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Diversity and distribution patterns of bacteria in Bangong Lake

WANG Dongxu, ZHOU Di, CHEN Kang, XIONG Renkang, CHEN Bo, Luoyangcuomu, Deji,
GUO Xiaofang®

School of Ecology and Environment, Tibet University, Lhasa 850000, Xizang, China

Abstract: [Background] Bacteria are the main drivers in lake ecosystems, and their community
structure is highly responsive to the environmental changes in the lake. The special geographical
location and high altitude environment of Bangong Lake have shaped a unique microbial
ecosystem. However, little is known about the bacteria in this lake. [Objective] To explore the
bacterial diversity and distribution pattern in Bangong Lake in the Ali region, we collected
samples at 20 sites in the east bank, west bank, center, and bottom of this lake in September
2023. [Methods] The 16S rDNA high-throughput sequencing was performed for the samples,
and the a diversity of the microorganisms was measured. The Spearman’s correlation analysis
was conducted between the physicochemical properties of water and the a diversity of
microorganisms. [Results] A total of 14 886 operational taxonomic units (OTUs) were yielded,
indicating 470 genera of 47 phyla. The bacterial community in Bangong Lake was mainly
composed of Proteobacteria, Actinomycetota, Bacteroidota, and Verrucomicrobiota. The
community had high diversity and richness, with a complex structure. The Spearman correlation
coefficient indicated that total phosphorus and electrical conductivity were the main
environmental factors affecting the bacteria in Bangong Lake. [Conclusion] This paper clarifies
the diversity and distribution pattern of bacteria in Bangong Lake and reveals the water
physicochemical factors influencing the bacterial community. The findings provide a reference
for studying the dynamics of bacteria after the narrowing or expansion of Bangong Lake in the
future.

Keywords: plateau lakes; Bangong Lake; bacteria; diversity; community structure

N ) A e S i O A T [ =
Ji, SR EERR AR R s 1 R, Rk
“HEEA, FRs RS 1055 NP, At
1A 41 831.7 km?, 435l o 4= A B0 FLEL
TEFRAY 39.2%F0 51.4%, EWIARCRRZ . W
SR KR DX -0 5 s T I T D e R i
TH RN ZE T P Bl R AR UK 5 R R RIA o £, B
B/ R R B AR B RAE R
BURFE bR o T [ — 4K 7 3 000-5 000 m
Z0al, SEEHER 4 000 m, N4 . 455 AR
WA 2 K & R S B A, BE

N AORKE T TSR Bk AR J2 K
G O S T 1= & TN - KB 4 Y Y T 0
Ay, (R SR AR 2 5 4 Y E )
FRRE G R, WA RE 0 LALLM sh A 2K
Wl R, R A A R A
FGEAERE, WX R A A AR, 240
SEBERAAEAR AL 5 X ek 17 ) T R AR

BRI, NORRFSAR BRI, TR A
WH P X H £ B IRPEAEZY 12 km &b, 2R
PUE, WY 604 km?, Hhrh BN
413 km?, 295 68.5%, Wk 4 242 m, FHERN
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JEOK I, ARER AR 5 W B AR PE IR 155 km,
MALAE, ®AELYL 40 m. W 604 km?, BRI
ik 41.3 m; WIKIEWE, BWHEFA 3-4 m; &
LS VK 6 > U

BEN TR AA 0 T 1A 1 e 1 AR ) s SOR &K
Ho T AR 00 T 25 i K S Ut JRR WL s A i 22
AR IR AR B, IRACKRIE 53, #hA
KFZEE R, WK R &R ERFE 0.75 g/L LI,
A 2R B A IR K 5 i o B P B IR OK D 25
L, Iz rhBE AR A AL R A 100-150 m 5,
WKAEZRVE 5 ) BSR4 RIR K AR A
FRSL ) P AN 7T, (PG I K 2% K T ANA R,
T K B4 5 b DA HP S 1) P N 23 20 /L,
A5 R A S

MRS RGP E AR, WA
HRRME 2k A 5 5K SR KD
JUARSE, FRE R RUEY, WOE A 1
AR K ol R TR L AR, kg 13
R, — B A T TEE SR K
— B o BB TR R TR ALY b, —E 5
B 25 e U B4 K 1 A AL B AR T U B K I R 8
W, AR R, ML AR 20
PR SR N REIE I K AR IR EE A6 T s DR, KA
HR il A 0 A SR B 1 A b g i DR
2% 5 T R e DA R X3 A A P T 22 R K
XN A, WIE B SRR R,
B Z B NG SR, R 2R
PR R AR 20 % FIERARA T

TP R AL M DX R 1 b B e H AR R
Be, (A XYt 2 A R R B U E
PR, R TR A A R G TR 5 32 RIS
S, Hor DA YR TR L B B R
B WA KRN T AAE S R AL H
A0 R PRI R R T I K A 2 TR R
FEMEAGE, ANLRERE AR S A BT T ik 4l

PRRA T R A SIS S, RS iR
WA AE S RGN IR 5 BB R

HAT, X 5 e s w e R e e
IR o o i SRS DA A S 12 AN [ R
PIITAVE SR G, RBT T KAV i A AL
(dissolved organic matter, DOM)ZH i X i 7F 40
TR A T 1) S35 W0, 9 R TR A S
DOM B AE ML HI B 5 448t 187 i DL i . 9%
FHEUIWEGE T B e i s AL B 4 B R
SER R R AR B PR Y I B
T YRR T D AN R A v A AN T RE R B
5 PR ¥ AR ELOG 2R o (HR B DL O T JE A WK AR 40
B ARG PRI . IRFTIEA TN AR TR VR 2 HE1E
3 A A Sy S X BRI A8 Ak 1 w10 155 10 % T ) R
T 0 e ST A T - PR E AR AL A S E

