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Abstract: [Background] Microorganisms in reservoir sediments are an important part of the aquatic
ecosystem and play an important role in the circulation of sediment materials. [Objective] To reveal the
characteristics of bacterial community structure and the influencing factors in the surface sediments of the
reservoir under the influence of antimony-containing wastewater. [Methods] Based on the Illumina
high-throughput sequencing technology, the bacterial community structure of the surface sediments in
Lengshuigou Reservoir was studied and its correlation with the physical and chemical properties of these
sediments was analyzed too; the bacterial function was predicted and analyzed based on FAPROTAX.
[Results] The high-throughput sequencing results showed that the bacterial community in Lengshuigou
Reservoir is relatively rich, and could be divided into 81 phyla. The dominant phyla included
Proteobacteria (40.32%—20.19%), Bacteroidetes (25.89%—4.44%) and Desulfobacter (9.43%—2.02%).
Pearson correlation analysis indicated that different speciation of antimony are significantly correlated
with a number of bacterial communities under different taxonomy levels. FAPROTAX was used to predict
the function of bacteria. The results showed that aerobic heterotrophic bacteria dominated (14.59%—23.58%
of the total bacteria), including chemoheterotrophic and aerobic heterotrophic bacteria. In addition, the
relative abundance of functional microorganisms related to carbon, nitrogen and sulfur cycling and human
pathogenic microorganisms (accounting for 12.42%-32.89% of the total bacteria) were also at a high
level, which was significantly related to the geographical conditions of the reservoir and the surrounding
environment and the type of pollutants. The heavy metal pollution load index method was used to evaluate
the heavy metal pollution in the reservoir. [Conclusion] This study revealed the bacterial community
structure characteristics and influencing factors in the sediments of the reservoir (built in 2015) affected by
antimony mine wastewater, and analyzed and predicted the related functions of bacteria to study the
biogeochemistry of antimony in the reservoir.

Keywords: surficial sediments, wastewater containing antimony, bacterial community, bacterial function
prediction
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HETA 3 2244 R H 16S rRNA JER 381454
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ZIESCFR, W AS [RIAT B IO R A 4 B A 2544
FFEZ pH. C/P. TC K C/N SRR F 52 m 4
ROV, A5 R WA 2 6075 YA F A T3 DA
i ZAET]E Sb BIRRITE SFE LM LKL R
(Spearman AHSEEMN . 75 LM E 48 AR5
) L3P AT LT & LR pH S R0 A R 7S 20
PER) TR E ;. T4 R AP T R R R i 20
Bk gk EERE RN Cr. Cu, Zn EESEE
RE X £ A AR ITC AR A v 4 P ) L2 T s 49 (40 BRC
17 eI AT B 49) 77 25 B 3 S M (P<0.05) "1 Ik %R
503018 AR A A SR B G , K R DU i s
TR N FH K T 862 R i RS R RE XN T RETE
J AU BE A A pE ), BT AR PR B AR XA E o
1T G T8 X RUAE W A 7 45 1 52 e P Y A
it 3T R R O ST KR
B K A H 4 TR 52 6T Y AN R RE VA ARRAE I F 5
it WA 1H .

¥ KV 7K PEAE T b ] G g 5N 4 ikl B R
WL e, b F = # B Skl BAg Rab . KR
F 2015 AERIEEACT MK, JE—EELABEEh F
FETE WE AN ALK e 73 UK (BLC oK D18, B
FEZS 1751 J7 m’, kIR 42 m, AIVEEE R
20792 hm’. JKJE WA IR I AR IEERT  ELAESER
AR S VRS I, HETAE Rk
HRIEERT A 50 ZAEMIT 8, HAT 1B 25645,
AT R AV KB K E TR IRE i, 40 A
Sb. As, Cd. Cr. Ni, Cu. Zn, Pb &&HE4/m S
A REE R R 2R, S S B4
RS R, B RS SE SRR
AU T KRR h A0 B R I RRTE
1 ME5TTS%

1.1 EFERFIFLEE
WLk FHEM 2 LN 40 DNA $2BGRH] &

(DP712), RAREARHL L) A PR 5 Phusion®
High-Fidelity PCR Master Mix with GC Buffer, New
England Biolabs A #]; B IGAF &, QIAGEN 2
H]; TruSeq®” DNA PCR-Free Sample Preparation Kit,
Hlumina A F]; Gk, PURMAR, KEHRHEEAL
PG RRA W b SRR, HIR, B
N TA RN SRR . CWREk, bkl
LT AR R A R A R HUBHE & 55 B A5
i, P CHRBHEA R A W5 NG 2L
i, AEEDESA IR AR TR, TR
Mr&ge vl
12 HmxRE

