrococcus 37uau 1 aenug uag
Microbacterium 3111 2 anewug AT lfwandiiduiuuaiise endophytes #ifinns
ﬁwsa%‘?mi'mﬁ’uﬁ'uﬁnﬁgmﬁummnm’LuU‘ssmﬂﬁud’;u’lmjaq‘luwé’u Protecbacteria lngluAvilsy
naufilugiiiandnegluiiia Gallionella uay Burkholderia (Sun et al., 2008) Tuvnefleniadodniunils
wansliliuinuuaiiise endophytes maaﬁ’nﬁlﬁummnuﬂuﬂszmﬂmﬁadm'lmg’ﬁaq‘lulwﬁu
Proteobacteria wufiuwaduvgjazgninagluda Enterobacter Uag Rhizobium. (Sessitsch et al.,
2012) wamsvaasrasIsete 2 Sutheduunnialisnrantmeasstulasinisidediinud
wuaiseluldn Firmicutes WuwuaiiGengulvg luednlsiinisinyiuazwuinladevaeq e dua
femuvaInvansveIUATiGe endophytes finuluftniusthann Taetadowandldud anney
windey, viavesiy, mevuivasiio uandonalselufis (Mocali et al, 2003; Aradjo, et al,, 2002;
Kuklinsky-Sobral et al., 2004; Kinkel et al., 2000; Datmastri et al., 1999) \losgndraviinunld@nw
Tlesimsiteiidudmiiununumanndnlussmalng navestiidomsdaunadesininiaed

v
a

UNUMWMANARYADANUANANTEVINAMIMAINMEIBYBIUATIIE endophytes Ainululasinisidelifu
NUITLTUDUY Tuahn



d o o -] 3 4 al ow
A58 4.2 uansnisdnuunwuaiGeeulalwioanidungumaidva

Ivlgu la lolwian
Curtobacterium 2006
Acﬁnomycetes MiCTOCOCCUS 30 10
Microbacterium 2002, 2020
) 1026, 2027, 1002, 1003, 1014, 3024, 3045,
Chryseobacterium
3077
Flavobacterium 1051
Bacteroidetes o
Mucilaginibacter 2001
Myroides 3041
Pedobacter 1017
1010, 1018, 1019, 1031, 1033, 1047, 2007,
2009, 2012, 3002, 3003, 3004, 3005, 3006,
3007, 3008, 3011, 3012, 3013, 3015, 3016,
3017, 3020, 3022, 3023, 3026, 3027, 3028,
Bacillus
3029, 3031, 3032, 3035, 3040, 3042, 3048,
3049, 3051, 3052, 3056, 3065, 3067, 3068,
3069, 3075, 4009, 4017, 4018, 4024, 4043,
4046, 4047, 4048
Firmicutes
Fictibacillus 1004, 1005, 3071, 4016, 4020, 4042, 4055
Halobacillus 3047
Lactococcus 4003, 4007
Lysinibacillus 4005
Paenibacillus 3025, 3037
1023, 2011, 2014, 1036, 1039, 3009, 3034,
Staphylococcus
2025, 3053, 3054
1009, 1038, 2026, 1041, 1042, 3014, 4002,
Acinetobacter
4006, 4008, 4010, 4040
Proteobacteria
Aeromonas 4001, 4011
Burkholderia 2004, 2015, 2017, 2021, 2022, 3074, 3076,

16
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Wy a lolwian
3078, 4032, 4045, 4033
Cronobacter 1013
Dickeya 1027
Enhydrobacter 1043
Enterobacter 1046, 4035
Escherichia 1024, 1030
Klebsiella 4052
Moraxella 3030
Novosphingobium 1022, 4030
Ochrobactrum 4039, 4051
Pantoea 4004, 4025, 4037, 4014, 4015
Pseudacidovorax 4044
Pseudomonas 1025, 2008, 4026, 4034, 4041, 4036, 4038
Sphingomonas 1048, 4053

4.5 NMSFIATITHELTURUSNIITRIUINITVILUATILSY endophytes
NANSIATIEN pairwise alignment Lamsliiuauaiisudrulngfirininuadiepisvesdiy
wavesdu 165 rRNA Auluaiidelugudeyaiiuniriesay 98.5 eniiuuuaiiise 3 lelewanlaun 1017,
= [ v o W - = A ~ T
1048 way 3037 YAuaMIAIAINARNEATINUNUANLIY Pedobacter  tournerimensis - TF5-37.2-LB10
v oy T -
(Spvay 96.6), Sphingomonas changbaiensis NBRC 104936 (Sewar 97.4) wuag Paenibacillus
. T ,v o w v ' o oa
vulneris CCUG 53270 (388a¥ 98.2) mudnu Stackebrandt Uay Ebers (2006) lisneauinuuaiiiies
- ! v = o i\ w - v o v W o o " w o
uamAAuAaIeAaIiInIaseay 98.7 Huualundnesiiiauduiusuesiidulesininiovas 70 ¥4
[ 1 a =) al l‘ni 1 s v l‘:'
Dusgiuildlunsuvsuenwuaidseenifual@diuansaiu dniuwuaiiGelelaan 1017, 1048 uay
= =1 & al o vl o [ v ar g = VoW = @ s «
3037 Jsolunuanissalddlnindeldineladunissieuunnou inelridnlafsanuduwusnig
- 1 o o D‘:’ l='!, ol o = o 5
FImuInIssEnIuuasens 3 lelaantuasuuaiiSeludva Pedobacter, Sphingomonas  uwag
Paenibacillus 3siimnudndusosaing Phylogenetic tree FusnlaenisitAsnesh multiple alignment
= s o w - - o P
Wwa¥ phylogenetic analysis U8381AULUA 16S rRNA UBILUANILIENS 3 loluanuazuwuaiiselualddou
nan1meassansliuIwuaiiiielelaan 1017 Sanulnadadunuafiealddou 9 Tu 3 a
o a W - = T
Pedobacter lapilmnulnadanuwuaiie P tournerimensis TF5-37.2-LB10°  uag Pedobacter
. es . T o o | o oal s
xinjiangensis 12157 anianlaeiifn bootstrap wiriuseeay 67 uuafiiselolaian 1048 Agnimeylu
= v W o a a ar ¥ = < o . . T
wywaeaiuiuwuaiseludva Sphinecomonas TaefiuuaiiSe S. changbaiensis NBRC 104936 1Uu
oo v o = = | ar W ' o a & W '
wuafiSenlndifssnniianuaziidn bootstrap winiuseeas 87 duuuafiiseleleian 3037 dufgninet

