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AT A ZAETE R TT ST, O 1 MR AR O A=
WYiLEZSIIRE , TF R IR S i A 0 B IR T T it

1 AR %

1.1 #F#
L1.1 AEFCREE AT 2008 429 A 17 HREH
PERRFLAT HBAS R AL M 2 (N31°237, E84°04" 1 1]
VIR 4421 2K ) A 45 T80 30 Ve B 0 R 0 i K A i,
H K A8 S R B Sy 23% (W/V) ,pH H2H 9,
J& F B K. FL A H I K B AR A KT
11.2 g¢/L, Na®61.3 g/L, SO;” 27.5 g/L , Ca’" /]\
F10 mg/L, Mg’ 14,1 mg/L, P /NT 5 mg/L, Br
86.0 mg/L, Cs5.61 mg/L, C1~75.4 ¢/L, HCO; 0,
CO2™ 11.2g/L, N 2.19 mg/L( [ 5% 1o 5 3 oty
50 o FRERER, W IHSLRE, /7T - 80°C KA
#H.
L1.2  F2a7 AL AR m ol 2 R B0 pl ol
Beckman Counter /A 5) i) 64R & =0B.0 ML, LIk RS
KA TN — XA R R L kA DYY—B,
EERATI S A5 ALPHA Inotech 23 w] 4 28 A EE
W& Z %55 PCR 7144k Bio-Rad A F]fY iCycler,
1.2 #&% DNA #REL

DNA {2 BUAFE 2 % Moune 45" it ik, H
RRARI T B3 g AL, A 12 mL 50 mmol/L f
IR BN 22 vh W (pH 8.0) , i i€ 5 min, 6000 x g,
10 min, 3¢ 35 EICAIAL ; UidEH inA 6 mL 24# iR
AW 1 (0.15 mol/L NaCl, 0.1 mol/L EDTA,
pHS. 0) , i HEIR AT, BT A 100 L 15 mg/mL Y% #
fit] W51 J5 37°C ¥ 1 hy A 6 mL iR AWK 2
[0.5 mol/L NaCl; 50 mmol/L Tris-HCl, pH 8.0;
10% SDS(w/v) ] 7Ky 10 min,65°C 434 10 min, {§
3G UK B, A SR B 2R W A K
Fis(25:24: 1) 42 ; 6000 x g, B.0010 min,4°C ; B -
L IMASERFR & SNl (242 1) fli4i . 6000
X g, #0010 min,4°C; B EWE, A S IRELR A F
WEE, - 20°C H# & 1 h; 10000 x g, 10 min, [6] i
DNA; T4 J5 i A 400 pL ) TE 2% #h g, ¢ T
—20°C £ H T4 5 DNA ] 1% (w/v) BERg A A7
LUK B, SR AMEE IS G AS I A TGN o
1.3 16S rRNA EE#) PCR ¥ 15

¥ H — £ 5| ¥ 530F (5'-GTGCCAGCMG
CCGCGGTAA-3") 1 1492R (5'-TACGGYTACCTTG
TTACGACTT-3") , F & ¥ 14 240 v 4% = 1% (19 168
rRNA %[ ', PCR Jx B 1k & 2 50 L, {2 4%

50 pmol/LI 3144 1 wL,5 pL 10 x buffer, 1 pL
10 mmol/L dNTP ,2U Tag DNA %4, #ifz DNA %
W1 pl,ddH,0 #ME 50 wL /&%, PCR ¥ 425 4
T :95C A 1 min, 95°C #AEPE 30 s, 55°C 38 k
30 s,72°C ZEAH 30 5,30 MEFF,72°C IEf# 10 min,
1.4 sEEMFEK