T 2019 4F 11 ARAE 6 DMEdh, REERTRANMAL
PRILER 1o R HERCRYERS , RBUKIFEAIRTT
B, BUERRZTORPI(0-5 cm) AT B
DA I SL RV T VR R A, 38 1] 5236 28 5
A=80 °C VKATRAF, FIT /5% 16S rRNA ZERIF
O3HT s HARUURRI R A K 53 2 A TC TR A 4%
Rz [l S S O SC BRAL P S oM. B
SRR KU R )Z KA R 2 M SRR (10% A BRI 1
24 h DL B )REE, WHIMEHR AR IRIR (L , /i m]
S AT
1.3 CHRMEL RS

PSSO TURIE I T 5 000 v/min &0
10 min, FIEWEIARIBK . HRTTRYITEZE N H
SRIT, BRI AT . AWkt S, Wb
100 H br 0 o TR YR M = MR Mf ik
(HNOs-HF-HCIO,){Hf#5¢ )5 ME Sb. As. Cd.
R RESIEMLER

Table 1 Detailed coordinates of sampling points

FAE A 2353 iz
Sampling point Longitude Latitude
LSGO1 107.741 9°E 25.807 4°N
LSG02 107.741 8°E 25.812 9°N
LSGO03 107.749 5°E 25.817 7°N
LSG04 107.755 0°E 25.821 8°N
LSGO05 107.759 2°E 25.826 3°N
LSG06 107.762 8°E 25.833 2°N
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Cr.Ni,Cu.Zn,Pb SFHE 48 & . PIARY) LUk (Total
Carbon, TC). &% (Total Nitrogen, TN)KHILEK )
AL T 5341 . SRR BCR (The European
Community Bureau of Reference)!' il E42 B, )
FERf BRI TRBUSHREE
1.4 HFRIHESRAY 16S rRNA EENF

FRAEREER S - AL ] DNA $2B0GAR &
(DP712)i I AR E AL TR IR A DNA, FHHIBE
PHEEICHL VKA DNA (4B EEFIREE . ARSI 1
DNA i, 245 16S rRNA JL[H V3-V4 [X 54 341F
(5'-CCTAY GGGRBGCASCAG-3') Al 806R
(5'-GGACTACNNGGGTATCTAAT-3"), {#i/f] Phusion®
High-Fidelity PCR Master Mix with GC Buffer (New
England Biolabs). 7 Barcode M55 IV S5k e
R BT PCR §73 . PCR 2%/ {A Z : Phusion Master
Mix (2x) 15 uL, 5[4# 341F 1 806R (2 umol/L) 4%
1.5 uL, gDNA (1 ng/pL) 10 pL, ddH,O 2 pL. PCR %
N2 98 °C 1 min; 98°C 10s, 50°C30s, 72°C
30's, JEFF30¥K; 72 °C 5 min, PCR i 2%35x

FARREE EA THATAAGIN s Al PCR =PI EEEA 745

HIRFE, FEOMRAIGHE 2% MBI BHREE S F LR
PCR 7=y, { FH I G mllk H i 2 7= (8
F TruSeq™ DNA PCR-Free Sample Preparation Kit i/
FT SO, M T SO 285 Qubit F1 Q-PCRE it
EEHE, ] NovaSeq 6000 747 FAILIN (i
ZHACAC R AR BRI AT BR A F 52 %) -
1.5 16S rRNA EREKIELIES 27

8 LI XTEEAREASI 1 Reads HEfTHHE, 153
JE A K (Raw Tags)!"™; P2t I AbFRAS 31755 i it
f) Tags %4 (Clean Tags). &M QIIME (V1.9.1)!'"
(1) Tags Ut Pl FREdEA T, 3 R BR b i &
K5, 15 2] A n A 308 dE (Effective Tags). F1H
UPARSE #.3:7%} |34 Effective Tags #1752, Bk
INFE 97% A AL BE 5 5 1) 3R A5 2 A 43 2 ot
(Operational Taxonomic Units, OTUs), X OTU J¥
S THIFNTERE, F Mothur J5774U 5 SILVA 138"
() SSUIRNA $in FEHEA TR B, AR50 282