142665
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Tuwsusienfutuiuaiieluiva Paenibacillus Taefluuafie . vulneris CCUG 53270' uag
Paenibacillus rigui WPCB173' Lﬂ‘fluLmﬂﬁL‘%'Esﬁ'lnélﬁeqmnﬁzjﬂiﬂaﬁm bootstrap Winfiusayay 96
Lffal,?jamﬂ'luﬁuﬁﬁé’ﬂL‘TJuwa’aﬁgnwuLLUﬂﬁL%faaﬂ%ﬂmitﬁuﬁnmumﬂ freg1evesnuaiiseluiva
Pedobacter Wa¥ Sphingomonas ﬁqﬂwu’i%ﬂmmﬂﬁﬁ‘a endophytes WU Pedobacter  trunci,
Pedobacter daejeonensis Was Pedobacter silvilitoris gnwuinduuuniiiie endophytes yoIRidl
ﬂ’l‘sa"i"ml.‘t‘fa‘lﬁ (Du et al., 2015) Sphingomonas roseiflava, Sphingomonas rosa Wa¥ Sphingomonas
gei L{‘Juumﬂﬁﬁaﬁqﬂwuluﬁwim Wuieniu (Yun et al., 2000; Akeuchi et al., 1995; Zhu et al.,m
2015) agalsfimutiagudshifinsdunuiuafiGoatddlmiluita Pedobacter was Sphingomonas i
i598308u endophytes vaadudniay Tumansstuduuuaiiile Paenibacillus hunanensis Ju
wuAiSonesatddiienluiva Paenibacillus ﬁgﬂﬁUWULﬁUﬂ%&LL‘JﬂIML‘ﬁE}Laﬂ?}ﬂdLuﬁﬂ‘ﬁﬂ (Liu et al,
2010) mamsvnansfilaiuansliidiuingnsivuaiiseluitasieg Lwﬁnﬁﬁaﬁﬁaat\jmU’Luuﬁmﬁa‘umﬁn
uwardanssenisgnaunusislulueuian
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80 — Paenibacillus ehimensis KCTC 37487 (AY116665)
6l Paenibacillus tianmuensis B27 rrnC” (F1719492)
Paenibacillus xylanisolvens X11-1 T (AB495094)
Paenibacillus validus JCM 90777 (AB073203)
Paenibacillus soli DCY03" (DQ309072)
Paenibacillus chinjuensis WN9" (AF164345)

12 E:J——Paenibacilius mucilaginosus VKPM B-7519" (FJ039528)
Paenibacillus aestuarii C125T (EU570250)

aenibacillus rigui WPCBI 73T (EU939688)

T P
0;[_[ 3037
97 paenibacillus vulneris CCUG 53270 (HE649498)
100 | Aneurinibacillus aneurinilyticus ATCC 128567 (KE952670)

99| ! Aneurinibacillus migulanus DSM 2895" (X94195)
1 Aneurinibacillus danicus NCIMB 132887 (AB112725)
Aneurinibacillus thermoaerophilus DSM 10154 (X94196)
3_00[ Brevibacillus aydinogluensis PDF25" (HQ419073)
Brevibacillus thermoruber DSM 70647 (226921)

Brevibacillus centrosporus DSM 84457 (AB112719)

100
100 E Brevibacillus agri NRRL NRS-12197 (D78454)
67 Brevibacillus limnophilus DSM 64727 (AB112717)

Micromonospora chalcea ATCC 124527 (X92594)

Novosphingobium capsulatum GIFU11526" (D16147)
Novosphingobium taihuense T3-B9" (AY500142)
Novosphingobium stygium IFO 1608 5T (AB025013)
Novosphingobium arabidopsis CC-ALB-2" (KC479803)
Novesphingobium rosa IFO 15208" (D13945)
Blastomonas aquatica PE4-5" (K1528316)

Blastomonas natatoria DSM 31837 (AB024288)

100~ Blastomonas ursincola KR=99" (Y10677)
Sphingomonas echinoides ATCC 148207 (JH584237)

Sphingomonas oligophenolica JCM 120827 (AB018439)
Sphingomonas mali IFO 155007 (Y09638)

1048
Sphingomonas changbaiensis NBRC 104936" (EU682685).

Sphingomonas canadensis FWC47" (HE974351)
Sphingomonas sanxanigenens DSM 19645" (CP006644)
Sphingomonas kyeonggiense THG-DT8 IT(KC252615)
Sphingomonas melluscorum KMM 3882 (AB248283)
Sphingomenas azotifigens NBRC 154977 (AB217471)
100! Sphingemonas trueperi LMG 21427 (X97776)
edobacter alluvionis NWER-1111T (EU030688)

7 P
—!——_— Pedobacter zeaxanthinifaciens TDMA-5" (AB264126)

94 1017
Pedobacter tournemirensis TF5-37.2-LB107 (GU198945)

Pedobacter xinjiangensis 121577 (EU734803)

0.02

Arcticibacter pallidicorallinus Hh36" (1X949238)
Arcticibacter eurypsychrophilus MJ9-5 (JX678846)

9% Arcticibacter svalbardensis MN12-7" (AQPN01000042)

Mucilaginibacter ginsenosidivorax KHI28" (HM204914)
Mucilaginibacter myungsuensis HMD1056" (GQ144415)
Mucilaginibacter koreensis TF8" (JQ966281)
Mucilaginibacter defluvii AS5T(JQ955677)
Mucilaginibacter litoreus BR-187 (JF999998)
95 Mucilaginibacter lutimaris B R-3T (HQ455786)

100

92

99
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= a ¢ W o e @ o oal v aa
A 4.3 wan1sinsieiasdunudid i Tauinisvewuaisuleloan 1017, 1048 way 3037 875
Neighbour-joining A1 bootstrap gnuasiawizAiiiuiasas 60 Tuluwiniu

