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Numerical Taxonomy and 16SrDNA PCR-RFLP of Root Nodule
Bacteria Isolated from the Nodules of Leguminous Trees
Amorpha fruticosa Cercis racemosa Oliv. and Wisteria sims Sweet
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Abstract Fifty-nine rhizobial strains isolated from root nodules of wood legume trees Amorpha fruti-
cosa  Cercis racemosa Oliv. and Wisteria Sims Sweet in middle and eastern China were studied by per-
forming analysis of 135 phenotypic characteristics and 16StDNA PCR-RFLP. At the 82% similarity level in nu-
merical taxonomy or at the 92% similarity level in 16StTDNA PCR-RFLP seven groups were clustered. The re-
sults indicated that most rhizobial strains from root nodules of Amorpha fruticosa belong to genera Mesorhizobi-
um and to a greater or lesser extent it also showed a geographical variation Most rhizobial strains from root
nodules of Cercis racemosa belong to genera Bradyrhizobium but did not show the obvious difference among
geographical origins  Most rhizobial strains from root nodules of Wisteria sinensis belong to fast-growing rhizo-
bia and there was an obvious geographical diversity among the strains from Jiangsu Zhejiang province and oth-
er provinces. Meanwhile most rhizobial strains from root nodules of Wisteria sinensis have high stress resis-
tance. For example some strains can grow on YMA medium with some higher concentration of antibiotics 300

(e ml~! higher concentration of salt 3% NaCl or higher alkaline environment pH 11.0  respectively. In
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addition the results also indicated that some strains in group 2 group 5 and group 7 of numerical taxonomy

might be new taxa.
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1.3 16SrDNA-RFLP
1.3.1 DNA 5 DNA
5 ml YMA
28°C 130 rpm
3
GUTC 800 pl 4 mmol- L~!

GUTC 40 mmol L~' Tris-HC1 pH 7.5 S5mmol
L-!'CDTA -1 2-

15 min 50 ~ 60 pl /TE
Buffer w/v=1:1 15 min
13 000 rpm 5 min
500 pl GUTC 15
min 13 000 rpm 700 pl New Wash Buffer
60 % 20 mmol- L~! Tris-HCI pH 7.5 1
mmol L™' EDTA 400 mmo} L' NaCl 2
600 11 70% 1 13 000
rpm 5 min 100 21 0.1
x TE 55 ~65C
10 min 20 kb
DNA 0.8% DNA
ADNA
1.3.2 PCR 50 pl TagDNA
Promaga 2.5U KCllOmmol- L~!