HRIFRIER. 1. W, H. FE &, M2k
PG AR BEE LA I Canoco 5.0 Fif!0)
X 240 TR A VR W Rl A 2 4T TU 4R 29 BT (Redundancy
Analysis, RDA), SHrEREE SPRE =2 A1) 0¢
%, JfizH] IBM SPSS Statistics 20 U7 RZRAHM:
(Pearson) 3 HT, HFEAREIZACE T AR S
A IREE ] A O o 32 Origin 8.5 2zl AHOCIK]
1.6 E&E 5% 55 £ (Pollution Load
Index) 7> 17

4B TG Y S HE B S Tomlinson 252 E%f
HERIGYACEEMR R, 2R E SR
I3 R 4 NEFERER 2)0 1% AT AP B R s 5
BT BRI

G

CF = C_01 (1)
K. CFNITTRMNREERAREG G iR
S Coi oM i TR PIT AR, B SefE.
Iy =4 CF, xCF, xCF;---CF, 2)
Kb Tpy AHESISROGTHEEG 1 HPENRICR
L
IPLZONE=4/1PL1X1PL2X1PL3"'[PLn (3)
:—EtEF' IpLzONE j‘?%[ziﬂiﬁ/]@%ﬁﬁfgﬁ, n A
FEL
2 GRS
2.1 INRIBLMERS R

DU BT LR 3, 6 AR U] E

G JE Tt R, T 243.93-287.95 mg/kg ZIAl;

*2 EERFHRREESSRATREMMEZAR

Table 2 The corresponding relationship between pollution
load index and pollution degree

I T YLLER YR
Pollution level ~ Pollution degree

T 0 FRET

Pollution free
1-2 [ [ C

Strong pollution
2-3 I [iRETS

Strong pollution
= I B 5 G

Stronger pollution
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HGER, S REE 53.38-102.38 mg/kg (Al T
KA Cd W5 TR AAIL, 7E 2.86-5.56 mg/kg Z[H] .
U R L SR B K 7 [ Wi AR A 3 o)
FHEE 4 8 5 Y S fr 45 BOA PR DU TR B 4 R
VSYRERE, S5 4. PEIX 3 LI 2, Ui
Brh Sb 5 E, H Bk B s K R
TS SHE 00 180213 £ 5 HIKJE Cd 1 As, #
o AR S AEM 6 £5F1 17 £, EAJE Cr.
Ni. Cu., Zn. Pb M5 RREESRE, HISYIEHUY
F 0.5-2.4 Zia], KEFKESHZET (EEK
K BA: i) (GB5749-2006) I BLE R 5 pg/L
A Hb R K IRBE B BEARIE ) (GB3838-2002) 4k
Wl AR TR R K b K I - R EBRAE 5 pg/Lo

2.2 AR RREES S

BCR ILH U4y A 4 FOE AR (1) 59

®3 BIRESHTRMELIER

LU (F1, Sbaex), BRI 224 s DA B PR ER 455 25 o
W o 28 - R B B R A 2 4y B T 4 SR AR O AT A
B SRR W AL TTRE A EE ST SRR A
FREREE A SHIRIREUS X IR R AR (b B N UK, &
FiERehdl, WA so: Rt R A S is i
. (2) AIIRJEA(F2, Sbere), Rl Fe-Mn &fb¥)
SEEAS, 189 Fe-Mn Sk a4 & b S48 A
YIVIRE M E 4 BB or, TR AR A5 1B
i, (3) AIEALAS(F3, Sbox), T8-S5 ML LA
BTEANESE, AW kamiyssass, 7
Bl B AR ST T T AR AL I, ATV R
HEWIFETE, (4) FRIEA(F4), T8 1 IEREERRENT Y15
WP MERE T, WRERE, WYL
WU PR AN RIS BOE RS | 2t ml LUK
FIERE K A b . — VR =SB4y

Table 3 Chemical and physical parameters of sediments at each sampling point

Sample Sb As Cr Ni Cu Zn Cd Pb TN TC C/N Sbaq*
(mg/kg) (mg/kg) (mgke) (mgkg) (mgke) (mgkg) (mgkg) (mgkg) (o) (%) (ng/L)

LSGO1 248.05 10238  60.36 40.13 32.10 191.15 5.56 70.44 0.39 5.55 14.15  39.15
LSG02 24393  54.13 39.64 22.96 20.10 83.60 2.86 25.69 0.10 1.77 17.75 144.44
LSGO03 262.76  53.38 51.46 30.66 26.32 139.00 3.65 40.74 0.20 3.31 16.81 66.02
LSG04 267.27 95.33 73.61 38.37 38.15 164.90 3.58 55.64 0.28 3.69 13.28  66.68
LSGO05 255.17 98.48 79.11 39.01 38.56 174.85 3.60 62.59 0.25 3.19 12.56  52.99
LSG06 287.95 61.87 62.91 35.42 29.93 155.74 3.32 42.88 0.19 2.22 11.87  61.90
Background value 1.35 14.89 79.42 32.84 29.43 89.94 0.313 29.39 - - - -
in Guizhou™”
Background value 0.7 8.5 60 25 22 68 0.09 22 = = = =
in China™"