4.6 nMInadaun1saieesiuu IAA Tunuaiiiss endophytes

msviaapuAmannsalumsadiieedluy 1AA vaadauunaiiis endophytes inauenlfaindn
vildlasmnzdsadeluomsidoats NB Afinsnozilu Ltryptophan wanaguaoMsAldIINS
Boademedeunisilaguessesiuu IAA Tnovaasuiuaisazans Salkowski's reagent fuuefiied
nsadremedluudingn dvetemnsiasndanendin1svenaisazaly Salkowski's reagent 9%
LU%EJuLfJuﬁ‘U&J‘-@ drunuafiieilufinsadssesluualiliAanisdsud (nwi 4.3) Tunismegeu
pddiinuiniluuaiisesuau 45 loleam Aa 1006, 1007, 1022, 10241030, 1038, 1046, 2002, 2025,
1003, 1008, 1013, 1014, 1015, 1041, 1042, 2003, 2013, 2018, 3010, 3021, 3049, 3072, 4005, 4012,
4014, 4015, 4025, 4030, 4033, 4034, 4040, 4041, 4044, 4050, 4052, 4053,4049, 4056, 3045, 4004,
4011, 4035, 4037 waw 4054 Wotnan1sdasundadufu 165 RNA 1UsznaunIsRINsaIKaNTS
adusesluu 1A wdanuiuuediGediaiesesluututeent®iiu 2 nqulngRenduitgslianunsaszy
Iualdsua 14 loluan wasnquiissuilalasauru 31 Telaan lunguitssudvaldinudiuueiize
mﬁ’lﬁ’%’ﬂatﬂuﬁﬂavﬁm laun Microbacterium, ' Micrococcus,  Chryseobacterium, — Bacillus,
Lysinibacillus, ~ Staphylococcus,  Acinetobacter, = Aeromonas,  Citrobacter, — Cronobacter,
Enterobacter,  Escherichia, = Klebiella, = Novosphingobium, = Pantoea, = Pseudacidovorax,

Pseudomonas way Sphingomonas

= u a ol I
AN 4.4 HaN1IRTIRFBUNSAS BRI IAA Tauuuaiiisy endophyte  wauan (n) wanslmiiuns
& 5 & ' P 5 &
LUaUuﬁwaammsmmwmﬂuﬁww" wazHaau (v) 13.!LLaﬂdﬂ'}'iL'UaEJ‘Uﬁ'UBQB’WWTﬂﬁENL‘UE]
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4.7 nsnadaunisairueulesl ACC deaminase

msvaaeuAasalunisaitaouled ACC deaminase vesidauuailize endophytes 7ifn
wenldandnietnisneg ldlnsmsdsadewuniisouuaimis DF salt minimal agar #ifl ACC 1y
uwadlulnsiauiissetaden wuaii3e endophytes Tiadaoule] ACC deaminase anunseld ACC 1iu
wadlulasiould lnseuleddnanazdes ACC Tnlaluuenluiily waz alpha-ketobutyrate wazly
woalandlelumsiadgyiulnsely dewalvuuaviise endophytes waniannsawsyiulauuemsidos
Fosnanld uenandduhmaieuiisunsasydulasiuiuemsideaite DF salt minimal
medium uag DF salt minimal medium #itAia (NH,),SO, mm‘sL?ﬂvaaL"gaaawﬁmﬁgﬂl'ﬁﬁ]uﬁamuqm%a
auuaEiIMUALEILINANATY (Wil 4,5) wanisnaasuansliiiuiiluuaiiiesou 42 Tolsian
Aa 1027, 1043, 2015, 2017, 2022, 1018, 3010, 3013, 3023, 3030, 3047, 3049, 3051, 3053, 3055,
3067, 3071, 3074, 3075, 4017, 4028, 4029, 4032, 4054, 4055, 4056, 1012, 1023, 2011, 2023, 3036,
3050, 3077, 4016, 4018, 4033, 4042, 4043, 4044, 4045, 4046 UazL049 Fuanapaansalung
aaouley ACC deaminase WavranisnmassiiniinssisauiiunanisdnsuuniuaiiFesedy

165 rRNA udmuinuuafiseiairseule] ACC deaminase $1uau 32 lelwangninegluiiasinag sl
Micrococcus, Bacillus, Fictibacillus, Halobacillus, Dickeya, Enhydrobacter ez Burkholderia

n 2 A

- 1 - . ~ -t
AR 4.5 nan1svaaaunisaiiseulesl ACC deaminase veuwuaiItlelian 3051 (Uaegnas) 3
WigAulalauuemnsideaie DF salt minimal medium Yidiu ACC (n) waz (NH4),S0, () usils
aunsaRsgdviauuevTideade OF salt minimal medium 1o



