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5 om Bk vk, pH ELARAE 10 DL B o v, 15 380 1) sk
Pk 5 o pH R 1 3E 10. 83 [A] I, JLAN (1 57 4K J5E
AR i, B AE 165 g/L LU 1, 2 5 ) B 2 ik

343.82 -397.33 g/L. Na' 2l Y E&EE 7,14
2 S A 124.8 - 166.08 g/L; 75 1 5 F1 3 =i
RIS, 4 59.93 —78.96 g/L. K* &% —Ff - 2
FH B, 76 2 S i & i 0 30.22 —49. 81 g/L; 7F
1513 530 AR 38948 5.2 g/L LA R o Ca’" 4
3 AN I B I, B AE 1 g /L BN . AR
FHWR Yk BR300 b O B o X Mg™ ™ A6 AW UK b ok
e EJLM AR & b, Na (& & 5 A e
0B B IE L .

Cl™ 2l BN E 1, e 2 S & s,
ik 198.8 —249.56 g/L;1 5 i & %, K 17.19 g/L,
SO, [AAEAE 2 5 Wl vh & & & 5 38 27.55 - 49. 81
g/L;3 S AR, A 13.55 -21.19 g/L. CO,> 4>
MMES L EWE IR KR, & 1 5 s
B, I8 31,67 g/L; 48 3 SR R AG, N 9.27 -
9.55 g/L. HCO, ™ [ FEAE 1 5 W 9Kk i &% s 18
16. 18 g/L;7E 2 Sl i 5K, 10 1. 48 - 3.68 g/L.
FHRLIE, TIC & 848 1 5 b & &, ik 15. 84 g/L.
2 KA o M R WL 1 S0 Na-CO, 2 #h 381, 2.3
55124 Na-Cl B4 £534)]

TOC & 1 S i, 15 0.3 g/L, iif e
TR EIKERAYLR. A, 1 S8Ry
B B i 3 6. 76 x 10° cells/mL. 3X T fE & A 4 1
T B B BRI LS LR = BRI TR FE .

z1. #ENMBUESH

Table 1. Physical and chemical parameters of sample

Sample 1 2-1 2-2 3-1 3-2
T/C 23.92 28.73 31.79 22.37 28.19

pH 10. 83 10. 27 10. 18 10. 40 10. 40

DO (mg/L) 3.50 0.25 0.22 3. 60 1.90
Salinity / (g/L) 172.76 397.33 343.82 205.21 165. 48
¢(Na) / (g/L) 78. 96 166. 08 124. 8 83. 85 59.93
c(K) /(g/L) 2.20 49.81 30.22 5.13 3.44
c(Ca) /(g/L) 0.15 0.62 0.62 0. 62 0.29
c(Cl7) /(g/L) 17.19 249.56 198. 80 106. 55 76.95
¢(80,%7) /(g/L) 23.58 49. 81 27.55 21.19 13.55
¢(C0,%7) /(g/L) 31. 67 18.32 13.97 9.27 9.55
¢(HCO, ~) /(g/L) 16. 18 1.48 3.68 6.87 4.93

¢ (TIC) / (g/L) 15. 84 8. 60 5.54 4.73 4.97
¢(TOC) /(mg/L) 301. 33 250. 94 151.02 114.27 101. 10
¢(NO; " N) / (mg/L) 18.21 18.51 13.77 11.24 14. 68
¢(NH, * =N) /(mg/L) 6.03 3.54 3.82 2.71 2.30
¢(TP) / (mg/L) 22.93 12.78 9.20 1.24 1.35

MA/ (cells/mL) 6.76 x 10* 5.44 x 10® 6.46 x 10* 4.71 x 10" 5.13 x 10*
Type of Lake Na-CO; Lake Na-Cl Lake Na-Cl Lake Na-Cl Lake Na-Cl Lake

DO : Dissolved Oxygen; TIC:Total Inorganic Carbon; TOC:Total Organic Carbon; TP:Total Phosphorus; MA : Microbial Abundance.
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Figure 1. Proportion of bacteria phyla in the samples.
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Figure 2. Proportion of archaea genus in the samples.
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Figure 3. Clustering analysis of bacterial community in 5
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S SRS i 1) 22 B I (0 I 3T D0 R O — R
Bl OTU HA— @& FF 4B - I v LU S FE
LA -2 o —, eflls 3 -1 BE—D KK
b TRER 2 -1 2 -2 O R — i, R —
B LRI AZE 5 ASFES A I B, X 55 B pr &k
TIE (R B 2 — B0 o 5 SR TR 0 B v Ak e R
L 3 AT KA SRR AE R I 2 5 I AT Ak AR
s JL TR B MR, T 13 59 BB Ak B A B .
JUIHEREM 13 -2 B R, # AR 170 g/L /2
A U A B8 A2 5% T 440 R TR 45 R T E BN R .