NH; ,S0, 8 mmol L~' TrissHCI pH 9.0 10
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mmol L™" Mg?* 2 mmot L™" dNTP 0.2 mmol 1.3.3 7 4
L1 50 ng Haelll Hinfl Mspl Alul
6 DNA 50 ng ddH,0 50 pl  PCR 10 ul 5 pl PCR 5U
94°C 2 min 56°C 2 min 72°C 37°C 3 h 3l
3 min 35 72°C 10 min 3.0%
1% PCR 1.5 kb 100V 4 h
1 1
Table 1  List of bacterial strains tested
Strains Hosts Origin Strains Hosts Origin
Rhizobium leguminosarum CCBAU21244 W. sinensis Sweet Jiangsu
USDA2370" Pisum sativum USA CCBAU31079 W . sinensis Sweet Zhejiang
162K68 Trifolium sp. USA CCBAU31125 W. sinensis Sweet Zhejiang
R. etli CFN42" Phaseolus vulgaris Mexico CCBAU31169 W. sinensis Sweet Zhejiang
R. hainanense CCBAUS57015" Desmodium sinuatum Beijing CCBAU31218 W . sinensis Sweet Zhejiang
R. tropici typeA CFN299" P.vulgaris Mexico CCBAU31222 W. sinensis Sweet Zhejiang
R. mongolense USDA1844"  Medicago luthenica USA CCBAU31237 W . sinensis Sweet Zhejiang
Sinorhizobium fredii CCBAU31273 W. sinensis Sweet Zhejiang
USDA205" Glycine soja USA CCBAU31278 W . sinensis Sweet Zhejiang
USDA194 G. soja USA CCBAU31301 W . sinensis Sweet Zhejiang
S. arboris HAMBI 15527 Acacia senegal Finland CCBAU31314 W. sinensis Sweet Zhejiang
S. kostiense HAMBI 1489 A . senegal Finland CCBAU31319 W . sinensis Sweet Zhejiang
S. meliloti USDA1002" Medicago sativa USA CCBAU31322 W . sinensis Sweet Zhejiang
Mesorhizobium loti CCBAU25093 W . sinensis Sweet Shandong
NZP2213" Lotus corniculatus New Zealand | CCBAU25236 W . sinensis Sweet Shandong
NZP2227 Lotus sp. New Zealand || CCBAU43107 W . sinensis Sweet Hubei
M . amorphae CCBAU410088 W . sinensis Sweet Hunan
ACCC19665T Amorpha fruticosa Beijing CCBAU25203 A. fruticosa Shandong
ACCC19660 A. fruticosa Beijing CCBAU25039 A. fruticosa Shandong
N206 A . fruticosa Beijing CCBAU25049 A . fruticosa Shandong
M. tianshanense CCBAU3306"  Glycyrrhiza pallidflora Beijing CCBAU25069 A. fruticosa Shandong
M. plurifarium LMG11892" Acacia Senegal Belgium CCBAU25083 A . fruticosa Shandong
Bradyrhizobium japonicum CCBAU25114 A. fruticosa Shandong
USDA6" G. max USA CCBAU25141 A . fruticosa Shandong
USDA110 G. max USA CCBAU25198 A . fruticosa Shandong
B15 G. max Liaoning CCBAU25211 A. fruticosa Shandong
B. elkanii USDA76" G. max USA CCBAU25219 A. fruticosa Shandong
B. liaoningensis USDA3622" G. max USA CCBAU25228 A. fruticosa Shandong
Agrobacterium tumefaciens CCBAU25239 A . fruticosa Shandong
A IAM131297 Japan CCBAU25261 A . fruticosa Shandong
A rhizogenes TAM13570" Japan CCBAU45010 A. fruticosa Henan
A . vitis TAM14140" Japan CCBAU45161 A. fruticosa Henan
A. rubi TAM13569" Japan CCBAU45181 A. fruticosa Henan
CCBAU 23082 C. racemosa Oliv. Anhui CCBAU45189 A. fruticosa Henan
CCBAU 23083 C. racemosa Oliv. Anhui CCBAU45210 A. fruticosa Henan
CCBAU 23151 C. racemosa Oliv. Anhui CCBAU45246 A. fruticosa Henan
CCBAU 23165 C. racemosa Oliv. Anhui CCBAU45255 A . fruticosa Henan
CCBAU 23212 C. racemosa Oliv. Anhui CCBAU45257 A. fruticosa Henan
CCBAU 43068 C. racemosa Oliv. Hubei CCBAU45259 A. fruticosa Henan
CCBAU 43130 C. racemosa Oliv. Hubei CCBAU410002 A . fruticosa Hunan
CCBAU 43142 C. racemosa Oliv. Hubei CCBAU410121 A. fruticosa Hunan
CCBAU 43187 C. racemosa Oliv. Hubei CCBAU410172 A . fruticosa Hunan
CCBAU 43219 C. racemosa Oliv. Hubei CCBAU410244 A. fruticosa Hunan
CCBAU 21218 W . sinensis Sweet Jiangsu CCBAU410254 A. fruticosa Hunan
CCBAU 21224 W. sinensis Sweet Jiangsu CCBAU30006 A. fruticosa Hebei
CCBAU 21235 W . sinensis Sweet Jiangsu CCBAU28301 A. fruticosa Shanxi
CCBAU21239 W . sinensis Sweet Jiangsu CCBAU283012 A . fruticosa Shanxi
' CCBAU Culture Collection of China Agricultural University USDA The United States Department of Agriculture NZP Division of Scientific

and Industrial Research Palmerston New Zeland
siteit B-9000 Gent Belgium IAM Institution of Applied Microbiology The University of Tokyo Japan ACCC Agricultural Center of Culture
Collection Chinese Academy of Agriculture Sciences Beijing China CFN Centrode Investigation Sobre Fijacion de Nibrogeno Unirersidad Na-

