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YRR A EAEROC R, 45 FEM | B 53R (Electrical conductivity , EC ) J& 52 M 5 1 M IS K W) E A A= W 4045 5 2 RE R Y
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Abstract ; Investigating the diversity and structure of prokaryotic microbial communities in high-altitude salt lakes can
reflect the ecological functions of these communities and their relationships with the physicochemical properties of surface
sediments. This study used Illumina high-throughput sequencing technology to study 24 surface sediment samples from Lake

Qinghai and Chaka. Prokaryotic microbial diversity, distribution patterns and formation mechanisms were explored through
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B-diversity decomposition. The influence of salinity on the diversity of prokaryotic microbial communities was further
quantified using PLS-SEM, and the interspecies interactions among prokaryotic microorganisms in different salt lakes were
elucidated through molecular ecological network analysis. The results showed that electrical conductivity (EC) is the most
important factor affecting the distribution, abundance and diversity of prokaryotic microorganisms in Lake Qinghai and
Chaka. Additionally, the study found that Proteobacteria and Bacteroidetes were the most dominant bacterial groups, while
Euryarchaeota was the predominant and prevalent archaea in both lakes. Furthermore, prokaryotic microbial communities
were largely contributed by the nestedness component shown in the total B-diversity analysis. Prokaryotic microbial
communities showed greater positive interactions in Lake Chaka compared to Lake Qinghai, suggesting reduced niche
differentiation and increased cooperation in response to high-salinity stress. Overall, this study provides new insights into the
ecological strategies of prokaryotic microorganisms under salt stress conditions and helps deepen the understanding of the

complex dynamics of prokaryotic microbial communities in the surface sediments of salt lakes on the Qinghai-Tibet Plateau.

Key Words: prokaryotic community; surface sediment; Qinghai-Tibet Plateau; co-occurrence network; partitioned

B-diversity
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PR AR BROR R 22 R ATF S FP 7 T G e D WA v DA B A W T AR A S R B s R T
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BR80T ) i 3 R R TR AH B A FH A BRA AT SR A BIR
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iR 25 5 32 SR BE 08 2 052, MORTTE U 0 (9 B B- 2 AR ME RS AL 4™ o BRI 20 AT 8] Rk 22 2 43 XoF 1
JEERA A Y R B-ZRE AT STER BB IR A R, BRI Z A, o ARSI A 2 AT 2
FHRE R EWIATIRVE S RGP EY R EAR L A YRS T A AR SRS R b A 7E T
EBRGE AR Z (B2 A7 077 A AR EAE DT IE U 2 0 I 2% | 33 S8 AR AR RO i A= W v i
IREKEE Ay FLEAS G M AR BE S T — 25 MR T AL R ) (8 A B PR PEAS I T VE 25
SRS REY RS LA S RE MRS

AR SCHE U TR 2% R 1 3R 2 UURR ) B JEAZ IR A W S F X 4 R ] B-Z22 R0l A e /N — vk 4514
J7 FEAEH (partial least square-structural equation modeling, PLS-SEM ) F1 A= 25 W 2% 73 81 55 T 3 40F 5% 76 A 7] PR 5%
T, 2 o S 2 o AN STER AR A I 5B i TR AN S R W 3R )2 DO v SR AR A W I 2 ) Y AH
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A ARETE LT AR SRR 001 B e TR 2 b 22590 R I B A BRSRER B 1027
R B SE WIS S O LSS5 B AR A0SR LR . SIS B4 RO AR A
7 AT B S 25 R B SR B R M A 5 B R T S IR S i e
R T B B AR R B 0 2 RV B U TR L,