XA B TE R ER B DN 7k AT S 6 N A By
(CCA) B3R, 0 Ab B2 5 28 — i v il 52 de K IE A
Koy M R ik 0.9822., DO 55— 4 5 il 2
KAAH I, A R ECh - 0.9032, 1 #h i+ DO X 32
WACEE R B o — Ok U Sh TR 0 B RO
DO A% ™ oy e AT L, 570 B R 3 S £ I
H 2 B TR 5 TR A IR

R2LSOMMHRAEMETEREXENSHMEEY
Table 2. Diversity indices of the five bacteria and archaea

clone libraries from Badain Jaran Desert, Inner Mongolia, China

Clone library Total Number of  Coverage Shannon
clones OTUs (c)” (H)
Bac 1 49 15 0.90 2.28
Bac 2 -1 81 18 0. 86 2.10
Bac 2 -2 76 23 0.85 2.53
Bac 3 -1 75 21 0.89 2.69
Bac 3 -2 85 25 0. 86 2.43
Are 1 50 16 0.85 2.42
Arc2 -1 44 9 0.91 1. 64
Are 2 -2 44 9 0. 86 1.71
Are 3 -1 38 7 0.85 0.72
Arc3 -2 13 3 0.85 0.54

" Coverage(C) =1 - (n/N) (n = the number of a clone being only

contained in OTUs, N = total sequence number) .

2.3.2 HEBELSW K S DA 189 M E A
BT 445 Mothur B3R 2 5, £ 51 23 4~ OTU, J 42
HTH R ERAE . B 4A TR ST 16
A OTU, 1 2.3 5195 OTU %20 i HA7 11 A4S0 8
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Figure 4. Clustering analysis of archaea community in 5

samples. A: Venn Diagram. B: Heat Map.
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OTU, & &3 v B B 77 % » ¥ Ak ol ik IR 2 1) AR 3R 7
%4 N NCBI ¥ 3, Fil BLAST 2 )% 5 ¥4 & b (1 &
AP AV AT LEXT, 2L 4 R L3R 3.

HHE— TR OTU M RSk & Hufr, L3R
3 Hf 18 A OTU g Jkfilh, 246 T4 B 10 R0 K B MW
(Kl5) .

OTUO1 F1 OTUI8 Jg T # i W =8
(Halomonas) , {EFE & 1 R 3 — 1 vy 2 5 A7, 43 031
o 9 B SC PR 33% A1 23% 5 IR O 3 -2 [R5 K
J& s i 21% o {Hi% OTU #£ 2 5 ] i K i b 3 K
Ho B BERE B, 7E NaCl 3R B2/ T 200 g/L
IR B a] KB ARG AT 52 2 pH = 12 15 1
I, IF HLPrad N i I a2, A2 10 - 45°C 2
Al R, HREE KA 1.3 S
T 00 R B A5 A B O ARl T 2 5 W R ER R B A
30% LA b, i s S ECT 2 WA % E A
W K 23 A o

OTUO02 4 Spiribacter J& )% b1, fEFE S 3 =2 H fly
A AT o LA B v B SO 32% ;5 [R) IE OA BE L
SH3 - 1H TOR R IG, il 14% 1 13%
H 2% 5L D R A AR i P AT B R 0
B VU HEF 80— AN ER S (R RE O b g e, i iE A K
S A 150 g/L NaCl™ o oI 0 #h FE 5 BF i 3 -2
HURE b 1 IR & B2 28 U e, BRI ey 3 =2 R 1 Y
DA E o 1 AE 3R = T 200 g/ L (#y JLA AR & o )
TR,

