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Abstract; In this study, the mixed environmental genomic DNA was isolated directly from the mud volcano soil in Usu
county of Xinjiang. The 16S rRNA genes were amplified with bacterial universal primers and cloned into the pGEM-T Easy
Vector to construct al6S rRNA clone library. The total 150 clones were selected by amplified rDNA restriction analysis
(ARDRA) using restriction enzymes Hae Il[. Of these, 16 restriction fragment length polymorphism ( RFLP) types were
used for sequencing. A part of these sequences were closely related to the phylum; Proteobacteria , Firmicutes , Fusobacteria
and Actinobacteria ( >97% sequence similarity) , while another portion showed less affiliation with known taxa ( <97%
sequence similarity) and might represent novel taxa. The results indicated that the mud volcano in Usu county of Xinjiang

is rich in microbial species,which is worth further studying.
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HE R I, HAMN 2 4R/ s E BATOR , BN TRTERSE MR A0 T B BB L B SR B 50

VT 30a 3k, EAh2E FENGICUE K L PR S AR R 3l ) 22 55 07 T AT T T IZ RS, X oo 5t Bk )
HE A Wy O ER A2 DA A 5 TR e R A IR T o A R TR A 1L R 4 R B R TG Y
WX 8>, FE A P EF| A B 3% AR R 1 R B AE WhRic . 16S tDNA HIR Ge kA0 74 B Jsc it 1 s
SR ARIB MY SR,

BV AL FEMGZEF R A B S, BT N i U L st R AEAR Y A
KSRGS R R N, A R IBI R R A RS . BRI KB B AT E R IR BRI
KL VR T W FGR T , B TR X A SR W EEH A, R RBME Y SRR RAE R, A3
FI RS IR EORE YO BT 885 9508 K LU AR SRR AT T AR ST, G5 R B YR K LIRS R AR RS SR AR
YFEE R N H AT R SR A Y R R R A TIR AR ST o
1 Rz %

1.1 FEEGRAAS

PCR {2} Eppendorf AG 22331 Hamburg; PCR 3|4, TagDNA 2 & B #1 pGEM _TEasy Vector ZF /&l H
TaKaRa 2\ & ; BEEC R R Gt GK-330C 1 B £ EBK G AEMRHA RA A
1.2 BRacREE RAL B BT 5E

SR A LT 5B 5 T AR 7 X (44°11°00"N,84°2320"E ) , 4R R BE 1276m, SRAEFEJE K 1L
HREE R 5,10, 15em ZEHJEKIR G, 2 ATCH S0ml RFEHETL B 08 , F8IKEE 4 CIRFB F LI =E .

e R AR K PR 23 AT Ao ( GBT871-87 ) Yl & e K 1L Ak 2 43 : CO5 ™ il HCO; 5 7R F S48
R AT B EA IR , Ca®* 1 Mg®* B >R A EDTA 4542 5 , Na * A1 K™ B FoR KM R BET AT E
Cl™ 1 80;” B FRABE FOISENE, HREh S BRI HEERE,

1.3 5 DNA f9$2EL

S E PNSMESIRTE T AR H BV A LR S AR B R T R 5 s R g BESL T 1. SmIEP 4
o, i SO0 WITE , I B A K i ) 2 B A0 I 2k, B 2R G AR b 39505 A 10l ¥ B B (25mg/ml) , 37 C oK
1h, #A[6]4F 10min JE5] 1 K FIA 50ul(20% ) SDS,20u1(5% ) CTAB,5ul(20 mg/ml) 25 HEF K,55°C /K 1h,
#[8]4F 20min J&A] 1 YK ;12000r/min E5.0> 10min, Y& F3E s IIASGARFUREY: &5 FREE(25:24:1) (A&
R — UG A 1710 (AFR ) 3mol/L Z BREM¥E WK (pHS. 2) ,2 R AFRKITo/K ZBE, vk EACE 1h LA I ;12000
v/minf5 .0 10min J5EETTVE , 55 LA 75% ZREUEYR 2 ~3 K, T, WM TiE 21 TE S0l
1.4 PCR ¥ 16S rDNA