1 MRS

1.1 RAEE S 55

T e L T T R 22 2 R ), AR T YT 1 8 B A B LA IR T (< 1 /L) (P BEERIBN (1—35 ¢/L)
FIEERWI (> 35 g/L) 1™ 51§ (36°32'—37°15" N,99°36'—100°16" E) v T i i it A5 JL &8, V- 214K
3196 m, TR — > S B M 0 R K 5T T T AR 4300 km?, SEXEREE R 15.5 /LU 25 R (36°18'—
36°45' N .99°02'—99°12" E) v T-5eik A Z5 M, 14K 3214 m, HIE ALK 105 km®, 5 RME— DK IRSS i e
W1, TIZHLIX 2 R R WK /b BRI R 299.3—350.7 o/LN7 Ab FEMFIRAS . ABFSEAE 2015 4E 5 H
AT B ZR L 5 S RAE R (QSel LQSe2 ,QSe3 , QSed  QSe5 ) FIZK Rl 3 > RAf £ (CSel (CSe2 ,CSe3) 3L 8
ASSRAERURAE T RZUIBUIFE S BASRAE S 3 ANEE S 24 MR, QSed F QSeS SRAE SN T 111
i, CSe2 SRAE s T RERTNIE , CSe3 KA SN TAS RIS LB i, B~ R Z VR R AE AL 2 /DR 2 km, 45
SRRE S MR B A AP 1 TR, SR 2R Ve 18 T V051 | 25 2R 50 A 7 i AL i S MUK IR 2 =
3 mIb B TTRRIRE & BT SRR IR B N E 2 0—5 em, JHTEHFI K R ZTBRYEEA A 50 mL #7TG
HARAE T, SRREE T B AR K &, — T80 T -20°C A A ARAEIE T 2015 4 7 AT Bl L A WEZ R
FABRA AT il I, 75— 350 T 4°C 40F FORAF 100 2 R 36 2 DU B BRAL PR R

5 >

E1 RERCEE
Fig.1 Sampling sites

1.2 PR B

TEBUREHD 5 L 5 R AN (£ 28035 3k, Orion Star A325, Thermo Fisher, USA) il & UL A4 By, & &
(EC) "™ JFAR s GEIA TR A P A R ) - AN 3R Ab 40T ) 20 I s AR OB B AL o -

(1) FHBE RS B % ( Eutech pH BXFSHLHE , Thermo Fisher, USA) lE TR pH( 17k =1:2.5)

(2) HEBERER - SN e DRI A ALK (SOC) & &, EARERVENFREL 0.1 o KT DI & T4
JAE o, A 10 mL H SR AR AR AR HEIR U (0.4 mol/L) | [RIINHi 3 423 FHHR (AN IBTRRIIRE ) o K504
TIOR8 T A 470 A TR % PR ) Ak 22 20 v A, 4 T V8 % PR TR BE E 170—180°C., [ v TR AR 47 38 1% 5
min J5BUH AT, BEIE AR AP A TEBEA 250 mL = A AR RN 3 % 10 o/ L ABNES kS R
), BRI AR EVA T (0.2 mol/L) i € IR ASAFLL (0, B iR LA R 25 DU A9 A LR &5
AL /) = o000, S, 1 b BB RS A B, 30

ZTH(mL) 5V, D9 7€ 25 HRE BT 25 B9 B R I BR AR R IR B (mL) o N A B TR ST K s A T R R R
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(mol/L) sm FFRBUAFRFEM & (o) .

(3) HPP RO LR e A E DU A R (TN) o HARERAE SRR 1 g KT DU AL S A BIL R B
R H A 3.6 g IRA AL (3 g BBREN,0.5 ¢ FRERHIF 0.1 g AR} BERETRATHIAL) | It SR 5384,
[FIBA 3 2028 PR F (A ITTRRIRE ) o BEJS A 12 mL ¥RBRER R 2 BB I8 2k, FF i N4 R G b4 70 /e, 7 1Y
AR EEARIR SN 1 mL 3 EAb EO PR R P R AR TR | B2 T AR K P VR MUK RS A =D 1 b,
VR HE A 60 mL 2818 7K 354 A 100 mL 25 5/ E i o . BB 10 mL S0 VRE A ZR IR B 1Y
TN A 10 mL ZE AR R (0.1 mol/L) JGZ&1M 5 min, FEHFL R PR MEVS W (0.1 mol/L) ik & 7518
E%ﬁ%ﬁﬁﬁ%@@go%EﬁﬁUT&ﬁﬁﬁmmﬂ%mgﬁﬁ%xmmy@h(VZﬁﬁﬁﬂﬂ
1000, o, VR e i i R R T AFE B (mL) 5V, R E 25 FAR SRR T FE I (mL) 5 Co HAARE B PR ER R Tk
JE (mol/L) ym FFREUK A FE 1 i it (g) 5V, W T 248 00 40 AR B (mL) 5 V, k40 il 0 25 ) 1 R AR
(mL),