BT UL EBUIR, ACHIFSE L BE L W % 7K A4 20
AR BT %, F 2023 4F 9 H 7EBEA RS T
IKRREACRSE, SR 16S rRNA J DR w5 3 H
JEaHT, G KEEE 5 R, XKIAR
TR AR AT T, PHEKIRd R S
IKRIAR R Z [ A N G R P22 B e —
A B B BE 2 T K AR AR D7 X A B s, R
HARARACTE AR RS | R4 BEA KA AR
DRGRMAILRILIS TR

i R

1.1 #&H

AR YR LI R 551 B AR B I AR O R
DX R BE /A T AR T 180 DX T AL 114 b B A7
IREERRAE AR SCRAF AL B 20 AMFE A, 5 H oy
R A I, o 10 MY R AR S5 M AR (DA)
PO (XA, Ay 10 A4 R0
(HX)AE s DI A0S 2 (HD)RE f X, SR
SIEEAGRIE 1 PR, il 2EREN REH
TEASMRERI GG B . MR Y A, IR
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Table I Information of water collection points in Bangong Lake
HAmY #/E G A AL JIT I DX 35,
Sample Longitude Latitude Habitat profile Region
Bl 79°43'47"E  33°36'4"N RASALAL K F2£) PR XA
River confluence (many aquatic plants)
B2 79°55'19"E 33°34"2"N ZRMNYY B2 (1226 £2) East coast (many birds) K& DA
B3 79°54'9"E 33°30'15"N AT East coast A5 DA
B4 79°48'36"E 33°26'57"N 3= [X_A I Entrance to the scenic spot 7R j# DA
B5 79°45'25"E  33°28'43"N T AZILAL River confluence P XA
B6 79°42'46"E 33°34'14"N J§.0> 3¢ )2 The surface layer of the middle of the lake .0 HX
B7 79°44'23"E 33°32'57"N J§.0> 3¢ )2 The surface layer of the middle of the lake .0 HX
B8 79°46'11"E 33°31'20"N .00 3 )2 The surface layer of the middle of the lake .0 HX
B9 79°48'53"E 33°30'18"N .00 3 )2 The surface layer of the middle of the lake .0 HX
B10 79°51'47"E 33°32'18"N .03 )2 The surface layer of the middle of the lake .0 HX
Bll 79°51'51"E 33°2872"N A MR East coast K7 DA
B12 79°43"2"E 33°31'53"N PEMITT 7 West coast P XA
B13 79°41'19"E 33°35'18"N 0> & Mid-lake island PR XA
Bl4 79°46'13"E 33°33'32"N RS YT A i Along the banks of Oujiang Village TijE XA
B15 79°52'7"E 33°34'32"N RN 52 52T 1B % The east coast is close to the road ZRJE DA
B16 79°42'46"E 33°34'14"N B6 /5 JIE)Z (4 32 m) KX HD
Ground floor at point B6 (approx. 32 m)
B17 79°44'23"E  33°32'57"N B7 RiIRJZ(Z] 34 m) Wik HD
Ground floor at point B7 (approx. 34 m)
B18 79°46'11"E 33°31'20"N B8 AHK)Z(Z) 35 m) I HD
Ground floor at point B8 (approx. 35 m)
B19 79°48'53"E 33°30'18"N B9 RUIKJZ (2 35 m) Wik HD
Ground floor at point B9 (approx. 35 m)
B20 79°51'47"E  33°32'18"N B10 miJIR/Z(2 33 m) W JiE HD

Ground floor at point B10 (approx. 33m)

AR BRI 2 15 m AR O OR AR R AR
FZK, REEREZN 50 em, H1.0 XIRFRZK
T RERAFE AR IR T 50 om HEFTRAESST, I
JZK DO R Z R AR, TRIZ KA
32-35 m AWREE. BHEACRE 3 ke, &
1 5 Lo FFREMIKIEDRAFAE 4 CCRYUZAF T 17 [E]
S, 1K TR TR = NIE, 15
AKAEMEFT 0.22 pum ARG LT 4ERIEES I8, A4
FERKFELLDE 8 SRUERR , BESKUENLILIE 500 mL
IKAE, 6 SRUBIRIA 2 i AR ZCIRI 28wl
WY, 2 5K AE T80 CukAf R4

1.2 FERAFIFNE

Phusion® High-Fidelity PCR Master Mix,
New England Biolabs A ] . #3202 250K i
M, 4% DO/BOD X, HANNA A #],
13 KB E TN

I SRAL PR 00 5 R IO Rh 7 v, — ik
Fr s BRI, SR PR 5 X 2 2 oK B ik
A P37 72 7K IR (temperature) . BRBEEE (pH) . H
5% (electric conductivity, EC). k& (salinity)#l
SV R [E {4 (total dissolved salt, TDS), 1 i 5 4%
3 DO/BOD Y I 2 A= AL 75 48 it (biochemical
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oxygen demand, BOD)F1% % (dissolved oxygen,
DO)., HAthFgFr, UL (total phosphorus, TP)
F18% 25 & (ammonia nitrogen, NH,"-N)&5 | 1% /K #
2 PG I B PR AR A I A B BT AR w4 T A
T WE , TP A E R FHAH IR B 43 D6 BE s
NH4"-N 44 FGIR 43501 B vk e e
1.4 DNA ZR5SEENF