FI4H T 16S tDNA & A5 ¥ (1IE A 5] 4. 8-27F, 5'-AGAGTTTGATCCTGGCTCAG- 3’ Fli jz [7] 5| 4 : 1429-
1445R,5'-TTAAGGATGGTGATGCCGCA-3") USLHATY . RS R 95C 5 min;95 C 45 5,55 °C 30 5,72
°C 2 min,30 ME¥H;72 C 5 min,

1.5 16S rDNA LR CER

16S rDNA 434 J544 1. Skb Fy 4% F§ PCR =¥ alifbi 7 & Bl fzifl, 5 pGEM_TEasy Vector kA%,
$EAL E. coli DH So JEZ 7541, IR N EE R (100 g/ ml) HLHEFIWE F REMiE £ AL T
1.6 ¥ PCR

PRV AL 7T 4 GBS 1k RER] 1.4, PCR 3 5544:95 °C 5 min;95 C 45 5,53 C 30 s,
72 °C 2 min,30 MEH;72 C 5 min, @13 B K — P BE MBS AR BV K20 1. 7kb 24
1.7 O

B 5l B9 16S rDNA HIEE R PCR =9, 0 HI A 1l Haelll .2l A0 9 10 x Buffer F1 12p] 237K, f# 2
BEHER y 20ul, 37CHEE2 ~3 b BEUIH0F 2. 0% BOSHREERE tak o
1.8 PCR-RFLP [E{£4M

BEUISE UG , F 1. 8% SR H B J0C B UK 0 1S 047 26 78 , X T BUAH [R] B9, A H R U8 T [F] — 40 7 16S
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rDNA PCR-RFLP FEFR , % [F]—ZE R B se e Rk AT 4e i, I H R R R AR . BRRE AR HEA X
BRI = BER AL e M SE R x 1009% 7
1.9 NFS5RERE AT SERFIGRS

B9 PCR 55343 1 L% £E T4 #) T.#% ( Biotechnology Limited Company of Shanghai ) thBh 52/ ; RAE LT
WG 3 : F Blast # R F2F M GenBank Fiff] HH A (DA 1A %5 5 O AH SC BT AR Y 16SrRNA S [H] ¢ 51], F§ CLUSTALX
HITZEFF] T, F§ MEGA 3. 1(Molecular Evolutionary Genetics Analysis ) 441 5% I 45 323 ( Neighbor-
Joining method ) FF4T B JE 404 A R GE AL AR 2 o ASBIF 5T A 45 B 19 7 51 B 3238 GenBank , X #£ 3] 7£
GenBank H U5 EU5S31777-EU531788 ,EU647514-EU647519
2 #R
2.1 KIS LA

Yok 1Ly - HERE S i bR 41 I e 45 SRR, FHES T Na ™, Ca® " X PAES 7 HCO, Al C1 ¥R (K 1),

®1 FESHFRALEESTFHRK

Table 1 Composition of main ion of mud volcano in Usu county, Xinjiang

£ BE Sample concentration/ (g/L)

FZHESF Main cations F B ESF Main anions
Ca’* Mg?* K* Na* Co%- HCO; Cl- S03-
0.0242 ND 0.0008 1.493 0.7755 3.1573 2.9721 1.3465

ND: A% Not determined

2.2 JRKILEES: E DNA F4REUFI 16S tDNA 33

T T RATRER B K LT AE M 2R, S SRR T
FEYE K L B REE N 5.10 . 15em £E U HAE &, ARic i
1,2,3 S, B NRE RS DNA 2ES 31 anE 1
(AFIB),
2.3 [HYERAL IR SEEY) AT

MFTHEE ) 16S rDNA FE R SCPE 68 $E T 150 4
FHHETCRE , £ T PCR 5, F5FH 7S B BR i 4 9 U i
Hae MXF K2 1.7kb ()36 A B B (I E AL R B) #17
B, UK SRR EEA 16 MARIMSAN (B 2) ,H
1 ~5 g LSRRG PP SERE 6 ~ 10 2 SHEH 1 yogop jeu e it DNACA) i 165 DNA f03 HIZER (B)
AW PHMETERE 11 ~ 16 28 3 SHEHIRIGHIBHPETIREE . Fig1  Total DNA(A) of Xinjiang mud volcanos samples and the
2.4 @SV RE BRI results of 165 rDNA (B) amplification