PCR 4" 3% 7 Py A 45 By B i [mlfsc ik 351 & 3 1Y 43
(KM AE A, b3t 347 264k 10k, [l fse ™ 4 H
pGEM-T Z{K 4t ( Promega , USA) AT REHK , 45
WAk %) Escherichia coli DH5 o (55 B2 S 4 ( RAR
Ak, db ) # g 16S rRNA FER SO, ¥ i 4k ™
Vi3 & A PTG  X-gal M 2R HF &R 1Y b
PR R i B SR
L5 #%#E4 DNA ¥ 18 5 B BR &l 4% P ] B 5 4
(ARDRA )

i R B B SR AR R SR, it R
FEREE SRS B L. 5 mL H BRI & (R A
Ak, db 50 ) $2 BB DNA, %F F B % 58 B, & FH
TOYOBO 1) Hae 111 X % 5 fie i Be 0 ok i AT g
KA 10 wL P s iR & )W UIREE 1.5 U, DNA
0.2 -1 pg,10 x Z i 2 pl,37°CIRH 1 h, Bk
6 55084 :80°C ,20 min, 2% 1} 2 v .

B 6 wL gFATHLIKATIN , VK SECR 2% (w/v)
BEREHE,80 V,40 min, K HLIK S 1Y S B I AE EB
PP YL 15 min, €5 15 min, 28 4P BE R
W, Gt #2550 (OTUs ) 8k .

X EAERZ kR BiR) OTUL, i Hha T —3K
M1, 10 WL ff U)K W AR R G0 R 2 10 x 2 vpif, 10 x
BSA, N YJ 2 U,37°C A 1 h,65C 20 min £ - %
N o HLUKASIN 7 ¥ 40 iR .

1.6 DNA QFE5FE5ISH

PEFEAIR] OTUs 14 BH: 5E R 3% 2] E g2 T8 ]
HEATIN T, 0745 5 P DNAman #4715 X I M B
FE 5 S B b BT 5 0 2 A T 910, AR i D B 3 2 R
FAES 24407 , 4T 700 —800 bp 351 HIfE 5 2243 #7
P22 753 GenBank H i 47 1541 [A] I L X, 0]
G B ALV By 16S rRNA JE51 . 435 A NCBI
rh X SE AU 51, 2R F MEGA 4. 0 1440 v i)
Kimura 2-Parameter Distance BB 22 )% 41 DCECHE
Gl ARPEHES L, S M5 DT L 45 SR v 2 4 B 3843y
GIJE 4 adB X R K BEER AR 700 bp 247, H
XL TP A IR AT 22 5 51 LX), AR AR X 25 5 FH 4
1215 (( Neighbor-joining method ) ¥ & & 4% kK &
RO R S B B A M SR E— A AT AL
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A1 HRER I b B A PR A

1.7 GenBank %[ E % &S ( Accession number )
%¢ GenBank |- Vecscreen 7F 2 A6 I 25 B v [ 45

5 Y5 5, 2L 10 GenBank #2352 102 > 16S rRNA

FEPR 00 7R 43 e A0, B PR B SRS O GU130304 -

GU130405,

2 R

2.1 DNA 12E{#01 PCR 18

AFLA HE AR A TTRRAE i v, FRATT A D B L T A
DNA ,DNA 25y fi— SE%8, Uil LR rikidE & 1
AR BERE AL P EUE DNA (932, DL DNA S5
M, FIHAETE S 4 G S30F + 1492R, 9715 ik T
JE25 1 kb B4R 16S rRNA FefH 7B,
2.2 ARDRA HBIZHR

R i P BRE 7 32 174 JEr B, S A b R B R

8§ 9

wr 0D 0 WD T 9B D v o o OF 0D G

E1

10

SCREARA T 16S rRNA KL A Be iy B e b, A
WFFEE A 1T 309 APPSR . FRIBCSHPE v B SOk,
DNA #£17 ARDA 73 #r, ] 1 3853 ikl DNA HL 7k
Ao 1138 , B SR i BORE DNA i T A T AMNE
B, MO BEA , 16 L vk (BT 3% T AR 18 o R 4R
(4 BRE 3 28R T HaeIll BD) 5 , AT SRR A
VRO o FRUKAEINES RN 2 Fros . ARSI
UK, 1 88 T [ R AT 73 30 AN AR 4R 26 o
(OTUs) ", FilFHZ B core DRAW 12 £ (45
PRIk RSB A 18] 3 o, o DIZRAY 1
Gk 2, WA A 145 TR, 5 BB
46.93% . TR 1 BEREREE 2, NI XX A2
TURCT 3 — 22 B G O1 20 A, DUBIAS B[] 69 37 3
K 4 gt Je ] Hha 1 X53X 145 A ve e s REVI 73 M s
PRI, RUZE AR DAy S 0 i o e ) B
BE%,