K SDS vE R HUHE 2 1 /K (A 40 7 2k R 4
DNA, i 1% fEHEEE A I DNA #Y e J3 AF4l
JiE . XF 16S rRNA B[R (1 V4 2848 X 7 Bl A7
PCR ¥4 . 5149/ 806R (5'-GGACTACHVGGG
TWTCTAAT-3")HI 515F (5'-GTGCCAGCMGCC
GCGGTAA-3'),

fifs PCR W ¥ 15 pL Phusion®
High-Fidelity PCR Master Mix i#£17. PCR )i
24 98 °C 1 min; 98 °C 10's, 50 °C 30's, 72 °C
30's, 30 XAEHR; 72 °C 5 min, PCR 7F=4)fdi ] 2%
B NEWHEE AT HL VIR 5 X 46 05 4% 1Y PCR 7
YA gk aliqh, SR Il E i, 45 PCR 74
WA T RIRME, MRS 2%0935E
WRGEIRS VKRN PCR 77247, -1l B 8 25270,
1.5 HEAE

# 2 Barcode M5 |¥))F41)5, f#i ] FLASH
X FEA ) reads $EATHFE , 152 PR 751
HELR tags (raw tags)¥(dE . Bifif5 {8 A Cutadapt
B VT E S 1015 |9 e 90 3 BT Ul 4w B 5 4]
PAB7 1k OO J5 2 43 Hr s T4 o (1T fastp 1A%
(vO.23. D)X PHES A raw tags Zoad Mg Y
TEAL BRI R & R tags BdE. Lad L) FALRR
JE1R B tags 75 AT KBRS AT 51 B9 A0 2R
tags JPH i@t 5 Silva PP BEECE R T LLXT
Rl ik G AT 5, IR A& R BRIE P AR AR
G, 153 B AN B (effective tags). FI
UPARSE BEX T A HEAR R 4288 effective tags
AT, BRINLL 97% 0 — M 7 51 R 25 Ak

OTU, [lif£x3EH OTU ARERMEFH, MHsILE
BRI, R OTU Hp H BUARES IR = 1y 914
i OTU MERIFS, T RLmmhiErt>l,

i1 SPSS #EATHRAL IR Ay B IR 2R Uy 2547
#r, £ H QIIME 7144 Simpson , Shannon, Chaol
1 ACE %5 o ZFE 448, T R 1E S T2 (v4.0.2)
PEAT A B2 AR A . AR R 2 YR R
(non-metric multidimensional scaling, NMDS)43
#r. unweighted pair-group method with arithmetic
means (UPGMA)RZS4T . 464577 (principal
coordinate analysis, PCoA) . Adonis . & K5 55 .
U FBE A1 Venn EIUHIPE. A QIIME
(V1.9 ) HEAT W) Fh 2 FEPE R B 2 o0 #r L ]
Origin 2022 Pro #4740 o ZHEPEFEES A5
A A0 Spearman 4347 .

2 HERE54M

2.1 QKA EERUSH
2.1.1 IR M SKEEBEEETF S
PSR K AR A4 S B A ERAE R 0
L 2, HARBIE R pH 7E 8.54-9.75 Z 8], I
AREEAE, pH HBALATE B, pH e sfE
BS5 A5, 2 NFES N TR ASIAL, KRR
SRR EER . KRR S, B4 FE5
M B19 FEAMIZEREK, 2 MHES M ZE R
8.8 °C, HAM MW AAEW B 25 . DO F1 BOD
X ) AR b e SR A AR R, o B18 KE
B15 FESAH2E I K. EC., R A1 TDS iX 3 4 #
kST 5%, RISk BS
BEMS, BRI BIS REAN, X 2 MRS 2]
2R, HAMFE S b EA B E2%ER. TP I
WEZES, weEFES B10 (0.060 mg/L), F
PIE M 0.033 mg/L; 2R (NH,-N)&HE i ] H
AEEES, L& ESR B1S5 (0.155 mg/L),
BAKAE A B19 (0.027 mg/L).
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Table 2 Physicochemical factors of various water bodies in Bangong Lake
Sample pH Temperature Biochemical Dissolved  Salinity Total dissolved Electric Total NH4"-N

(°C) oxygen demand oxygen (mg/L) salt (TDS) conductivity phosphorus (mg/L)

(BOD) (DO) (mg/L) (EC) (TP)
(mg/L) (mg/L) (mS/cm) (mg/L)

Bl 8.54i 10.6ij 1.95efghi 1.90efg 267¢ 399f 565f 0.04abc 0.084¢g
B2 8.86def  14.7efg 2.07cde 2.16bc 519bc  750bcd 1 053bcd  0.02bc 0.063h
B3 8.85defg  15.4bc 2.11cde 1.97cde 525b 766bc 1 076bc 0.03bc 0.060hi
B4 8.8lefgh 17.3a 2.34b 2.27b 515bc  756bcd 1 065bcd  0.02c 0.101f
B5 9.75a 15.6b 1.87ghij 1.89efg 136f 204¢g 284¢g 0.03bc 0.110ef
B6 8.78fgh 15.0cdefg 2.04cdefg 1.98cde 518bc  744bcd 1048bcd  0.02¢c 0.078¢g
B7 8.81defg  15.3bcdef 1.99defgh 1.98cde 509bc  742cd 1052bcd  0.02¢ 0.054hij
B8 8.90de 14.8fg 2.29b 2.36b 522b 758bed 1 064bc 0.03bc 0.104ef
B9 8.91d 15.0defg 2.23bc 2.20bc 502¢ 724d 1014d 0.05ab 0.113¢
B10 8.86def 15.2bcdefg  1.90fghij 1.85def 527b 750bcd 1 078bc 0.06a 0.0501ij
Bl11 8.84def  15.4bcd 2.12cdef 2.11bcd 527b 764bc 1 071bc 0.03bc 0.054b
B12 8.83defg  15.3bcde 2.03defgh 2.02cde 505bc  74lcd 1 054cd 0.02c 0.084a
B13 8.90d 14.8g 1.68j 1.71g 507bc  744bcd 1 035cd 0.03bc 0.104ef
B14 9.14c 12.7h 1.754j 1.75¢ 339d 499 706e 0.03bc 0.045j
B15 9.30b 12.9h 2.69a 2.88a 608a 878a 1 254a 0.04abc 0.155¢
B16 8.75h 10.51 2.03defgh 2.02cde 511bc  756bcd 1 077bc 0.04abc 0.054hij
B17 8.85fgh  10.5j 2.44bcd 2.30bcde  518bc  758bed 1 074bc 0.04abc 0.0501ij
B18 8.86de 9.7k 1.25k 1.29h 504bc  751bcd 1 061bc 0.03bc 0.128d
B19 8.90de 8.5m 1.84hij 1.771fg 519bc  774b 1 090b 0.05ab 0.027k
B20 8.74gh 9.21 1.35k 1.33h 530b 779 1 095b 0.03bc 0.107ef

