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Abstract: Hoh Xil that is situated at the Yushu Tibetan Autonomous Region in southwest Qinghai, is
one of the most primitive and well-preserved natural environment in the world. The microbial diversity
in this area is largely unknown till date. In the present study an attempt has been made to explore the

microbial diversity using both of cultivation-dependent and independent approaches. In the cul-
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ture-dependent experiment, 19 isolates were obtained from the soil sample IMB08-049. 16S rRNA gene

sequence analysis showed that the 19 strains belonged to 8 different genera, including Phyllobacterium,
Variovorax, Pseudomonas, Streptomyces, Microlunatus, Kribbella, Promicromonospora and Bacillus.
Denaturing gradient gel electrophoresis (DGGE) analysis revealed 17 V3 fragments of 16S rRNA gene
from sample IMBO08-049. Biodiversity was also assessed by amplified ribosomal DNA restriction

analysis (ARDRA), DNA sequencing and phylogenetic analysis, respectively. 19 operational taxonomic

units (OTUs) were clustered in the following phyla including Proteobacteria (91%), Actinobacteria

(7%) and Firmicutes (2%). Comparison of the results from culture-dependent and culture-independent

suggests that some dominant species were not isolated using the above culture-dependent method, and

that new isolation method should be developed to discover more bacteria exciting.

Keywords: Hoh Xil, Culture-dependent, Culture-independent, ARDRA, 16S rRNA gene library, DGGE
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4759 m
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(g/L): 10, 0.3,
1 mL, 0.05, pH 7.2;
(g/L): 5.0, 1.0, 15,
1 mL, 0.05, pH 7.2; -
(g/L): 2, K,HPO, 0.05, KNO; 0.1,
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, (
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1.2.1 4EF: (1)
2 g 18 mL 5 mmol/L (0.01%
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, 28°C 10°C 10-20 d,
ISP2 ( 4.0 g, 10.0 g,
4.0¢g, 1.5% , HbO 1 000 mL, pH 7.0)

(2) 16S rRNA
, 50 uL 5% (W/V)

chelex-100 , 90 s,
5 min, 1 pL , 27F: 5'-AGAGT
TTGATCCTGGCTCAG-3', 1495R: 5'-CTACGGCTA
CCTTGTTACG-3'"! 16S rRNA
, PCR : 94 °C 5 min; 94 °C 1 min,
50 °C 1 min, 72 °C 2 min, 35 ; 72 °C 10 min
122 %iEF: (1) DNA
DNA 81 B
(2) 16S rRNA 1) 16S rRNA
1 uL  DNA PCR,

27FP): 5" AGAGTTTGATCCTGGCTCAG-3',
1495R: 5'-CTACGGCTACCTTGTTACG-3’, PCR

50 uL s : 94 °C 5 min; 94 °C
30s,50°C30s,72°C90s, 30 ; 72 °C 10 min
PCR 1% ,
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HM104441—
HM104459
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1 uL  DNA PCR,

V338F: 5'-CGCCCGCCGCGCGCGGCGGGCAGG
GGCGGGGGCACGGGGGG2ACTCCTACGGGAGG
CAGCAG-3', V534R: 5'-ATTACCGCGGCTGCTG
G-3', PCR 50 uL , 194 °C
5 min; 94 °C 1 min, 55 °C—65 °C 1 min, 72 °C 1 min,
20 ;94 °C 1 min, 55 °C 1 min, 72 °C 1 min, 10

;72°C7min PCR 1%
, DNA
2) : 30%—60%
. 6x :
120 V 12 h,
IxTAE SYBR Green I

60 °C
30 min,

Typhoon
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IMBO08-049 , 22 RIBFLHER
19 221 #MmS DNA f2H 7 16S rRNA EE K
’ - 16S rRNAEFE V3 XM 545 R
(21%) o- (11%) P- DNA 20 kb,
(11%) 16S rRNA , 16S rRNA
(21%) (36%) PCR 1 500 bp (1), 16S rRNA
, V3  PCR 230bp ( 2)

