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Effects of pH and hydrochemical types on archaeal community
structures in salt lakes of Badain Jaran Desert, Inner Mongolia

LU Ling, LUO Xiang, XU Jifei’, DONG Siqi, LIANG Shanshan, XU Linfang, LIU Lanzhou,
LI Yonghong

Key Laboratory of Ecology and Resource Use of the Mongolian Plateau, Ministry of Education, School of Ecology
and Environment, Inner Mongolia University, Hohhot 010040, Inner Mongolia, China

Abstract: [Background] The microbial communities in desert lakes have unique structures,
which are crucial for maintaining the ecological balance and improving the biodiversity in deserts.
[Objective] To explore the structures and
environmental factors in salt lakes of Badain Jaran Desert. [Methods] The 16S rRNA gene
amplicon sequencing and bioinformatics were employed to analyze the distribution, diversity, and

relationship between archaeal community

structures of archaeal communities in six salt lakes of Badain Jaran Desert. The Pearson
correlation analysis, Mantel test, and redundancy analysis (RDA) were performed to explore the
effects of environmental factors on archaeal community structures. [Results] Piper diagram
showed that the six lakes were all salt lakes of the Na™-Cl-COs>~ type. The fitting analysis
showed that the Simpson index, Shannon index, and Pielou index of the archaeal community had
linearly positive correlations with salinity. The archaea in salt lakes belonged to 59 genera,
38 families, 25 orders, 17 classes of 11 phyla, among which Halobacteriota was absolutely
dominant with the relative abundance of 99%. Halorubrum was the dominant genus shared by the
six salt lakes, and there were still a large number of unclassified genera. The correlation analysis
showed that pH, CI", COs*, and K significantly affected the alpha diversity of archaeal
communities. The Mantel test showed that pH, CO3?", Cl~, and K* were important environmental
factors affecting archaeal genera. The results of RDA showed that CO3*" significantly influenced
the archaeal community. [Conclusion] The diversity of archaeal communities in different salt
lakes of Badain Jaran Desert is positively correlated with salinity, and the archaeal communities
in salt lakes are mainly affected by pH, CO3>", CI, and K*. In addition, there are abundant
unclassified archaeal genera, which indicate the existence of abundant new species resources.
Keywords: salt lake of Badain Jaran Desert; hydrochemical characteristics; archaeal community
structure; diversity analysis; environmental factors
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PRSI ARVP L 6 AN (R T . i

+ . BUEFIE . ST N RS TE H EDSE
TRkE, SREERE] Ky 2020 4E 8 H o #IVA IR &
FEAT 1 118-1 127 m, RFEmF KR N
27.4-28.1°C, HAKFEA(FEWE 1.

SRR S AR i 1T BRI SR IIE oA 3 N IX
B, SR BE AL A 3 A A X8 A K
i R AE PSR 0-20 cm MIMIIAZFRIZK, RFE
A B FE IR R 40—-50 cm K5 45 HE AT K AR
oy BIAEAEFE R O R B, R PE ] 525G
FIHRAFT 4 °CokA, AFIRELm =k
M E o

PG 3 A PA T KSR Y 5T TR A 5 300 mL
FHRAKEE, BT 0.45 pm /K RUER T EL
g . RS BUG AR &, WA T
INVKAS I IARR h, RPRE RS = R RS A
£ F-80°C, MT/GLy T,

1.2 FERFIFLEE

145 DNA $2BGR M &, T SE A YRk
B ; Q5% High-Fidelity DNA Polymerase,
NEB A#l; AMPure XP ®i¥k, Dl vis FE/REE
BIRAF . pH i1, BB B A
BRAH; B PO, Tl EARAA,; £
Ao, A6 R0 R A B ST
N THARAL, BRI E]; BhUE BEEE R H vk
8, dbm s —E YR H A BR 2 Al ;5 NanoDrop
T OIS e i PCR ), R K
MRBHE AR ; PCRAY, ZRIEXOL B GERH
B

z1 REMEKER

Table 1 Basic information of sampling sites

R WA 44 B B G4 213 T

Sampling site  Lake name Longitude Latitude Elevation (m) Temperature (°C)
NHZ R8T Nanhaizi 102°25'2.09" 39°47'42.83" 112243 28.1