11 12 13 14 15 16 17 18 19 20 21 22

W oem w ces EE e

&85> PRI ST B2 Bk DNA HB Sk il B it

Fig. 1  Electrophoresis analysis of plasmid DNA of partial positive clones. M: 500 bp ladder marker;

2 —21 ;positive clones; 22 :negative clonel ; 1,15 failed to DNA extraction.
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Fig.2  Electrophoresis analysis of plasmids DNA digested with Restriction enzyme. M:100bp ladder marker;
1,3,5-7,9-12,18 =20 OTUL; 17;: OTU 65 2,4,15,16:0TU 2; 8:0TU 3; 14.0TU 4; 13:0TU 5.
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Fig.3 Schematic patterns of plasmid DNA  digested with Restriction enzyme Hae Ill. M: DNA marker; 1 —-30: OTU1-OTU30.
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Fig.4 Schematic patterns of plasmids after DNA digested with Restriction enzyme Hha | ,1 —16 subtypes of OTUL.

2.3 MEERIH

HR D] 43 B0 25 2R, BE AL I B A S BL Y 5
A TERESEATINY 734, A rh D 5 A i R 0] 4
PRI o AR D 45 R e R A B A 4 OTU
BANR . A3 127 A TE BRI 245 3, 7 51
1 GenBank A HEAT Blast [a]JF: e, Sk S AHLAY
C R 91 LA K e e 30T 0 H A B 23 28 b A6 19 )7 91
AR LEXT SR AT LK 127 ASFP90 0 i — 262
EA U KAL) T 5], X EB L& 72 AP,
R 57, 14% , X H8 53 e 81 114 e A2 DL I ) 51 R
AT KHAL; R 54 DFFEARAA
B 53 S AL ) DG E e 91, 57 Je T T ) o v AL
GVHERZAIEFEIT G, — I LA H o e o

BEXTEA WY 43 25 A7 19 ) 51, AR 96 Blast 2%
MR BEAR I Y 3 11K, K e B e 7 R AT 0 2 e

Blast 25 3R 58 42— B H2E 8 —4 , Blast 4521 871 &
TR B — A REZ T, WTERE seq. 28 |
seq. 29 .seq. 57 .seq. 247 M T Blast 45 R 52 4 —%,
BN —2H, FE 0 E g R seq. 3 seq. 153 (seq. 253
seq. 54 F seq. 256 W& T [F]— K IFE——Alkalimonas
J& o BERBIR, T2 ADIFHN LT v R | o
IR S-ZL I B 49 FUAF T8 1] ( Bacteroidetes ) | J5
BEGE T VRIPEROE TR 21 g aim w2 b, Horp
Pseudomonas Alkalimonas F1 Nitrincola =/ & & &
i, R SRR 28.35% , & HA B 3 S
iy 72 A8z, 5 HUT S [R IR AR LA &
97% W 5 A 30 ¥ 81, T H. seq. 93 5 Fucophilus
Sucoidanolyticus [F)JEPE R A 89% X 743 i B FL A7
HREh b B R 2 A 50252 b BA WA 2 SU) 45 ik
738
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Thalassolituus sp. DG1633(EU239917.1)
seql59
Arhodomonas sp. EL-201 (AJ315984.1)

Sacchamspiri/ljum salsuginis strain YIM-Y25(EF177670.1)
83 100 Seql64
011 Halomonas sp. G27(EF554887.1)
Halomonas sp. EM490(GQ408900.1)

68 Nitrincola sp. E-044(F1764761.1)

46, Alteromonadales bacterium G-Hel2 (EF554911.1)
Nitrincola sp.E-048 (F1764762.1)

00;seq143

ggeqnospirillum sp. ML-158(AF140000.1)