TE: Sbag*: /KIFAEE, SAALK ng/Ls —: JCILIEE

Note: Sbaq*: Aqueous Sb (ug/L); —: No data

x4 FEXERMBVESRSEOTRETNER

Table 4 Evaluation results of heavy metal pollution load index in sediments from different sampling points
Sample Pollution load index of heavy metals (CF;) Ipp V5 UL TR IpLzONE

Sb As Cr Ni Cu Zn Cd Pb Pollution degree

LSGO1 183.74 688 076 122  1.09 213 1776 240 429  Stronger pollution 3.52
LSG02 180.69 3.64 0.50 0.70 0.68 0.93 9.14 0.87 2.42 Strong pollution
LSGO03 194.64 3.58 0.65 0.93 0.89 1.55 11.66 1.39 3.14 Stronger pollution
LSG04 197.98 6.40 0.93 1.17 1.30 1.83 11.44 1.89 4.04 Stronger pollution
LSGO05 189.01 6.61 1.00 1.19 1.31 1.94 11.50 2.13 4.17 Stronger pollution
LSG06 213.30 4.16 0.79 1.08 1.02 1.73 10.61 1.46 3.46 Stronger pollution
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AR, I HAEYIEMERT N FISF2>F3, &S
MELLBEMAI, A HA LA A 3R,
ANFRFE S B A TEA R 5L 1, 1 7]
TR 85 FRIEHGEAN T 5.39%-10.99%, 7KJE
AIK TR SR PR OGS & e fe s TR A& s e
3.20%—6.81%2 [A], /K HK T UG ) & s ; 7]
FALE SRR T 0.84%1.66%, JLT-BAH W)
T AR A 7 25 53(83.71%-88.90%) o
23 HEFFREMFES R

Fr A DURYIFE A p R B 80 AT TR TE (5
SIP 97.71%) VA KSR BT 1 (Crenarchaeota) 55 1l
PN (5 AP 2.29%). B RAE S A x =R
B B R A B R AR TR TR ] (Proteobacteria), TE1717K
b B 33.07%, 45 RFE S AR E AT
20.19%40.32%2 (7], HAE LSGO2 s (AR F B i
15 PR T (Bacteroidetes) JAEXT B 55 — (1 DA
(5 BTFA 1022%), 25 RAE SUM X F B AE
4.44%-25.89% 2 ] 5 At 3= 22 4 7 Ay WG i AT

(Desulfobacter , 2.02%-9.43%) . J& & ]
(Firmicutes , 3.43%—6.68%) . W & ]
(Acidobacteria , 3.12%—6.24%) . it 2% & I
(Actinobacteria , 0.84%—3.57%) . Actinobacteriota

(0.96%—4.00%) LK Z5 1 1(Chloroflexi, 0.80%2.33%);

S 100 - o R Al
g % R N F3
£ oo | R BI] R B S B
g 80r NFI
3 BRI R &}‘5‘:‘:‘ X

*é 60 | B RS RIS I B

2 L QK %5‘:‘;‘ o

2 B B B B B

g 40+

o RS S

<

o 20 rE

8

3

3 0

A LSGO1 LSG02 LSG03 LSG04 LSG05 LSG06

Sampling point

B1 FEXERFHEOIESRENE
Figure 1 Different Sb extraction fractions in six sampling
sites

TE T A R A 55 H AR U 4 18 (Unidentified Bacteria)
b E) TR EL B 14%-25%, FARILE 2A.