F1 FAAELIEHES IMB08-049 14> B#kHT 16S rRNA EE FF S ITER

Table 1 Results of 16S rRNA gene sequences of strain isolated from soil Hoh Xil IMB08-049 sample

Group Number Closest cultured relatives Similarity (%) Proportion (%)

109B-00170 Phyllobacterium catacumbae (AY636000) 100

a-Proteobacteria 11
109B-00172 Phyllobacterium album (EU438907) 100
108B-00804 Variovorax boronicumulans (AB300597) 99

B-Proteobacteria 11
109B-00171 Variovorax paradoxus (D88006) 99
109B-01970 Pseudomonas saccharophila (AB021407) 99
109B-01805 Pseudomonas sp. (AB506040) 99

v-Proteobacteria 21
109B-01803 Pseudomonas fluorescen (GU198127) 99
109B-01812 Pseudomonas synxantha (GU186110) 100
109A-01607 Streptomyces virens (AB184713) 100
109A-02008 Streptomyces asterosporus (AY999902) 99
109A-02003 Streptomyces calvus (AY999780) 99

Actinobacteria 109A-00149 Microlunatus sp. (FN556016) 98 36
109A-01604 Kribbella alba (AY082062) 99
109A-02002 Kribbella flavida (AY253863) 99
109A-02004 Promicromonospora aerolata (AJ487303) 99
109B-00173 Bacillus altitudinis (AJ831842) 100
109B-00169 Bacillus idriensis (AY904033) 99

Firmicutes 21
109B-00166 Bacillus pumilus (AY876289) 99
109B-00165 Bacillus stratosphericus (AJ831841) 99
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Fig. 1 The electrophoresis of 16S rRNA PCR result
. 1: Marker III; 2: 16S rRNA PCR

Note: 1: Marker III; 2: 16S rRNA PCR product.

bp 1 2

200

2 16SrRNAV3 XEE PCR F=4#) i ik
Fig. 2 The electrophoresis of 16S rRNA V3 gene PCR
product
: 1: Marker 3; 2: 16S rRNA V3 PCR .
Note: 1: Marker 3; 2: 16S rRNA V3 region PCR product.

2.2.2 DGGE S #i4ER: 16S TRNA V3
DGGE 3A IMBO08-049
17  ( 3B),
Quantity One
Quantity One IMB08-049
2 2 ,
IMBO08-049
- 2.68, 17,
IMBO08-049

0.95,
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Fig. 3 DGGE band pattern of the bacteria from soil sam-
ple IMB08-049 (A) and its simulation diagram (B)

t 1 25 uL; 2: 15 pL; 3: 20 pL.
Note: 1: Loading amount 25 pL; 2: Loading amount 15 pL; 3:
Loading amount 20 pL.

%2 TIEHS IMB08-049 F4HE DGGE &4 & #f1t
BH, HAEREEE

Table 2 Shannon-wiener index(H), Evenness(EH) and
Richness(S) of the soil sample IMB08-049 by the DGGE
band pattern

Shannon-wiener index Richness Evenness
2.68 17 0.95
2.2.3 16S rRNA ERFEXED L R:
122 , PCR , 103
Afal Hae III
ARDRA 19 ,
1-3 , 19 DNA
, Coverage C
74%,
224 RBEEBESH: 103 19
OTUs , 103 91%
(Proteobacteria), B-
(B-Proteobacteria) , 75%, a-
(a-Proteobacteria) 9%, -
(y-Proteobacteria) 7%, 9%
(Actinobacteria) (Firmicutes) 19
OTUs 13  OTUs 16S rRNA
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GenBank Curvibacter Mitsuaria Azohydromonas
97%, 6 Agquabacterium Pelomonas , Y-
16S rRNA 97%, ,
3 )
OTUs BLAST
16S rRNA ,
4
23 GHIEFMGRIEFERITLL IMB08-049 DGGE  16S rRNA
IMB08-049 , )
s DGGE
3 ( ),
, p- p-
- (B-Proteobacteria) Burkholderia Azohydromonas
(Phyllobacterium) , Rubrivivax DGGE 3
(Roseobacter)  Kaistobacter , B- 16S rRNA
(Variovorax) s 3  OTUs
(Rubrivivax) (Burkholderia)

