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Tusunsy MEGA 6.0 wuth elsludeoudadaansius DASA 02002 02008 way 02009 Fmaglunduues
Bradyrhizobium japonicum 1agilA1 Bootstrap 85% ?jqaquié”jwﬁmaqL%@"Lﬂmﬂamé’waaﬁ’m%’uﬁ’a
Jeaneiiug DASA 02002 02008 wag 02009 #o B. japonicum diuidelsledeudaasansiusg DASA
03069 war 03071 dneglunguves B. yuanmingense lngilen Bootstrap 87% Iuﬁumzﬁmaﬂ’ui DASA
03018 dnaglunguued B. liaoningense lawilen Bootstrap 87% F9vin1s8udunisiuunviianie

[
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110 Fedneglundu (clade) eafiu Tnedian Bootstrap 100% 3asuléin sdinvesdelsluidoudadas
maﬁuﬁ: DASA 03069 tay 03071 A9 B, yuanmingense LLaza’mﬁuﬁ: DASA 03018 fe B. liaoningense
Turniiidelslewdondauvdasansiiug DASA 01001, DASA 01014 wag DASA 01023 Fnaglunduvas 8.
japonicum fatudsazUlddnlnsies D1 wag rP2 anunseldlunisdasuundelsledondmiudude

fadas waztmaedluszauwia (species) 16

Abstract: The identification of nine reference rhizobium strains for mung bean, groundnut and
soy bean that selected from the top three highest nitrogen fixing rate for each leguminous
plant. fD1 (forward primer) and rP2 (reverse primer) primers were used to increase DNA
fragments of those rhizobium strains. Then rhizobium DNAs were sequenced and used to
construct the phylogenetic tree by comparing with other rhizobium strains in NCBI database.
Neighbor-joining phylogenetic analysis was performed using MEGA 6 .0 program. The result
showed that rhizobium for mung bean strains DASA 02002 02008 and 02009 were grouped in
Bradyrhizobium japonicum with 85% bootstrap support. Therefore, the species of rhizobium for
mung bean strains DASA 02002 02008 and 02009 was B. japonicum. Rhizobium for groundnut
strains DASA 03069 and 03071 were grouped in B. yuanmingense with 87% bootstrap support
while DASA 03018 was grouped in B. liaoningense with 87% bootstrap support. The result of
phylogenetic analysis revealed that B. yuanmingense and B. liaoningense had similar evolution
which resulted in their grouping in the same clade with 100% bootstrap support. Therefore, the
species of rhizobium for groundnut strains DASA 03069 and 03071 was B. yuanmingense while,
DASA 03018 was B. liaoningense. The rhizobiums for soy bean strains DASA 01001 01014 and
01023 were B. japonicum. Therefore, it was concluded that the primer fD1 and rP2 can be used

to classify rhizobium into species level.
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(Geneaid Biotech Ltd., Taiwan)
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fD1 (5" AGAGTTTGATCCTGGCTCAG 3’) ag rP2 (5’-ACGGCTACCTTGTTAC GAC TT-3”) (Weisburg et
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JUADUN 1 94 pIALTALTYE 3 U 31U 1 59U
JUADUN 2 94 paATALYEA 30 U
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JUNDUN 3 72 99 waLed 10 Wil U 1 58U

753988U PCR product EIE LR agarose gel electrophoresis
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8. méruinalelnsuestudniu 165 rONA fildanmsiiiusiuiugeirsos DNA Sequencer
5. thaduihedlelndveslsludouusazaneiusilduuisudisuanuedendeiufuaeiuglslado
7iie gJJ'eLu 31U i) 3 8 ¥ @9 The National Center for Biotechnology Information (NCBI)
(www.ncbi.nlm.nih.gov/BLAST/) A2y Basic Local Alignment Search Tool (BLAST)
6. thdduiadlelndvendelsladenlugiudeyafifivofifudauadrondatuuinitan (% similarity)
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1. sUsoeaUTinumsugnssuildanmainduuiidue

2. gsNansiUIsuiisuauad1endanu (% similarity) vesannuivaveslsloidounagauus
avaneuivateWuglslofeufifieglugudonaves The National Center for Biotechnology
Information (NCBI)

3. uHuII TN (Phylogenetic tree)
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Fevhnsafafiueveadelsludoudndenld 10 aeius 1éun DASA 02001 02002 02006
02007 02008 02009 02010 02020 02062 war 02080 waziiuswIABWEMEINTWes D1 way rP2

aulaUSunaumduenunnaeLaa (Figure 1)

Figure 1 The amount of DNA of 10 selected mung bean rhizobium

diehdudidueventelsludouns 10 aeiugiiuduuldnelnsiwes fO1 waz rP2 Tum
afuua udthluwSeuisuiugudeyadduuavesdelsladondu 4 lugiuteyaves The National

Center for Biotechnology Information (NCBI) wu31 d1sutuavesitdutedalsladonits 10 argwusi
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AuAULEe Bradyrhizobium japonicum 99% (Table 1) @1%5UN1TILATIZAAT
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Uinale