MHZ Ji ¥ F Miaohaizi 102°25'46.45" 30°48'37.65" 1 12343 27.9

SHZB K16 Shuanghaizibei 102°19'6.66" 39°43'36.88" 112643 27.4

SHZ g Shuanghaizi 102°19'33.29" 39°43'13.94" 1 12343 28.0

XHZ /INfEF Xiaohaizi 102°25'0.42" 39°50'5.69" 1127+3 28.1

YDRT 18 H K Yinderitu 102°26'24.10" 39°51'10.88" 1 118+3 27.5
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1.3 KRB LIEFREY N E
KAERE X RS S ALKFERY pH H . A
(dissolved oxygen, DO) . £k & FliiL B % 3 ¥k It
k. B FaE{UNE Na™, K, Ca*',
Mg®" . CI'Al SO RyH i, it IR =3 a2 il
FE COs* 5 HCO; MM & o >R FH 4N FCGa ) 6 B vk
W22 T KR B 28 L (NH-N) & i, il 2840 43
FEIERETH I E AKAERS A R (NO™-N) i, HUGE
KRR P A SO i Ak PR S SR FR AR BT 6ok
i 10 7 7K BE LB (total phosphorus, TP) 7 & ,
SR FH B 4% TRk S A 1 I 5 KRR B MUK (total
organic carbon, TOC) . LA I [E 14 (total
dissolved solids, TDS) & M 5 /\ KBS 7l 2
fEi14, TDS (g/L)=[Na']+[K'+[Ca*" ]+[Mg>']+
[CI ]+[SO4* J+[CO3* J+[HCO; ]-1/2[HCO5 .
1.4 HE DNA RURERAN 187 5
FEHUMUE IS K RUEML AL DNA it
17 16S rRNA R 18Iy (Z 46 M Skl B A
PR FRA R 58 ) . {8 1215 DNA $2 G
GIRBGER Y DNA, %EF5P%; Arch519F
(5'-CAGCMGCCGCGGTAA-3")/Arch915R (5'-G
TGCTCCCCCGCCAATTCCT-3"RBGH T V4-V5

P X, {# ] NanoDrop a2 60 BEFH#G
MR, ol FH B R W 5 1 P DK SRS 9 A% R A
AGEREE, i PCR {17 PCR ¥73, 55 1 4%
PCR JZ WA Z (50 pL): 5xQ5% Reaction Buffer
10 uL, 5xQ5® High GC Enhancer 10 uL, dNTPs
(2.5 mmol/L) 1.5 uL, . FUHE5I#(10 pmol/L)
£ 1.5 uL, Q5© High-Fidelity DNA Polymerase
0.2 uL, DNA ## 50 ng, ddH,O #hM2& 50 pL.

55 1 58 KU &5 1 95 °C 5 min; 95 °C 1 min, 60 °C
1 min, 72 °C 1 min, 30 P™ME¥H; 72 °C 7 min,

SFES 1 # P A AMPure XP REBRHE T 4lAL G
FH Qubit 3.0 B & 55 2 & PCR JZ WA FR (50 ul):
5xQ5@ Reaction Buffer 5 pL, 5xQ5% High GC
Enhancer 1.5 pLL, dNTPs (2.5 mmol/L) 1.5 pL, Index
Primer (10 pmol/L) 1 uL, 10 pmol/L PCR 5|%

[341F (5-CCTACGGGNGGCWGCAG-3')/806R
(5-GGACTACHVGGGTATCTAAT-3)] 1 L, Q5%

High-Fidelity DNA Polymerase 1 uL., DNA Fiti
50 ng, ddH,O #ME 50 pL. 25 2 % 5w 51
95 °C 5 min;95 °C 1 min, 60 °C 1 min, 72 °C 1 min,
12 4MEFF; 72 °C 7 min, XF55 2 f6 94 =4k
fréafifb)s &, JF lllumina NovaSeq 6000
V-5 PE250 R A7 R e
1.5 ¥IBFoiR

{if F QUIME 2 B AU 35317 S5 iy ™ AL
PR . i q2-vsearch Ji {4 [ & B I
Bs AT e v, ] dada2 1% 100%)7
GIAR DI M A BURRIE R S ARRYE RS, (4
ik 2% W B B 38 7 7 41) 28 4K (amplicon  sequence
variant, ASV)YE AR IC IR B FRE AL, R B2
VETHTBRT 9O 1 Y38 75 51 AR R,
1.6 HIEH