HR A8 i FEASTE S8 7K B P R e 8 S AR
B, BICGEEHEZET 35 e, MRis AR AR
RS R, DYIRPFIREA 2 AN 2w T R 20
Br, ezl IngEl, BRI B B4 TR R =
JE PR ISR RN R Z A8, FEr Z (a8
ITE Y HTRE b oz AT DO 2 B A S iy,
Z U IR AN T R HARA i . (i1 2B 7]
W, 5B MUTE B (Pseudomonas) . Smithella (J& H. &
WEHFE LSGO1 AHX s LSG02 H KA
W4y G & - 5 R # & (Escherichia-Shigella) ) #H
xtF B A W s LSGO3 b K R
(Geothermobacter) . T 1% J&(Thiobacillus) . i 25 #
J& (Sulfuricurvum) . B i B2 £ B J&
(Desulfatiglans) . st &)@ (Sulfuritalea) . H LGSR
i & (Methylotenera) %5 & 482 ; LSG04 HiZER
& J& (Enterococcus) . Ahniella (J&ZZTEHET]) . ARIEAT
P J& (Phenylobacterium) W AHNT B4 5 LSGOS K
FEEAL Lachnospiraceae NK4A136_Group (J& EI2
TEERR I & A A 5 5 s LSGO6  H 2 L 1R &
(Gemmatimonas) . W H. T J& (Arenimonas) . k52
E W& (Methanosaeta), pLW-20 (JEZEEHI]). B
FFRE & (Flavobacterium)SE WIABNT F B4R o DAEAS
KIEBWARITIRE , JBKF EA X B i
10 179 J& 43 91 4 Bt S8 5 Bl 78 & (Dechloromonas
3.60%, JeHL R R A AL R WE T ) . W0 FHL T R
(Arenimonas, 1.24%, JEMLTYIGSFFEAEALANTR) |
HHAFT 1 JE (Geothermobacter, 0.92%, REFZINZFH
JCREIN) . HE & (Syntrophus, 0.83%, J&—Fl
WHPAT) . Ellin6067 (0.83%, Ja& VAt 1k B o
B . AT HE (Flavobacterium, 0.75%, &% WY
AL . BSVI3 (0.74%, JEFFEITT). Mk
# J& (Enterococcus, 0.63%, H.2& & #RET]). OM60
(NORS)_Clade (0.61%, JRASTEWRIT). H2ATEE
(Steroidobacter, 0.60%, HA [ iEibAER &2 Bk
fEAVERD)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2962 TEY I8

Microbiol. China

TENKFEEMYFEREGNNNE T
Proteobacteria ] "SI (Gammaproteobacteria,
13.17%-2825%) , o W N o & B W W
(Alphaproteobacteria, 4.87%—10.10%), TEUTFY)H
it i HAt 20 LS AR B 2M (Bacteroidia) 5 # 49
(Clostrida) . Wi #i ¥ 5 “W (Desulfobacteria) .
Vicinamibacteria (JEFRFFEE]) . ZFHFF B 2N (Bacilli)
&, ANRRFE S ANACEART B LR 5
2.4 MEREZ NS

X} Tllumina NovaSeq Il 745 2] (1) LA 55 E 7
PHE . B S AR i, 2RI TR
M AT 38 H (Effective Tags) 308 639 45, o ZAEME
JWE T BAFE A INER IR AR, ARFE TR
1) o ZAEEFEEE WL 6. Goods Coverage M Ik
TEATI P IREE . tH3R 6 TIAIL, £ RAE A5 2 F
F8 B B2 18] 22 5N I, 1a B K AN [R) 47 5 10 200
BEIE A B ARL . 45 RAF S Goods Coverage
BEH R E, X 5T R R & (K 3)Fr

I —20, ARy, 3t W
Dy Bl w it 5 20, B 2 09 8diE s a4 b
FHPIFN(OTU), 2RI R I 3 R BE A A5 B,
AT DL S S Bl T AR ) A0 T P T 445 A D 2 R
TH L
25 WEEHESIMNEETFHIERSH

1 5EHH Canoco 5.0 FAXHTTARYI A 1K
BEVE FE AT R B HE X N 2 Hr(Detrended
Correspondence Analysis, DCA), %5478 Lengths
of Gradient 55 —HH/NT 3, JLIF AR AL H RDA
REBUS AF RO, IR 220 Hr i #: RDA #5
RGP IKOF AR REYS S BT RDA
AHTEE RN 4 iR . RDA HEF K W ER8E 1) i 1Y
B2 SRR FE DT Wy 8 3 A1 5 1% 85 R AR DG Y
Koo PREEAR & 55 W AR it i Sk =2 (8] A9 2 £ s e
ENTZ AR ASCE, Bl EARDG, Jeff i)
TEASCPE M Bl R AAAEDC, BliAE R f A
KRR, A R A B AR e AR 2 Al

%5 TFERALANA AR T
Table 5 Characteristics of bacterial communities at class level in different sampling sites

