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£ B85 2. SDS PAGE 4 4 i E (4 #7 .DNA-DNA #¥3¢ . 16SrDNA PCR-RFLP #]
ERL AETHALSSE TRAKEH EABSBEESR 1.2 L& XI96060.
X]96408 &y 16SrDNA 255, 353 — & ¥ b LBk 31 BRE Jl .3 4 B R LR RA R
HETTEREEKE ¥ g REH, ﬁﬁﬁﬁ&gﬁﬁﬁm*ﬁﬂiﬁﬁi Sinorhizobium .
Mesorhizobium , Agrobacterium-Rhizobium . Rhizobium \ Bradyrhizobium \ Azorhizobium A
#. BE 1,2 %A Sinorhizobium 7T,

S iE . BT, 16S (DNA 29 E, RER FEHT

hERS} 22 .(39.1174 TMNFIRE.A XS 0001 - 6209 (2000) 01 - 0001 - 08

IS, B BB SRR S AR . E AR A B R GR AT F iLE,
AR K N RAR M CHTAS B S S MRS S ERERE, TATER
T F&ERl Eardly B D&SBH THEAR T R4 HREREE>), Eardly B D %4
B £ 4 i R X 232 B AS ML HEAT T A 36RF SR SBIERT 15 MM kAT, A
H 13 PhEgey Bk BAET BE DT, W Sinorhizobium meliloti SR AFMBEHAE
2:04) . Rome S ZF)H BAA 16SrDNA FEFIM 38 B AR EREY LA —FE£F
T AR R BT T R, BT —AHF Sinorhizobium medicae'®, rDNA H H
REPHEB T T RER F ML, Woese BE 1DNA RS R BT EVE
F 502 N B (Archae), BB 4 ) (Eukaryotes ) I 4l (Bacteria) =38~ 1°), 16SrDNA
SENEREELTB . FHNERAFR. IEALEEMNEHLAS THEE. 1991 F,
Young ] P 'W % Fi} 16S rDNA #8540 Fr 5 ( A 28 R ) 3 B AR MR B ( Rhizobium legumi-
nosarum )~ B fe BIE W (S . meliloti ). 18 4 & T.A8 J& B ( Bradyrhizobium japonicum ) B a
EH T ERET T 2ERTF oY, Willems A f Collin M D 5k fH 165 rDNA
LR F AR B A A TR B (B japonicum ) B 582 /B H (R. leguminosarum) « BHF
8 ( Rhizobium tropici ) L1 TARME B ( Rhizobium galegae) B BKARMLE B ( Rhizobium
loti) HTETHBEHE(S. meliloti)\iiﬂﬂléﬁﬁ(Agrobacterium)u&*ﬁ%ﬁﬁam*ﬂ{uﬁi&ﬁ
TERASH, B T RRE LR kKN AR R FTRRINZ ), 1993 £, Yanagi M fl
Yamasato K M58 T 38 B R AEME 8 B ( Sinorhizobium fredii ) ¥ - EHUEH ( Sinorhizo-
bium rinjiangensis) 255 1R 78 B ( Mesorthizobium huakuu VB «TEHNTHHEFEEDY 168
DNALFH, W TRREEE «THTHRKREFHEM, BRI EE B E

* B R X 2% BT H (39670017), FE-BX 35 H& fEIT H (1C18 - CT96 - 0103)
RS EER(2-), B, pEAL AT EwEREL, SESELF

It % E A - 1998-03-24, #E B X : 1998-06-04
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( Mesorhizobium ciceri )1, Sinorhizobium saheli . Sinorhizobium teranga ¢ A B b o g
BRI ( Mesorhizobium mediterranewm )V ER I E T Hrffl 2 B ¥k 49 16S rDNA 2551,
NETHMERRRT P, B XERMES . SDS-PAGE 2 HME 5447 .DNA-
DNA %47, 16SrDNA PCR-RFLP #&5k b, i »E B ST 21 X B3 EANRE
EEBE 1.2 89P0 Bk XT96060. XJ06408 (9 16SIDNA £ 5 7l g il &, A BIR 2 X 5 4~
BN ESARTHN.