Pseudomonas sp.24 (F1867623.1)
— seq270

Marinobacter sp. NT N128(AB167042.1)

781 Bacillus subtilis isolate B-3065 (AM110946.1)
92| Marinobacter hydrocarbonoclasticus strain DOHS-3(GQ200189.1) Gammaproteobacteria

Marinobacter bryozoorum strain 50-11(NR_027192.1)
seql3

87 seq96
46 seq275
1 Pseudomonas sp.Pi 3-21 (AB365062.1)
Pseudomonas reactans strain PPS96(GQ35428.1)
Pseudomonas sp. BIHB 756 (DQ536522.2)
Idiomarina sp.10079(Eu432584.1)
100 seql21
1004 rdiomarina sp. G-R2415(EF554920.1)
Idiomarina sp. 10041(EF432583.1)
— Pseudomonas sp.G-R2A7(EF554919.1)
seq75

Uncultured Rhodoferax sp. clone RUGLI-260(GQ421043.1),

Aquimonas voraii strain GPTSA 20(AY544768.1)
seql35

Caulobacter sp.strain MCS33(AJ227811.1)

—— EU375060.1

100 Loktanella sp.WM1(EF421433.1) .
Rhodobacteraceae bacterium CAal05(EU180989.1) Alphaproteobacteria

99 Rhodobaca bogoriensis strain LBBI(NR_025089.1)
seq189

87U Roseinatronobacter monicus strain ROS 35(DQ659236.1)
Rhodobaca bar}guzinensis strain VKM B-2406(EF554833.1)

99 Uncultured Firmicutes bacterium clone x81(GQ848206.1) L
4{ 100,seq234 Firmicutes

Alkaliphilus transvaalensis strain SAGM1(NR_024748.1) _
8 Microscilla sericea strain:IFO 15983(AB078081.1)
85 Uncullured Hongiella sp. clone 1-D(EU305566.1)
51 96 Uncultured Saprospiraceae bacterium clone A104(EU283498.1) .
100r— Psychroflexus sp. H7(AB3819401) Bacteroidetes
100 Salegentibacter salinarum strain ISL-4(EF612764.1)
100 100 —Uncultured Flavobacleria baclerium clone NorSea47(AM279194.1
i Brumimicrobium mesophilum strain YH207(DQ660382.1)
Ji__ seq . .
Fucophilus fucoidanolyticus (AB073978.1) :| Verrucomicrobia
95 - seq63 .
[Desulﬁ)bo%tglus sp.ASO4-4(FJ788523.1) | Deltaproteobacteria

seq -
seql23 )
17_[‘—; seq252 Alphabacterial
seq66

7 seql87 =

Il

80

Bacteriodetes

Gammaproteabacteria

E5 LL16S rRNA EEFII A EMBILBBEX FENAHRREREN
Fig.5 Phylogenetic tree of the Bacteria in Zabuye Salt Lake based on 16S rRNA gene sequences. Evolutionary distances were calculated
by the method with Kimura (1980) two-parameter calculation model and the topology was inferred by the neighbour-joining

method based on bootstrap analysis of 100 replicates. Bar, 0.1 substitutions per nucleotide.
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2.4 RERENH