24

unil 5
A3UnNaN1533y uazdalauauus

5.1 @3Unan1sivy
namISeilduansliidiuinuuaiide endophytes Fuenldndduuazsinvestnafiiv
surmnnuluiuiiminanssugs, njumuiuas wasvays Sy 192 leleananusagn
dhandasuunifunguiies ARDRA 1¢dwau 183 leleianlnsutsoonifungu ARDRA 159 ngu e
Faunuvausaznay ARDRA $1uau 159 lalsanlumarduivaunsdiueesdu 165 RNA lnsliuuaiity
Wea 126 1Eﬂ°z§t.amLﬁﬁﬁy'umﬁwamsmﬁwﬁumaﬁﬁﬂmmwLﬁqua‘lumsﬁmﬁmswﬁ pairwise
alignment vugtutoya EzTaxon nuiriluuaiiGefifiindovazuasnnundrondavinty 100 wWesidus
wau 77 leleian Lmﬂﬁﬁ'ﬂﬁﬂﬁh%’aEJa::’uaamﬁméﬁaﬂﬁaagswiw 99.99-98.5 312U 46 lalalan
LazuwuAiSeitAdosazuninuadtadAInGt 98.5 $1uau 3 lelman devwaildinfiarsan
Usenausauiuds ARDRA iednstuunlnduuasitareswuaiifuundinuinamsauuuuaiise
endophytes panledu 4 Wduldun Firmicutes, Proteobacteria, Actinobacteria Wag Bacteroidetes
TnouvaiiSedwlngdneglulvan Firmicutes Tudruresmsindiuuniuseiuidanuiutseenlaidu
32 SWalaedtaniswaulelaavsnnfigaaedia Bacillus
wuRiiSolelean 1017, 1088 kas 3037 WukvaiSeiiwnltmasuuaiSeadddlmids
Liweldsunisinwnneu Wesmnfidanuadeadsvesdisuuarestu 165 RNA sindnfesay 98.5
devhmsiinssiansduiusdSTanmstenuaiiten 3 lelsavilfunuafiSeflasumsdasuun
wamuwuaiiselolean: 1017 nagluiua Pedobacter uaviiaulnadafiuuuaise P,
tournerimensis TF5-37.2-LB10" ua P. xinjiangensis 12157 aniiae Wuaniselolaan 1048 gnineg
Tu3tfa Sphingomonas TaeduuaiiSe S, changbaiensis NBRC 104936 L\"Jmmﬂﬁﬁamnﬁﬁmmnﬁqm
dunuaniselaluan 3037 ﬂgug}nia”ﬂag'iuﬁﬁ'a Paenibacillus taesiuafide P. vulneris CCUG 53270
wa P. rigui WPCB173" ifuuuniiFeilnglfgsmaniian
HANNSIASIENIas9gaslau IAA Lastauln! ACC deaminase U83uuATilsY
endophytes wuiniluuaitisesmau 45 leluanuas 42 Telsanaudduiianinsoaiusesluuuay
wulasifinald TneuwuafiGefiasusesluu 1AA WRewvuadiduluita Microbacterium, Micrococcus,
Chryseobacterium, Bacillus, Lysinibacillus, Staphylococcus, Acinetobacter, Aeromonas,
Citrobacter, Cronobacter, Enterobacter, Escherichia, Klebiella, Novosphingobium, Pantoea,
Pseudacidovorax, Pseudomonas uag Sphingomonas uagwuafiieiiasaenlesl ACC deaminase I
Aawuansyludva Micrococcus, Bacillus, Fictibacillus, Halobacillus, Dickeya, Enhydrobacter Wag
Burkholderia
5.2 UoLduBwuY
nnnamsideTilaluadaiiuandiifiuiuuaiiGeiiuueiide 3 lolnaniituunltuinsdy
wueideatidlmi fnfuddinnuhavlafiesthuuaiideds 3 leluaniludnuluiudnuasmeiy
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o o ' A & oo aa o o a  aa v a &
Induaslulnddun seluiietuduiuuaiiGev 3 loloanduwuaiiivalTdlnilaouwiass uenani
aa oA v . W A a aa I ° o -
wuatiSeiasissasluy 1AA way ACC deaminase Sadunuaiiseniiauuraulalumsihludnwiiwe

YauuATiSumaridensauasunisiasyvlnvesinuasivstindug
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Isolation of ACC-Deaminase-Producing Endophytic Bacteria
from Rice (Oryza sativa)

Chokchai KITTIWONGWATTANA"

'Department of Biology, Faculty of Science, King Mongkut's Institute of
Technology Ladkrabang, Bangkok, Thailand
*Corresponding email: kkchokch@kmitl.ac.th

ABSTRACT

Endophytic bacteria dre¥aluable. natural| resources because of. their plant-
growth-promoting aetivities- One-mechanism by which ¢ndophytic bacteria
promote plant’ growth —is—the production “of l-aminocyelopropane-1-
carboxylic acid (ACCy deaminase which lowers the amount of the phyto-
hormone ethylenc, Inthe present study, endophytic bacteria were isolated
from stems and roots of fice collected from Suphanburi. Bangkok and.
Chonburi provinees, Thailand. One hundred and sixty bacterial isolates were
obtained and screened for their ACC-deaminase activity. ACC deaminase
production ‘Was ‘détermined based on bacterial growth on basal medium
supplemented with ACC as the sole nitrogen source. The results showed that
there were 20 isolates that produced the enzyme. Based on the 168 RN
gene sequences, ACC-deaminase producers were members of  gel
Bacillus (6 isolates), Burkholderia (5 isolates). Fictibacillus (2 i
Dickeya (1-isolate). Enhydrobacter (1 isolate). Micrococcus (1
Moraxella (1 isolate), Halohacillus (1 isolate), Staphylococeus (1 isolate)

and application as biofertilizers.

Keywords: Rice. Endophytes, ACC-deaminase
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Biodiversity of endophytic bacteria isolated from rice and their
indole-3-acetic production

i Chokchai Kitiwongwattana'* and Supachai Vuttipongehaiki)’
‘Department of Biology, Faculty of Science, King Mongkut's Institute of Technology Ladkrabang, Bangkok, Thailand
“Department of Genetics, Faculty of Science, Kasetsart University, Bangkok, Thailand

*Corresponding author, ¢-mail: kkchokch(@yahoo.com

Abstract

Endophytic bucteria are recognized as bacteria that colonize the internal tissues of the plant body without
harming the plant host or causing plant disease. Previous studies have shown their plant growth promoting
activities including nitrogen fixation, increase in phosphate solubilization and antagomistic activities against
plant pathogens. This study was tocused on isolation of endophytic basteria from roots and stems of rice plants
(Orvza sativa) that were grown in organic famms, All bacterial isolates were purified on nutrient agar and
primanily identified using the pairwise alignment analysis of partial- 168 TRNA gene sequences on the
EzTaxon database. The result showed that 70 isolates belonging to 14 different genera that could be classified
into four different phyla namely Firmicutes, Actinobacteria. Bacieroidetes and Profechacteria. These isolates
were also tested for their indole-3-acetic acid (IAA) production using the Salkowski's rcagent. The result
showed that the majority of IAA-producing bacteria were members-of the phylum Firmicutes. Based on the
results obtained from this study, these bacteria are potential candidates for further study and application as
biofertilizers.