1 MHEATE
1.1 B
FiT 165:DNA 255 & fR Bl . P Hdes R H R4 & XI96060,X)96408,
HERATFARRTF WK REHE, 3 A B R LRRARER, SHKREFEL
R 1.
F1 165DNA 2 FFISHT A
Table 1  Strains used in the 165rDNA full length sequence analysis

Strain number Species Hosts/ or origin Accession number
ATCC 15834 A _rkizogenes X67224
ATCC 13335 A rubi Rubus ursinue var. Loganobaccus X67228
LMG 196 A tumefaciens X67223
LMG 8750 A vitis Vitis vinifera, Australia X67225
LMG 6465 Az . caulinodans Sesbario restraia, stem, Senegal Xa7221
U3DA 205 5. fredii Glycine max, Chengdou, China X67231
HAMBI 546 R . galegae Galega orieatalis, Finland X67226
ATCC 14480 R. leguminosarum Trifolium pratense X67227
NZP 2213 M. loti Lotus corniculatus X67229
NZP 4027 & . melilon Medicago sativa, Virginia, USA X67222
CFN 299 R . tropici A Phaseolus sp., Brazil X67233
C-05-1 R . iropici B Phaseolus sp., Bresil X67234
166 R . hainanense Desmodium sinuatum, Hainen, China U7107§
A-IBS M . tianshanense Glycyrrhiza uralensis, Xinjiang, Chira U079
LMG 7837 S, saheli Sesbania cannalbina, Senegal X68390
LMG 5463 5. teranga Seshania rostrata, Senegal X68387
LMG 6138 B._ japonicum Glycine hispida, Japan X66024
UFPM-Ca7 M. cicer: Cicer arietinum L., Spain 07934
UPM-Ca36 M. mediterrancum Cicer arietinum L., Spain 138825
LMGGR443 Br. denitri ficans X66025
TAM13154 My. dimerpha D12786
1AM 13153 My . bullara D12785
TAM 13584 PR . myrsinacearum 012789
1AM 13587 FPh . rubiocearum D12790
IAM 14158 M . huakuii Asiragalus sinicus, China D12791
1AM 14142 S. xinjiangensis Glyeine maxr, Xinjiang, China D12796
1AM 14119 Ock . anthrapi D12794
ATCC 49852 B . elkanii Glycine max, United States 35000
ATCC 14483 R . etli Phaseolys vulgaris L. U47303
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134 HERE HTREEFRARRRTESN 3

#FR1

LMGT7836 M. plurifarium X68389
USDAL037 5. medicae Medicago (annual)

SH22623 G . multiflora, Gansu, China

SH19312 G . pallidiflora, Ningxia, China

SH2672 G . multiflora, Gansu, China

X]96060 Medicao sative, Xinjiang, China

X]96408 Metilotus sp., Xinjiang, China

LMG . Culture Collestion Laboratorium voor Microbiologie, Universiteit Gent, Gent, Belgium; IAM: Institute of Ap-
plied Microbiclogy, The University of Tokyo, Tokyo, Japans ATCC: American Type Culture Collection, Rockville, Md. ;
NZP: Division of Scientific and Industrial Research. Palmerston North. New Zealand; USDA: Beltsville Rhizobiom Culture
Collection, Belisville Agricultural Research Center, Beltsville, Md.