Taxonomy LSGO1 LSG02 LSGO03 LSG04 LSGO5 LSGO06
Gammaproteobacteria 28.07 28.25 19.07 28.09 27.00 13.17
Bacteroidia 6.83 4.11 16.36 4.17 4.69 25.72
Alphaproteobacteria 10.10 12.06 4.87 7.93 9.81 7.02
Unidentified Actinobacteria 3.57 4.15 0.84 2.11 1.28 1.08
Clostrida 2.30 2.99 1.50 2.50 3.63 1.49
Desulfobacteria 1.05 0.72 3.42 0.89 1.58 2.13
Bacilli 0.93 2.66 0.33 3.10 0.78 0.92
Campylobacteria 0.39 0.13 3.05 0.16 0.44 0.07
Vicinamibacteria 1.32 2.75 0.39 1.88 1.54 0.45
Syntrophia 1.73 0.22 1.78 0.31 0.71 2.74
Thermodesulfovibrionia 0.22 0.18 2.48 0.22 0.77 0.18
Verrucomicrobiae 2.07 0.78 2.23 0.52 0.94 2.00
Cyanobacteriia 0.39 0.40 0.84 0.19 0.10 1.86
Desulfobulbia 0.41 0.31 1.84 0.16 0.18 1.04
Acidobacteria 0.76 0.99 1.68 1.15 1.21 1.20
Unidentified Firmicutes 0.94 0.34 1.49 0.87 0.87 1.51
Desulfobacteria 0.48 0.33 1.45 0.42 0.72 0.33
Unidentified Kryptonia 0.35 0.17 1.39 0.41 0.55 0.76
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Figure 2 The relative abundance of microbial community at phylum level (A) and the abundance cluster analysis of bacteria
at genus level (B)

T AIREAE R, B IR TEREE S, B ZE SRS S RIS 5 BRI A (B B — A T RIOARON 2 BE es b oAl b
BUSHHEIN Z (0, BI—MREALERA M B Z (0 REALEIZ 028 L WA S B RT A FEARTE 20 S8 0 S A R BE I 22 R L
AREARALEZ SIS FIOFRHEZE TR 2 ME, Z (2R S an B AN S (2 (8] (¥ B

Note: The vertical is sample information, the horizontal is species annotation information, and the clustering tree on the left is species
clustering tree. Heat maps corresponding value for each row of the relative abundance of species after dealing with the standardization of the
Z value, that is, a sample in a classification on the Z value of sample on the classification of relative abundance and all samples in the
classification of average relative abundance of difference divided by the number of all the samples on the classification of the standard
deviation of the resulting value, Z value indicates that the original value and the distance between the population mean
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Table 6 Abundance and diversity index of bacterial community in sediments in different sampling sites

Sample OTUs Shannon index Simpson index Chaol index ACE index Goods coverage
LSGO1 2428 9.224 0.993 2 672.642 2 741.962 0.983
LSGO02 2 440 9.550 0.995 2 622.099 2 655.060 0.986
LSGO03 1 836 9.190 0.996 2 003.133 2013.651 0.990
LSG04 2454 9.141 0.990 2675.078 2729.200 0.984
LSGO05 2637 9.597 0.995 2 847.786 2 908.639 0.984
LSGO06 1970 9.325 0.996 2 015.661 2 060.262 0.993
2 sool MR KCHE, SPIUSTERBEIE R RE R 0 FERIE
-/élS N VA e
/./ RDA /3 r4s BB TSb X HEVEARE A4 STk
2000} : //// 1 #5(63.7%), HKh Sbaq (15.4%), Cu 1 As XF#
2 oo // VEARAE R TEIREE 2350 13.5%F0 6.1%. 11 €] 4 FT 1,
3 s LSGOl IR i W AN BT
5 /v/ - 1360 TSb 5 L #F I '] (Bacteroidetes) . s ¥ 2l 4 ']
S1000¢ - 18G04 (Cyanobacteria) . Yt 1 (Verrucomicrobia)53 5
LSGO05
<0 ~ LSG06 IEMXKR, SIEEHT(Proteobacteria) . T F
I I(Actinobacteria)F 2 MAHK KR . Hit—4 T
0 HERTHEVR 5 B4 i A IR R - A A DG, AN

0 5000 10000 1500020000 25 00030 000 35 000
Sequences number

3 AR mAETRH Lk

Figure 3 Rarefaction curve in sediment samples
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Figure 4 RDA analysis of bacterial community species at
phylum level and main environmental factors

[ERE T A0 B 5 5 R F- 64T Pearson AH
Ko, GERINEK TR, GG 4 XK T 45
TSb S5 1# ] (Bacteroidetes) & o 35 \FAH &K &
(r=0.81, P<0.05), 575 1(Proteobacteria)s: .
FAK I FR (r=—0.84, P<0.05); Sbere 5 1 B 40 H
I'] (Cyanobacteria) & . 3% 1F 1 & & & (=0.85 ,
P<0.05); Myxococcota SR (C/N)E i & 1FAHK
KE (=091, P<0.05).

