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ZHAO Zhuoli"*, HUANG Jianrong’, HAN Jibin’, JIANG Hongchen"*’

1 School of Ocean Sciences, China University of Geosciences, Beijing 100083, China

2 Key Laboratory of Salt Lake Geology and Environment of Qinghai Province, Qinghai Institute of Salt Lakes,
Chinese Academy of Sciences, Xining 810008, Qinghai, China

3 State Key Laboratory of Biogeology and Environmental Geology, China University of Geosciences,
Wuhan 430074, Hubei, China

Abstract: [Objective] To explore the contributions of adjacent water bodies to the microbial
communities in Gas Hure Salt Lake. [Methods] We collected the water and sediment samples
from Gas Hure Salt Lake and the water samples from adjacent springs, river, and saltern for the
measurement of geochemical parameters. Illumina MiSeq high-throughput sequencing was
employed to explore the microbial community composition. [Results] Proteobacteria,
Bacteroidetes, Actinobacteria, and Euryarchaeota were dominant phyla in the water and
sediment samples of Gas Hure Salt Lake. Salinity and pH were the most influential factors
driving the community composition in the survey region. The contribution rates of adjacent
water bodies to the microbial communities in the water and sediment of Gas Hure Salt Lake
were 12.94% and 7.53%, respectively. [Conclusion] The external water bodies have limited

contributions to the microbial communities of Gas Hure Salt Lake.
Keywords: Gas Hure Salt Lake; microbial community; adjacent water bodies; contribution
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1A

1.1 HSEd

Z0 B FE A T 4R R Z Ve IR, b
B BT IR 4 L ik (e i VR 4 790 m) ARG, AR
A% LK (4K 4 000—4 500 m)AJEHS, bl
(R 3 200-3 600 m)HI VG RGHS . Z2307 12 43
SR T8, AEREIK R 55.34 mm/4F, 478
KA 2 856.93 mm/AE, 2 B R 147 T
ZE L IR Y, WK 2 860 mo BUTRLR IR EL

AL AR, AR 1.53 °C,
HAEHAR-12.1°C (1 H)-13.3°C (7-8 H).
1.2 FIMNUEFEmRRE

2019 4 5 H, FEAUT RS EL I X IR AE T
S5HFEA(FE 1): RKGQL., GQ2. GQ3. GQ4
1 GD). IZK(RW), #H HZK(GYT). #7K(GSKLI1,
GSKL2 Fil GSKL3)F#IHVTRYI(GS1. GS2.
GS3 1 GS4). B Bl /Ry 4 FF 7K 45, 5K
DR 7.7 m¥/s (I WD BTIRT . 4 28 m,
$E 15 m, PR 0.97 m), fFH YSI ZSHUK)K

x1 REEHRPXZRESNIELSH
Table 1 Physiochemical variables of the investigated samples in Gas Hure Salt Lake region
Sample Type Location (E/N) pH Salinity SO Cl Ca®* K’ Mgt Na*
(g/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
GQl Spring water 90°23'15.54"/ 9.2 0.12 727.80 214.20 70.26 11.53 71.14 202.20
(Outside the lake) 38°13'57.64"
GQ2 Spring water 90°5622.70"/ 8.7 0.05 111.50 116.90 42.64 6.34 18.34 80.22
(Outside the lake) 37°57'47.50"
GQ3 Spring water 90°27'36.70"/ 8.4 0.06 91.62 410.00 47.30 3.32 25.06 82.00
(Outside the lake) 38°11'41.80"
GQ4 Spring water 91°05'04.92"/ 8.5 0.03 42.86 38.03 2926  2.53 8.90 30.36
(Outside the lake) 37°57'29.46"
RW River water 90°20'58.58"/ 8.8 1.57 4458.00 5364.00 46.07  98.90 1240.00 3 645.00
(Outside the lake) 38°17'31.90”
GD Underground water 90°48'51.50”/ 8.6 0.08 124.00 115.00 3458 3.92 51.20 127.20
(Outside the lake) 38°01'16.60”
GYT Saltern water 90°54'35.10"/ 6.8 337.37 62 550.00 173 248.00 137.40 7 765.00 52 450.00 40 445.00
(Outside the lake) 38°04'45.63"
GSKL1 Lake water 90°52'20.08"/ 7.7 94.00 14 986.23 56 943.32 418.38 n.a 3 880.87 21 507.16
38°03'01.05"
GSKL2 Lake water 90°52'23.71"/ 7.7 94.00 19397.13 71 123.03 848.83 1311.86 5860.24 46 501.50
38°03'05.51"
GSKL3 Lake water 90°51'14.92"/ 7.7 144.00 24090.58 91 653.92 686.50 n.a 5944.73 43193.59
38°08'06.23"
GS1 Lake sediment 90°52'24.14"/ 9.1 40.50 7133.54 36711.88 113.25 1216.75 3570.74 20 175.53
38°02'59.27"
GS2 Lake sediment 90°52'27.08"/ 9.2 3500 3712.01 18215.64 n.a. 1101.14 1310.16 10387.12
38°03'01.91"
GS3 Lake sediment 90°52'31.40"/ 8.9 29.70  33199.15 114 779.08 838.73 3 158.28 8 884.48 65 235.69
38°03'14.49"
GS4 Lake sediment 90°52'45.96"/ 8.8 38.00 33 226.56 112 069.32 378.35 3269.80 8 853.48 64 025.30
38°03'33.55"