1.2 F&E

1.2.1 16 SIDNA £FF%E :DNA £ BCR A B/ & 45/ 7R g, HHRA TY H3F
g B K, 12 000/ min B-UWAERE S, Al 10mmol/L Tris HCl R =K,
W, E LA, B R/ AU/ R HIE, Z8EE, AT, B/R % DNA T TE
(10 mmol/L Tris. Cl, pH7.6, 1 mmol/L EDTA, pH8.0) F. 163DNA B3 "8, bl &
DNA u##, FIE M 34 P1:5° — CGg gat ccA GAG TTT GAT CCT GGC TCA GAA
CGA ACG CT-3" (M TR ENE 8 -37 MELME), KA 3[# P6.5"-CGg gat ccT
ACG GCT ACC TTG TTA CGA CTT CAC CCC-3" (¥ TR B A 5 1479 ~1506 fiL
)% PCR RV P HH 16SrDNA, PCR F WA 100 pL, HH & 4.5 4L #9854 DNA
(£ 200ng), 10 pL 84 10 x L SHmE, 1 oL 3[40 P1(£9 20 ng), 1 L 5149 P6(£9 20 ng), 2
pL B 4 x ANTP B &4 (4R R 200 o mol/L), 81 pL K, 0.5 uL Taq BF(3U/uL, W
AR ST RIIIA ), 80 pL A M., PCR B & F# 95 C WA 10 min, 3 1 PIEH(95
T A4 3 min, 60 T HEYE | min, 72 CIEMH 3 min), 5 2~ 35 TMEFF(95 CAH 1 min, 60 T
4 1 min, 72 C M 3 min, B/F# 72 C EF 5 min)#Hf7. PCR Py S . B BamH [
%t PCR =8y & ok pUCL8 SHFTEE U1 IS, H % 4 4, 56 (L X Mo 4T B ¥ ¥k DHSq, I 5 BERF
B, BEBUFR DNA(SO uL, BB =20.3 pg/pl) B ABI377 B Sl RO FF

1.2.2 BHAEREEZSH: A SeqPup(0.6 version) VK A #H T F A TN, Hib K
PHYLIP %X {:42.(3.572¢ version) 2 W] LLiER Ay 44, H PHYLIP $K{F &K Al SEQ-
BOOT .DNADIST.NEIGHBOR .CONSENSE K fl B 7547 1 91 FE ALEUEE (1000 3K, A1
YR E, RERE P2 2L,

2 % RAiti
2.1 1.2 808 XJ96060.XJ96408 (T 16S rDNA €75

S AR B 5 B S R 4T 43 BT b B, TR LA S AR AR I, AR A 1] B A0 SR UL
EixFH, ZEESEXBMIIYRE, AR =IO RRFERBIAWHRE N LT (3
1423bp). B 1 FIE 2 | E 7 XJ96060 Fl X]96408 A7 16S rDNA £ 5,
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4 B £ B % # 40 #