Keywords: 165 rRNA/ bioferthzer! Firmicutest Actinobacterial Bacteroidetes! Proteobacterial Thailand
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Research Article

Plant Growth Promotion by Endophytic
Bacteria Isolated from Rice
(Oryza sativa)

Wilasinee Raweekul, Sukritta Wuttitummaporn,
Wanrudee Sodchuen and Chokchai Kittiwongwattana*®
Department of Biology, Faculty of Science,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand

Abstract

Endophytic bacteria are widely studied because of their plant-growth-promoting benefits.
One hundred and twenty-six endophytic bacteria were isolated from rice roots and stems in this
study. Based on their partial 16S rRNA gene sequences, they were characterized as members
of phyla Firmicutes, Proteobacteria, Bacteroidetes and Actinobacteria. Among these, isolates
1017, 1048 and 3037 likely rcpresented novel bacterial specics of gencra Pedobacter,
Sphingomonas and  Paenibacillus, respectively, based on their relatively low sequence
similarities (<98.5%) with recognized bacterial species. All isolates were tested for their growth
promotion in rice seedlings in vitro. The increases of fresh weight ranging from 2.30 to 3.18
fold were observed in rice seedlings that were inoculated with twelve bacterial isolates when
compared to the water-trcated control group. These isolates were members of genera Bacillus
(ten isolates), Microcaccus (one isolate) and Acinetobacter (one isolate). The presence of nifH,
siderophore production, indole-3-acetic acid (1AA) synthesis and ACC-deaminase activity were
determined in these twelve isolates. The most common characteristic was the nifH gene that
was detected in five iselates. The result obtained in our study demonstrated the diversity of
endophytic bacteria in rice and their potential application as biofertilizers.

Keywords: ACC deaminase; endophytic bacteria; IAA. nifH, Oryza sativa; plant growth
promotion; siderophores

1. Introduction

Plant-microbe interactions have been
a major area of study in both microbiology
and plant biology. While phytopathogenic
bacteria detrimentally affect the plant host by
causing discases, a larger number of bacteria
have positive effects on plant growth. The
latter group is termed plant-growth-promoting
bacteria (PGPB). PGPB that colonize
intercellular spaces in internal tissues of the
plant host arc also recognized as endophytic
bacteria [1-3].

Increasing the nutrient availability for
the plant uptake is one of the direct
mechanisms  through  which endophytic
bacteria exert their positive effects on the
plant host. Nitrogen is one of the major
nutrients and an important limiting factor for
plant growth and development [4]. Bacteria
produce the nitrogenase enzyme to convert
atmospheric  nitrogen  into  nitrogenous
compounds that are readily available for the
plant uptake. Nitrogenase is composed of the
dinitrogenase reductase subunit encoded by
niff and the heterotetrameric component

*Correspondence : chokchai.ki@kmitl.ac.th

DOI 10.14456/tijsat.2016.2
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encoded by nifD and nifK |5]. Because nifH is
conserved among various groups of bacteria,
the presence of the gene is also used to
indirectly investigate the nitrogen-fixing
activity [4]. Previous studies demonstrated the
increasc of growth and the nitrogen content of
rice plants when the plants were co-cultivated
with  nitrogen-fixing  bacteria  [6-7].
Siderophore  biosynthesis  is  another
mechanism which bacteria employ to increase
the iron uptake by plants because iron is
mostly found in the insoluble ferric (Fe'*)
form [8-9]. Ina previous study, inoculation of
a siderophore-producing bacterium reduced
the symptoms of iron deficiency in mung bean
plants that were grown in iron-deficient soil
[10].

Another  type of plant-growth-
promoting mechanism by endophytic bacteria
is the modulation of the phytohormones auxin
and ethylene. IAA enhanced plant growth and
is also produced by bacteria in several genera
[8]. Previous studies showed that inoculation
of IAA-producing bacteria was able to induce
expression of auxin-responsive genes as well
as promote plant growth compared to the non-
inoculated control group [13-15).
Additionally, strains of endophytic bacteria
are capable of producing ACC deaminase that
converts |-aminocyclopropane-1-carboxylic
(ACC) acid, the precursor of cthylene
biosynthesis, into  ammonia and  a-
ketobutyrate.  This decreases the ethylene
level and prevents overproduction of cthylenc
that leads to growth reduction in plants [11-
12]. A report showed that enhancement of salt
tolerance in  maize was achicved by
inoculating the plants with ACC-deaminase-
producing endophytic bacteria [ 16].

We  reported  here  molecular
characterization of endophytic  bacteria
isolated from roots and stems of rice plants.
Plant growth promotion was determined in
rice seedlings in vitro. The presence of the
nifH gene as well as other plant-growth-
promoting activities including production of
siderophore, TAA and ACC deaminase were
also examined.

2. Materials and methods

2.1 Bacterial isolation

Samples of rice plants were collected
from Bangkok, Chonburi and Supanburi
provinces, Thailand. Roots and stems were
cleaned with running tap water and cut into
small pieces. Surface sterilization was
performed using 10% (v/v) NaHCIO that was
added with a few drops of Tween-20. Samples
were rinsed with sterilized distilled water five
times and ground using a mortar and a pestle.
Ground tissucs were placed in glass bottles
containing sterilized distilled water and
shaken on a rotary shaker to obtain bacterial
suspension. Serial dilutions of the suspension
was prepared up to the 107 concentration and
plated on nutrient agar (NA; HiMedia) and
tryptone soya agar (TSA; HiMedia) plates.
Bacterial isolates were obtained  after
incubation at 30°C for 7 days. All isolates
were purified and further grown on NA plates.
Control plates were obtained by plating the
water that was used for the final rinse on NA
and TSA plates.

2.2 DNA extraction and
amplification of the 16S rRNA gene

Bacterial cells were grown on NA
plates and scraped off for DNA extraction
using a GF-1 Bacterial DNA Extraction Kit
(Vivantis, Malaysia) according to the
manufacturer’s protocol. Bacterial DNA was
used for amplification of the nearly complete
16S rRNA gene with the universal primers
41F and 1492R [17].

2.3 DNA sequencing and pairwise
alignment analysis

16S rRNA gene PCR products were
purificd using a Gel/PCR Purification Kir
(Favorgen Biotech Corp, Taiwan) according
to the protocol provided by the manufacturer.
DNA fragments were partially sequenced
with the primer 1492R.  The pairwise
alignment analysis of partial 165 rRNA gene
sequences of all isolates was performed on the
EzTaxon database [18].
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2.4 Phylogenetic analysis

Almost-complete 165 rRNA  gene
fragments of isolates 1017, 1048 and 3037
were sequenced using universal primers 41F,
518F (5'-CCAGCAGCCGCGGTAATACG-
3) and 800R (5"
TACCAGGGTATCTAATCC-3"). 16S rRNA
gene sequences of known bacterial species
were obtained from the GenBank database.
These sequences were subjected to  the
multiple alignment analysis using Clustal W.
Gaps and ambiguous bases were manually
removed and adjusted. The neighbour-joining
method [19] was used to rcconstruct the
phylogenetic tree, and the Kimura 2-
parameter model [20] was vsed to calculate
evolutionary distances. The confidence level
of each clade was determined using the
bootstrap analysis  based on 1,000 re-
samplings [21].