OTUO03 Ny & 21 42 1% J& (Halorhodospira) WY 51 » {F
B2 =1 12 -2 s 88 — K 7r K0, 70l
28% F1 14% ; £ HABFE S P A7 . &8 1996
AN AR JE (Ectothiorhodospira) W 4 37 L Sk,
Dbt A Bt w1 o 5 LRIV 97% 1y H.
halophila 3% fig 11 7% f) %8 €4 6 40 1 (purple sulfur
bacteria, PSB) , W] 75 JR A 45 1 N 3K 43 6 ik JF # H,S
S TR £ 7 G P A 3R ke A Y

T H S PRSBG0S A
Aok v RV AR S A TR A B e AR B K pH
3R SO ) R A B A E TS . T S R R
BR Bt e Ll HS T B 1B A7 41, 55 H,S M
bt HS™ ANRE B f a4 B 5, B ok 2 PR b e
LA, B i 1 it 4 TT L g o P kTR R T 32 B i 1 Ak
SR i o SL U0 B A ) 5 5 TR R AR A 8 IR
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R3. TEOTUAMAENEFTHSHRABIIE
Table 3. Distribution of the main OTUs in bacterial libraries and biological taxonomy

Clone 1D Gene frequency /% Closest cultured bacteria (accession number, similarity) Phylogenetic

2-1 2-2 3-1 3-2 classification
0TUO1 32.7 0 2.6 22.7  21.2 Halomonas sp. Al (FJ157163, 99% ) Gammaproteobacteria
OTU18 0 0 0 8.0 0 Halomonas sp. LYG4C (GU447290, 97% ) Gammaproteobacteria
0TU02 14.3 0 0 13.3  31.8 Spiribacter salinus strain M19 =40 (NR103952, 98% ) Gammaproteobacteria
0TU03 0 28.4 145 0 0 Halorhodospira halophila strain 9622 (FN293051, 97% ) Gammaproteobacteria
0TUO08 0 0 0 10.7 2.4 Halomonadaceae bacterium 20P2 (JX434732, 99% ) Gammaproteobacteria
0TU11 41 0 0 1.3 3.5 Saccharospirillum sp. GCWyl (KJ195687, 94% ) Gammaproteobacteria
0TU13 6.1 0 0 0 1.2 Aquisalimonas asiatica strain CG12 (NR042570, 98% ) Gammaproteobacteria
0TUO5 0 0 329 0 2.4 Roseinatronobacter monicus (DQ659237, 99% ) Alphaproteobacteria
0TU14 8.2 0 1.3 0 0 Roseibaca ekhonensis EL-50 (NR042212, 98% ) Alphaproteobacteria
0TU07 6.1 0 0 1.3 5.9 Paracoccus sp. MBIC4036 (AB025192, 97% ) Alphaproteobacteria
0TU04 2.0 44.4 2.6 0 0 Salinibacter ruber strain M31 (NR074895, 91%) Bacteroidetes
0TU10 0 1.2 0 4.0 2.4 Salinibacter sp. NA9 -38 (KF569485, 87%) Bacteroidetes
0TU06 4.1 0 0 2.7 3.5 Gracilimonas mengyeensis YIM J14 (NR109748, 91% ) Bacteroidetes
0TU09 0 0 14.5 0 1.2 Psychroflexus sp. antwl407 (JF811035, 93% ) Bacteroidetes
0TU12 0 4.9 2.6 0 0 Halarsenatibacter silvermanii (AY965613, 95% ) Firmicutes
0TU16 0 0 3.9 0 0 Halarsenatibacter silvermanii (AY965613, 93% ) Firmicutes
OTU15 6.1 0 0 0 0 Piscibacillus sp. 401C1 =1 (HM222702, 96% ) Firmicutes
oTU17 0 0 0 4.0 3.5 Puniceicoccus vermicola (NR043906, 90% ) Verrucomicrobia
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Figure 5.

Phylogenetic tree for bacteria. The number in parentheses is accession number in GenBank, node number represents the confidence

level of relatives, the length of branches represents the evolutionary distance and the coefficient is 0. 02.
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F4. OTUEEEXERHOGRABITE
Table 4. Distribution of OTUs in archaea libraries and biological taxonomy
Gene frequency/% Phylogenetic
Clone 1D Closest cultured bacteria (accession number, similarity)