AT X T A A A At 232K (4
H . Bh B AR RER 385 EJE KB A ] 4
BOEASHAT T Pearson AHCHESMT, KA EEES
UURRYIAE S RGN VR A BASESC R . R 8 51
28 T AN[R 3 2K b 5 4 R A G 1) A T
%, SERER, ETRKEL, v-BIRHEHN
(Gammaproteobacteria)5 TSb 5 g 2 W) FFH &
Z, T 2N (Bacteroidia)V) 5 TSb & i E ) 1E
HRKFR, FAFF RN (Bacilli) 5 Sbox 5 .3 HI1E
MHEXKFR, T HAKFYL, Sbere SHEATHH
(Flavobacteriales). Chitinophagales (JETIFFEI]).
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z7 MBETVKEETEMES ETEINERF TR Pearson xR E

Table 7 Pearson correlations between main bacterial community at phylum level and main environmental factors

Taxonomy TSb Sbaq Sbaex  Sbere  Sbox As Cu Zn Cd TN TC C/N
Proteobacteria —0.84*  0.29 -0.13 —0.65 0.13 0.52 0.11 —0.07 0.21 0.24 0.27 0.24
Bacteroidetes 0.81* -0.25 0.26 0.74 -021 -0.53 -0.21 0.05 -0.14 -023 -0.28 —0.26
Desulfobacter 0.47 -0.38  0.19 0.20 -045 -047 -0.20 0.12 0.07 -0.07  0.01 0.04
Firmicutes —0.34 0.40 -0.38 —0.14 0.63 0.39 0.27 -0.17 -027 -0.05 -0.14 —0.05
Acidobacteria —0.44 0.27 -0.49 046 048 0.35 0.36 -0.13 -032 -0.07 -0.09 0.11
Actinobacteria —0.72 0.52 -0.16 —0.33 0.14 0.11 -0.40 -034 0.24 0.05 0.15 0.46
Actinobacteriota —0.69 0.72 -030 021 0.27 -0.04 -048 -0.54 -0.06 -022 -0.14 0.50
Campilobacterota —0.01 -0.14 -025 -032 -022 -042 -025 -0.09 0.02 -0.10  0.09 0.48
Chloroflexi —0.73 0.78 -0.55 —-0.32 046 -0.08 -046 -0.62 -0.16 -028 -0.16 0.63
Verrucomicrobia 0.28 —0.48 0.51 0.10 -0.69 -024 -024 029 0.48 0.24 0.32 —0.01
Cyanobacteria 0.79 -0.10 0.24 0.85* -0.13 -0.55 -030 -0.06 -0.19 -0.30 —0.37 -0.26
Myxococcota —0.72 0.38 -034 062 -0.19 -036 —0.67 -045 0.17 -0.15 0.13 0.91*

. Sbaq: /KIEAHH; Sbaex: FFERIRINA; Sbere: WiAJRAS; Sbox: HJ4EALZA; TSb: M4, *. P<0.05; **. P<0.01

Note: Sbaq: Aqueous Sb; Sbaex: Acid extractable; Sbere: Easily reducible fraction; Sbox: Oxidizable fraction; TSb: Total Sb in sediment. *:
P<0.05; **: P<0.01

#z8 ARHP/LKFELMHAREEEEESESEN Pearson XML

Table 8 Pearson correlations between different taxonomic levels of bacterial community and heavy metal contents

Taxonomy Sbere Sbox Sbaq TSb As Cr Ni Cu Zn
Class Gammaproteobacteria — = - —0.83% - — — — —
Bacteroidia - - - 0.82* = - = = -
Bacilli = 0.87* = — - — = _ _
Order Flavobacteriales 0.89* - = 0.87* - — = — _
Enterobacterales - - 0.95%* - - - —0.84%* - —0.87*
Chitinophagales 0.92%* - - 0.88* = - - — _
Lactobacillales - 0.93%* = - - - = - _
Bacteroidales 0.85* = - 0.85% _ _ _ _ _
Cytophagales - - 0.84* = = - - -
Caulobacterales 0.84* - — = = — — _ _
Chloroplast 0.82* — — = = — — _ _
Gemmatimonadales 0.84* = — — = = — _ _
Rhodobacterales - — = — — —0.82% _ ~0.85% _
Family Rhodocyclaceae —0.82* = = - - = = - _
Flavobacteriaceae 0.92%* - = - = = - — _
Enterobacteriaceae = = 0.95%* = - — —0.85% _ —0.88*
Enterococcaceae = 0.92%* = — = = = — _
Chitinophagaceae 0.97%* - = 0.88* - — - — _
Genus Flavobacterium 0.93%** = = 0.86* - = = — _
Escherichia-Shigella = = 0.96** - = —0.87* _ —0.89%
Arenimonas 0.84* - - 0.91* = = - - -
Enterococcus = 0.92%* = — — = = — _
Gemmatimonas 0.85* = = - - = - — _