(4) FARSE L kil g ms (TP) . BARERVE AFRI 1 ¢ KT UIBIRE A TE BB P, A 3 28K
8 mL VRBLIR , #£5) JE HCE 8 h, [ 3 428 7 (O ITRIARE ) o RSN 10 1% = SRR VA5 P T
fifE b InAA R 300°C VAR ZY 1 h AR 1, A 2 E IR P RHZRIRACK T AR PEA 100 mL 2 If
75, W2 JZ2ICuE AU IR E BUE 3 mL JEE 50 mL &0, I ZE MK E A 2 30 mL, SRIE A 2 i A
BB /R F(0.2% ) F1 6 i S EALENIA R (2 mol/L) Y pH Z % W NI 2 08 &, AN 5 mL SREPT 5,
PSR K EZ E 50 mL, R AE 10 min J5 [ B bR 1 R 5098 8 — i H 3 696 3 (Cary 60 UV-Vis,
Agilent, USA) FEJ K 700 nm o8, 35 fi AR 35 LA 28 203380 DR 1) Sl 75 o Rl (o/kg) = anI;XIIjTX
107, Hr p il R A BT i MR B (mg/L) 5 V AR SR VAR R (mL) sm AR TR T 6 (g) 5
V, W BE A (mL) 5V, o B AR R (L) .

(5) FH KA IERE B E BB (TK) , BLASRAE A FREL 0.1 g KT UL G B AR F i 3 mIL AR Al
0.5 mL= SR, [FIAF 480 3 4125 P AR IPTRRIIRE ) o BT ARG 1 A 28 o Ko A, A s R HR e B
THE, BRI S mL SR ,0.5 mL =R, b5 76 B BB R TR BE R R 7E 200°C , 4RSI B AT
B FHET, INA 10 mL #RFRIA (3 mol/L) , FREkLL A B AR I 1A, U R EE A 2 mL MRIE R (2% ) ,
SR FRZE B U A 100 mL 55, 8 28R 50 V5 0 i, I IR B0 o 3R 90V W — e T K e EE 1

v, V
(Sherwood M410, UK) Ml%E , i HHE LR 2 sAHEE i UUA) 19 B A0 & i AP (g/kg) = C><—'x73><10‘4><
m

2

0 St ¢ g e e ) PR Gt (/L) 5V, SRR B BB (L) 5V, 0 AR
(mL) ; VNI E BT (mL) ym AFRBUXNT LR T & (g) s H DT K o3 & = H 05
(6) FIZKZE ML E A A (AN) o EARBAE RIS ¢ WTUITRPE A THRE N, INA 1 g 8-
PR 4% S (50 g BRIREZRAN 10 g FEMTRAIHIR) ,20 mL ZEMKFI 1 mL JOIR A7 8 | [R5 3 20 28 )
(AINTRRIRE) . 7E4 A 3hE UL (FOSS Kjeltee 8400, Denmark ) A 10 mL A& ALSFI 30 mL BFERTE /R
FI(10 g/L) , ZRIRMA SR F R 150 mL, I & A A C 45 R R WK (0.1 mol/L) JG#EAT43#T ., &5
= . N N (V=V,) XC e X 14x1000 o
R4 AR A TR A SR & A AR (mg/kg) = - JH € MR AW
U BE (mol/L) 5 V A Sl i B FH 2 R FR VA VR AR R (mL) 5 Vo SR 28 F I B FH 25 3R R VA W AR R (mL) s m
NFRBUA TR () .
(7) FH LA 25000 5 A7 %08 ( Olsen_P) o BARHAENFRHL 2.5 ¢ W TR B T 200 mL 258, nA
50 mL BRFR Z AV (0.5 mol/L) , [IE 4 [R5 B il 4 25 I (AN IMUTRRAIAE ) o I 10 mL AR TR T
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50 mL &R MIEIA 5 mL $846HT 0 EAF), FEMA 10 mL ZE80K #2505 2 IR % E 30 min, SRS [EREFRIE R 5
IR —EAESTEEE T (Cary 60 UV-Vis, Agilent, USA) ZEJ K 660 nm 47 b, FJa ARG T A8 1

—po) XVXD B R
R0 B i AT R (e k) = “”’;”,Eq: bR R A0 565 Y P A (/L)
po MFRAER LR IS 1928 FEE P B MR (mg/L) 3 V oM BATRAARF (mL) ;D 2 BURE R, i RE IR 4R 7 AR R &
I BURFRZ F s m N FRBU TR T (g)