FF 150 /l\/?i’\ﬁéfﬂﬁ 16S rDNA H‘Eﬁﬂ‘]ﬁﬁ‘ﬁ}'ﬁl‘é, A:1,2,3 ADNA; M, 40 FEFric; B: 1,2,3 16S rDNA {14 =
4% PCR-RFLP 4 7 3 1 26 45 16 3% J3 7, Jt b W5 M, 4 FRFFE  A: 1,2,3 Total DNA; M 10kb ladder; B 1,

N 2,3 PCR products of 168 tDNA; M,10kb ladder

EU531787 BLA f i AL B AU (11. 54% ) , Hk oy

EU647514, EU647517, EU531778 , Z: A R R AE 9.23% ~ 10.77% Z 8], HAx 12 NHH AR AT 9%
(E3),
2.5 RBERES

e 16S rDNA I [R] B U 4 B B 0f I 49 FH 44 52 B BE A7 0 7, P 3 b R B £ 4B TR W]
( Proteobacteria) , JEBEFE [T ( Firmicutes ) , %8 FF % | ] ( Fusobacteria ) , it 26 ] ( Actinobacteria) (£ 2) , B ff3k1s
i) 16S rDNA JF SR M E RGE R BT M (K 4) o

T KL EE 16S rRNA JE R SCPEH ) 4 AN Febe 5 B 48 5E AT B SR 41 16StDNA J¥ 51 [F] 5 1 35 3] 99% LA

2kb
1.5kb

1kb

http ://www. ecologica. cn



78 O/ %R LR E 2R 3725

M 12 3 4 5 6 7 8§ 9 10 11 12 13 14 15 16

1.50kb

1.00kb
0.75kb

0.50kb
0.25kb

B2 SHTERYR LA R A3 P SERE P Hae I AFUT) 151335
Fig.2 Partial positive clones of Xinjiang mud volcanos samples digested with Hae I
M, 4 F&EHRic; M, Marker. 1,EU647516;2,EU531788 ;3 ,EU647517 ;4 ,EU531779 ;5 ,EU531785; 6,EU531781;7,EU531778 ;8 ,EU531783;9,
EU531787;10,EU647519;11,5EU531786 ; 12,EU531780;13 ,EU647514 ;14 ,EU531782 ;15 ,EU647515 ;16 ,EU647518

H PR AR

Genotype frenquency (%)
(o)
T

! UL

1 2 3 4 5 6 7 8 9 10 11 12 13
Genotypes
- NG A N _/

' Y Y
#£1 1 Sample #£2 2 Sample #£3 3 Sample

&3 SBTERYR LAl 40 T S 16S rDNA JE R BUIA
Fig.3 The 16S rDNA genotypes frequencies of bacterial clone from the Xinjiang mud volcanos samples

1:EU647516 ;2 : EU531788 ;3 : EU647517 ;4 : EU531779 ;5 : EU531785 ; 6:EU531781;7:EU531778 ;8 : EU531783 ;9 : EU531787 ;10 : EU647519 ;11 :
SEUS531786; 12:EU531780;13:EU647514 ;14 : EU531782 ;15 : EU647515 ;16 : EU647518

1,3 M5B #E R HERE SR R A AR I RIVE IR B 98% LA 1,7 ASFIE B M 4H B 16S rDNA 51 AH B/
F97% , EU531779 .EU531780.EU531786 .EU531788 54H{Ll Bk K 16S rDNA FF3 [E YR HEITE90% ~97% 2
[8] ; EU531782 \EU531785 F EU647515 S5 E{IE#£H) 16S tDNA &5 B AH LIS/ T 90% , i BR YR K I FF BB 17
AIGTERHT I 3R EBAL,

AT B ] ( Proteobacteria )