AN [l BB T A K R WA e B35 25 57(P<0.05).. T IAL.

Data marked with different lowercase letters indicate significant difference (P<0.05). The same below.

2.1.2 IR XEKAEBEERF O
HR A PE 23 T 45 DX 0K AR B4R K (3% 3)k
B, ORI 20 ANFES AR 4 ANk, 4 X
B pH B =22 18] 74 52 (XA) K80 pH B & & T
0 (HX) RIS I (HD) ; BRIl KA, WK (HD)
{14 Y- 2573050 PSR 5 0 i ) -S4 TRLBEAR 24 5 °C L WA
JIC (HD) I B2 B e AIG F oAt 3 4~ X3k ; BOD %%
PR, AR (DA)F O (HX) B2 & F b+
(XA)FIHIK(HD); A< (DA) DO fHfie i, HK
O HEX) X, P (XA) R (HD) X 511
DO A AR EREE | B ik [ 1A 2 A el 5 R 40 e

FH, TR (XA)IX 3 FhEAL S bR B BAK T Hofts
3 A4NXIE; TP A NH,™-N R4 X s ] G i 2
5.
2.2 BEAEAKIRHE I ZE B
221 RS SRR E A ZE B
R B8 o A 0 e 4 15 2 R, e B AR
FETTRE A E e R FEEHEA T 10 FD, I
B HAE IR others, 28] H &R 556N )
Pl e B2 R AE 6] 20 282 90 b i AE X = BE AT
Bl B 1 AT R I WA FE s KA 4 5 =F B AT
fFEES, HApA B H ] (Proteobacteria) 7£ 4%
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Table 3 Physicochemical factors of regional water bodies in Bangong Lake
Item P XA 45 DA .0 HX WK HD
pH 9.032a 8.932ab 8.852b 8.820b
Temperature (°C) 13.800b 15.140a 15.060a 9.680c
Biochemical oxygen demand (BOD) (mg/L) 1.856b 2.266a 2.090a 1.782b
Dissolved oxygen (DO) (mg/L) 1.854¢ 2.278a 2.074b 1.742¢
Salinity (mg/L) 350.8b 538.8a 515.6a 516.4a
Total dissolved salt (TDS) (mg/L) 517.4b 782.8a 743.6a 763.6a
Electric conductivity (EC) (mS/cm) 728.8b 1103.8a 1051.2a 1079.4a
Total phosphorus (TP) (mg/L) 0.030a 0.028a 0.036a 0.038a
NH4*-N (mg/L) 0.085 4a 0.086 6a 0.080 Oa 0.073 4a
A 100 re = B - - = - -
=N R R =
90 | " i I @ Others
@ Campylobacterota
80 Deinococcota
< o @ Cyanobacteriota
= @ Planctomycetota
é 60 | ' Bdellovibrionota
g 5ol @ Firmicutes
2 Actinomycetota
= P
o 40F ® Verrucomicrobiota
= '
= ol @ Bacteroidota
E 3 ® Proteobacteria
20t
10 -
Q N A L e DN AN I S BN IR, 5 b
RRYRVXRY ROV Q,\ ‘b‘b\@\%\‘b‘b\
Sample name
B 100

Relative abundance (%)
Lh
(=]

0
QPP TP P

q?’@\ Q;» Q;\

Sample name

E1 A
Figure 1
Bangong Lake.

90
80
701
60
40 |
30r
20F
10

‘b

POPRININR

S R KR R TR S (A) AR 7K S (B)FE R HERR

Column accumulation diagram of bacterial phylum level (A) and genus level (B) in various points in
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HEmh Y A B BN EIRRETE]
7K b 35 B A 89 R A8 JE TR ] (Proteobacteria,
68.41%) , . IK N i £ & ] (Actinomycetota,
12.82%); LFT 1 ] (Bacteroidota, 9.09%)FIHE
Wil J(Verrucomicrobiota, 3.47%), H4x 11262 5
BRI 0.32% (] 1A), B 4 F i o3 R T Sk
1 3%, FrVAEZRIBETT. &R, U
BT TR PE SRR 1) R BRI K AR TR F B
e BB A,