1 AACGAACGCT GGCGGCAGGC TTAACACATG CAAGTCGAGC GCCCCGCOGA
51 GGGGAGCGGC AGACGGGTGA GTAACGCGTG GGAATCTACC CTTTTCTACG
101 GAATAACACA GGGAAACTTG TGCTAATACC GTATGAGCCC TTAGGGGRAA
151 AGATTTATCG CGAAAGGATG AGCCCGCGTT GGATTAGCTA GTTIGGTAAGG
201 TAAAGGCCTA CCAAGGCGAC GATCCATAGC TGGTCTGAGA GGATGATCAG
251 CCACATTGGG ACTAAGACAC GGCCCAAACT CCTACGGGAG GCAGCAGTGG
301 GGAATATTGG ACAATGGGGE AAAGCCTGAT CCAGCCATGC CTGCTGAGTG
351 ATGAAGGTCT TAAGGTTGTA AAGCTCTTTC GTGGGTGAAG ATAATGACGG
401 TAACCGGAGA AGAAGCCCCG GCTAACTTCG TGCCAGCAGC CGUGGTAATA
451 CGAAAGGGGC TAGCGTTGTT CGGAATTACT GGGCGTAAAG GGCACGTAAG
501 CGGATTGATC AGTGAAGGGG GAAATCCCAA AGGTCAACCC TGGAACTGCC
581 TTTGATACTG GCAATCTTGA GTCCAGAAGA GGTGAGTGGA ATTCCGAGTG
601 TAGAGGTGAA ATTCGTAGAT ATTCGGAGGA ACACCAGTGG CGAAGGCGGE
651 ATACTGGTCT GGAACTGACG CTGAGGTGCG AAAGCGTGGE GAGCAAACAG
701 GATTAGATAC CCTGGTAGTC CACGCCGTAA ACGATGAATG CCAGCCGTTA
751 GGCAGTATAC TGTTCGGTGG CGCAGCTAAC GCATTAAACA TTCCGCCTGG
801 GGAATACGGT CGCAAGATTA AAACTCAAAG GAATTGACGG GGGCUCGHCAC
851 AAGCGGTGGA GCATGTGOTT TAATTCGAAG CAACGCGCAG - AACCTTACCA
901 GCCCTTGACA TGTCCAGGAC COGTCOEGGA GATGTGACCT TICAGTTCGG
951 ATGGAAC-AC AGGTG-CTGC ATGGCTGTCG TCAGCTCGTG TCGTGAGATG
1001 TTGGGTTAAG TCCOGCAACG AGCGCAACCC TCGCCCTTAG TTGCCAGCAT
10561 TCAGTTGGGC ATTCTAAGGA GACTGCCGGT GATAAGCCGA GAGGAAGGTG
1101 GGGATGACGT CAAGTCTTCA TGGCCCTTAC GGGCTGGGCT ACACACGTGC
1151 TACAATGATG GTGACAGTGG GCAGCGAGAG CGCGAGGTCG AGCTAATCTC
1201 CAAAAGCCAT CTCAGTTCGG ATTGCACTCT GCAACTCGAG TGCATGAAGT
1251 TGGAATCGCT AGTAATCGCA GATCAGCATG CTGCGGTGAA TACGTTCCCG
1301 GGCCTTGTAC ACACCGCCCG TCACACCATG GGAGTTGGCT CTACCCGAAG
1351 GTAGTGCGCT AACCGCAAGG AGGCAGCCGG CCACGGTAGG GTCAGCGACT
1401 GGGGTGAAGT CGTAACAAGG TA~

B BE 1 AL B XJ96060 KT 16SIDNA &7 31
Fig.1 16SrDNA full length sequence of centro-strain(XJ96060 )of Groupl

2.2 FW¥(E 16S rDNA £ FESBLEME

BT B FERRF A 16S DNA £ FFI AL, B8 A BT84 & PHYLIP(3.572¢
Version) 7 DL RS X, B DNADIST W fl B8 F R & B B F A& B, ReREAH
e, 3 2 5 T BB BRI 165 IDNA ©FFIBAHMME, B 1 S8 CHFA 16S DNA 2/F
FRIBIPE 83.25% ~95.50% . BE 1 Fl Sinorhizobium J&F &P 168 (DNA 2 FFAHLIME
95.12% ~95.50% , HH'5 S, saheli 24 95.36%,5 S. teranga 7 95.30%, 5 S. xinjiangen-
sis M 95.20%, 55 S. fredii 7 95.12%, 5 S. mdicae 9 95.45%, 5 Smeliloti # 95.50%, B
2 1 Sinorhizobium B &R 16S (NDA £ FF A {8l 95.68% ~99.15%, A 5 S. saheli
#95.68%, 5 S. teranga N 96.13%.,. 5 S. xinjiangensis N 97.84%, 5 S. fredii A
97.55%,5 S. medicae99.15%,5 S. meliloti 7 98.71%,
2.3 RIELR