HAMBI
Forestry Uiniversity of Helsinki Helsinki Finland T type strain

LMG Collection of the Laboratorium voor Microbiologieen Microbiele Genetic ~Rijksuniver-

cional Autonoma de Mexico Cuernavaca Mexico Culture Collection of the Department of Microbiology Faculty of Agriculture and
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1 14 6 10
M. amorphae AC- 1
CC19665" ACCC19660 N206 2 A. rubilAM13569"
5 7 7
3 2
CCBAU25093 CCBAU25236 2 2.2
CCBAU25083 CCBAU25219 2 3
78 % M.
loti NZP2213" M. loti NZP2227 4 5
4 4 6 7 1 2 3
CCBAU23082 CCBAU23165 CCBAU43130 7
CCBAU43219 1 300 pg ml™!
CCBAU43107 4 B. 3% NaCl 4 6
japonicum USDA6" USDA110 B15  B. elka- 7 pH 11.0
nii USDA76" 5 2 6 3- 6 7
CCBAU28301 CCBAU283012 4 5
3 2 BTB
CCBAU23151 CCBAU43142 6 7
6 7 1
2 1
Table 2 Distinctive characteristics of subgroups and known rhizobial species in numerical taxonomy
Distinctive characteristics 1'2345674B8CDEF Distinctive characteristies 1234567 A8BC £
Chloramphenicol § g ml~ ! R N T -
adipate - - - - - - - - - - - Chloramphenicol 50 g ml =" - - - dd - - - - -
D- D-amygdalin - dd o+ s e s e Chloramphenicol 100 g ml =" - - - ddd - - - - -
D- D-arabinose - - d -+ d - - - - - - - Chloramphenicol 300 pg ml™ ! - - - - d - - - - -
D+ D + -arabitol L R e T A S S Erythromycin 5 g ml ™ ! o+ o+ dod o+ o+ o+ -4 +
Calcium gluconate - - -d+dd - - - - - - Erythromycin 50 g ml =" - - - - dd - - - - -
Caleium malonate B e Kanamycin 5 g ml~ ! d + + d - + + - - ¢ +
Dextrin - - -dd - - - - - - - - Kanamycin 50 g ml ="' - - -d - - - - - - -
Dulcitol -+ d - dd o+ -+ - - - Neomycin 5 g ml ™ ! - - - d d - - - - -
Meso-erythritol d+ - d o+ d oy - s s+ - Polymysin 5 pg ml ! dd o+ o+ s s s - - +
Fructose T Polymyxin 50 g ml =" e I -
Tnositol I T T S Polymyxin 100 ig ml =" - - d v dd - - - -
Tnulin - - - = = d - - - == - Polymyxin 300 g ml~ ! - - - dddd - - - -
Lactose d o+ + d + + + + + o+ + + 4 Streptomycin 5 g ml~ ! - -+ d dd o+ - - - +
Malate d o+ + + + + + + o+ o+ o+ o+ 4 Streptomycin 50 g ml = ! - - - = dd o+ - - - +
D- D-Mannose dd o+ bt s - Streptomycin 100 g ml ! - - - - d - - - - +
Melibiose d - dd -+ + + + - - + + Streplomy(‘,in 300 g ml~! - - = = = = - - - - +
Pyruvate I S S S S
Raffinose d - d - - + + + + - - + 4 Bismark brown - dd - -+ d - - - +
Rhamnose d - d d - + + + + - - + 4 Bromothymol blue d - d - - d + - - - +
D- D-Ribose d + - d d d + + + + + + 4 Congo red L +
Salicin - ddd - dd -+ - - - Berythrosin dd o+ o+ o+ o+ s -
Sodium acetate B T T R Methylene blue - - - - - - - - - - -
Sodium citrate L I Methyl green - - - - dd - - - - -
Sodium formate - - - d + dd - - - - - - Neutral red - - - dd - d - - - -
Sodium gluconate - - -+ + dd - - - - - % Sodium deoxycholate d - d d + + + - -+ +
Sodium hipurate - - - - d e Sodium nitrite - - dd S +
Sothitol dd o+ + + + o+ o+ o+ o+ o+t
Sorhinose - - = d - - = - = = = = | 1%NaC - d - d -+ - -t -
Sucrose dod o+ o+ + o+ + o+ + o+ o+ 4 +| 2%NaCl - d - d -+ - - -t -
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Distinctive characteristics
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Distinctive characteristics

3%NaCl .

4% NaCl oo - - oo

5%NaCl o - - - - - oo oo
pH

pHs.0 oo - - b4 oo oo

pH9.0 d -+ d -+ 4 - -+t

pH 10.0 R . T S S

pHIL..0 - - - d -y - - - -

10C e

40 e

60C L B S S
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+ o+ + 1
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