n.a.: AR B ERARAS I b v
n.a.: Not applicable.
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OB T /542 DNA $2H F TG R BUREA R 4R
DUUEY, LA 50 mL JCIE &L . BEBATL
BYHTKizi 2L R =G T-80 CIRAHE
DNA $#2H¢.
1.3 BE4SHMR

fif & F 0 1% {¢ (Dionex 120, Dionex,
Sunnyvakle) 1 7 7K # Hf iy 32 2 ] B 7 (CL
SO,%), fifi 1 ICP-OES Y% {Y (IRIS Intrepid IT XSP,
Thermo Elemental, Madison)il| & FH &+ (K" .
Na“, Ca’"fll Mg®"). VLIEYIFEMEIL 5 000xg &
L 10 min FRAFFLBRAK , 15 2] 9 FL B AKFE i 5 7K
BE A FH A R] 5 3 3047 32 22 0 5 7 F0 B 2 7 1)
M
1.4 £ [F%H DNA 12El. PCR ¥ #EASiE
=M FF

M3 45358 B 454 ] Fast DNA Spin Kit for Soil
I F) & (MP Biomedicals)#E 4718 /K (& A= ¥ & 1Y
TE R FNPTA AL 54(0.5 @) AU FE R 4 DNA $#2H,
K s R 54 515F (5'-GTGYCAGCMG
CCGCGGTA-3")F1 806R (5'-GGACTACVSGGG
TATCTAAT-3") 4 BT A Frik PCR 4544 XK
FATCRYIRE S8 1Y B DNA HEFT 16S rRNA JE K 5~
BT AR R S FIE 1) 5 | ) 22 180 s i — Al
FE 12 bp ZIEE PR K A3 FE S, BEAFER I
PCR ¥ ¥4 & 3 ANEE . ILE S 3 7
PCR 724y, f#i [l DNA Gel Extraction Kit 5| &
(Axygen, Union City)#474li4k, &MY PCR
P 1 F (2 300 bp) DL EE R M L4 . FE
Ilumina MiSeq V& FX} 2x250 bp 5L K k4T

TR U (AR SR R R BRA FD
1.5 E£MESEFEMFEITSH

i F Tllumina SEAS 53442 (version 1.18.66.3,
[llumina, San Diego)X} 16S rRNA Jt [A ] # 75
) B B Ji 4 e 91 36 4 4% T2 65 e 47 1R 1) 4z
SkFEHERT . fi ] USEARCH (v.11.0.667)%k {4
(http://www.drive5.com/usearch/) Xf it A #£ iy iF
17 47 25 #: 1F 5. JC (operational taxonomic unit,
OTU)RZE, H5297%HH LI BY {14 A 2L Bk
N EISR TR/ U e S T U |
fastq_mergepairs | fastx_truncate (3% : —stripleft
19 H —stripright 20) . fastq filter (= % .
—fastq_maxee 1.0 . —fastq_minlen 200 .
—fastq_maxns 0 Fl—fastq trunqual 30). unoise3
N otutab (ZE0: —id 1.0)RBCE A F 5 v 2B
EBY51Y . Bl PRI M A Bk G4
A OTU %, FIH usearch —sintax PREL!
%f Ribosomal Database Project (RDP) v.11.5 A% %X
P PEVEAT 4328 OTU P AIRAE, EIFE N 80%.
M OTU FH 5B A 1 JE T Bacteria 5§, Archaea
) OTU. fE FiFr#ran, XHEHEMr) OTU
FATE— b BL(n=33 019).