2.5 Plant growth promotion

Endophytic bacteria were grown on
NA plates at 30°C for two days. Bacterial cells
were scraped off the medium and re-
suspended in sterilized distilled water. The
cell concentration was adjusted to McFarland
standard No. 0.5. Rice seeds were washed
thoroughly with soap and rinsed under tap
water. Seeds were surface-sterilized with 95%
ethanol for 10 minutes and dried on sterilized
filter paper. Subsequently. they were soaked
in 50 mL of sterilized distilled water
supplemented  with one mL  of  10%
providone-iodine for two hours and rinsed
with sterilized distilled water again. Ten seeds
were  inoculated with each  bacterial
suspension for two hours and then transferred
to a glass bottle containing 0.6% agar. Seeds
were kept in the dark for three days and
subsequently grown in the growth chamber
with the growth conditions of 2542°C and the
16hr/8hr (light/dark) cycle for an additional
16 days. Seedlings were removed from the
medium and measured for fresh weight. The
control group was prepared by submerging
rice seeds in sterilized distilled water. Growth
promotion by bacteria was determined as the
ratio of the fresh weights of the bacterium-

inoculated group to the control group. All
experiments were performed in triplicates.
Statistically significant differences between
means were determined using Duncan’s
Multiple Range Test at the significant level of
P=0.05.

2.6 Amplification of partial nifH

Amplification of the partial nifH gene
fragment was carried out with bacterial
genomic DNA using the 19F and 407R
primers as described by Ji er al. [4]. The
temperature conditions were as follow: 94°C,
3 min; 30 cycles of 1 min at 94°C, 1 min at
50°C, and 50 sec at 72°C; 72°C for 5 min. PCR
products were examined using electrophoresis
in 1.5% agarose gel.

2.7 Production of siderophores

Endophytic bacteria were grown on
chrome azurol S (CAS) agar plates [22] and
incubated at 30°C for seven days. The
presence of yellow or orange halo around
bacteria indicated the positive result.

2.8 IAA production

Nutrient broth (NB; HiMedia, India)
containing 5SmM L-tryptophan was inoculated
with bacteria and incubated at 30°C for 48
hours on the rotary shaker. Two hundred pL
of the culture supernatant was obtained by
centrifugation and tested for IAA production
using the Salkowski’s reagent [23].

2.9 ACC deaminase production

Bacterial isolates were grown on NA
plates at 30°C for 48 hours. Subsequently,
cells were scraped off the medium and washed
with one mL of Dworkin and Foster (DF) salt
minimal medium [24] by resuspension and
centrifugation. Bacterial cells were collected
and used to prepare bacterial suspension in
one mL of DF salt minimal medium. Two pL
of the suspension were inoculated on DF salt
minimal  agar  containing 2mM -
aminocyclopropane-1-carboxylic acid as the
sole nitrogen source. Plates were incubated at
30°C for four days. Positive bacterial isolates
were determined based on their ability to
utilize ACC as the nitrogen source. Negative
and positive control groups were obtained by
inoculating the suspension on DF salt minimal
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agar and DF salt minimal agar supplemented
with 2mM (NH4),504. respectively.

3. Results and Discussions

3.1 Bacterial isolation and
molecular characterization

A total number of 126 culturable
bacterial isolates were obtained from the
samples in this study. Seventy-two and 54
isolates were obtained from roots and stems,
respectively (Table 1). They were initially
characterized based on the pairwise-
alignment analysis of the partial 16S rRNA
gene sequences using the EzTaxon database.
The results showed that they were classified
into four phyla and 31 genera. In roots, the
majority  (66.7%)  of the isolates were
members in the phylum  Firmicutes. It
consisted of five different genera, and the
predominant group (36 isolates) belonged to
the genus Bacillus. The second largest phylum
(19.44%) was Proteobacteria. Isolates in this
phylum belonged to ten different genera with
Acinetobacter as the major genus (four
isolates). 12.50% and 1.39% of the isolates
were members in phyla Bacteroidetes (four
genera) and Actinobacteria  (one  genus),
respectively.  In  contrast,  Proteobacteria
(eleven genera) and Firmicutes (five genera)
constituted the largest and the second-largest
groups in stems. Burkholderia (six isolates),
Acinetobacter (five isolates), Pseudomonas
(five isolates) and Panroea (four isolates)
were found as the predominant genera of the
phylum  Proteobacteria  while  Bacillus
(cleven isolates) was the major genus of the
phylum Firmicutes. The remaining isolates
were composed of bacteria that belonged to
phyla Actinobacteria (5.56%j two genera) and
Bacteroidetes (3.70%; two genera).

Tablel. Affiliation of endophytic bacteria
isolated from rice stems and roots. Numbers
in parentheses represent the numbers of
isolates that were classified as members in

cach genus.
Phylum Genus
Roots Stems
Actinobacteria Micrococcus (1) Curtobacterium
(1)
Microbacterium
(2),

Bacteroidetes

Firmicutes

Protevobacteria

Chryseobacterium
(6),
Flavobacterium
(1), Myroides (1),
Pedaobacter (1)
Bacillus (36),
Fictibacillus (3),
Halobacillus (1),
Paenibacillus (2),
Staphylococcus
(6)

Acinetobacter (4),
Citrobacter (1),
Cronebacter (1),
Dickeya (1),
Enhydrobacter
(2), Enterobacter
(1), Escherichia
(),
Novosphingobium
(1), Pseudononay
(1)
Sphingomonas (1)

Chryseobacterium
(1),
Mucilaginibacter
(1),

Bacillus (11),
Fictibacillus (3),
Lactococcus (2),
Lysinibacillus (1),
Staphylococcus (3)

Acinetobacter (5),
Aeromonas (2),
Burkholderia (6),
Enterobacter (1),
Klebsiella (1),
Novosphingobium
(1), Ochrobactrum
(2), Panroea (4),
Pseudacidovorax
(1), Pseudomonas
(5), Sphingomonas
(1)

Differences in  the

diversity of

endophytic bacteria between previous studies
have been observed. Using the culture-
independent method, Sun et al. reported the
composition of endophytic bacteria from rice
roots that were collected in China [25]. They
found that the majority (59.26%) of the
bacteria belonged to the genera Gallionella

and  Burkholderia  of  the  phylum
Proteobacteria.  Other  phyla  including
Firmicutes, Bacteroidetes, Deinococcus-

Thermus and Acidobacteria were found as
minor groups. Although a metagenomic study
indicated that the predominant root colonizers
of rice plants collected in Brazil were also
members of the phylum Proteobacteria, the
predominant genera in this study were
Enterobacter and Rhizobium |26]. In our
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Fig.1. Phylogenctic rclationships based on
nearly-complete 165 rRNA gene sequences
between isolates 1017, 1048 and 3037 and
other recognized bacterial species using the
neighbour-joining method. The confidence
level of each clade was determined by the
bootstrap analysis based on 1,000 replicates.
Only values higher than 60% are shown. Bar
indicates 0.02 nucleotide substitutions.

