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Abstract The aim of this experiment is to study the phylogeny of rhizobial strains, their resistance to heavy metals and the relationship be—
tween these two aspects. Thirty—eight rhizobial strains were isolated from the leguminous plants which grew in some mining areas of Northwest
China. The genetic diversity of these strains was analyzed by using 16S rDNA PCR-RFLP and the complete 16S rDNA sequences of the rep—
resentative strains to establish the phylogenetic tree. Response to increasing levels of Zn, Hg, Cu, Cd, Pb in media by these strains was ob—
served. The result of the genetic diversity analysis was that these strains belonged to Sinorhizobium, Rhizobium and Agrobacterium based on
16S rDNA phylogenetic tree. Nine strains were selected as representative in the phylogenetic tree. The two strains CCNWSX1277 and CCN-
WSX1294 survived at Zn** concentration of 2.0 mmol - L. Only one of the nine strains, CCNWSX 1277, survived at Hg** concentration of 0.25
mmol - L™, Most of the nine strains survived at Cu** concentration of 1.6 mmol - L"". Only three representative strains could survive any expo—
sure to Cd** of which CCNWSX1277 could survive at the highest level of the three 1.4 mmol-L™" Cd** . All nine of these strains survived
at Pb** concentration of 2.5 mmol - L™, Two representative strains, both belonging to Agrobacterium had strong and stable tolerance to all five
kinds of heavy metals. But four representative strains belonging to Rhizobium and three representative strains belonging to Sinorhizobium had
different tolerances to all five kinds of heavy metals. Overall, the genus order of the tolerance to all five heavy metals was Agrobacterium>
Rhizobium>Sinorhizobium.
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E. coli 1 479~1 506 H,
- PCR
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Table 1 The tested strains and their types of 16S rDNA PCR-RFLP fingerprint patterns

Strain

Restriction enzyme pattern

Host Origin Habitat

Hinf Hae

Hha

Fingerprint pattern of 16S rDNA

CCNWSX1293
CCNWSX1287
CCNWSX1277

CCNWSX1270-1
CCNWSX1270-2
CCNWSX1271-1
CCNWSX1271-2
CCNWSX1278-1
CCNWSX1278-1-1
CCNWSX1278-1-2

CCNWSX1281

CCNWSX1283

CCNWSX1280
CCNWSX1289

CCNWSX1290

CCNWGS0752

CCNWGS0753-1
CCNWGS0753-2
CCNWGS0754
CCNWGS0755-1
CCNWGS0755-2
CCNWGS0756-1
CCNWGS0756-2
CCNWSX1273-1
CCNWSX1273-2
CCNWSX1275
CCNWSX1276
CCNWGS0750-1
CCNWGS0750-2
CCNWSX1279
CCNWSX1282
CCNWSX1291-1
CCNWSX1291-2
CCNWSX1272-1
CCNWSX1272-2
CCNWGS0751-2
CCNWSX1288
CCNWSX1294

a

[

b
b

b

a

16S rDNA

- The boldfaces are the strains for sequencing.
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A. Hinf = C. Msp D. Hha
M. DL 100bp A. Hinf B. Hae C. Msp D. Hha
M. DL 100bp; A. digested by Hinf ; B. digested by Hae ; C. digested by Msp ; D. digested by Hha .
1 16S rDNA
Figure 1 16S tDNA-RFLP fingerprint patterns of the tested strains
bbba.chda 4 S. meliloti
aaaa.bbca.bdea.cbca.chda 5 99.93% CCNWGS0751-2
acba.bbba 2 S. morelense
aaaa.bbba.cbca 3 99.42% .,
bbba 1 Rhizobium Agrobac—
chca cbda?2 N terium CCN-
aaaa WSX1288 R. galegae
N 98.91% CCNWSX1277
bbba N N CCNWSX1287  Ag. tumefaciens
chca N CCNWSX1277  CCNWSX1287
chda N 100% Ag. tumefa—
o 16SrDNA ciens 99.21%,
16S rDNA Rhizobium
2.2 16S rDNA CCNWSX1289 R.
16S rDNA leguminosarum
99.64% CCNWSX1272-2
Neighbor—joining R. mongolense
2, 38 99.42% CCN-
Sinorhizobium WSX1294  R. sullae
Rhizobium Agrobacterium 98.83%
Rhizobium o o
Sinorhizobium 2.3
CCNWGS0755-1 YMA
S. fredii  S. xinjiangense
99.64%  99.78% 0 28.9% 2.0 mmol - L™ Zn*
CCNWSX1291-1 YMA 23.7% 0.25 mmol -
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916 IS, xinjiangense TAM14142 D12796
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601
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470