{6 R B O i “Vegan U352 o L4
¥& % (4n Simpson, Shannon Fl Equitability). &
FH M 7 A1 5& 43 A7 (canonical correlation analysis,
CCA)F Pearson AHE/r Hr k58 AL 2850 5 L 3
OTUs Z [ ARSCHEN . RIT SPSS 25 #ift
(SPSS Inc.)73 M ¥ it 8] 9l 2 40 2 S s 2 B
15 OTU 0.5%0) OTU & SCHHH oTUu'™,
T I BIE SRR i R B A Y AR SRR, B
TR YIRS IR BERY FAPROTAX %X
i PRI 2 OTU 43263 55 FAPROTAX %4l
JERY python A, {# ] Python 2.7 3445 415
) OTU 43253 5 FAPROTAX 1.1 ¥/ kA7t
XF, i T v T RE TR O 45 2R 1 ] fast
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expectation-maximization for microbial source
tracking (FEAST)# J& 43 #7 (https://github.com/

cozygene/FEAST) P A 5K |l i A&k H 4548
T K AAR (il XoF A% 38 P 8 90 K AR AT AR W (T
THCEE W A T 2 LR DTR o
1.6 FHIEXRS

A B RGBT A IR F A e Rl =
NCBI (National Center for Biotechnology Information)
Y SRA (sequence read archive)¥(#& %, HiH 5

& PRINA734741, %35 A SAMN19523016—
SAMN1952302.

2 HZRE5OM

2.1 HIERILESFE

ABFSE TR R KR FTTRR A S ) pH (EAE
6.75-9.22 Z[a], ERFEETE 0.03 g/L (%7K)-337.37 g/L
(Fi#R)Z I, Na™. Mg®", Ca®"Fll K'Hk & i [l 43
H°A 30.36-65 235.60 mg/L . 8.90-52 450.00 mg/L
0-848.83 mg/L Fll 0-7 765.00 mg/L. SO,* Fl
Cl Ay e B 43 5~ 42.86-62 550.00 mg/L FiI
38.03—173 248.00 mg/L (£ 1),

®2 RETEEBXMEIRERN o TN

22 WEVIRTRER S

FE 27307 2R R W DX R K AR R R i v
AT 718 163 Sfm it Fpal, B EREA Y
JPHIHKEE A 32 991-71 077 4. 15EN0F5R] 43 Hy
14 475> OTUs, & MIFREMA 424-1 710 4>
OTUs AR FEA [E] A= WU v 1Y o Z R AN TR
SRR FHNE DU A ) 2 he e s TR OK
K IR A ) 2 FE 1 v TR FIIK (3 2).
A WIRETE AR LSRRI K FRUE D RE
A AR ZE S (K 1) ZEBFFTRISRIK . K
AU, IR R ] (Proteobacteria) i H
FF o BUFF I '] (Bacteroidetes) F1 ] 7 T& 1]
(Euryarchaeota) 3 ) 7E 151 1H 1R H B K AR FE
ool E AL, eAh, B GUE PR 2H
EIROK K FTERE A R ZE 5

IERR T 5 AR P ILEZERE(OTU KF)
A AT (K] 2), SRIKEES GQL H Acinetobacter F11
Prevotella paludivivens (OTU 973 F1 OTU 3333)
T35 GQ2 F GQ3 MLHIEHEE Rhodoferax Hl
Prevotella paludivivens (OTU 1265 Hl OTU 3332);
Acinetobacter 1 Stenotrophomonas (OTU 1110