(8) FJE WIS 58 A 35040 ( AK) . BARERVENFRER 2.5 ¢ KFUIERYIF 250 mL )i, A 50 mL
WRASTRIZEE N (2 mol/L) , A MR IAI 25 BR il 46 25 UV W (R INUTRR IR ) o 7E S IR R B A iU B e R
HHE% 30 min, {f 1E 30 min J5 FE B UELGE UE, JEFLFL 3] 50 mL B.0E B E 2 mL JEWE] 10 mL
BOET A IMA T mL ZAL85 (10 g/L) A1 7 mL ZEB/KJG HEAT , RERR T R 5 I — B AE R T IROE IS (iCE

N P d =} A} AN Nla=d o = o V
3500 AAS,Thermo Fisher,USA)5E . /a4 LA A Z0THE H DU A 25048 & 12 . A 30T (mg/kg) = px—X
m

5,5, p RN IRE (mg/L) 5V R SRSEFIMAFR (mL) sm AFRBORTAERY BT (g) .
1.3 i

UUBUYEL DNA SR H] PowerSoil DNA isolation kit( MoBio, USA ) IR FI G #2HL . $#&HUy WA+ £ Ui A 15 10
7. K H Nanodrop 2000( Thermo , UAS ) M 5E LAY 5 DNA W FE K4l . 44k i )5 , 7€ Mlumina MiSeq “F
B AT Paired-end 250 P 7 (&7 A4, http ://www.majorbio.com) o 75 ¥ I TE 16S rRNA V4-V5 XI5
B9 515F(3'-GTGCCAGCMGCCGCGG-5") /907R (3'-CCGTCAATTCMTTTRAGTTT-5") Fl7h & 16S rRNA V3—V5
X3 ) Arch344F (5'-ACGGGGYGCAGCAGGCGCGA-3") /Arch915R ( 5'-GTGCTCCCCCGCCAATTCCT-3") , J#
YK 5 PR AT AR F R W 2 B8R 0 (hitps ://nmde. en/resource/ genomics/ sample/detail/ ) , T H 45 5
NMDC20015769, 7255418 H Flash K41 Trimmomatic FAF9F 337 2 BRARET & 391, AR 3 17 51) 7 ity F14) )7 571
LER NG| W) 50 A U7 9 B IE RS 7 Ta) . fdi ] UPARSE version 7.1 (http ://driveS.com/uparse/ ) 4
AL B 97 % LA I ) 7 31 I i —)> operation taxonomic unit( OTU) , 4 i OTU F£H% , K H RDP classifier U1 -
HrBEEXT OTU ARERF AN E— 2B 00 222 0007 Ge it AN [ REAS O VR 2H
1.4 it/ N3tk 45 Jr AR A

P e /> — e 254 Iy AR AU T LY A R BT I A 1 5 A AR YIRS SRR Z I G &R
FFitt— DA S R Z RN OC R, AR AR SN [ U5 438, e 1852 ) PR 7 S 20 L il A R A R
REAMRBE . WA AR R i 5 3 Ao 52 e URR ) 8 SR W) SR pHL 8] 12 52 S A U E W0 1Y - B- 2 A
BEAUAG TR I i fie /> S RERTIR AT TAETT ARG 36, I RS B RN AR G 3842 . >R SmartPLS v4.0 2
SEFEAI T SR/ N TR AR AR AR T R 7R DL RE (GoF ) ATEAGAR Y (4 40145 8 R F0m) e i >
I H Bootstrapping 54.7% ( bootstrapping = 3000 ) LTk 48 R 50 e &
1.5 M S