TEJE A B RMERR B el DUR R, A 3h
FF 7 J& (Acinetobacter) . HR/R ARG J& (Yersinia) |
hgcl_clade. £ ##T & (Polynucleobacter) i
FeARXT 2 (18] 1B), 43510 14.87%, 8.86% . 6.0%
1 3.33% , HoA 20 581 J8 28 O AR R 32 BE /N T 3%,
PR X 4 Fh i JE D E IR R, (HE
J& ) BAR S AT AN 51, R R 2R IR TR & 78
B3. BS. B13., B15 XJLMFEA SRR, (A
TEIR)ZK (B16-B20)h & B 2, A s i s 78
Bl. B2, B4. B5, B7. BI5 X EN T =

' Others
® Campylobacterota
Deinococcota
@ Cyanobacteriota

Bdellovibrionota © Bacteroidota
® Firmicutes ® Proteobacteria
Actinomycetota

A 100 — —
f=——— E— | | | ]
90 |-
;\;807 — | |
§70—
5 60
E L
Z 50
<
g40—
E 301
Q
Dﬁzo,
10
0
HD HX DA

Sample name

® Planctomycetota @ Verrucomicrobiota

/b, {HEE B3, B6. B10, B16, B17 ZEFf
TR Z, hgcl_clade T#J&7E 5 5 1 40
AEXT 45T
2.2.2 PR XSS K R 4 B A Feh 2B R

MR8 BE 23 W8 45 DX K A 240 B 11 K7 Fin s 7K
SEAARMERR B (B 2) T A, & R EEHEA 1Y
A 10 Fh5 &R SR HEA T 10 AR, (HE &4
DX S5l A o = B 3 AT AN IR AR ]

NS DRI 48 e A IR HE AR P (8] 2A)2K
F, THFXA) ., H.OHEX)FABKHD)X 3 4~ X
WA BT A AL B 1] (Proteobacteria), H
KN 2k #i T (Actinomycetota) . 8L AT B I
(Bacteroidota) FIHE ] (Verrucomicrobiota), #<
FE(DA) X IUR R FHAh 3 MKk, FEREH
5} 25 T 1] (Proteobacteria) , H = IUFF 1]
(Bacteroidota) . itk 1 ] (Actinomycetota), X5
JEPEE ] (Verrucomicrobiota), AT 5% 4 2
BTS2 BE 2 T 5 IX K AR A B AE T 1K B
PR,

" Others ® Hydrogenophaga @ Flavobacterium
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Figure 2 Column accumulation diagram of the level of bacterial phylum (A) and genus level (B) in each

area of Bangong Lake.
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IAAS DX S5 S 7K - At TR AR R I (8] 2B)
ALAL, A JE KB RERT 3 44 45 AN A
[A], 7R R (DA) X 3 5 5l DX 3l A 4 22 550K
HoAth 3 A B3 AR T B e K Y Y R OR Bh A
# J& (Acinetobacter) , I ¥k iy HE /R £ K H J®
(Yersinia)fl hgcl_clade, fii 4 5 (DA)FH X =F
% K K 5 R (Flavobacterium), Hik H £
¥ T i J& (Polynucleobacter) #1 & & 7= /K IH &
(Hydrogenophaga) . 7£ J& /K F I 7 j (DA) X 35 1)
DT FIAS ] 3 HoAth 3 A4S X3
2.3 EQHAEIF S I
2.3.1 AR SKEME TS M
Tk

ARV P B8 F s 7 T FE AR T 99.4%,
B T RS T A A RS, BB Sk
BELS WA KA 20 TR R Vi 1 LS B L o AR T
16S rRNA JEH & il )y, 158 14 886 4%
OTU, CERM OTU 43illE T 4711470 )&

WK 4 PR, TEPEA LI RS 1) 20 R
t B1 SHE SRR OTU S5 (1 706 £5),B10
FHESKAR R OTU f:40(504 4%). f#H Venn
X484 5 3 EEA OTU A48, 45
RAnE 3 FrR . PEAIRIZKI 15 M3t
A OTU W 83 4%, #fi OTU Ik FE 192 Bl £
(579 %%), B/DHIJE BT SAEA(T 55) (F 3A).
PEATRIZKA 5 M A 224 45 OTU, B138
SHRAE OTU £ £2(179 45),B17 S 94 AH OTU
/(58 %) (Kl 3B).

2.3.2  PENVEAE XK AR 20 B A 2 A
Rk

W 44 XS LB OTU #4282 51| /D HE
G, PR (XA) (4394 20)>7: 7 (DA) (4 302 45)>
WK (HD) (3 545 5)>#.0(HX) (2 645 %), Bt
IS XK R4 TR OTU 7K F Venn & 43 #r
(E 4), ¥ [a]—r & 1R IZKAR)Z K5 R0

*4 PILAHIKEEEEIER OTU
Table 4 OTU of annotated bacteria in Bangong
Lake water

KEAFR  FERAFR CIHER OTU ()
Region Sample Number of OTUs annotated
/RJE DA B2 1 044
B3 891
B4 1118
BI11 571
BIS 678
Total 4302
Ph i XA Bl 1706
B5 612
BI12 564
B13 733
B14 779
Total 4394
W0 HX B6 574
B7 521
B8 538
B9 508
B10 504
Total 2 645
i< HD B16 708
B17 538
BI18 841
B19 706
B20 752
Total 3545

(HX) A JEE (HD) B A~ X 3 33X 1 X3 ) A
OTU %k 596 4%, WIKMHD)X WA OTU
(636 £)Z T HX)XIAEA OTU (206 £5)
(F 4A). B IEAN IR IZK 3 A KR PR
WLO)RY AT AT OTU TS0 0T, 455
wmE 4B, 3 NI 563 45 OTU, HHZRE
(DA) 5P R (XA I XA 1 OTU % H i
£ (444 £5), WOHX)FIPE R (XA) BRI X 4t
A OTU £ Hm /(48 %) TH R (XA) X B Y FF
A OTU (887 £)Z T4 (DA)X I A
OTU (532 4%), .0 (HX) X A HE OTU #x /b
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®BIS
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B2 ®B20

BI18

B13 B12

3 AR EESIKIRZEE OTU K Venn A: BEAFRIZ(B1-B15) Venn &5 B: BEABIRE
(B16-B20) Venn [,

Figure 3 Venn diagram of bacterial OTU levels in water bodies at various points in Bangong Lake. A: Venn
diagram (B1-B15) in the surface layer of Bangong Lake; B: Venn diagram (B16-B20) at the bottom of
Bangong Lake.