2-1 2-2 3-1 3-2 classification
OTUO1 24.0 43.2 43.2 2.6 0 Halohasta litorea strain R30 (NR_117806, 94% ) Euryarchaeota
0TUO02 26.0 38.6 38.6 2.6 0 Halohasta litchfieldiae strain tADL (NR_118135, 96% ) Euryarchaeota
0TUI13 2.0 0 0 0 0 Halobacteriaceae archaeon T58PU (KJ161494, 94% ) Euryarchaeota
0TU22 2.0 0 0 0 0 Halohasta litorea strain R30 (NR_117806, 97% ) Euryarchaeota
0TUO03 8.0 0 0 84.2 84.6 Archaeon JDSH (AF196290, 99% ) Euryarchaeota
OTUIL1 2.0 0 0 0 0 Archaeon JDS- (AF196290, 97% ) Euryarchaeota
0TU04 2.0 2.3 4.5 2.6 7.7 Natronomonas moolapensis (EF127644, 98% ) Euryarchaeota
0TU16 0 0 2.3 0 0 Natronomonas sp. SA2 (JF950946, 96% ) Euryarchaeota
OTU18 0 0 0 2.6 0 Natronomonas gomsonensis strain SA3 (JF950943, 94% ) Euryarchaeota
OTUO0S 6.0 4.5 2.3 0 0 Halovenus aranensis strain: JCM 18639 (AB840772, 94% ) Euryarchaeota
0TUO06 8.0 2.3 2.3 0 0 Haloarchaeon EB27K (JN202399, 94% ) Euryarchaeota
0OTU12 2.0 0 0 0 0 Halovenus aranensis strain: JCM 18639 (AB840772, 92% ) Euryarchaeota
0OTU17 2.0 0 0 0 0 Halovenus aranensis strain: JCM 18639 (AB840772, 92% ) Euryarchaeota
OTUO07 6.0 2.3 2.3 0 0 Halorubrum tibetense strain: JCM 11889 (AB663423, 97% ) Euryarchaeota
0TUO08 4.0 2.3 0 0 0 Halorubrum luteum strain CGSA15 (DQ987877, 99% ) Euryarchaeota
0TU09 0 2.3 2.3 2.6 0 Halorubrum sp. TRM20006 (KF620438, 99% ) Euryarchaeota
OTuU10 0 0 0 0 7.7 Halorubrum alkaliphilum (NR113468, 98% ) Euryarchaeota
0TU14 0 0 2.3 0 0 Halorubrum sp. Cb34 strain Cb34 (HG421007, 94% ) Euryarchaeota
OTUI1S 2.0 0 0 0 0 Halorubrum lipolyticum (AB663415, 96% ) Euryarchaeota
OTU21 0 0 0 2.6 0 Halorubrum luteum gene (AB576125, 96% ) Euryarchaeota
0TU23 0 2.3 0 0 0 Halorubrum sp. GC-8 (JX188264, 98% ) Euryarchaeota
OTU19 2.0 0 0 0 0 Salinarchaeum sp. MC-74 (AB850662, 92% ) Euryarchaeota
0TU20 2.0 0 0 0 0 Haloterrigena sp. 152 (GQ181208, 94% ) Euryarchaeota

OTUO3 2 3 ‘Sl L #Fl, £ 3 =1 A1 3 -2
o915 3 84% F1 85% . 5 GenBank b Xf & Hi,
OTUO3 & JDSH (AF196290) 15 99% If) [Fl 5 ¥E » 1% 7
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AERENEg R .
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FYEEI N A, & 7.0 - 8.5 Hg ik 2 37 -
40°C ™ o %JBEGE pH AL TR KE AL pH (> 10)
[Fi) I g 3 ol 0z v TSR A R FE (= 25°C) 5 R b A
RE A X b A 358 o K B

[ FEAE 5 AN A S o A I i B0 #h 40 s
(Halorubrum) {£ 3C B 47 8 A JE R A4, 73 5l 4
OTU7.8.9.10.14.15.21.23, REWP K EFIR
e AHAERCH BT B EEBAR A o SR AT 2 2
BRHDE S B i T D R A 2k 24 AT

oA 4 AP g, A g v, 2 50w G o)
B v T T B PR R P B X R
L o4 N 1 S L= i P A S

- [23 -24]
o

3 g

S K R 1 040 45 2 0 B X 0 7
S5 0TI AR 5 K R 100 A 4 K T 165 g/
Lo [0 pH 3575 10 BL 1o §F 50 L, 5 k10 85 26
S5 0045 I T A 0 KR A A I LA
B0 1020 % REVE . T A B DV T 8 M3
T RE G R R % 2 10 5 R T L4
185 55 7 H I B B
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o AR B0 MW L E R T &R I



