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Abstract: Yuncheng Salt Lake located in the southwest of Shanxi Province is one of the three
major sodium sulfate inland salt lakes in the world, harboring rich microbial resources, while there
is still a lack of systematic research on the archaeal diversity in this salt lake. [Objective] To
explore the diversity of archaea in soil sediments of Yuncheng Salt Lake and analyze the influences
of environmental factors on the diversity. [Methods] Soil physical and chemical analysis was
carried out on 54 samples from 18 sampling sites in Yuncheng Salt Lake, and the effects of
environmental factors on the archaeal diversity were analyzed by amplicon high-throughput
sequencing. [Results] Amplicon analysis showed that Halobacteriota, Thermoproteota,
Nanobdellota, Thermoplasmatota, and Asgardarchaeota were the main taxa. Among them,
Halobacteriota and Thermoproteota were the dominant groups of archaea in the soil sediments of
Yuncheng Salt Lake. The analysis of diversity and community composition showed that there were
obvious differences in archaeal communities among different sampling sites. Redundancy analysis
showed that total nitrogen, total carbon, ammonium nitrogen, and SO4>~ had the greatest effect on
the archaeal diversity in soil sediments, followed by nitrate nitrogen, CI°, Mg2+, and Na', while
Ca*", total phosphorus, and total potassium had mild effects. [Conclusion] The archaeal
community in soil sediments of Yuncheng Salt Lake has high diversity and is closely related to
environmental factors. This study enriches the biological information of archaeal resources in soil
sediments of Yuncheng Salt Lake and provides a theoretical basis for the mining and research of
archaeal resources in salt lakes.

Keywords: Yuncheng Salt Lake; soil sediments; high-throughput sequencing; community
composition; archaeal diversity
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SRR FHATC R IRRESR AR A (R 1), BRI
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T-80 °CykF, T HIEREPHZH AL H .
1.2 HIRIBUSHR

I pH RHREEHINE , LALER CO, 4l
KA, KEHR 2,510 kbR AR
(total soluble salts, TSS) R B &M E!T; HA
(total nitrogen, TN)R FH st BIL G A
Kk (total carbon, TC)Hfi HI T 2 Zr A AL kA 1
S5 KL NaRALKIEOGRE RS T E 5 Ca™
Mg® K Fl ICP-MS 3k i 17 I 52 5 & B (total
phosphorus, TP)>R 4 86 0 bb (i 22 5 CO5>
SR A 75 70 - H R A T I A 5 C1 R A
PRI E R AT I AE 5 SO4 R BRERHN Fb H vk
PEATINSE 5 A A (nitrate nitrogen, NO;™-N) Fll£4
A% (ammonium nitrogen, NH,-N)>K FH i 47 FR Bt

x1 EEEATRTRYIERRERER

A - 550 O BE ik AT I E 5 BB (total
potassium, TK)R FH K6 o i
1.3 3% DNA 2B, PCR ¥ EFEE
= EFNF

fifi 58 71 1- 4% DNA $2BGA57 & (MOBIO 3%
B0oE), M ER I - TR A i R RO A
2 DNA. FH BB A 5 e PR Dk K 0 442 X DNA 119
ik, JEHA OGRS kI DNA A9 46 B Ak
. FIEm 54 519F (5'-CAGCCGCCGCGGTA
A-3)F [ 5149 915R (5'-GTGCTCCCCCGCCA
ATTCCT-3") B4 5 16S rRNA FE[H ) V4-V5
AR X1 PCR R A £ (50 uL): DNA AR
50 ng, 1E . JZ [0 51 % (10 pmol/L) 4% 1 pL,
2xPremix Tag 25 uL, ddH,O #ME % 50 L, PCR
LW 2A%: 94 °C 5 min; 94°C30s, 52°C30s,
72°C30s, 30 RKAE¥R; 72 °C 10 min, ¥ #4/=4)
f# ] E.Z.N.A.“ 35 JI5 A 3 e [0 18 7 45 (Omega
Bio-Tek A rD)#E 74lifk, F K BEAE 400-450 bp