3.2 Plant growth promotion by
endophytic bacteria

Plant  growth  promotion — was
determined based on the ratio between the
fresh weight of rice seedlings that were
inoculated with endophytic bacteria and that
of the control group. After 16 days of co-
cultivation with endophytic bacteria, the
fresh-weight ratios higher than two were
observed in seedlings that were inoculated
with twelve bacterial isolates (Table 2). Ten
of the twelve isolates were members of the
genus Bacillus, while isolares 3010 and 3014
were characterized as Micrococcus sp. and
Acinetobacter sp., respectively. The highest
ratio (3.18+0.30) was observed with isolate
3010.

Several bacterial strains belonging to
genera Bacillus, Micrococcus and
Acinetobacter have been demonstrated as
plant-growth-promoting bacteria. For
example, inoculation of Bacillus oryzicola
YC70077, isolated from rice roots, increased
the germination rates and the number of tillers
of rice plants [35]. A bacterial strain that was
characterized as Micrococcus sp. was found
promoting the vegetative growth of cow pea

roots, shoots and leaves [43]. Acinetobacter

Johnsonii 3-1 was isolated from sugar beet
roots, and inoculation of the bacterium
enhanced the growth of sugar beet plants [44].
Additionally, inoculation of several strains of
endophytic  bacteria isolated from rice
landraces was able to significantly increase
the growth rate of root length of the
commercial rice cultivar by approximately
three fold [45]. Taken together, our results and

thesec examples emphasized the benefits of
endophytic bacteria for plant growth.
3.3 Plant-growth-promoting
activities
The twelve isolates were examined
for their plant-growth-promoting traits
including the presence of the nifH genc,
siderophore synthesis, IAA production and
ACC-deaminase activity (Table 2). Seven
isolates displayed at least one characteristic.
The presence of the nifH gene was the most
common characteristic and detected in
isolates 3003, 3008, 3010, 3012 and 3016.
Isolate 3014 was able to produce
siderophores and IAA. The only trait found
in isolatc 3013 was the ability to produce
ACC-deaminase. Additionally, isolate 3010
that yiclded the highest fresh-weight ratio of
rice seedlings cxhibited all of the tested
plant-growth-promoting characteristics.
This was consistent with previous studies. Ji
el al. isolated nifH-containing endophytic
bacteria from Korean rice cultivars and
demonstrated  their ability to  promote
growth in rice plants [4]. These bacteria
were also able to produce IAA and
siderophores as well as solubilize phosphate.
Other previous studies also showed that
inoculation of ACC-deaminase-producing
bacteria could promote growth, stress
tolerance and nutrient uptake in plants [16,
46-47]. However, we found that isolates
3004, 3005, 3006, 3015 and 3022 were
tested negative for all the examined traits.
This result suggests the involvement of other
mechanisms that have also been proposed as
plant-growth-promoting activities including
phosphate solubilization as well as cytokinin
and gibberellin production [4].
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study, 66.67% (48 isolates) of endophytic
bacteria from roots were affiliated with the
phylum Firmicutes while the predominant
group in stems was related to the phylum
Proteobacteria.  Previous  studies  have
demonstrated the effects of various factors on
the number and the diversity of endophytic
bacteria  in  plants.  These  included
environmental conditions, plant species, plant
cultivars and phytopathogens [27-31]. We
surmised that the discrepancy between
endophytic bacterial compositions found in
the previous studies and the present study was
partly due to the differences in environmental
conditions because rice samples were grown
in geographically different countries.

Almost all isolates showed the similarity
values higher than 98.5% with recognized
bacterial species. However, relatively low
sequence similarities were observed between
isolates 1017, 1048 and 3037 and Pedobacter
tournerimensis ~ TF5-37.2-LB10"  (96.6%
sequence similarity), Sphingomonas
changbaiensis NBRC 104936" (97.4%) and
Paenibacillus ~ vulneris CCUG  53270"
(98.2%), respectively. Stackebrandt and Ebers
reported  that 165 rRNA  gene sequence
similarities below  98.7% were highly
correlated with thes DNA-DNA relatedness
lower than 70% [32] that has been established
as the threshold to assign bacterial strains to
different species [33]. The low levels of
sequence similaritics - observed in - isolates
1017, 1048 and 3037 suggested that they may
represent novel bacterial species in their
corresponding genera. In order to understand
their phylogenetic relationship with other
recognized  bacterial  species, multiple-
alignment and phylogenetic analyses using
nearly-complete 16S rRNA gene sequences
were carried out. The result obtained from
reconstruction of the phylogenetic tree is
shown in Fig.l. Isolates 1017 formed a
distinct clade with P. tournerimensis TF5S-
37.2-LB10" and Pedobacter xinjiangensis
121577 with the bootstrap value of 67%.
Isolate 1048 was placed in the same cluster
with other Sphingomonas species. It was

phylogenetically related to S. changbaiensis
NBRC 104936", and  this was significantly
supported by the high bootstrap value of 87%.
Isolate 3037 was found in the cluster
consisting of Paenibacillus species. Its closest
relatives were P. vulneris CCUG 532707 and
Paenibacillus rigui WPCB173" at the 96%
bootstrap value. Our result was consistent
with  several  previous  studies  that
demonstrated isolation of a number of novel
bacterial species as endophytes of rice and
other plants [34-37]. This suggested that plant
internal tissues are an important isolation
source for the study of microbial taxonomy.