XA BB 16S 1DNA 25378 2R BT, iF R A 1000 1%, MK 1000
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6 H & #H ¥ R 40 &
1 AACGAACGCT GGCGGCAGGT TTAACACATG CAAGTCGAGC GCCCOGC-AA
51  GGEGAGCGGC AGACGGGTGA GTAACGOGTG GGAATCTACC CITTTCTACG
101 GAATAACGCA GGGAAACTTG TGCTAATACC GTATGAGCCC TTOGGGGGAA
151 AGATTTATCG GGAAAGGATG AGCCCGCGTT GGATTAGCTA GTTGGTGGGG
201 TAAAGGCCTA CCAAGGCGAC GATCCATAGC TGGTCTGAGA GGATGATCAG
251 CCACATTGGG ACTAAGACAC GGCCCAAACT CCTACGGGAG GCAGCAGTGG
301 GGAATATTGG ACAATGGGCG CAAGCCTGAT CCAGCCATGC CGOGTGAGTG
351 ATGAAGGCCC TAGGGTTGTA AAGCTCTTTC ACCGGTGAAG ATAATGACGG
401 TAACCGGAGA AGAAGCCCLG GCTARACTTCG TGCCAGCAGL CGOGETAATA
451 CGAAGGGGGT TAGCGTTGTT CGGAATTACT GGGCGTAAAG CGCACGTAGG
501 CGGATTGTTA AGTGAAGGGT GAAATCCCAA GGCTCAACCC TGGAACTGCC
561 TTTCATACTG GUAATCTAGA GTCCAGAAGA GGTGAGTGGA ATTCCGAGTG
601 TAGAGGTGAA ATTCGTAGAT ATTCGGAGGA ACACCAGTGG CGAAGGCGGC
651 TCACTGGTCT GGAACTGACG CTGAGGTGCG AMAGCGTGGG GAGCAMCAG
T01 GATTAGATAC CCTGGTAGTC CACGCCGTAA ACGATGAATG TTAGCCGTCG
751 GGCAGTTTAC TGTTCGGTGG CGCAGCTAAC GCATTAAACA TTCCGLCTGG
801 CGAGTACGGT CGCAAGATTA AAACTCAAAG GAATTGACGG GGGCCOGCAC
851 AAGCGGTGGA GCATGTGGTT TAATTCGAAG CAACGCGCAG AACCTTACCA
901 GOCCTTGACA TCCCGATCGE GGATACGAGA GATCGTATCC TTCAGTTCGG
951 GATCGGAGAC AGGTG—CTGC ATGGCTGTCG TCAGCTCGTG TCGTGAGATG
1001 TTGGGTTAAG TCCCGCAACG AGOGCAACCC TCGCCCTTAG TIGCCAGCAT
1051 TCAGTTGGGC ATTCTAAGGG GACTGCOGGT GATAAGCCGA GAGGAAGCTG
1101 GGGATGACGT CAAGTCTTCA TGGCCCTTAC GGGCTGGONT ACACACGTGC
1151 TACAATGATG GTGACAGTGG GCAGCGAGAC CGCGAGGTCG AGCTAATCTC
1201 CAAMAGCCAT CTCAGTTCGG ATTGCANTCT GCAANTCCAG TGCATGAAGT
1251 TGGAATCGCT AGTAATCGCA GATCAGCATG CTGCGGTGAA TACGTTCCCG
1301 GGCCTTGTAC ACACCGCCCG TCACACCATG GGAGTTGGTT CTACCCGAAG
1351 GTAGTGCGCT AACCGCAAGG AGGCAGCTAA CCACGGTAGG GTCAGCGACT
1401 GGGGTGAAGT CGTAACAAGG TAG

AT B

2

B2 aUehuoHE XT96408 B9 16S:DNA £ K 7
Fig.2 165DNA full length sequence of centro-sirain( XJ96408 }of Group2

WSS BT — BB E, FF DRAWGRAM N &, RigBEEE RN, B 3 4
HT&EELL 168 'DNA £ FERCAE My BRE,

MBI ER FHEERERRLEEN P EE PR Sinorhizobium .
Mesorhizobium  Agrobacterium-Rhizobiwm « Rhizobium | Azorhizobium Fl Bradyrhizobium