7:: Sbaq: /KVAZAEH; Sbaex: HIFRIEHUE; Sbere: RIIAJHAS; Sbox: AJ4ALAS; TSb: A4, *: P<0.05; **. P<0.01; —: Jolids
Note: Sbaq: Aqueous Sb; Sbaex: Acid extractable; Sbere: Easily reducible fraction; Sbox: Oxidizable fraction; TSb: Total Sb in sediment.
*: P<0.05; **: P<0.01; —: No data
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Figure 5 FAPROTAX functional annotation of the bacterial communities in sediments
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X 5 7K 2 g e 45 K K PR K R AR T 't BEAS
A K 5 EE PR OC 1Y B BB G A 1 (Nitrate
Respiration , Nitrate Reduction , Nitrogen Respiration .
Nitrite Respiration , Nitrogen Fixation %) 50X =F B
B R(2.84%—15.17%), FFHT /K o] S B ET AR AY
e, X SRR T A B2 e RO HAFAETS K
HAFM AR KR . BHA KB AL
(Fermentation) I BE 75 AH X AT 1.8%3.6%Z
], BRAEFHIOC R RER A0 (Methanotrophy |
Methanol Oxidation . Methylotrophy . Methanogenesis
)R X F AR AR, AT
0.47%—7.95%Z 18] . 5 BLAG I AH S S RE LA B
(Dark Oxidation of Sulfur Compounds . Sulfate
Respiration, Sulfite Respiration %) AHX) 3 AT
0.74%—4.05%2 ] . TEAFAE s BRI T AN
T A B R AHDC T RERAE ), 78 LSGO2 it mik®] 1
14.24%, HUCE LSGO4 i5%) 8.46%, HAx4 SI7E
1%2%Z (0] o WD, TEARAE R B AR 2E
BARP R AA M A T RETAE W)
3 e
3.1 RIKIHIKEELR B R H BUHE

HBTA A D2 B0 T ENR S B (R T
1 000 mg/kg)¥i T 358 Kl AR vh s A i
FEE LSRR 520 A6 SR A2 4
TR RE 7 465 A0 R AIE A0 01 58 B DL 41T o AR T 5 0 B
2015 AEHIE & K BV AR AR A FTE RS 42, 7K
PEGURRY) v 15 31 243.93-287.95 mg/kg, iLiE
FRNE KRV 5 H(1.35 mg/ke)™, it
A 4B 15 5LE(0.8-3.0 mg/ke)™, BRZHH
TS YA, KRR A AR TS Al ™
B, ARSLEHEET Ilumina NovaSeq Il 57 & X2 7K
WK PERIZTIR AN B RS AT OEE . R RTTAR
M F A2 W 1] (Proteobacteria) . AR T[]
(Bacteroidetes) . BB AT I# (Desulfobacter) . JERETR
I"J(Firmicutes) . FRFF [ 1 (Acidobacteria) . LT ]
e T T
(Verrucomicrobia) . 211 1(Chloroflexi)% 81 4]

(Actinobacteria) . Actinobacteriota .

5 PR i B JE (Dechloromonas) . #5 FF 1 &
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(Proteobacteria)FHXt 3= B BH (i AIG T[] b X 26 5 Gy ™
T ) - 39(40%80%) TR E ML 3 4% 1 T 9 111 R
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(Proteobacteria) HF , ¥ 7K 6 /K g v L AF B 1)
(Bacteroidetes) . WAt & (Desulfobacter) 2 BUE 7 F
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BB R BYINEDY, BT 3 (Desulfobacter)N]
KR TARR B TIARCS ) 5 2 ANTTARR B
AEXTAE R, X KR RG K B HELL SR SR
s TR IR KOG R o RIH™ XI5 4 ) Ja R AR T
1K FIETE KK PR AR IS FRAE , 40 DE
TIRETHT 53 B 45 SR, e AU T S B3k — a5
32 LSBT ERIZAITAMKEMEFEZH
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VeIKIRKE A 4 01X, H Al A AR
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