HRAE BT A5 1Y B BIA0 3 S M A 1) 72 4> 168
rRNA BEPR e RE PO A R G L BR (B 5)
MARGERTE LT LR 2 y- 228 W49 AT R A5
Seq.28, 29, 54, 57, 153, 247 5 A5 L E 40 1)
Alkalimonas J& AT AF— > 500, 5 1% 8 B 1 b
Alkalimonas collagenimarina A1~ 95% 1% 99% .
Seq. 30 5 #H L ¥4 & 96% ) Thalassolituus sp.
DG1633 WY L—A>HTT, F3 25 i [ 1 S i B A
[l Halomonas sp. EM490 5 seq. 164 E. 98% #H
M, BEALIEBS 5230 . Seq76 5 Nitrincola sp. E-044
PR R L (99% ) , 5 I Nitrincola sp. E-048
1 Alteromonadales bacterium G-Hel2 ZH ili—~ 7T,
Seq143,280 5 Oceanospirillum J& (Y Oceanospirillum
sp. ML-158 AUV fre i (98% ) o 70 B ARG B2 =2 5
BB Bf Pseudomonas sp. 24 5 seql88, 214, 219,
224, 250 5 HE MW — D ki, Seq. 142 5
Marinobacter bryozoorum strain 50-11 #x “ky T Fi
(98% ) , i seq. 13,96 F1 275 WIAE i — A8 16 i 57
M43 37 . Seq. 121 5 Idiomarina J& W) Idiomarina sp.
10041 AHRIE RS (99% ) , TN | Idiomarina sp. G-
R2AIS =H N — A0 28 50, IR A B JEE Bl 1%
FR— AR R P Y Aquimonas voraii strain GPTSA 20
5 seq. 58 fx FAHL (98% ) H21 0 Caulobacter TR 1Y
Caulobacter sp. strain MCS33 5 seq. 135 #F{kIF & 5%
I T AT 95% HIHIBLEE . Seq. 189 5 seq. 241 5
a- LI 4N Rhodobaca barguzinensis strain VKM B-
2406 H A7 & ik 99% Ky [ P51k, % [F] Rhodobaca
bogoriensis strain LBB1 FI Roseinatronobacter monicus
strain ROS35 2L [6] 41 il — 1~ 43 K. Alkaliphilus
transvaalensis strain SAGM1 5 seq. 234 #H L ¥4 H
99% , —HHMIEERERET 10— HI0, HAb, seq. 93
5 Fucophilus fucoidanolyticus ( F1I14: 89% ) , seq. 63
i seq. 71 5 Desulfobotulus sp. ASO4-4 ( #H 1Ll P4
98% ) 73 S G R — A>3 3, A —SEF A,
seq. 75, 112, 159, 270 JE Wi 7 5943 32, nl AEAR
BRI,

SRTMAE LA R 288 53,40 4> SR P41 5 23
A P B R A TSR TR 2R oT TR
AFF 5 5K S 5 8 1 4] ) i 3 T R TR A LA 240 TR 2 Ak
JoEE HA HEWE L,

3 3t

PCR §" 14/ 16S rRNA £ &3 751, i Bk

FEZh 1 kb, B AE 530 F 1492 2 i), FE3X 43
LA Y 16S rRNA A 8 AT AR X, 7 AMRAFIX
BRIV P25 53 A 700 bp, 73X B NATTA 6 4
AIARIX,S AMRSFIX . R, JE TR 530 - 1492 (40
PH 16 S rRNA K [R5 e 51l HAT B e ) O <74k, ol
DA PGB 150 ) s s 5 20 7 7 R e e |
P ICFR o AN, I v B 2 AR i ARDRA 4 Y
SERPRIR , H RS2 Ry 1 PRI 3845 1 5 9145 2 T
LA o 00 0 5 il 150 WP 6 3890 e 240 R ) 28 1 4 S
AR,

{EAF—4E A2 , ARDRA 23 Ml 11— 2R 77 471
TERGE K B R b R 2 AT B8 AH B EL T, o 3l 2 10
ARDRA 73 #7 5 R G &8 0, — & W45 R A W)
Ao e ARDRA HHR—A4 OTU () seq. 8,47 ,53,
203, HA seq. 53 J& T Pseudomonas , 1M H'& 3 4~ T4
FEFPS R R T AR B 35 v 91, B Oy AR 0 5 —
OTU, A seq. 13,75,80,112 ZE2H Jif,, Blast fi /)5, seq.
13 J& F Marinobacter , seq. 75 -5 Pseudomonas , seq.
112 J& Nitrincola , 43 T HJ seq. 80 Ky oK B 3% vi s
G, FHEEXFELG R AT ESS : ARDRA 234 HU&
BEXSTUASBEVIAL AL, AR 2 A S5 0507 546 S B ) B
Tofr AUl 5L A A [) AR RL ) DD 6, IR 4 d i 445
A T RE K L IH S — 38, I R A5 B Ry 2 168
rRNA FEPRIER 73 DR 5F 17 90 1 42 e 51, a3 B 4 2R 5
AR X R AW O ARDRA 253144 &
F A