Table 1 Sampling information for sediment samples from Yuncheng Salt Lake

Sample Sample description pH GPS coordinates

LSS1 Murky yellow-green lake water 8.6 35.031 651"N, 111.084 832"E
LSS2 Murky yellow lake water 8.2 35.036 104N, 111.081 441"E
LSS3 Green lake water 7.9 35.001 974"N, 111.005 754"E
LSS4 Red lake water 8.0 35.037 291""N, 111.073 667"E
LSS5 Green lake water 8.9 35.031 662''N, 111.084 901"E
LSS6 Yellow-green lake water 8.4 35.006 370N, 111.074 289"E
MSSI1 Yellow-green lake water 8.1 34.993 174N, 111.013 127"E
MSS2 Chestnut brown lake water 8.5 35.006 201"N, 111.074 867"E
MSS3 Gray lake water 7.8 34.987 443''N, 110.979 228"E
MSS4 Turquoise lake water 8.3 34.972 730""N, 110.965 080"E
MSS5 Yellow-green lake water 8.5 35.005 952""N, 111.074 662"E
MSS6 Turquoise lake water 9.1 35.022 238N, 111.090 701"E
HSS1 Orange-yellow lake water 8.1 35.015910"N, 111.034 917"E
HSS2 Shallow red lake water 8.2 35.039 694"N, 111.077 959"E
HSS3 Red lake water 8.1 35.023 947"N, 111.021 467"E
HSS4 Murky gray-green lake water 7.9 35.028 068"N, 111.087 033"E
HSS5 Red lake water 8.2 34.970 356''N, 110.949 523"E
HSS6 Pink lake water 8.7 34.999 572""N, 111.004 511"E
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&, M 1.17 gikg. 7F 4 FhFHES 7, HSSS5 )
Ca?" G f i, H 4439 g/kg; Mg> S E i
& MSS1, N 1723 g/kg; TK SHRILEEER,
U I 7E 2.82-5.55 g/kg, HSSI ¥ Na™ & i i .
FAES 7, HSS2 1Y CI°. SO &, 404
Jy 58.36 g/kg. 55.37 g/kg; HSS6 Ay CI™ & & i
fiX, J 139 g/kg; LSS4 1 SO &t fd%, K
7.68 g/kg, HFTARERBIIARIH COs> .
22 MO

WY T EE Ny, s IR 18 A4
T ITEURRIIRE S (LSS 1 -HSS6) ity T BE 74 45 1) 12
1745301, T Nlumina NovaSeq 6000 5 F 4,
K FH A Sl 7 (paired-end ) 14 5 B4 /N B SC
. 54 DFES RS 4 737 381 X F 41 (reads),
X reads 28 B4 . PFHEJE 74 4 726 580 4%
/o BT i reads, BEASHE AL 2D 83 519 4%
reads, P47 87 529 4% reads.

iz WAL R VTR B o 2R TR R
WE s, fE 18 AR Y ACE. Chaol .
Simpson, Shannon 8%, MSS6 Y ACE 54X
Fil Chaol F8%R KAE 5514 2 638.09 F1 2 235.1,
MSSI 1 ACE +8 5t fc /ME & 93.99, LSS1 1Y
Chaol #5%f%/MiE # 82.3, LSS2. HSS1. HSS2.
HSS4 o B2, ACE #850H1 Chaol #54kk
AL LS AP L 2 I B P R, MISS4 I
MSS6 YRS FE & i f 5 . Shannon $5£0F
Simpson 8§ ¢ . 78, MSS5 ) Shannon 8§ %1 &z
=, A 8.13, Simpson f8EUML, 4 0.007,
W] MSS5 Hff5 N5 4% ; MSS1 1Y Shannon
¥5 %0 d K, M 3.93, Simpson &Ik, M
0.168, KW MSS1 Bk th D&M 7, RS
H— o O TS RE 22 1) B A A AR
IR 2 S, AWt — 2% 18 Ay
WHEAT T B ZFEM T . 805350 BT (principal
component analysis, PCA)U& 2 ffr7x, LSS H
FLRAEAE PCL 20, H PC2 #ErR7E 0 Fflir, #
A HLRE i B B 2 REME 22 S48/ MSS AL 43 Fi



2929

R MR, 2026, 66(6)