A B DA C

HD HX
. 532

636 596 206

128

XA HX

4 MIAMEXEKAELEE OTU 7KF Venn A: FE/NTH HD A1 HX X3k ; B: ¥EANH DA, XA,
HX X3; C: BEAH DA, XA, HD. HX X3,

Figure 4 Venn diagram of bacterial OTU levels in various regional water bodies in Bangong Lake. A: The
HD and HX areas of Bangong Lake; B: Surface water area of Bangong Lake (DA, XA, HX); C: Four areas of
Bangong Lake (DA, XA, HD, HX).

(128 %%). KPEAM 4 DXEHTIESRE 2.4 PENEAKEAEE o SHEM ST
OTU 437, 4 AIXIkAEAT 488 4 OUT, 4 1MX 2.4.1  FEAMBK A& #E S 4B 2 HEMEIE 5
B T R (XA K IR OTU e £(792 45)., vaki

WO HEX) X I R OTU #% /0 (75 4%) (FE 4C). RBRGIE RV W E M 2 MR E S
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B2 o ZHE, W MMM RIEPRA Chaol 8 FEE3CK; Simpson FHEGHA, BiMIHAY 24
. ACE 8% . Shannon #§%%F1 Simpson 544 . YA, WE SA s, Al AE B TE
Shannon 5% Simpson 402 B o 24 Shannon FEEUFELZIE A 25 B2 il B13 /Y s f 45
PERYFE R, YCEY ZREMER S Y, Shannon  ET B3 R BS A SRS T HAMRR S, I

A B

;ﬁﬁ Jf-ﬁr | “* QF*‘T |

W

o]

Simpson

Shannon

SV NIV N AN AT ST AT I PO A e R R R KA RS AN
SRR AR AR R Ry AR R R
Group Group

750 |1

R T L )

2507

ACI
10
i =
-
Chac

5 MR HERKEHAESHEMIFE  A: AL Shannon fEEZEFMMFELIE: B: FEmA W
Simpson $5 4022 LT ARLR K] C: FERN] ACE 158022 5 0 A2k 185 D FE A IE] Chaol 454022 5+
P Hr AL

Figure 5 Bacterial diversity characteristics among various points in Bangong Lake. A: Shannon index

difference analysis box plot between sample points; B: Simpson index difference analysis box plot between
sample points; C: ACE index difference analysis box plot between sample points; D: Chaol index difference

analysis box plot between sample points.
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HAE Simpson $5 8Lk K th oA [A] A (1 45
(#l 5B). TEFEA WA HE sSK AR GH 18 Z A6 53 b
Hr, B B2 I B13 BYZKAR A BR HAG 45 i 24
P HK R GH B 1) 43 A B4 R F 35 . M4 Chaol
TSR ACE $88UZ R, FTLIE 1 B1 SR
ARV F 5 B fm , B2 Hil B4 s vk, B9 1 B10
P2 R A 7% =F 8 IR (BT 5C. 5D).
2.4.2  ENAKAEE X B ME L IR
HERMSH

o ZHEFREE RE T ER (B 6), PEA

. ; i %
40 ==

Shannon

g 600 !
5 o
400 ! E ' I
200 -
XA DA HX HD
Regional

845 DX I ) 1 TR A I 2 PR VR RN R B C B 2
5o RHCHT MK, A< (DA) 7K (420 B8 1 V%
ZFEMAR T VU R (XA), (HEKIKHMEHEEFE
JE A T (XA) . R 0 X sk 36 2 K
FEEK, W02 K (HX) X 8, i 7K 4 410 7 RE
7K ZREVE T TS (HD) X 48, 7K 0K 40 T 7 75
F & BAL T WK (HD) X 3, Bk E 4 A4 XK
FHI U (HEX) D3 7K AR 248 781 7 22 12 R AR
i (DA) 1Y 7K A 40 T 1 7% 3 a8 B2 34 6 sy T A
3

0.90

=

0.85 | e
S 0.80 -
oL *
£ 075
)
0.70
. .
Q
< 600 !
200
XA DA HX HD
Regional

6 IINMEXIBEIKINMAEZHMESFIE A Shannon 854 7] 2 R0 A4 E; B: Simpson §§
KA w22 5 AT AR C: Chaol 45BN 22 0 M2 I8 D ACE 55U W] 22 52 o M A R A
Figure 6 Characteristics of bacterial diversity among regional water bodies in Bangong Lake. A: Shannon

inter-group difference analysis box diagram; B: Simpson inter-group difference analysis box diagram; C:
Chaol inter-group difference analysis box diagram; D: ACE inter-group difference analysis box diagram.
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2.5 MEQHAKIAHE B ZHEMS R F14) 240 TR A % 2L 1 AR i PR AR MBI B I, AR
2.5.1 UPGMA B 25 #F1 NMDS 534 J& BI5 REA, FEIE B14 FEA, 76 NMDS 4047
KT OTU JK°F Bray-Curtis FEESHY  EF R LIES] Eidg5iE(& 7B). £ UPGMA
UPGMA RZERHI NMDS JEATHEA WAL A A, RISH AR B FE 2T 143 0K FA
AR 22 i . Y UPGMA RER  XFEEHEZRT 10 B4 HIRES A
(B 7A)FTLAE H, B A S 8 A R 2.5.2 ET Bray-Curtis FEERIZXIHAI PCoA
B15 FESIRZ o BRZEIX 2 KRS AN, Bl4 kRS S JLF Bray-Curtis B 25 1955 X35 3 A8 45 70 #r
HC AR AR R ) R B R, R RTAE B AR KR Adonis W E MRS IR (] 8 FIER S)k st Bt