{7 R v4.4.1 S3 K IRRRAb PR B 25 57, 237
AR AL 225 Piper ¥, R 43“UpSetR” M T4
Mrh v & ASV 2 AitEoL, “vegan R P (1143
o ZHEMFEE @it QIME 2 V& q2-feature-
classifier 1 {4 4K $& 5 J& (https://greengenes?2.
ucsd.edu/) 2022.10 X i g A AR 7 51 BEA T
R, 315 16S rRNA JENYFE R E . i
FH R AZ“lnkET Fl“dplyr %t /K AR IAL B 1) . A=
Y 5L [ #1T Mantel test 1 Pearson
FIEAMESHT, (8 PAST 4.16 o IETFHRAE & ik
17 FE /L4343 Fr(principal component analysis, PCA)
PAFEEREE ERLr, JFRA Canoco 5 X
F Ay 5 A B T 3517 T0 A 43 M7 (redundancy
analysis, RDA),

2 ERE54M

2.1 A REEGAIERSH

WK AR pH (HIEH R 9.49-9.80, ¥4
B, 6 N TDS WEH KT 50 g/L
(136.80—185.11 g/L), 4# )@ T, 6 ki
1R B AR B/ A /N> 18 H B> 30
F> X F- > I >R T o KA 2R o B 4 AR
(E DR Na e FEWHE 7, WREEHEY
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10F L 15k 000 , *L—
o P i o P o P g
E1 ReEFESKEEAMR  A: pH; B: BB C: SO D: &% E: BANK; F: Na*; G:
#hEE; H: COs*; I. K5 J: NH3-N; K: HCO;; L: Ca*; M: NOs3-N; N: ClI'; O: Mg, K
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Figure 1 Physical and chemical properties of water body at sampling point. A: pH; B: Total phosphorus

(TP); C: SO4*"; D: Dissolved oxygen (DO); E: Total organic carbon (TOC); F: Na*; G: Salinity, H: COs*; I:

K*; J: NH3-N; K: HCO;™; L: Ca**; M: NO;-N; N: CI; O: Mg?". In the figure, MHZ, NHZ, SHZ, SHZB, XHZ
and YDRT respectively represent the sampling sites of Miaohaizi, Nanhaizi, Shuanghaizi, Shuanghaizibei,
Xiaohaizi and Yinderitu. Different lowercase letters indicate significant differences between groups (P<0.05).
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44.74-66.51 g/L, JhIEEFH ) Na ¥k 35 T
i 5 AR s KR/ N Hr (R v B ey 12.45 g/L,
ST HA S AR W EE; Ca® il Mg™
WA P A T T B 0k A AR, R AE 2.01 g/L
PATR, 78 XU F0 SR -0 o 2 3 31 5 HoAth
R AR B . Cl R RS, %
FEJLIEN 20.75-52.78 ¢/L, It HFl& £h B A1
i, CUMRBEFEZ Ty, AR ER B e i /N1
MW EM T EMEE R, HREEWAE TR
COs%, HUBETEH K 19.24-36.47 g/L, 5 H
EF1/NE - TOC & #my , R 2 i
AL R o

i R AR ISR A BT R K AL 2F 267 6 A
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Figure 2 Piper diagram of eight ions in the lake water.
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Figure 3 The UpSet diagram of common and endemic archaeal communities on ASVs distribution in

different salt lakes.
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Figure 4 Linear fitting of Shannon index (A),
Simpson index (B), and Pielou index (C) of archaeal
community to salinity gradient.
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Figure 5 Statistical analysis of relative abundance
of archaeal communities at phylum level (A)
and genus level (B) in saline lakes (relative
abundance>1%).
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Table 2 Correlation coefficient between archaeal
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28 A LGEZ S EX I
Environmental Archaeal diversity index
factor Shannon Simpson Pielou
index index index
pH -0.849" -0.797 —-0.855"
COs* 0.984"" 0.996"" 0.979""
HCOs3~ —0.469 —0.483 —0.493
Cl” 0.845" 0.855" 0.850"
S04~ -0.621 -0.562 —0.636
Na* 0.251 0.204 0.247
K* 0.946"" 0.913" 0.940""
Ca%* 0.112 0.158 0.076
Mg?* 0.078 0.126 0.048

*: P<0.05; **: P<0.01.
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Figure 6 Mantel test between archaea and environmental factors at genus level. *: P<0.05; **: P<0.01.
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