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Bt MFREER{ES % DNA-DNA 37
A% %44 #WH

(HA RS REREE BE 712100)
ER#% % H

R Rl W JUR0 100094)

WEHBEALTFRENR. SREETS. RO . KEREE, THLTHENDAS
M (Caragana sinica) . &G T (Sophora alopecurvides) . B ¥ (Glyeyrrhiza uralensis) , % 5§ (Swainsonia
salsulay. BEPE (Robinia pseudoacacia) SHMBRITFAK. ARTHAMNER. EHAEY. Rk
d BT, fE MRS FEENREEGER. EANRT & LR LD RS R 8 Mot
FHMA. Wi, TG L BENNE. TERHRANSIREIG T ENRIETEMA.
EHEREE, MBS BkATT T ME S KA DNA FWREEL .

1 Mty
11 AR

2 R4 B EE AL 3 S 0 5 AF AT MK 35 3 T O 0B e 32 ¥k, 3C 67 BT T, BN
RS, ¥MRFEEHFRE]L.
12 SHENENE

Wxwial.
1.3 ERMNE

6T BRI T2 RA, ittt £KEHE. K6 cH AER. IXEEN. KN L-X
FREBRKERE. RN, BREKAAN. YMA BHELFBRREE. S-HARSE. HEFHR
B, EREER. SRR EE. BREAE. AL ESNEE. RN ARZAEEGN. AN, B
HA. REENE. HEMCHR. GRSE. LM, MR, DM, BTOME. ANRN. SRNS s ARt
AW, B-RAEAREFRE. Wk, Kibe. XFER. Mam. HEm% 0 hyiisy. &.
WAL 0. 1%, M KWBLRFARALCNEE. 28F. /THL. ARE. BHEX. aRE.
BFAEX. EREBY. FER. #EEK. ZNEER. 8%, +BX. FEFKIL 14 ¥, HRALS. 50,
100, 300pg/mi, XSTRHFLEHWORZHRAMBL. RO B, FRG. EFES 1T B2 #H
L4ty RYBRRMAERBRND. B0 1% (W/V) REmEnA YMA BRES. NEikaR
Xzl
14 MBS

BRGE. MO AN, RENEK. GLOEERMNBE SRUNERD. HlHE &S S,

AT AHXHEEEROAR ABNFELRHRANE B
BRI KFERF R L.
ALT 1994481 F 10 HiEE.
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Ak (UPGMA) K24,
1 HHAME—KR

[ ¥ * x ¥ [ 2 ¥ * =
T 1. £ Riizobium leguminosarum
sh130612 Amorpha fruticesa 2 | 162X68  (biovar srifwlii) BE
sh15003 A, fruticosa > 7.1 USDA2376T  (hiovar viceae) E 3]
sh28301 A. fruticosa H#l 127K17  (biovsr phaseoli) #H
sh283012 A. fruticosa o R. lor
shl0901 A. fruticosa > 40} NZP2227 Lotus sp.
sh2462 Cornilla varia Hl NZP2234 Lotus sp.
sh246012 Cornilla varia Hm NZP2213T  Lotus cormiculatus F- X
sh17113 Cornilla varia [: 3.7 R, tropici
shl1718 Cornilla varia > 1] C-05-1 Fhaseolus vulgaris Y- ]
sh27422 Gueldensiaedtia multifiora R BR853 Leuccena lewcocephala B
sh22623 C. multifiora Hr CIATS99T  Fhaseolus vulgaris 2E
sh226022 G. multiflora H# R, galegae
2h13020 G. multiflora [ 8 HAMBI11BS Galega sp. ¥
sh0172 G. muliiflora - ¥ HAMBIS0 G. officinalis E 3
sh1081 G. multiflora H# HAMBISA0T G. orientalis Fx
sh2751 G. multiflora Bl R, fredii
sh2671 G. maltifiora & 2408  Glycine soja s
sh2672 G. multiflora il USDA1%4 G. soja bol:
sh2851 G. multiflora Hir USDA205T G. soja N
sh28512 G. multiflors Hi#r Sinorhizobium rinjiangensis
sh0232 G. multiflora PETY CCBAU110Y  Glycine max Ha
sh21321 Caragana pruinesa TR CCBAU108 G. max F- 1 1
sh215214  C. microphylla =N Rx22 G. max FT s
sh18611 C. intermedia W | R melilosi
sh1456 Amphicarpaea trisperma B UsSDA10027 *E
sh27121 A. erisperma il 1GZF28 Medicago sativa
sh28831 A trisperma Hi# H1 Melilotus albus L-§ %8
sh0975 A, trisperma HA | R huekwi
sh1701 Glyeyrrhiza uralensis .30 Al1068 Astragalus sinicus B/
sh1707 G. uralensis B CCBAUZ2608T A, simicus )
shi8312 G. pailidifiora TX PL-52 A. sinicus Mt
sh19352 G. pallidiflora TE R sp,
shl1i24 Sophora viciifvlia Bk 7S 112 Centrosema pubescens NE
sh2773 8. viciifolia H% 166 Desmodium smuatu b Y]
sh0211 §. wiciifolia i Hi4 D. heterophyllum 11
& H % RBradyrhizobium japonicum
Rhizobium tianshanense b1 B15 Glycine max ias
5 Glyeyrrhiza uralensis MR USDAST G. max e
A-1BST G, wralensis W USDAIIG G. mar