In a previous study, Pedobacter
trunci, - Pedobacter  daejeonensis  and
Pedobacter silvilitoris have been recovered
from woody plants [38]. Sphingomonas
roseiflava, Sphingomonas rosa,
Sphingomonas -~ gei arc  examples  of
Sphingomonas species that were described as
endophytic bacteria [39-41]. However, up to
the date of the preparation of this manuseript,
there were no reports of novel bacterial
species  in  genera  Pedobacter  and
Sphingomonas that were initially
characterized as endophytic bacteria of rice.
In contrast, Paenibacillus hunanensis was the
only species of the genus Paenibacillus that
was isolated from internal tissues of rice seeds
[42]. Thus, isolates 1017, 1048 and 3037 that
were obtained in our study may represent
additional novel bacterial species of genera
Pedobacter, Sphingomonas and Paenibacillus
that were able to colonize rice plants.
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Paenibacillus ehimensis KCTC 37487 (AY116665)
Pacenibacillus tianmuensis B27 rmCT (F1719492)
Paenibacillus xylanisolvens X11-17 (AB495094)
Paenibacillus validus JCM 90777 (AB073203)
Paenibacillus soli DCY03" (DQ309072)
Paenibacillus chinjuensis WN9T (AF164345)
Paenibacillus mucilaginosus VKPM B-75197 (F1039528)
Paenibacillus aestuarii CI125" (EU570250)
Paenibacillus rigui WPCB 173" (EU939688)
3037
Paenibacillus vulneris CCUG 532707 (HE649498)
100 | Aneurinibacillus aneurinilyticus ATCC 128567 (KE952670)
Aneurinibacillus migulanus DSM 28957 (X94195)
Aneurinibacillus danicus NCIMB 132887 (AB112725)
Aneurinibacillus thermoaerophilus DSM 101547 (X94196)
81 55 ’;uq[ Brevibacillus aydinogluensis PDF25T (HQ419073)
Brevibacillus thermoruber DSM 70647 (Z26921)
100 Brevibacillus centrosporus DSM 84457 (AB112719)
W{EBrcvibnciHus agri NRRL NRS-12197 (D78454)
67— Brevibacillus limnophilus DSM 64727 (AB112717)
Micromenospora chalcea ATCC 124527 (X92594)
Novasphingabium capsulatum GIFU11526" (D16147)

100 97

9
100

87

Novasphingobium raihuense T3-B9" (AY500142)
Novosphingobiwn stygium IFQ 16085 (AB025013)
Novasphingobium arabidopsis CC-ALB-2T (KC479803)
Novosphingobium rosa IFO 15208" (D13945)
Blastomonas aquatica PEA-5" (KIS28316)

Blastomonas natatoria DSM 31837 (ABD24288)

100 Blastamonas ursincola KR-997 (Y10677)

Sphingomonas echinoides ATCC 148207 (JH584237)
Sphingomonas oligophenalica JCM 120827 (AB018439)

Sphingomonas mali IFO 155007 (Y(09638)
1048

Sphingomonas changbaiensis NBRC 1049367 (EU682685).

Sphingomonas canadensis FWC47" (HE974351)

Sphingomonas sanxanigenens DSM 196457 (CPO06G44)

Sphingomonas kyeonggiense THG-DT817 (KC252615)
Sphingomonas molluscorum KMM 38827 (AB248285)

Sphingomonas azotifigens NBRC 15497" (AB217471)

100" Sphingomonas trueperi LMG 21427 (X97776)

7 Pedobacter alluvionis NWER-I1117 (EU030688)

&

Pedobacter zeaxanthinifaciens TDMA-5" (AB264126)
94 1017

Pedobacter tournemirensis TF5-37.2-LB 107 (GU198945)
Pedobacter xinjiangensis 121577 (EU734803)
Arcticibacter pallidicorallinus Hh36T (JX949238)
Arcticibacter eurypsychrophilus M19-57 (JX678846)
9= Arcricibacter svalbardensis MN12-7" (AQPNO1000042)
Mucilaginibacter ginsenosidivorax KHI28T (HM204914)
Mucilaginibacter myungsuensis HMD1056" (GQ144415)
Mucilaginibacter koreensis TF8T (JQ966281)
Mucilaginibacter defluvii A5 (JQ955677)
Mucilaginibacter litoreus BR-18" (JF999998)
95— Mucilaginibacter lutimaris BR-3" (HQ455786)

—_— 1
‘ 002

100| 90

100

92

99
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Table 2. Growth promotion in rice seedlings by endophytic bacteria and bacterial plant-growth-
promoting activities. Different letters indicate significance differences between means (n=3).

(+ : positive, — : negative).

Fresh-weight Ratio

Plant-growth-prometing characteristics

Isolates Alliliation (Meanz$.D.) niftl Siderophores ACC- -~
deaminase
3003 Bacillus 2.30+0.23*h + - = =
3004 Bacillus 2.3440.18%b« == = = =
3005 Bacillus 2.70+0.623b¢ =
3006 Bacillus 3.0540.420< - = - -
3008 Bacillus 2.64+40.19%0¢ + - - —
3010 Micrococcus 3.18+0.30° + + “
3012 Bacillus 3.1440.220¢ - = =
3013 Bacillus 2.94+0.59%0< + - + -
3014 Acinetobacrer 2.1440.422 ~ + -
3015 Bacillus 2.56+0.35%b< 7 - -
3016 Bacillus 2.58+0.70%h¢ = B =
3022 Baceillus 2.97+0.63%b - = = -

4. Conclusion

In the present study, we found that
endophytic bacteria isolated from rice roots
and stems composed of members in phyla
Firmicutes, Proteobacteria, Bacteroidetes
and  Actinobacteria.  Based  on  the
phylogenetic analysis of nearly-complete 16S
rRNA gene sequences, isolates 1017, 1048
and 3037 may represent novel species of
genera  Pedobacter, Sphingomonas — and
Paenibacillus, respectively. Phenotypic and
chemotaxonomic = characterizations — are
required in order to confirm their taxonomic
classification. Significant growth promotion
in rice seedlings was observed when they
were treated with twelve bacterial isolates.
Seven of these isolates displayed some plant-
growth-promoting traits. The most common
characteristic was the presence of the nifH
gene. Five other isolates yielded negative
results in all tested traits. According to the
data obtained in our study, these isolates are
potential candidates for future application as
biofertilizers.
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