% L3

InAnTuediuszazn193Tmuinis (evolutionary distance) n1353As1zRaINANUoSIGuATnanwal

(identity percentage) aglwaruseanumduuselowd Falnsunfaziansanindadidiadu o $3Tauinis

1nd%aru viserdurdaneniu Weaaswusondnuailawanaiatuliiu 10 wWesidud (Pearson, 2013)

Table 1 Classification of selected mung bean rhizobium

NCBI accession

Strains Species Similarity (%)
number
DASA 02001  Bradyrhizobium japonicum 99 KYy000645
DASA 02002 B. japonicum 99 AB931151
DASA 02006 B. japonicum 99 CPO17637
DASA 02007 B. japonicum 99 KY284085

DASA 02008 B. japonicum 99 AB931151




DASA 02009 B. japonicum 99 KF995119

DASA 02010 B. japonicum 100 KYy000644
DASA 02020 B. japonicum 99 KF995119
DASA 02062 B. japonicum 99 AYO04T7T74
DASA 02080 B. japonicum 99 KY000645

1%
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daidenainuszansnimnisnivhulasiaudifian 3 Susuusnldun DASA 02002 02008 Lag 02009 1
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WHUNTATAUINT (Phylogenetic tree) Wiguiisuiuanuiuaveudelsladoudu q fladiAseiulu
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51UToua NCBI @2875 Neighbor-joining phylogenetic analysis Iaglalusunss MEGA 6.0 Wui L%@ii
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ToJoudnTeraeiug DASA 02002 02008 uay 02009 Sansdneglungues B. japonicum (Figure 2)
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NFIIUUINT (Richardson et al., 2000) #3il
A1 Bootstrap 85-100% wanwDanNNTasusyaUEs
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DASA 02002
DASA 02009
B. japonicum AB931151
B. japonicum JN392463

100 DASA 02008

B. japonicum KF995119
B. yuanmingense LN896395

HE| B. yuanmingense LN896394

B. yuanmingense AB825991
L — R. leguminosarum HM587713

| R. leguminosarum EU281310
A. undicola Y17047

o1 R. oryzae KM603638

48 _li R. taibaishanense KU297771
70

R. taibaishanense KU297770

0.01

Figure 2 Neighbor-joining phylogenetic tree of partial 16S rDNA gene of three reference mung
bean rhizobium strains: DASA 02002 02008 and 02009 versus reference strains from NCBI

database. The percentage support values are based on 1000 bootstraps.
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sadenitolsladoniidamnuszaninmnsnssiulanauifian 10 aeiugusans Tiun DASA
03001 03007 03017 D 03018 03043 03069 03071 03084 03183 way 03184 ﬁ']LsaaéL%ja”Lﬂmﬂau
Fananunatamiduenaziiudiviuiiduediglnswes D1 waz rP2 Wi lumdsuiua wienly
Wisuiftsutugrudoyadifuiuavesdelsleifoudu 1 lugiudeyaves The National Center for
Biotechnology Information (NCBI) wu31 @gwuglsleideudiulugfiatnuadieadsiuiy e
Bradyrhizobium liaoningense wag B. yuanmingense lagiiuasidudninuaaiaaaeniy (% similarity)

agflua 97 - 100% asanalsludunsaesviiniianupingadaiundiiauiniggs (Table 2)

Table 2 Classification of selected groundnut rhizobium

Strains Species Similarity (%) NCBI accession
number
DASA 03001 B. yuanmingense 100 KY908463
B. liaoningense 100 KX230054
DASA 03006 B. yuanmingense 98 FJ418699
B. liaoningense 98 KX230054
DASA 03007 B. liaoningense 99 AB931151
B. japonicum 99 EUA81826
DASA 03017 B. yuanmingense 99 KY908463
B. liaoningense 99 KX230054
DASA 03018 B. liaoningense 99 KX682021
DASA 03069 B. yuanmingense 99 KY908463
B. liaoningense 99 KX230054
DASA 03071 B. yuanmingense 100 KY908463
B. liaoningense 100 KX230054
DASA 03084 B. japonicum 99 KR092321
B. dagingense 99 HQ664955
DASA 03183 B. yuanmingense 98 KY908463
B. liaoningense 98 KX230054
DASA 03184 B. yuanmingense 97 KY908463
B. liaoningense 97 KX230054




nsBufumanisuuneialnedidduivavesdelsludeudi dasaneiuginedats 3 aewudi
dadenanUszaninmmsasdlulasiaudian 3 Susuusnléun DASA 03018 03069 waz 03071 fe
sy uauTITAN (Phylogenetic tree) Wisuiflsufugduiuavondelsludendu q AlndiAseiu
lugudaya NCBI ie33 Neighbor-joining phylogenetic analysis lngldlusunsy MEGA 6.0 wuin e
Islefoudadasaniiug DASA 03069 uaz 03071 dneglunguves Bradyrhizobium yuanmingense
(Figure 3) 1neidiA1 Bootstrap 87% 1ummzﬁmaﬁuﬁ: DASA 03018 dmeglunguves  B. liaoningense
InafiAn Bootstrap 87% wufiu a1nn muandliliiugn B. yuanmingense uay B. liaoningense i
Wannmsifaalndifsaiuunn Jedneglungy (clade) A wWuieadu Tavila Bootstrap 100% Gaein
Bootstrap Huansfenuidesiuseduga (Richardson et al., 2000) FsagUlén siinvendelslodoudy
davayWug DASA 03069 way 03071 Ao B. yuanmingense Wag@18W 1§ DASA 03018 A B.
liaoningense (Figure 3) danndasiuauidaves Zhane et al. (2011) finudn Welsludoudiulngd