(1) a-Z8 & B 49 ( Alpha-proteobacteria)  EU647515, EU647514 5 2 B 1k 4 #) I N 2% 7 40 &5 3 |9
Paracoccus ferrooxidans( AY954687 ) 16StDNA Fe 3 AH {14~ 88.47% ,99.25% ,EU647517 54 43 B B K
JEEE 3% Uncultured Alpha-proteobacteria( AJ619068 ) 16SrDNA 3 AH I >~ 100% .,

(2) B-ZE & i 40 ( Beta-proteobacteria) EU531785 5 5 4t i #L 4 + 43 B % ) Uncultured bacterium
(DQ404864) "2 16SIDNA EFIAH IS5k 87. 16% ,EU531781 5 # {623 B2 Neisseria elongata ( AJ239303)
16SrDNA FF3A{144 R 100% .,

(3) v-ZZ I i 40 ( Gamma-proteobacteria) EU531782 5 JE 1% 3 Uncultured Haemophilus sp. ( AM419957)
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16SrDNA 55146 {B144: 7 86.35%
(4) -5 i 4 ( Delta-proteobacteria) EU531779 , EU531783 , EU531787 558 714> B B i £ 5 35 Delta-
proteobacteria( DQ206407) 16StDNA JEFAE L4351l K 96.65% ,97.27% 1 |100% ,

F2 FEEANLERES 16S rDNA FEFI 534 R
Table 2 Phylogenetic affiliations of 16S rDNA clone sequences from the Xinjiang mud volcanos samples

Bk Strain fsSanA e HAHRLE ¥ Closet identified relative HibL: Similarity (% )
( HH % 5%5 accession number ) Number of total clones (L% 5%"5 accession number ) y
EU531778 14 Streptococcus mitis( AJ295848 ) 100
EUS531779 5 Uncultured delta proteobacterium ( DQ206407 ) 96. 65
EU531780 4 Streptococcus mitis( AJ295848 ) 91.71
EU531781 6 Neisseria elongata ( AJ239303) 100
EUS531782 4 Uncultured Haemophilus sp. (AM419957) 86.35
EU531783 8 Uncultured Delta-proteobacteria ( DQ206407 ) 97.27
EU531785 5 Uncultured bacterium( DQ404864 ) 87.16
EU531786 6 Streptococcus mitis( AJ295848 ) 96. 87
EU531787 15 Uncultured Delta-proteobacteria ( DQ206407 ) 100
EUS531788 7 Staphylococcus epidermidis( AJ717377) 93.73
EU647514 12 Paracoccus ferrooxidans( AY954687 ) 99.25
EU647515 4 Paracoccus ferrooxidans( AY954687 ) 88.47
EU647516 8 Fusobacterium periodonticum ( AJ810271) 100
EU647517 13 Uncultured Alpha-proteobacteria( AJ619068 ) 100
EU647518 8 Uncultured forest soil bacterium( AY913406 ) 98.27
EU647519 11 Propionibacterium sp. (AM410900) 100
JEBER ] ( Firmicutes )

ZEHUFT B 49 ( Bacilli) EUS31788 5 5ift 1 # F /K H 43 B B 9 Staphylococcus epidermidis ( AJ717377 ) !
16SrDNA FEFABIEAT 510 93.73% . ¥ 5 4 ( Clostridia) EU531778 , EU531786 , EU531780 534 JK B 42 A
BEBRTE Streptococcus mitis( AJ295848 ) 16SrDNA & 51 AHALL 14351 4 100% ,96.87% ,91.71%

#BHFF & ] ( Fusobacteria)

AT E 99 ( Fusobacteria) EU647516 5 & VE R & F A B #F B Fusobacterium periodonticum ( AJ810271 )
16SrDNA 75 ALl 100%

TR 1] ( Actinobacteria )

TR 4 ( Actinobacteria) EU647519 51 o 43 B B IR & Propionibacterium sp. ( AM410900 ) 16SrDNA
FP3AR L 100%

JE3E FE 40 ( Uncultured bacterium)

EU647518 57K H3E P B 2R FR40E (AY913406) 16SrDNA 3 AH{LL M 98.27% o,

XFF T H) 16 MREER, AP AT R 9 4k, JERER 10 4 R, AT AR AT 1RSSR 4w & 0
1 #ko
3 g

T XA Y B Uk BE U S K B, BT ER U8 KLU I B B R WK BB 5 R K] San Biagio-
Belpasso Y2 /K LLI B - {1 FA 80 ViR BE 188 T O S TRAR 7 AT g5 + 398 A IR AL 40 A 6

M3 AN it B R B AT A AT R, 2 SR R R B R B, HOR Ol 1 54,3 SRR, X R BB i e
K AETERE S ERHEAESEESR.