I

f

Bt

"Pa39919p 10N AN (M) 8/3 ur 218 syun Yy [y

¥ LOOOFL EST'0  #00°0FL00°0 010°0F6£0°0 L9'0FISTT LYOFLTS 99°0F6ET AN 890F0F ¥ 1€0F680 S90FSET ¥9'0FSOEl +9°0FLT 6€ 89'0F0S'61  9SSH
¥ LOOOFL9ST'0  €00°0FITI00 0£0°0F980°0 ¥9°0F06'CT S9OFITHI 89°0F6LY AN SYOF6E T TI'0F68'0 99°0FLS'S 99°0F0TTI 99°0F6E vy TLOFIECSE  SSSH
¥ L00'0FL €91°0  S00°0FCI0'0 0L0°0FIEO'0 ¥9'0F8LLL L9OFSLLE 89°0FOTLT AN €9°0F9S€ TTOFS6'0 L9OFST'E 99°0FS0'6  89'0FFT 0T LY OFLY'6  ¥SSH
SLOOOFF OLI'0  #00°0FL00'0 OL0'0F6E00 S90F6F'61 99 0FSEST S90FOCET AN 89 0FITE +TOFH6'0 L9 OFEYE ¥9°0F90CI LIOFLO'EY 69 0FCSFI  €SSH
9 LOO0OFS ¥1T0  600°0FLI00 6T0°0FI80°0 ¥9°0F09¥T L9OFLESS OL'0FIE8S AN +90FEE TI'OFLY0 L9OFHOT 99°0FCI 9T 99'0FS8'0T 0L 0FSY'LT  TSSH
¥ LOOOFL LETO  +00°0FL00'0 800°0F8E€0°0 L9'OFLI'9T TLOFHTTE IL0FTYE AN L90F06'€ TI'OFI60 OL'0FHL'T 89°0F0ETI 89°0FC09E €L°0FCI'El  ISSH
0 L00°0F9 001°0  0SO'0FSIO'0 600°0FFH0'0 +9°0F6€ T SO0FOYEL 89°0FSO'T AN $9°0FCTS 01'0FI80 S90FLY'T SO0FSH6 9S0F0OL 6T 0L 0F#6'TT 9SS
9 L00'0F9 €01°0  S00°0FZI00 TI0'0F090°0 OL'0FOF'9T 0L'0FC6'S [L0F090I AN 99°0F69°€ SI'0FH6'0 0L'0F0T'S 0L'0F00'8 L9'0FCTHT 180FS0'8T  SSSI
L900°0FL SIT'0  €00°0F¥800°0 600°0FTHO'0 L9'0FITTI 99°0FE8'6 69°0F6L'T AN S90F99F TT°0FL80 TLOFIS'9 OL'0FIIET ¥90FLLLE €8°0FLITT YSSIN
0 L000FE6IT'0  €00°0F800°0 ¥10°0FILO'0 99°0FOETI S90FI0IT ¥9°0FISL AN 09°0FCTH 010FC80 LSOFTET S90F69 TT S9'0F0S'6T TLOFIEIT €SS
6 900°0F6 €C1'0  S00'0FSI00 T10°0FSSO'0 TO'OFFE'8T 99'0FLLTI TLOFISEL AN LSOFSI'S T10FL80 TLOFSY' € €LOFCO6'EL SL'OFYS'ST 6L 0F7L9T  TSSI
6 €00°0FL 0ST'0  ¥00°0FL00°0 TT00FISO'0 L9OFFI'ST 890FYI0T ¥9°0FST8 AN SHOFSS'S STOFEO'T LLOFOI'E ¥90FETLT TL0FLOSE ¥L0F99°0€  ISSI
¥ #00°0F9 TLO'0  S00'0F8I0°0 LOO'OF6TO'0 €9°0F86°0L [9°0F89°01 8SOFEL'Y AN 6V 0F06'C TI'OFT6'0 09°0FLS' T 19°0FS6'8 89°0FETHL SLOFLOST  9SST
1 #00°0¥L 2800 €00°0FS00°0 L00'0F8E0'0 [LOFSO'OI 99°0FS8'6 €9°0F0TF AN TS0F60y 11°0F68°0 65 0F0Fy T9'0F60'6 €L OFII'SI LLOFI6TI  SSST
6 S00°0F9 2600 S00'0FSI0'0 0T00F0¥0'0 09°0FLL'YT €9°0F89°L 09°0FCH'6 AN THOFC8'T OI'0FI80 L9OFOI'E 8S0FCTY YLOFLY 0T 6L 0F0€'6  #SST
€900°0FI £60°0  S00°0F800°0 €10°0F980°0 89°0FIOTT 9L 0FISHT 0L'0FC9'S AN 9S0F00'S €I'0FT6'0 TLOFH6'E 9S0FSY'L €SOFLLOT LLOFTSLT  €SST
[ S00°0F1 #60°0  ¥00°0FI10°0 800°0F6£0°0 0S'0FCT8 69°0FS6'L SYOFLLL — AN ITOFHF'E TIOFIE0 €LOFLL'T 69°0FLL'6 9L'OFLS'TT 89°0FSSHT  TSST
¥ 900°0FL L60°0  LOO'0FITO'0 #10°0F6¥0°0 9L'0FLLOT ¥LOFOS'ET $L'OFSO'8 AN 09°0F9LY TI'0FS8'0 SYOFLI'T OL'0FTLOT TL'OFCI'0T TSOFITTI  ISST