delviiinvusinlunifasineglu 2 nqulnaiAe B. yuanmingense uax B. liaoningense
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satiudsannsaldidelsludouiiaoswiaduasiugsadaesdelslodouiiamisansliiinUusinly

odadle ielvimaesurguivsiinveslslafeuimululunniidawnniign

DASA03069

_B. yuanmingense AB825991

\
& B. yuanmingense JQ315249 |

B. yuanmingense LN8963%94 A

DASAQ03071
L B. liaoningense KF787800 |
= DASAQ03018

B. liaoningense AB698736 \

100 R. teguminosarum HM587713

R. lesuminosarum EU281310

A. undicola NR026463 ‘

R. oryzae KM603638 B
R. taibaishanense KU297771

66 R. taibaishanense KU297770

B

0.01

Figure 3 Neighbor-joining phylogenetic tree of partial 16S rDNA gene of three reference
groundnut rhizobium strains: DASA 03018 03069 and 03071 versus reference strains from NCBI

database. The percentage support values are based on 1000 bootstraps.
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Andeniialslaidondnndesl0 areWugusansuasideslue1nis yeast mannitol broth
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medium ﬂumﬂmzﬂamwaLﬂUL%aaﬂlﬂ%LUBM LLASENARNLDULD ﬁ]'1ﬂuuLWﬂJUiMWﬂAGlL@HL@WAHIW?L@Jai D1

o a & a a

waw P2 iothiufiduefiiudwuldlumdduiua udnihdduvavendelsledey 3 aneus 1
Wisuisuiugiudeyadiduavendolslndendug lugiudeyauos The National Center for
Biotechnology Information (NCBI) wuih anewuslsledsuduvdostmunianuedeadstuiuide
Bradyrhizobium japonicum 99% (Table 3) kagfoIiWHUANTIUUINT (Phylogenetic tree) Al
38 Neighbor-joining LlefnwiUisuifisuteyalfmumameiugnssuvesdelsludeimadeuudazans

v

ugindanulndifsaiuidelsludeninlalugrudeyauniian wasilunstudunanisusuenaiindn
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Table 3 Classification of selected soybean rhizobium

Strains Species Similarity (%) NCBI accession

number
DASA 01001 Bradyrhizobium japonicum 99 KY000639
DASA 01007 B. japonicum 99 KY000643
DASA 01013 B. japonicum 99 KY000644
DASA 01014 B. japonicum 99 KY000638
DASA 01015 B. japonicum 99 KY000644
DASA 01022 B. japonicum 99 AY904786
DASA 01023 B. japonicum 99 MF664373
DASA 01034 B. japonicum 99 KY000638
DASA 01054 B. japonicum 99 KY000638
DASA 01059 B. japonicum 99 KY000636

nsgudunanisiunvlialagthaduuavesdelsloounmassaneiugendme 3 aenush
AntdanINUszansamnisnsalulasiauasiian 3 suduusnlaun DASA 01001 01014 uag 01023 119
WHUNTIIANINTT (Phylogenetic tree) WIsuifisuiudnuvavestelsloondu q lnadesiuly

§1udeya National Center for Biotechnology Information (NCBI) #3875 Neighbor-joining



phylogenetic analysis Inglalusunsy MEGA 6.0 Wual L%@lﬂ%LﬁmﬁaLmﬁaﬂawﬁuﬁ DASA 01001

01014 wag 01023 dneglunguues Bradyrhizobium japonicum (Figure 4)

DASAQ1023
B. japonicum KY00063%

B. japanicum KUB62338
58 | B. japonicum KY000638
| 5 Japonicum MF664373

DASAC1014
B japonicum KY864521

DASAC1001
B L 8 japonicum Ky794773

B. yuanmingense MG016486
B. yuanmingense KY908463

8s | B. yuanmingense LT203773
B. yuanmingense MG016485

gg———— R leguminosarum HMB87713

R teguminosarum EU281310
A undicola NRO26463

74 4|7 R. taibaishanense KU287771
79 R taibaishanense KU297770

—
001

Figure 4 Neighbor-joining phylogenetic tree of partial 16S rDNA gene of three reference soybean
rhizobium strains: DASA 01001 01014 and 01023 versus reference strains from NCBI database.

The percentage support values are based on 1000 bootstraps.
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DASA 01001 01014 uay 01023 dnaglunguved 8. japonicum Aatun1sidlnsiuas D1 wag rP2
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