A
—B9 = = | W Proteobacteria
:E% N B Bacteroidota
BI — I W Verrucomicrobiota
_ BI2 | Actinomycetota
B4 — i W Firmicutes
Bl —— S| Bdellovibrionota
—B6 =1 1 Planctomycetota
B19 = B Cyanobacteriota
B2 ___r’_.—i» Deinococcota
B20 —--k=-=- W Campylobacterota
—BI0 - o
—BI3 [
—B17 Al \
—B14
—BS5
B7
—B3
B15
0.5 04 03 02 0.1 0.0 0 > 50
Stress=U.17/
oBl BIl1
0.4 : | B2 2 B12
o o B3 B13
02+ | o B4 o Bl14
= aBS oBI5
2 ool i EpF B8 " B6  oBl6
Y “ H . 1 B7 oB17
' g po o
= o o ‘ gt o o oBS§ BI18
02+ 5 1 B9 o B19
& ‘ aBI10 B20
04F )

El 7 #£TF Bray-Curtis EE ) UPGMA BAR(A)FIEEE LU RE SH(B)
Figure 7 UPGMA cluster tree (A) and non-metric multidimensional scaling (NMDS) analysis (B) based on
Bray-Curtis distance.
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Figure 8 Plot of the principal coordinate analysis
of each region based on the Bray-Curtis distance.

&5 ET Bray-Curtis IE BN\ AE & XI5
[8] Adonis & Z LG

Table 5 Adonis test of significance among various
regions of bacteria in Bangong Lake based on
Bray-Curtis distance

Region r P value
K-V DA-XA 0.051 40 0.131
K- DA-HX 0.146 71 0.001
75 -1 iE DA-HD 0.206 98 0.001
P4 150 XA-HX 0.179 47 0.002
74 ) - iE XA-HD 0.222 45 0.001
W.0-191 i HX-HD 0.13 154 0.004

GEAt AT AT 5 B P value 0%, P<0.05 FR4eit AA
BHEVE, P<0.01 FRGIHAM R EE.

The confidence of the statistical analysis is indicated by P value,
P<0.05 is highly significant, and P<0.01 is highly significant.

O 4 AR Z B AEE R 2= 50, W LIS WA
W, AU AR T 37.21%B9FEA 22 S TRk
FRAR 7 (DA) 5 78 B2 (XA)IX 2 AN Xz (8] 2 3%
25, HRK 2 AN X2 I ER B EER .
X B T B WA Ut DX 32 10 A 7K AR 200 1 e
ZH R R ARARL, T DX 5 08 G DXk ) K R
MR Z A ETE R 2 5 o

26 MENHBKEEEMNEESFIER
F RV XMt

SRR G5 28 T K A 20 R R 9 25 Tl A SRy
AR, 1T T o ZFEVEREEBONIREE M5
P Spearman 7 #H1(E 9). ELE 9 A LIE W,
WEE ¥ : BOD 5 DO 4k & 2 1F AH ¢
(P<0.01), 5 TDS Fl EC Sk i % FE A
(P<0.01), TDS 5 EC S 2 3 1IEAH(P<0.01).
o ZHEEFE %02 0] . Shannon 5 Simpson F5 £l
ACE 5 Chaol 5% 5 838 1FAH 5 (P<0.01).
WEEH T 5 o ZREMIRECZ MM : TP 5
Shannon Fl Simpson 48§82 [A] /775 {2 25 1) £ A
X:(P<0.05), EC 5 Simpson 542 [ fE7E 3%
A IE(P<0.05), HULATIASH TP 5 EC &%
M) BIE 22 W50 K AR 240 B 1) 2 B R M R B R
3 Wik
3.1 IR X KR IB{L EF

R BEAN R, BT, &R M2
2 R AR B RZ R A N AR, T DA SR T8
AR AR IR R 75 45 A AE R ) Y 22 SR A
JEE, AOKET pH (AL T X, 2 4
W ASICAR (B, BSAY pH HZEREA, M
Sl A S LI B s A K AR A AV K B 22
BS i HKMRECH TR #EI B A S A FRE
Hu DX, K H A ALY A i R S A P AR R A
) CO FHUKM pH hiflk. MIEMARE NI
S X 35 1) BOD 1 DO i 1 35 B Ak K 511
BE M, W B1S S0 FiE ML, B4 ST
XA A, o A A TR AU (BOD) & R A 1
THERKEMEES R Z —, KPR EH BOD
KOS a vl i A KB e F R A% X
VG 32 (XA) K 38R B e % F 75 /7 (DA) X e, 3238
Jir PRS2 TR 2 9] 3 22 90 Ak BT R BS 9 6 BE 3%
IR 8. W0 DX B IR T 380 1T X 3R 2h 5 °C.
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BOD | Bop 096 1.0
DO |@ 0.8
Salinity Salinity 0.86 | 0.84 L 0.6
pH pil | 0.4
Temperature Fempecaturt
TDS . ™S | 091 0.2
EC o ® . 0.0
TF m - —0.2
NH;'N . NH-N L 04
Shannon G Shannon 0,96
Simpson @ e . Simpson -0.6
Chaol Chaol | 0.99 0.8
ACE . «\ch‘l.: 10

9 BEAHIKEEE o ZHMIERSAEETFEXMY Spearman 17

Figure 9 Spearman analysis of bacterial o diversity index and environmental factors in Bangong Lake. *:

P<0.05; **: P<0.01.