T: S:AME.
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1.5 DNA G+C mol% B DNA-DNA B NE

BRI 5. DNA 93 B 03], DNA G+C mol % M R AR LN, B Escherichia
coli K12 fE RS G M4k, # DeLey® MARBITHMN. DNA BISENE R HH 0N el
2 HRfoitit
21 MESKER

HEMEYREERALE L. B, SWERMEECKOHCEKTLRE—R, £ 12%H
AT E5R=0. JOPW I POtha®, WY B, WMANZE. BIRLEEN,

ZES I Brp. BN Sneath R ECRIE MM REME, 7 82 ALK T L, HEtRa1E
EWARI12AER. HPH1. 2, 3. 4, 5, 6, 8, W0 ERH, BHCHNM. EANKEKE: W
ERME. BORME. SEEMN. FlTERRN. ESEANE. THRRENE. WEITHAMN.
BEBME. P RFREEHC-05- 1 HRS5ERAMINERERE—TERTY. X5EPKHH
RERHY A, CESXPFEMLRTEMMEERS. 87, 9. 2RI FHER. 57 RO &%
W, 3 HEMHFENRBB (Anorpha fruticosa), 1 k¥ HMF W (Sophora viciifolia), F.L MW
¥ Jsh190012 (FXHRMWH). WITHFHBEIRMN, P OMBAEh22623. 3 HXOR
(Gueldenstaedtia multifiorad, H 4 8 WK A/ AEWE (Comnilla veria) L) R=FERE
(Amphicarpaca trisperma) (4 ¥§) . 35 12 SEHFH 5 kM. F XX/ RMW N, (Caragana microphylia) . Bt
MBM ., (Caragana pruinosa). WBRHE (Glycyrrhiza pallidiflora) FORF M, b0 W¥Y sh19312
(FENRRETH). F ERFPR=HELXERBNREAAN. SRTIHR.

FBIRAES! . IRZE, F13. LHEIER. P8 13 ERNHENEHED. MEREHE
B RMWE, BESHD R ranshanense!, FEFRYN. £3T. AL, HE. T FESHAY.
B4 R 13 BB IS BEE, FELUKOE (Gueldenstaedtia multifiora) KE, HEWE
IHE., XlM. REMN. PEEBIL (Caragana intermedia), P.LW¥Y sh2672 (FEBH0O048).

BIRLGERMNE. 715, 16 TR, H15 FRAEIKRE, FLHRROR, FOMES
shC172, SE 16 WA THA BRI .

2.1 DNA $¥f

HEREASARER L, RFEIHTTH 7, 9, 12, 14, 15 EFHERF KW DNAGHC mol % A A
WHE N DNA FR#E:, BERLTERSE MR DNA BRH.

¥ 7 T EIEsh190012, sh10901, sh15003, sh2773 3t 4 Wk, B8 DNAG+C mol % & BiK
&K% 61.7, 59.5, 62. 4, 61.0, &bF Rhizobium METEPY (59.1—65. 6), .0 Mk sh190012 SR
sh10901, sh15003. sh2773 g DNA [RI¥#EEK R 77.5% . 78.2% . B6. 2%, Wish190012 5% 6 T
R loti S M# NZP2213 f DNA RIE#EH 72.5% . HIBEFAMSHAE RS0 @RIY, DNA BE
HAXTET 700 HFHHFE. FLl, B6. 7THAERENE—1#, HH7 EHRT R n (B
HEMNHE.

%9 WHDNA G+C mol % X% 59. 1—62. 6, b Rhivobium WATEME . .0 Wik sh22623 53%
FRAEWER DNA F¥EHY 71.3-88.1% . BHESCOARA KRN DNA BiifE 21. 7—
59.0% 0, AT 70K, TRl XEFBITERI—THORNER.