TEFT & 150 MR T HITE K LT 16S rRNA JEE SCPErR , N—S4% Fh k45 1 Je pE EUS31783
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100 [Neisseria elongata(AJ239303) \
4100':[%53 1781
100 Neisseria sp. (AJ786809)
100 |[EU531785
70 ‘—lUncultured Burkholderiaceae bacterium(AM420125)
] 79 lUncultured bacterium(DQ404864)

100 EU531782
9 Uncultured Haemophilus sp. (AM419957)
100 | [ Haemophilus sp. (AY005034)
72| 88 “4ctinobacillus pleuropneumoniae(AF224283)
Uncultured gamma proteobacterium(AB252885) Proteobacteria
EU647515
——————————EU647514
100 Paracoccus ferrooxidans(AY954687)
Uncultured alpha proteobacterium(AJ619068)
100—EU647517
——————EU531779
100 100 Desulfuromusa sp. (AB304907)
Dissimilatory selenate-respiring bacterium(DQ991964)
79 Uncultured delta proteobacterium(DQ206407)
97 EU531783
100 “EUS531787
100 [ Propionibacterium sp.(AM410900)
IEU647519
90  —— Uncultured soil bacterium(EF688376)

100 |_|:Uncultured forest soil bacterium(AY913406)
EU647518

100

98 99 100

Actinobacteria

N —

Uncultured bacterium

100 rEU647516
 Fusobacterium periodonticum(AJ810271) Fusobacteria

g 100 [Staphylococcus epidermidis(AJ717377)
5 EU531788

100 100 ——EUS531780

EU531786 Firmicutes
0.02 60 Streptococcus mitis(AJ295848)
= 100 FEUS31778

56 “Streptococcus sp. (AF432131)

P4 Neighbor-joining 2% Y8 K LLAE S 4 SE e 168 tDNA #4373 RGEA B
Fig.4 Neighbor-joining phylogenetic tree based on partial 16S rDNA clones sequence from the Xinjiang mud volcanos samples

J& EUS31788 5 BRIERR 35 i 70 B BB AR 9 16StDNA FR3 A {47351 2 97.27% ,93.73% , T HfEIT i 98 K 1l
RIZBWIE S, 5LMEHREY) & s EUS31780, EUS31786 O 3 SH PR RINHEA T, ES NRAFE P E
B FEMRA PR 5 , RAFERE YR K 1L O 15em WRAL AT BBFFTEE KE MR EMAD

AN 4 AP K (Bl X R A PAS) WIESE M B EZR TR AT, R E ] JERE R ]
U0 BEEYe KL AT T T SIS RE , 4 SRS HA L, S AR TR T ) T AE R U8 K LB BT rh R B SR 4
ML TR . BN SCER BT se ke EU647516 F7 51 5 N BRHT &R , B K San Biagio-Belpasso J8 K Il Ff A
R AEE LR 5 W RV K L P R U B T O S TUAR I 560 ISR K LR 3 3% 40 T o 1A SO BAT 7
J& HBUIRR , APITERIAGILIR , 3% -5 Y8 K L it 25 DR ST T e B P 51 e % Bk B9 BB DA 565 7 — 7
T, BT AR VR K AR S SR AN P A AR T, 1 E SR HGE , T RE BT 3R U8 K 1L BT A i) T R A B8, S BUMAEY
H AT IEZE S

AWHIEEEREI BRI K L AT BEAFAE KR AR A AR Y, BRI A B e, L 9 H G S B, B3
B IR 2 R o B AR Y , BE— B BT AT SR M S T B
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