Table 2 Alpha diversity of microbial communities in Gas Hure Salt Lake region

Sample Total reads Observed OTUs Shannon Simpson Equitability
GQl 34 861 1129 4.68 0.92 0.67
GQ2 43 320 1519 5.68 0.98 0.78
GQ3 36 264 1710 6.63 1.00 0.89
GQ4 32991 424 4.60 0.98 0.76
GD 62 384 739 5.23 0.99 0.79
RW 51467 768 3.10 0.88 0.47
GYT 49 182 885 4.85 0.97 0.71
GSKL1 67 201 822 4.55 0.97 0.68
GSKL2 66 278 748 2.80 0.80 0.42
GSKL3 47 617 548 2.53 0.82 0.40
GSl1 54 278 1315 5.19 0.97 0.72
GS2 71077 1411 5.41 0.99 0.75
GS3 49 865 1218 5.29 0.98 0.74
GS4 51378 1239 4.82 0.91 0.68
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1 FEEARGDE 10 MEBTTHBENFEE
Figure 1

1 OTU 1022)J& GQ4 Il GD ML 3AEHE A,
Dunaliella (OTU 3082)F1 Acinetobacter (OTU
5008) 4> 42 GQ4 FI GD FUALHIEHE i) KA
i S BN Loktanella (OTU 3821) .
Candidatus Aquiluna (OTU 826 Fil OTU3080),
Burkholderiaceae (OTU 934)F1 Marivita (OTU
4924), FHH/KFEH Haloparvum (OTU 1077 Al
OTU 1286)#1 Salinibacter (OTU 588) &5, Wik
FEah GSKL1 I EZMEIK N Actinobacteria
Balneolaceae . Rhosohalobacter . Marivita .
Microbacteriaceae . Alcanivorax F Roseibacillus
(OTU 4385, OTU 1593, OTU 175, OTU 5006,
OTU 1878, OTU 4009 #1 OTU 467), GSKL2 #I
GSKL3 i Psychroflexus. Rhodobacteraceae .
Microbacteriaceae # Spiribacter Halopeptonella

(OTU 1725, OTU 5463, OTU 826, OTU 3812,

The relative abundance of the top 10 dominant phyla in the studied samples.

OTU 2270 #1 OTU 2514) 4% ; 4, Halomonas
(OTU 4989)Fl Dunaliella (OTU5076)%) #l] f&
GSKL2 F1 GSKL3 HyL#HERE. WHATIMA
GS1 F1 GS2 H Anaerolineaceae. Roseovarius .
Thermoplasmata .Balneolaceae (OTU 1635.0TU
206 ,0TU 5096 1 OTU 627)F1 Gammaproteobacteria
(OTU 4757 A1 OTU 3909)F 5 ; Wb4b, Ralstonia
Desulfovermiculus . Halanaerobium 1 Dunaliella
(OTU 1230, OTU 466, OTU 1469 #1 OTU 3082)
TE GS2 W B A, .GS3 i Sphingobacteriales
Desulfovermicules . Halanaerobium . Aliifodinibius .
Roseovarius . Halomonas 11 Ralstonia (OTU 4693 .
OTU 466, OTU 1469, OTU 1220, OTU 2682,
OTU 4989 FIl OTU 1230)55 21 £ 5. GS4 1L
KHER Ralstonia F Nitrosopumilaceae (OTU
1230 F1 OTU 4266).
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H OTU ID Taxonomy Rank

OTU 826 Microbacteriaceae D5
OTU 3080 Microbacteriaceae D5
OTU 3821 Loktanella D6
OTU 934  Burkholderiaceae D5
OTU 4924 Marivita D6
OTU 2306 Microbacteriaceae D5
OTU 1878 Microbacteriaceae D5
OTU 5006 Marivita D6
OTU 1593 Balneolaceae D5
OTU 4009 Alcanivorax D6
OTU 175 Rhodohalobacter D6
OTU 4385 Actinobacteria D3
OTU 467 Roseibacillus D6
I: OTU 1265 Rhodoferax D6
OTU 3332 Prevotella paludivivens D7
[ OTU 973 Acinetobacter D6
OTU 3333 Flavobacterium D6
OTU 5008 Acinetobacter D6
OTU 1110 Acinetobacter D6
OTU 1022 Stenotrophomonas D6
OTU 5473 Chthoniobacteraceae D5
OTU 1230 Ralstonia D6
OTU 4266 Nitrosopumilaceae D5
OTU 3082 Chloroplast D4
OTU 4013 Halanaerobium D6
OTU 466 Desulfovermiculus D6
OTU 1469 Halanaerobium D6
OTU 1635 Anaerolineaceae D5
OTU 206 Roseovarius D6
OTU 627 Balneolaceae D5
OTU 5096 Thermoplasmata D3
OTU 3909 Gammaproteobacteria D3
OTU 4757 Gammaproteobacteria D3
OTU 2682 Reoseovarius D6
4‘; OTU 4693 Sphingobacteriales D4
OTU 1220 Aliifodinibius D6
OTU 4989 Halomonas D6
OTU 3812 Spiribacter D6
OTU 1725 Psychroflexus D6
OTU 5463 Rhodobacteraceae D5
OTU 2270 Halopeptonella D6
OTU 2514 Psychroflexus sediminis D7
E— OTU 5076 Dunaliella D6
N OTU 588 Salinibacter D6
4‘ OTU 1077 Haloparvum D6
OTU 1286 Haloparvum D6
NN Ly v OS> S VA D
SEEELLSLSSES mmm—