AL X FUAT IS ER I AN BT 16S rRNA BEPA v fi
G T HEAT B R GE A B oA, T L AT HRER ) v A T
BAFEWZHME, BN FEEZ A TE Alkalimonas |
Pseudomonas . Bacillus . Marinobacter ., Thalassolituus
Flexibacter . Nitrincola 55 23 NMgEL M @ T, H,
seq. 13, 75, 96, 112, 159, 270, 275 XL TikEsS
AR 23 AT E B O R, AT BRI 1Y A S R
JCo TERGRK B MRS, N seq. 83 JFIf, X 2
T FER T v BN E N oI H N AU
( Bacteroidetes ) = K43y Hio0, H 21X 40 S
C 2T () AR 2 AT, ok 6 v B il A ] e Ak
HHIYSEEATE, Oren' ) BT 415 BB B M B
B g A A W AN % 3 W ;. Pseudomonas halophila F11
Pseudomonas beijerinchii , {YEFE 1 7] LLFH I, WP
F v 55 2L R0 0 [R) 5 7 B 1R T 97 % 114 1 S B
TR P8 Y 25 % , 3% 26 730 BT A3 B A RT BE 2 B
P, Oren'™ & ) 40 & & ¥ A MW B
( Alteromonadaceae ) 1 B — 1~ @

Marinobacter
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RETERIEh AR 3 T AE K. Ivanova ™ 1 YR AE Y L KF
114000 — 5000 m TR {4 ¥ K A il b 23 B 2 P A TR
B——KMM 227T F1 231T, -0 102 5)i% R h
W) J§——Idiomarina, H M LL)5 , Idiomarina J& H
HA R M2 R 95, Idiomarina baliica

Idiomarina lothiensis

Idiomarina

[15] 16],

, Idiomarina fontislapidosi'

ramblicola'"®’ N Pseudidiomarina

marina' " KK FET T Idiomarina JFE 1)) R4
Seq90 5 Idiomarina sp. G-R2A15 py R P51k R A
96% ,fRA7 T At 32 Idiomarina J& 1 — VAL BT AP

5% Xk
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Bacterial Diversity in Zabuye Salt Lake of Tibet by
Culture-Independent Approaches

. . 1,2,3 . 1,2,3
Xianhui Zhang | Fanjing Kong ="
(" Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China)

(* Key Laboratory of Saline Lake Resources and Environments, Ministry of Land and Resources, Beijing 100037, China)
(* R&D Center of Saline Lake and Epithermal Deposit, Beijing 100037, China)

Abstract: [ Objective | [ Objective | To get knowledge about bacterial diversity in Zabuye salt lake with the culture-
independent approaches. [ Methods ] Total DNA was extracted from sediments sample of Zabuye salt lake, Tibet. The 16S
rRNA gene was amplified by PCR with bacterial primer £530/r1492. Then the plasmid library of 16S rRNA genes was
constructed. The positive clones were screened on plates with IPTG/X-gal/Ap. Amplified ribosomal DNA restriction
analysis ( ARDRA) was carried out with restriction enzymes Hae 111, Hha 1. With the help of culture-independent
approaches, DNA was directly extracted from the sediment samples of Zabuye salt lake. After construction of 16S rRNA
gene library, ARDRA (amplified rDNA restriction analysis) analysis was carried out. Some clones were selected to be
sequenced according to the ARDRA patterns. These partial sequences of 16S rRNA gene were used for construction of the
phylogenetic tree. [ Results ] The phylogenetic tree showed that some clones (57.14% of total clones) belonged to 23
genera in y-proteobacteria, a-proteobacteria, 3-proteobacteria, bacteroidetes, firmicutes, and verrucomicrobia. The rest
clones were quite different and were most related with uncultured sequences, forming special division in the tree.
[ Conclusion] These finding showed much prolific bacteria diversity in Zabuye salt lake.

Keywords: Zabuye Salt lake; bacterial diversity; Culture-independent approaches; 16S rRNA gene; ARDRA
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