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Abstract Rhizobia are not only major microbial colonists of the rhizosphere of cowpea Vigna unguiculata  but also
important root nodule symbionts. The present study was conducted with 52 cowpea-nodulating isolates collected from eight
regions of China and included phenotypic characterisation of optimal carbon/nitrogen source intrinsic antibiotic resistance
and NaCl tolerance as well as 16S-23S intergenic sequence IGS RFLP patterns. The strains tested showed abundant
diversity. Slow-growing rhizobia were divided into four IGS RFLP groups. 1GS-1 the dominant rhizobia group was
phylogenetically divergent from other cowpea rhizobia and reference strains. IGS-1I IGS-II and IGS-IV correspond to B.
Japonicum B. liaoningense and B. elkanii respectively. Fast-growing rhizobia appeared to belong to Sinorhizobium fredii

IGS-V  or Rhizobium leguminosarum 1GS-VI . Strain diversity varied between regions. Strains from Hongan Hubei

province all belonged to B. elkanii and the Jaccard similarity coefficient with strains from Dedu Heilongjian province
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was 0.25. By contrast strains from Dedu had rich diversity Simpson coefficient 0. 66 and Shannon-Wiener coefficient

1.243  as did those from Lianyungang Jiangsu Province 0.593 and 0.961 .

Key Words cowpea rhizobia phenotype IGS genetic diversity
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9 Vigna unguiculata 3657
1% SDS E 50 pg/ml 37 C 5 mol/L
NaClO, 1 mol/L -
TE Beckman DU-800
1
Table 1 Vigna unguiculata rhizobia and reference strains
IGS RFLP
Strains Host plants Geographic origins Phenotypes patterns
XtZ4  XtZ5 V. unguiculata Xt I 1
XtE2  XtkE4 V. unguiculata Xt 1 6
XtE3 V. unguiculata Xt I 7
XtE6 V. unguiculata Xt I 10
HdE1 HdE2 HdE4 V. unguiculata Hd I 1
HdE3 HdZ3 V. unguiculata Hd 1 7
Hdz4 V. unguiculata Hd I 6
LygZ1 LygZ3 V. unguiculata Lyg I 1
LygZ2 LygZ4 V. unguiculata Lyg 1 8
LygEl LygE2 LygE3 V. unguiculata Lyg I 9
SjzZ1  SjzZ3 V. unguiculata Sjz I 5
SjzZ2 V. unguiculata Sjz 1 1
Sjzl4 V. unguiculata Sjz v 27
SjzE2 V. unguiculata Sjz v 23
SjzE3 V. unguiculata Sjz I 2
SjzE4 V. unguiculata Sjz v 26
SjzES V. unguiculata Sjz v 25
SjzE6 V. unguiculata Sjz v 28
DdZ3 DdE2 V. unguiculata Dd I 15
DdZ5 V. unguiculata Dd 1 20
DdE3 V. unguiculata Dd 1 16
DdE4 V. unguiculata Dd v 29
DdES V. unguiculata Dd I 12
BqEl BqE3 BqE4 V. unguiculata Bq 1 17
BqE2 V. unguiculata Bq I 3
WmZ1 V. unguiculata Wm I 4
WmZ2 WmZ4 V. unguiculata Wm I 2
WmE2 WmE3 V. unguiculata Wm 1 10
WmE4 V. unguiculata Wm I 7
WmES V. unguiculata Wm | 11
WmE7 V. unguiculata Wm v 22
HaZl HaZ3 HaZ4 HaF4 V. unguiculata Ha IIr 18
HaE3 HakE5 V. unguiculata Ha I 21
Bradyrhizobium japonicum
USDA6" Glycine max Japan I 14
USDA110 USDA122 Glycine max United States I 13
Bradyrhizobium liaoningense
22817 Glycine max China I 16
Bradyrhizoibum elkanii
USDA76" USDA86 Glycine max United States m 19
USDA46 Glycine max United States 11| 20
Sinorhizobium fredii
USDA205" Glycine max China v 24
Rhizobium leguminosarum
USDA2370" Phaseolus vulgaris United States v 30
Mesorhizobium huakuii
USDA4779" Astruglus sinicus China I\ 31
T T typical strains
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1.4 16S rRNA-23S rRNA IGS PCR-RFLP