R. giardinii H152 U86334
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I_'jCCNWSXIZSS GU645018

587 R. huautlense SO AF025852

974 Ag. vitis LMG8750 D14502
784 Al. undicola LMG11875 Y17047

1000

Ag. albertimagni AOL15 AF316615

954

Ag rubi 1F013261 D14503

968

Ag. tumefaciens LMG196 X67223

594
1 000

CCNWSX1277 GU645014
CCNWSX1287 GU645017

940

882

811

1000

1 000

R.
659 R. mongolense USDA1844 U89817
CCNWSX1272-2 GU645016

1 000 ,_R. leguminosarum USDA2370 U29386
CCNWSX1289 GU645019

R. tropict CFN299 X67234

R. hainanense 166 U71078

679 _‘—CCNWSX1294 GU645021

R. sullae 15123 Y10170

R. yanglingense CCBAU71623 AF003375
gallicum R602 U86343

R. tropici CIAT899 U89832

GenBank

The numbers on the nodes stand for bootstrap values. GenBank accession numbers are shown in parentheses.

2 16S rDNA

Figure 2 Phylogenetic tree on the basis of 16S rDNA full-length sequence

L'Hg* YMA 42.1% 2

2.0 mmol L' Cu* YMA
1.4 mmol - L' Cd*
2.5 mmol-1,! Ph*



29 6 1161
2
Table 2 Heavy metal toxicity testing of the representative strains
Strain o /mmol -L" Heavy metal concentration Habitat
In* He* Cu Cd> Ph*
CCNWSX1277 20 025 20 14 25
CCNWSX1287 1.6 0.15 2.0 0.2 2.5
CCNWGS0751-2 0.4 0.05 1.6 - 2.5
CCNWGS0755-1 0.4 - 2.0 - 25
CCNWSX1291-1 1.2 0.1 1.2 - 2.5
CCNWSX1272-2 - - 1.6 - 25
CCNWSX1288 1.2 0.1 2.0 - 2.5
CCNWSX1289 12 0.1 1.6 - 25
CCNWSX1294 2.0 0.15 2.0 0.2 2.5
s o =" is that the strains couldn"t grow at this concentration of heavy metal.
N N 32
3.1 2
N o M. Diaz—Ravifia™
2 2
] o o
CCNWSX1273-1  CCNWSX1273-2 N
S. fredit
CCNWSX1291-1  CCNWSX1291-2 i,
S.meliloti Pb* 2.5 mmol - L™ 1]
po-uy 10 Frankia
R. leguminosarum Ph* o
R. mongolense  S. meliloti
S. xinjiangense Ph*
S. morelense \R. galegae  R. sullae o Cu*
2.0 mmol -1, 1.4 mmol - L' Cd*
CCNWGS0755 -1 CCN- Agrobacterium  CCNWSX1277
WGS0751-2 S. xinjiangense  S. more— el 0.2 mmol - ™! Cd*
lense ., CCNWSX1272-2 7 . Agrobacterium CCNWSX1287 CCN-
R. mongolense R. mongolense WSX1277 0.15mmol - 0.25 mmol -
CCNWSX1272-2 L' Hg* 2 Sinorhizobium 0.05~
o 16S rDNA 0.1 mmol-L'  Hg* 3 Rhizobium
Sinorhizobium 0.1~0.15 mmol - 1.7 Hg*, Agrobacterium
Rhizobium Agrobacterium CCNWSX1287  CCNWSX1277 1.6
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mmol - L7 2.0 mmol-L*'  Zn* 3 Sinorhi— 2
zobium 0.4~1.2 mmol-L7"  Zn* 3 o Agrobacterium CCNWSX1287
Rhizobium 1.2~2.0 mmol -7 Zn**, CCNWSX1277  Zn Hg.Cu.Cd Pb5
Agrobacterium 2 5 Rhizobium 4 CCN-
Rhizobium 4 WSX1288 ., CCNWSX1289,CCNWSX1294  CCNWSX-
Sinorhizobium 3 5 1272-2 Sinorhizobium 3 CCNWGS0755-
0 1.CCNWGS0751-2  CCNWSX1291-1 5
o A grobacterium>Rhizobium>Sinorhizo—
3.3 bium CCNWSX1277
E. Baath"# Hg.Cu.Cd.Zn Pb .
CCNWSX1288., (1] . . . [1].
CCNWSX1289, CCN- (19988 3 7275,

WSX1291-1 CCNWSX1294 5

CCNWGS0751-2 CCNWGS0755-1

CCNWSX1287
CCNWSX1288 5 o
Pb.Zn . Cr.As Cd 1l
o CCN-
WSX1277 Hg.Cu.Cd.Zn Pb
[20|o
4
1 N Y Y
N 38
Sinorhizobium .
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Rhizobium o
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