*3 AAAETIEERA 16S rRNA EEEEFY TSR

Table 3 Phylogenetic affiliations of 16S rRNA gene clone sequences of soil samples obtained from Hoh Xil

OTU
Representative OTU Closest cultured relatives Similarity (%) Number of clone Group Pe;ir::po(t;/fgtal
OTU15 Uncultured Kaistobacter sp. (EU440703) 99 7 a-Proteobacteria 9
OTU138 Phyllobacterium ifrigiyense (FJ449663) 90 1
OTU07 Roseomonas ludipueritiae (NR_028983) 100 2
OTU03 Burkholderia fungorum (NR_025058) 90 34 B-Proteobacteria 75
OTU13 Rubrivivax gelatinosus (EF651098) 96
OTUO1 Curvibacter gracils (GU368379) 96 4
OTU14 Mitsuaria chitosanitabida (FJ609679) 100
OTU04 Azohydromonas australica (AB188124) 97 24
OTU06 Aquabacterium sp. (FJ890906) 99 2
OTU19 Variovorax sp. (F1006917) 99
OTU08 Pelomonas soil (EF660749) 96 1
OTUO05 Uncultured Enterobacteriaceae bacterium 92 5 y-Proteobacteria 7
(EF562128)
OTUI11 Serratia marcescens (GQ855220) 100 2 Actinobacteria 7
OTU10 Promicromonospora sp. (U677784) 98 2
OTU09 Streptomyces aureus (FJ532416) 100 2
OTU02 Microlunatus sp. (FJ529700) 99 1
OTU12 Kribbella sp. (FI817396) 98 1
OTU17 Actinokineospora sp. (AB447489) 98 1
OTU16 Bacillus pumilus (EU863189) 99 2 Firmicutes 2
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© PERFRMEIF RS %IEET http://journals. im. ac. cn



1138

R L X R 2011, Vol.38, No.7

100— OTU1
10T (rmibzntor manilis (NR 00QESS ~
00 ! 028655

1 L Curvibacter gracilis (NR_! )
100,0TU19
89 Variovorax sp. (F1006917)
73 OTU8
99 Pelomonas soli (EF660749)
100,0TU14
Mitsuaria chitosanitabida (FJ609679)

100— OTU6

Aquabacterium sp. (AF089858)

Rubrivivax gelatinosus (AB250625)
Azohydromonas australica (AB188124)

99— 0TU4
OTU13 %

100 r OTU3
Burkholderia fungorum (F1796450)

85 77 OTU5
62 Enterobacteriaceae sp: (EF562128)
| 100,0TU11

B-Proteobacteria

98 87

86

] y-Proteobacteria

UiVl

|Serratia marcescens (GQ855220)

100,0TU7
L Roseomonas ludipueritiae (NR_028983)
100,0TU15
L Kaistobacter sp. (EU440703)

100,0TU18
L Phyllobacterium ifrigiyense (FJ449663)

00,0TU16

1 Bacillus pumilus (EU863189)

100 100— OTU9

|:Stre tomyces aureus (F1532454)
100 10{)) IO'lyUlO

a-Proteobacteria

—

] Firmicutes

L Promicromonospora sp. (EU677784)
100,0TU17
Amycolatopsis sp. (F1529705)

100 OTU2
70 Microlunatus parietis (FN556016)
100~ OTU12
Kribbella sp. (FI817396)

4 TAIAAETIEHES IMB08-049 MAE M AZ A E S
Fig. 4 The phylogenetic analysis of the bacteria in soil sample of Hoh Xil
Note: Numbers at each branch points indicate the percentage supported by bootstrap based on 1 000 replicates. The GenBank accession
number is showed in parentheses. Bar: 0.005 substitutions per nucleotide.
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