pHr 5’ -TGC GGC TGG ATC ACC TCC TT-3’ p23SR01 5" -GGC TGC TTC TAA GCC
AAC-3’ 16S rRNA 23S rRNA IGS PCR 20 ul
94 °C 4 min 94 °C 1 min 56 C 1 min 72 °C 2 min 33 72 C 6 min
PCR ABI 2720
PCR Haelll Hhal Hinfl — Mspl 100 bps DNA
Ladder 2.0% Kodak s
1.5
/=T NaCl / ‘4
o NTSYS “1/0” “ 4 “1m t =7 “0"
“0" 17 “1”
“0” NTSYS Applied Biostatistics UPGMA
1.6
Jaccard Simpson Shannon-Wiener IGS
Jaccard S=C/ A+B-C A B IGS
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Shannon-Wiener H= -3YP.lnP, P.=N/N
2.1
/ NaCl
32 NTSYS
UPGMA 4 1 2 27
IA 1B NaCl
KNO, Lys Met Pro  Ser 11
B. japonicum  B. liaoningense NaCl
/ KNO, / 11
B. elkanii NaCl /
v 7 Mesorhizobium Sinorhizobium — Rhizobium
NaCl / KNO,
/
2.2 IGS RFLP
pHr  p23SRO1 IGS PCR
IGS 1.9 ~2.1kb Haelll Hhal Hinfl  Mspl 4 IGS
1 NTSYS UPGMA
2 2 80%
IGS-1 IGS-T IGS-MI IGS-IV IGS-V  IGS-VI 6 IGS- 1 27
51.9%
IGS-T B. japonicaum IGS-1I B. liaoningense
IGS-IV B. elkanii IGS-V S.
fredii IGS-VI DdE4 Rhizobium
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9 Vigna unguiculata 3659
leguminosarum
2
Table 2 Phenotypes of cowpea rhizobia and the reference strains
I Cluster I n* =27 I I v
Item Cluster II Cluster [ Cluster [V
IA n=15 IB n=12 n=15 n=10 n=10
Antibiotic
resistance  g/ml
Amp 50 + 12 + 11 10 7 +
100 + 5 + 8 - - +
Str 20 + 7 + 8 5 3 +
40 - - - - + 7
Spe 20 + 9 + 8 7 6 +
40 - + 6 - - + 8
Te 10 + 13 + 13 7 +
20 - + 3 - - + 5
Km 20 + 13 + 11 10 8 +
40 + 9 + 9 5 - + 8
Neo 20 + + 13 9 +
40 + 9 + 10 5 5 +
Rif 10 + + 11 7 +
20 + 9 + 10 5 3 +
Carbon source
Inositol - - - - -
Fructose - - - - + 8
Sorbitol - - 3 - + 9
Glucose + 10 + 9 13 5 +
Mannitol + + + + +
Lactose - - - - -
Dextrine - - - - -
Sucrose + + 13 6 +
Nitrogen source
Lys + 10 + 7 6 + 8
Met + 5 + 4 2 - + 5
Leu - - - - + 3
Pro + 6 + 4 - - + 7
Trp - - - - + 5
Ser + 7 + 5 - - + 6
KNO, + + + + +
NaCl %
0.4 + + + + +
0.6 + + - - +
0.8 - + 3 - - +
* The number of studied strains  + all strains are positive all strains are negative
% % Numerical value in parentheses is the number of the strain with positive reaction
2.3
IGS 3
Simpson Shannon-Wiener
0.667 1.243 0.593 0.961
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1 Haelll 16S-23S 1GS RFLP

Fig. 1 16S-23S IGS RFLP fingerprints of representatives and reference strains produced by Haelll
M Marker 1 HdEl 2 WmE2 3 XitE2 4 WmE3 5 HaZl 6 DdE4 7 BqEl 8 2281 9 USDA6 10 Sjzz4 11 USDA205
12 USDA75 13 USDA4779 14 USDA2370

Jaccard 0.25 IGS-IV
IGS- 1

3 IGS

Table 3 Similarity and diversity of cowpea rhizobia from different regions

Jaccard . Shannon
Simpson .
. -Wiener
Regions
Xt Hd Lyg Sjz Wm Bq Dd Ha
Xt 0.278 0.451
Hd 0.50 0.000 0.000
Lyg 0.50 1.00 0.000 0.000
Sjz 0.50 0.50 0.50 0.495 0.687
Wm 1.00 0.33 0.33 0.67 0.593 0.961
Bq 0.33 0.50 0.50 0.33 0.25 0.375 0.563
Dd 0.20 0.25 0.25 0.00 0.16 0.20 0.667 1.243
Ha 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.000 0.000
3
10 11
13.5% S. fredit  R. leguminosarum
80%  1GS 4 IGS-TT IGS-
m IGS-IV B. japonicum B. liaoningense  B. elkanii 1GS- |
12
IGS-IV  1GS-1 IGS
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Fig. 2 UPGMA dendrogram generated from the IGS RFLP fingerprints of cowpea rhizobia and reference strains
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