AR BEPLAE PR B (RMT) M T RGER T 3 TS MEE (pMEN) |, 7351 8 SR i 32 TURUA AN T Al oty
HREVR Z A AR . AR AF . /E pMENA M3 (http : //ieg4.rece.ou.edu/MENA/login.cgi ) ' F A&
AW OTU KPR BRI AR B B8 G il 1) B S8 SRR (Missing data) S 4008 #67E B AT B A
A2 HALAE 0.01( Only fill with 0.01 in blanks with paired valid values) , ¥44t ( Transformation ) £ 1 £ £ X
B ( Logarithm transformation ) , A ¢ % % ( Similarity matrix ) 2R FH % /K 7% A ¢ 2 %X ( Pearson Correlation
Coefficient) TFEANE OTU [ P PIARMIME . 1247 5 AT LAAS 3 35 T BE AL B S5 38 ( RMT) 19538 B, 14 22 M)
25K FH AR DIPE BB IEHE 0.95, B X ERHEALAL 3 7 OTU 2%, Il i THEAE A OTU /Y J 7R3 AH O
A JSRH D REL R A DR PR 45 RE AR RE G, P AR BUREL P 45 S QBRI 155 OTU 1 i ) 1) i 2 5 32
SR JE AR AR IR B AR R 45 5k, Bt 5 FFAE pMENA WIS IE 4T 40 H7 5 A A 0 4% S 4 a5 s S 1 i
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JEME ST A Cytoscape 3.8.0 AP HEAT AT AL AL B AT 5 5] S K R 2%
1.6 Sl

K F SPSS 25.0 #4434k B K 3 U7 22 40 BT IO [ REAS 22 [RI TTORR A (9 BEAL PR B SR FH TR X6 7 3 A vk
(CCA) WFFE AL AU A W AR 25 (A =E B S TR B R T 2 (B DG R o AR Bray-Curtis B 25 EA7 AR LI 2
BT ( ANOSIM ) , DA 56 AN [ SR A o540 B R oy TRTAE S 2 22 5 WRAE Jaccard $85U, PP REVE Z M) &2 B-2
BEVE S R A LR A3, BV R AL . 0 R FA LY “beta part "1 TG B-ZFEME b JE 3% Al 2
BB, RH SPSS 25.0 BAFRTEL B-ZAE1E A e Ak E BG4 T B K 3R 07 22704, JH Duncan #4722 573 W 351
G307 .

2 HREHS

2.1 FHIGHIAAS R R R ZDUB 0 A i v R B

IR BB FEPTA R 8 AN IURE o5 ] 3R 2 U ) Ak 22 o S 77

ARROLRI B 225 (R 1) o FETEIINY 5 AR A3 R0 A Rk i & 1 B T B R 4k,
Hop 78 QSel—QSe3 HURE 5 ¥ 85 UG &40 1) 7 1 BH =5 T QSed 1 QSeS PHANEE ML, TEAS R, A5k
R EIKIKA CSel>CSe2>CSe3 , A MU 7 HAKIK K CSe3>CSe2>CSel , FHHIIM pH (M B A BT
AR, Horh QSe5 1Y pH (BRI QSe3 Y TN &t fi iy o 1545 W (9 A 8080 A0 rl S 38 W) W i T35 V8, HL CSel
(A R R R e . /SRS B R L TE 1312—35220 pS/em Z ], Horfr CSel Y HL 5% Je
(35000 wS/cm LA F), Hik & CSe2 il CSe3, 4 F 28000—33000 wS/cm Z[8], HL SR AK A J& QSed Fl
QSe5 , FHME/ 5K 1312.67 F1 8500 wS/cm, M 1 AIFIAS K] (CSel—CSe3) +h B fe iy, FLA FEER AN,
TR (QSel—QSe3) ThBEWR Z , FHFMIAL R (QSed—QSeS ) EIEfAR, /\ANIBURE A5 HLAC | B B R B e 2
ToH 2= 5
2.2 HIGHEIRZAS KRR Z VIR A Y o- 2R

K Mumina MiSeq( PE250) X P AP R (19 2 2 UTRR I REAR SEA 700 )3 0B, 159 81 654116 2541 TR I 4R
P31 668428 2% B J5hn p 81, R AL B 40 BT 1326 A4~ OTU F T8 1745 4~ OTU, Rz & (& 2) iT LR
HH Bt 40 B R o TR S Y T R, BRI 2R A1) Sobs 8 85 B AR IR A7 A 3G I ke B R T 2%, BT
FE A B IR B T ] AT K
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Fig.2 Rarefaction curve
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Fig.4 The principal co-ordinates analysis (PCoA) of prokaryotic community in different lake sediments
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Fig.5 Betapart analysis of the prokaryotic community in different lake sediments
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Fig.8 Ecological networks of prokaryotic community in different lake sediments
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Table 2 Characteristic parameters of the molecular ecological network of prokaryotic community in different lake sediments
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