SSL N-_fON N-,"HN BN oS 10 0D ML dL NL N %0 OL ojdues

oyeT 3eS Sudyoung woj sapdues [10s Jo uonIsodwod [edTwayd01sAYJ 7 J[qeL

WH N ST HEFREYT o

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



2930 WEI Jiatan et al. | Acta Microbiologica Sinica, 2026, 66(6)

A B
30001 2500
2500+
2000
2000 . 9 . ?
r >
< Q
§ Ewm-
51500- é
Q <= 1000
< 1000} O é
w4 i Y 1}
i . 1. b
OIIIIIIIIIIIIII I T | OIIIIII R 1 1 11
NN OO TN oo STANMY Y o SN O YN oSN MYy Lo SN 1 ©
BEEGEGEGEE8GE3G5385 388888855 SGGG55558S
NNNNSISSSSSSST T TS ST NNNNNNSSSSSSTTTTST
¢ 8.5 D0.18

Shannon index
() 3 0]
=) =) =)
—=EH
——
—{—H
i
—{—TH
Simpson index
o S e
o —_ —_—
S o
: T
HE—
Hi—
—

(9]

=)
o
=)
=N

‘ji g

HEH
[ =]
[mg]
HIEH
Hl
HH
j=]
S
oe)
o
HH
HEH
HIT+—
I
[

4.0 z
Ky g eyl ey ey ey
SEEEEFGG553885358 3 SEEEEE3GG585885885
NNNNSNSSSSSSTTI TS NNNNSNNSSSSSSETTTILY

Bl BREATRERTEESSeS IR
Figure 1  Alpha diversity index of archaea communities in soil samples from Yuncheng Salt Lake. A: ACE

index; B: Chaol index; C: Shannon index; D: Simpson index.

BATHL, MSS6 7E PC1 v [a] IX s jbi AH X A 57 FFEE ] (Halobacteriota) MR R | (Nanobdellota)
M5 S, MSS3 5 LSS1, LSS2. HSS1. HSS2 N 18 LHAEMAEI T/KF EAgPLARE, #AXF 5 L
M HSS4 AEH S, RUIXJLHFMAFE—EM 23000 42%. 27% F1 20%. RITZEMEH .
I . HSS6. HSS3. MSS2 #l LSS5 ii 7 PC1  J§U{K '] (Thermoplasmatota) F1 K 4 i1 78 i 14 ]
A, H PC2 EWA%, SHRIJLHMMDMIX  (4sgardarchaeota) 55 1 2% . 7% F1 2%,

WL LES, wHX LRSS H A LA R WK 4A s, INBFES T TKERE S AR =R
i B B RR, FE R DA, & BT TEEAS [RIARE & 0 AR X
2.3 HmEHEESZAERN FREEIER %25, fF LSS5, LSS6. MSS2.,

ARG R RT IR B9 21 789 4 OTUs fiixt  HSS3 Fl HSS6 #Ehh Y, EhATHE T (Halobacteriota)
BB AT A 2t g it ig i, 18 AR EEHE T S AL . R R
W) EBMAGTE 141127 9037 H 518102 8. (Thermoproteota) 1 MSS1 W A0 X F J& fe 5
LSS1-HSS6 51 K F--EERT 10 (top 10)FPLINL  (88.45%), 1 fE LSS5 1 iy l A fik(1.14%) . 1%
KFRUWKE 3 for, #ASIEE])(Thermoproteota). £ 1 & '] (Nanobdellota) 7. LSS3 (37.32%). LSS4

P4 actamicro@im.ac.cn, 7 010-64807516



Hamtk & | bWk, 2026, 66(6) 2931

PCA-PC1 vs. PC2 ®1SS1 ®1.SS2
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Figure 2  Analysis of soil archaeal community beta diversity on the Yuncheng Salt Lake. PCA was based on

phylum level, ellipses represent 95% confidence intervals.
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Figure 3  Species relationship between Yuncheng Salt Lake soil samples and the top 10 archaea species by

abundance at the phylum level.
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Figure 4 Relative abundance of dominant archaea phyla (A) and genera (B) in soil samples.
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Figure 5 LEfSe analysis of archaea differences among samples. A, B, C: Histogram of LDA scores calculated

for the differentially abundant microbes with a threshold value of 1.73; D: Cladogram.
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Figure 6 Analysis of the correlation analysis between samples and physical and chemical factors. A: Heat map
of correlation between archaeal communities and physicochemical factors in soil sediments (*: P<0.05; **:

P<0.01); B: RDA analysis between samples and soil physicochemical factors.
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Xf i b IA B 20.75%, 1M 7E B} HSS6. HSS3 Al
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