XFiLBE . TDS Fl EC ixX 3 WHLE 7, PiEF
(XA) X 5 HAth 3 AXKIFHA B 2ERME, &
X2 (A AR FE I T T B 22 5%

F 4 (i FK IR AR IfE ) (GB 3838—
2002)P AR TG H bR FRAE AT AT, ASBIFSE BT I AS
PR . BB 2 TUERIE PR 7 508 35 A o A
BRAE. DL, A SCKE BRALTE bR S 5080 T T
S BB 2 W8 7K S5 Sy 39 355 o e T R A —
ESHVE
3.2 MELNVERAKIRMEEE RS

FIFH Venn 4347 PR 191 22 J2 K A 4E bR
A OTU Al %1, #ERIZ/KH) 15 AFE S, B1-BS
X5 NFE R OTU B i £, e 1 4
MRS, PILAARH B2, B3, B4 iX 3 MEEEY
DK SN RAIL Y/ RERSIE - R N ) NeS
ARSI s i R AR TR FP 2, T B
MBS PHANEE S TR AT AR, H
Bl Ff sk E FE KRR iEEM ., HAH OTU

i 22 AT BE 2 R T IA0 58 YA T8 9 AT 3 o - 52
WA R

T BRI 45 X2 [ R OTU, Xtk
WIS (HD) FLB L (HX)3X 2 AN X3, Al 1 i
(HD)X I 454 OTU # £, th FHIm & b 2
F R AR m e, HRE AR ALY
TLVE T EB0W IS (HD) X 38 IS 4 TR 38 22

BRI K AR 20 TR A L A1 28 2 R AR TR 1A
1T, FLUCH T TT . R B T TAE B T T (P
PIFEXT FBE>3%), JEBE ] (Firmicutes) g5
] (Bdellovibrionota) kA Xt i B ] (3%>F
BIAaxt = EE>1%). L3 EE A NFFEE . 3B
IRARICHE . hgel_clade FIZ AT & CE-44H
X BE>3%) 0 BE 15 H A I 7K A4 4 T 1
BN FL B R (36 6), R i 9 X IR A (1]
WEE S, Hrh3taM . RS AE R
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Table 6 Comparison of the dominant species of bacteria in Bangong Lake and other lakes

F 5T X35, T Fh AEXF - BE SCHR R IR
Study area Dominant strain Relative abundance (%) Literature
source

PEL A3 1H ] Proteobacteria 68.41 AHFFE
Bangong Lake £ T#1] Actinomycetota 12.82 This study

UFF# 1] Bacteroidota 9.09

PEE ] Verrucomicrobiota 3.47
AN XL 7] Proteobacteria 39.61 [36]
Namtso ¥ #i 1] Bacteroidota 13.41

JEEER ] Firmicutes 12.61

T TE ] Actinomycetota 7.84

PEIH T Verrucomicrobiota 7.59
HIE S ] Proteobacteria 44.80 [37]
Qinghai Lake AT Bacteroidota 15.90

Wi 414 7] Cyanobacteriota 13.60

LR H 1] Actinomycetota 7.54

ZERETH ] Tenericutes 3.32
AN TXLETE ] Actinomycetota 45.00 [38]
Daihai Lake 15JE 14 1] Proteobacteria 26.00

HIFT T ] Bacteroidota 16.00

JBOKMIAR L, SRR ZEA R, ELVEE R
TR TR R T o 78 3 DR
VAR K I A T TR 1 1 A A e X S 1], A
T P B0 4 X DL S TR T T 20 R R 1, Hak
HARTE VAT ] o MRS SCHR[38]7) 1, £S5 K 1 o
TR TRT] 7 AR e Rl RBJE: TR R BT
USRS e R B I R T AT

AR TR IR BEZS W K A 20 TR AR 7 v o 41 260
XPURF, o O I HE 2 K A A T R Y —
o ABIRT AW TOR AT, ARSI T T KA
X R, A R S B T TR A
M, I BV 22 5 - RO A i 0 7
FIA LY YR i S AL R B R . AR 75 75 S5 10
KT T A 2 B0 etk iy = 8, HOA.
OIS RE ST, AR ENIRR) Iz
i FAREBRGRM T, FFAEX LA [R5

SRS e E S P | A S N G [
Xt =F AR AR b AR Ak, AR TR B AN
BAEBIKAR A WA TR E N E =R
W ERIBIREE e AN A 22 b
1 4 o0 N [ P28 N 2 I R s S TS
ET IR BRI —E WAL, X — RN
T KR O e A T 28 EL A R R Y B 5 A
M, IR R HOG R A 35 1 e BRI
XF LG 4 AN EOK AR ETETT, R IANAREE Y
JERETR ], 5 W51 9 W 40 8 ] (Cyanobacteriota)
A7 LR, EFEFR AR RN B, X 2 A4
BT TR B PG M A A58 mT AT
JELRETR [ AT DLy A —FoRR R 0 240, A5 e ]
DATE AR it BR 5 Hh A= A7 B0V, T W A B 1) AT DA B
JCZK I35 I A8 3K Bl K K AR B T8 R AE I k4
ERMERPT, 3 2 Pl IRIEIEA B4 R
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