TR LT ARV BRI 2 R /B ) E 4R (2015) 55 (4) 421

OTU10(KJ733755)

Halorubrum alkaliphilum strain: JCM 12358(NR113468)
Halorubrum tibetense strain: JCM 11889(AB663423)
OTU07(KJ733752)

OTU14(KJ733759)

OTU21(KJ733766)

100 Halorubrum luteun gene(AB576125)

78 [ OTUO08(KJ733753)

Halorubrum luteum strain CGSA15(DQ987877)
Halorubrum sp. Cb34 strain Cb34(HG421007) Halorubrum

OTU23(KJ733768)
Halorubrum sp. GC-8(JX188264)
100" Halorubrum sp. YC-10(JN216855)
63 |_E Halorubrum sp. CG-4(JN196532)

52

OTU0XKJI733754)
Halorubrum sp. TRM20006(KF620438)
— Halorubrum lipolyticum strain: JCM 13559(AB663415)
OTU15(KJ733760)
62 OTUO1(KJ733746)
Haloarchacon CSW1.15.5 clone SFFTH121(FN994965) Halonotius
Halonotius pteroides strain 6.14.5(AY498648)
OTU13(KJ733758)
OTU02(KJ733747)
OTU22(KJ733767)
Halobacteriaceae archaeon tADL(JF421969)
Halohasta litorea strain R30(NR_117806)
99 Natronobacterium sp. 2-24-1(AJ878077)
Natronomonas gomsonensis strain SA3(JF950943)
OTU18(KJ733763)
OTU16(KJ733761)
Natronomonas sp. SA2(JF950946) Natronomonas
oo |- OTUOKKJIT33749)
76| Natronomonas sp. SA1(JF950944)
84 L Natronomonas moolapensis strain CSW4.03.5(EF127644)
OTU12(KJ733757)
Archaeon DSFBPG_UR3C(KC465561)
100 | Halovenus aranensis strain: JCM 18639, clone: no. 4(AB840772)
Haloarchaeon EB27K(IN202399)
OTU05(KJ733750)
OTU06(KJ733751)
OTU17(KJ733762)
Salinarchaeum sp. Harcht-Bsk1 strain Harcht-Bsk1(NR103951)
Salinarchaeum sp. MC-74 gene(AB850662)
OTUIY(KI733764)
OTU20(KJ733765)
Haloterrigena sp. 1L.52(GQ181208) Unclassified
Natrialba sp. TRM20024(KF739018) Halobucteriaceae
99 OTU03(KJ733748) ) )
88 OTU11(KJ733756)
Archaeon JDS-1 168 ribosomal RNA gene(AF196290)
Archaeon D3.5-B 168 ribosomal RNA gene (AF199372)

98

100

Halohasta

Halovenus

—
001

. .
E6 HEARZKAEN
Figure 6. Phylogenetic tree for archaea. The number in parentheses is accession number in GenBank, node number represents

the confidence level of relatives, the length of branches represents the evolutionary distance and the coefficient is 0. 01.
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Microbial diversity of salt lakes in Badain Jaran desert

Lu Li, Chunbo Hao™ , Lihua Wang, Lixin Pei

School of Water Resources and Environment, China University of Geosciences, Beijing 100083, China

Abstract: [Objective] We characterized procaryotic biodiversity, community structure and the relationship between the
community structure and environmental factors of salt lakes in Badain Jaran desert, Inner Mongolia, China. [Methods]
We constructed 16S rRNA gene clone libraries by molecular biology techniques to analyze the procaryotic phylogenetic
relationships, and used R language to compare the community structure of haloalkalophiles in the salt lakes. [Results]
Water in this region has a high salinity ranging from 165 to 397 g/L. The water is strongly alkaline with pH value above
10. The microbial diversity and community structure of the salt lakes are obviously different. The diversity of bacteria is
more abundant than that of archaea. The main categories of bacteria in the samples are Gammaproteobacteria,
Bacteroidetes, Alphaproteobacteria, Firmicute and Verrucomicrobia, whereas all archaea only belong to Halobacteriaceae
of Euryarchaeota. [Conclusion] Salinity is the most important environmental factor influencing the bacterial community
structure, whereas the archaea community structure was influenced comprehensively by multiple environmental factors.
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