¥ 12 TR MK DNA G+C mol % L7 Rhizobium METH B AR (59.5—62.63, K. Mk
sh19312 SETEPRRX UMK DNA RERE 2% F, SEAMBEA LN DNA RSS2 1—
63.2%, 5% 9 WHP.L Wbk sh22623 f DNA F¥HEN 52. 6% . X BER LI, $12 ERBERR
FROEBRMEF Y —THAH.

B IREEAHR RN —DER. EAINRMKS 1—6.5h, f.OMHEsh2672 SERNEN
%#) DNA FERAEXT 70%, M5 CAMARMMHAELEE USDAS. the AT IRM MR
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I 11 Cis%eeq

| S i
: i 16 166
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r_..__T_EZIZZZZZZZZZZZZZZIZI:: 37 shignal
34 shi5003

12 BAND17 185

fid -2

| 1. A leguminosarum
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3 WMETH: R LR RRM MRS KK DNA-DNA 3 227

CCBAUL10. 215 WA .0 M ¥k sh0172 K% 13 EREMAZ M4 A-1BS ) DNA FIE MK K Y
2% 412, 526 34 %, RRUX BTNy — P HHRAME. MUPAE, 59 14 EREARE
TR 13 TR 5—1300), ZPIEWBM b, MAETRMM. 16STRNA FER S Hi L8],
RERWE, SHBRSRABNMAMEERNOENASTRATHERE B8,

815 TR 3 bl sh0172, sh1081 Rl sh2751, 3 DNAG-+Cmol % f#3K % 62. 3. 59. 1. 59.0.
ERTS MR MW W4k USDAG i DNA RS#EIKIC 15.5% . 61. 2% 1 36. 3%, o0 Bk sh0172
5 sh1081 R sh2751 f) DNA F¥4-9i% 85. 2% 71 80. 2%, 528 14 WREA & L W #k sh2672 4 DNA
RIREER 52. 0% . REAHH DNA 7988, 915 TRTMMART — T HON SRMMF. MK
KPR >, TR (8] 6095 3 2R W51 00 B A5 — 25 BV ST S A B s

ARG BESRADNA FIREHTHRRE, SRANR L NERE TRHADRENSNI®
HAEMERMER, MRKRR LN HAE. FETEEHEA: () A3 haiEnkos. B,
ERARD. MEIE. BTH. RERABSILSHIERNN. DEROE I E N8G5 KT,
@ SRLWBPEFNES . IREGEX. FRANESTR HEXTRNEE. WEF RAFRES
SREWSLERIREN, HTEEERER, MR BHRB AR R SR — N E RS,
AR AR BN LB RSRRN BAMA AN TR A RN, CEDARED LAEE
R T E B NN 55 2S00 A (R0 X 2 B A W B SR DR T Ao AR
O ey BIC BT SE RS M 5T R ST A

MW TRLAEEGES N TR, FEHRESIT B WHN SRR, WEH K
SMTWAREAMBDET T, RILHHN.

$ £ x m
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NUMERICAL TAXONOMY AND DNA-DNA
HYBRIDIZATION OF RHIZOBIAL STRAINS ISOLATED
FROM THE LOESS PLATEAU OF CHINA

Tan Zhiyuan Zhu Minge Cheng Lijuan
(Department of Agrochemistry, Northwest Agricultural University, Yangling 712100)
Wang Entao  Li Ying
(College of Biology, Beijing Agricultural University, Beijing 100094)

Abstract Thirty-five new rhizobial isolates from the loess plateau of China and 32
known strains representing all known species of Rhizobium and Bradyrhizobium were
characterized by numerical taxonomy and DNA analysis. New strains were mainly
isolated from the nodules of genera Amorpha, Cornilla, Amblytropis, Caragana,
Amphicarpaea, Glycyrrhiza, and Sophora. The results of numerical taxonomy based on
208 phenotypical features showed that all tested strains were divided into 3 groups above
72% similarity level. They were fast growing rhizobia, slow-growing rhizobia and a
moderate-slow-growing group (generation time was above 5 hr). Most of new isolates
fell in 5 distinctive subgroups, differing from all known species of root nodule bacteria.
Three of the 5 new subgroups belonged to Rhizobium, One of them belonged to
Bradyrhizobium. Another moderate-slow-growers were similar with a proposed new
species, R. tianshanense. The analysis of DNA-DNA hybridization indicated that one
(subgroup 7) of the 3 fast growing subgroups belonged to Rhizobium loti, and the others
were new DNA homologous groups, differing from all known species. The exact
taxonomic positions of these new subgroups will be determined by further studies.

Key words Loess plateau, Rhizobium , Numerical taxonomy, DNA-DNA hybridization.
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