2 RETE#EMKFFUIRARYE R P OTUs (>0.5%)

Figure 2 Dominant OTUs (>0.5%) in water and sediment samples from Gas Hure Salt Lake Basin. The
taxonomic assignment of OTUs is provided at the lowest level of classification according to SILVA 123
database (D1: Kingdom; D2: Phylum; D3: Class; D4: Order; D5: Family; D6: Genus and D7: Species).
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JEFN pH [52m(1& 3). GSKL. GS il GYT £ £4
AT DT R S B R R B £, T GQ. GS
I RW Ak BT IR 32252 31 pH IR .
Spearman A AT E—AAUESE T X SEAH S HE ,
WFFEREA H AP OTUs 5 3 B 1 pH {8 25 A1 ¢
(% 3). H:H , Halopeptonella .Rhodobacteraceae .
Psychroflexus 1 Dunaliella (OTU 3812, OTU 2270,
OTU 5463 ,0TU 2514, OTU 1725 #1 OTU 5076)
BRSEHERA B EIEMKR; Salinibacter Fl
Haloparvum (OTU 588 .OTU 1077 #1 OTU 1286)
5 pH BA BEFETAMRRKR . Hh, REEMH
OTUs 5 SO, . CI', Ca*", K", Mgl Na"{i.
A Salinibacter 1 Haloparvum (OTU 288 .
OTU 1077 #1 OTU 1286)5 SO,>. CI'. K'HI
Mg* B FEASE; i Roseovarius (OTU 2682)
5 S0, Clr EAMKYE, Roseovarius Fl
Aliifodinibius (OTU 2682 Fil OTU 1220)4 Ca*”
1 Na' {3 1IEMI ;5 Psychroflexus . Spiribacter .

2 b
1 A G
- Salinity Q
e RW
o
=S GYT
¢ ® GSKL
&)
S GS
or o
@
pH
@
_1 -
-1 0 1

CCAL (10.4%)

3 CCA D ERMEMRZREHSHWNIE
TEZEMHEXM

Figure 3 CCA (canonical correspondence analysis)
plots showing correlation between microbial
community structures and measured environmental
variables of the studied samples.

<3 Spearman FHHX X R ER T KEFIRIRIH P IBUZHIESMHE OTUs 2B X R
Table 3 Spearman’s correlations showing the relationship between physiochemical characteristics and
dominant OTUs in the studied water and sediment samples

OTU pH Salinity SO cr Ca* K* Mg** Na®

OTU 1725 0.379

OTU 3812 0.379

OTU 5463 0.418

OTU 4989 0.418 1
OTU 1077 0.214 I
OTU 588 0.209

OTU 5076 0351 0356 0.013 0.195 0.277 0
OTU 1286 . o112 RSO 215

OTU 5008  0.023 0317 0264 0302 0306  0.173  —0.131 ~0.346 I
OTU 2270  -0.439 0.242 0.103  —0.011 0.38 =1
OTU 2514  -0.413 0.231 0.103  -0.026  0.384

OTU 2682  0.059 0.234 0.148

OTU 1220 0.186 0.016 0.081

Significance levels are denoted as follows: P<0.05 (*) and P<0.01 (**).

http://journals.im.ac.cn/actamicrocn



2102

ZHAO Zhuoli et al. | Acta Microbiologica Sinica, 2023, 63(6)

Rhodobacteraceae .Halomonas #1 Halopeptonella
(OTU 1725, OTU 3812, OTU 5463, OTU 4989,
OTU 2270 Fl OTU 2514) 5 Ca® He i i 2 TFAH G .
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