ERARIEE B Az. canlinodans B, — ML H 24,
BEEMEBRRBABAR —2 T, RBEE KSR BE (Bradyrhizobium Jjapon-

icum )R RIKB AW WE (B. elkanii),

R BB (M. rianshanense) G B E T BRI BAE SH2627 .M. pluri-
farium BRRTEBERBEE (M. los) BB ERBE(M. cicer: ) U A 1B
AR (M. mediterranewm ) R PR EBBIE (M. huakuii ) FH X R, 3LIF

MRS LR R X

TRFERYERNERWHEREAT LEAZY., RBIRTE (A rhizogens)
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1 ¥ HERS AMEBEFHNRELTESN 7

S BmEnm A EYMR(R. ropici A, R.

A.vies
tropici B) G MRME (R . leguminosarum ) B —— R\gﬂsf;{%dn
HOWBE(R. ali) Wl —4%. LWEL __E'ésmm _
A.tumefaciens
W E (R. galegae) M A. vits, AHKRT B R — et A rubi
L% IR (4 AR B SH22623, SH19312 B A, }f:;j:f
tumefaciens A . rubi MR 73—, A.rhizogenes
R.leguminosarum
S. saheli . S. teranga . FE P EBBEH R hainanense
5. Xma_y_rangemrs
(5. xinjiangensis). BER P HBEEH(S. gfﬁgﬁga
fredii) R B P HEIBRBE (S, meliloti ). S. Ssaheli wicae

medicae T8 P HEARIE W B ( Sinorhizobium ) K
EAXBIL2NEEX—KRESXP. &5
16SIDNA AR HEEAR, A IEH T 1.2
BT Sinorhizobium B

HI2HEKRAISEAFETROENE
B OEAEEYRRE B AR EEREE
W T KA 522 595, R, B 1 M
SBEHFELEETRMX, EKER N -
95 m~ — 76 m, TIRHIERWE N pHE.6~9.1,
BESEE 47.6 C,E VKRN 16.4 mm,
£ 3 % B R 3000 mm, T LA HET R
HMEMERE EABEYREEERARTR
i LB T Sinorkizobium 511,

g * X W

{11 Gao WM, Yang S S. Microbiology, 1995, 141: 1957~ 1962.

Xj96408
X96066
S.meliloti

Ph.rublacearum
Fh.myrsinacearum

M.mediterraneum
—
M loti
___: M. huakuii
Clust
SH2672
M tianshanense

My.dimorpha

Bl denitrificans
_E: B.japoricum
B.elkamif

_: COch.anihropi
] Az.caulinodans

— My bullata

M3 16S:DNAEFNAERER

Fig.3 Dendrogram of 16SrDNA full
length sequence analysis

[2] Eardly BD, Hannaway DB, Bottomley PL J, et al. Applied and Environmental Microbiology. 1985, 50:1422.
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PHYLOGENETIC ANALYSIS OF TWO RHIZOBIA NEW GROUPS

Yan Aimin Chen Wenxin
{ China Agriculture University, Biclogical College, Beijing 100094 )

Abstract: On the basis of numerical taxonomy, SDS-PAGE whole-cell protein analysis, 168
rDNA PCR-RFLP and DNA-DNA hybridization, the full length of 16SrDNA of two strains
(XJ96060. X}96408) were sequenced and compared with the 168 rDNA sequences of other
members of the alpha 2 subclass of the Protecbacteria available from GenBank. An unrooted
tree was produced 10 determine the phylogenetic relationships of two groups. The results
showed that all strains were clustered into 6 branches, they were Sinorhizobium | Mesorhi-
zobium . Agrobacterium-Rhizobium .  Bradwwhizobium. Rhizobium., Azorhizobium.
Groupl, 2 fell into Sinorhizebium branch.

Key words: Rhizobia, 16SrDNA sequencing, Phylogenetic analysis
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