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Spatial and temporal changes of microbial community
structure and antibiotic resistance genes in the coastal
waters of Haizhou Bay

FAN Chenrong', CHEN Likun', ZHONG Yi', JIN Xingpeng', ZHAN Weijun', CHEN Li ?,
CHEN Haihong"

1 School of Marine Science and Fisheries, Jiangsu Ocean University, Lianyungang 222005, Jiangsu, China
2 Jiangsu Institute of Marine Resources Development, Lianyungang 222005, Jiangsu, China

Abstract: [Background] The pollution and accumulation of antibiotic resistance genes (ARGs)
in coastal waters directly affect the quality and safety of seafood. As one of the four major
fishing grounds, Haizhou Bay is the main carrier of fishery development in Jiangsu province,
with multiple rivers injected. The coast is an important agricultural area with a significant
impact on public health. [Objective] To study the microorganisms and ARGs in the water and
sediment samples collected from six points of Haizhou Bay in summer and autumn. [Methods]
Metagenomic sequencing was employed to determine the composition and relative abundance of
microorganisms and ARGs. [Results] Proteobacteria and Actinobacteria were the most
dominant phyla in the two media in summer and autumn. The dominant families in water and
sediment samples were Rhodobacteraceae and Desulfobacteraceae, respectively. The relative
abundance of ARGs in water samples in summer was significantly higher than that in autumn,
while the relative abundance of ARGs in sediments did not show a significant trend in different
seasons. The resistance mechanisms of the main phyla in water samples were mainly antibiotic
target replacement and antibiotic target protection, while that in the sediment samples was
mainly antibiotic inactivation. The main families had more diverse resistance mechanisms.
Redundancy analysis (RDA) and canonical correspondence analysis (CCA) showed that
environmental factors such as nitrate and salinity were significantly correlated with the changes
of ARGs. [Conclusion] The microbial community and ARGs in the coastal area of Haizhou Bay
varied in different media in summer and autumn, and the main microbial communities in
different media adopt different resistance mechanisms. The relative abundance and distribution
of ARGs were regulated by environmental factors such as salinity and nitrate. The findings
provide a theoretical basis for public safety monitoring and environment protection in Haizhou
Bay.

Keywords: antibiotic resistance gene; microbial community; Haizhou Bay; water sample; sediment
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PUAERPUATEIEAE RO 21 4R 2R
B FEATE, WRARREE R, #2050 47,
S ERIETP0AE 2R 24578 240 B U g i BT fig ik
#1000 7P, A 2006 4 LK, Pk Ebitk
FE[H (antibiotic resistance gene, ARG)E #%) 1ZIA
H iR s, BRET, ARG R FAE
FIREd, A3 AKRE S, NS
WATE T RN R B ERE . FRFE 5K
W EEAPUER . ARG FIFTAERPIMERE T
LRI K e A HEA A SR KRS B oK
W& ARG B E A

ARG TEMSE P8I 5 A6 sh B bR,
BEAE ST AL RE RO HEERE , AT BRI K FIAR T
5 /KB SRR it RN T hid: R
FHAB A5 P (ANAESTAE R 259 . B4R ANH
BRI ) ) R ORI, 1R — DA AN R i
A2 1] ARGs 92828 AL R K FE AL 1,

Wi 2 % NG ShBs2m, ARG TR
FIAEREAR AL T BUAR A A DY K AR 22 [8]
A AT BB — P A S RGN A R
B, KZEOM ARGs BIBFFR A AT
YL 7K FREE (A5 K A 8 K ) B — Y TR
A RPN, SRR, v
X2 & e\, R B E A AT
Mo, FHOL WK ARG 15 YW B A5 2 . i,
FEERYTI K 2R ARG (sulD)!")s ZE 2 [H
2 DRAIRINEERER 6 Fl' ARG (blawpu
blargy. blayy. mer-1. sull F tetQ)Z! 7, M
TR Z 25, PR B, A2 3
RARTHEW, GEEAAZH, HI M
ARG 23 73 A1 AT B W BFSE AN

AWEFE T AL i M Ak = KA TR
PIRE S BT WU R T8 2 BUFD ARG B2 M F
JEHEAT 3BT, FER VAR ) 2 3k TOAR JRURS: 904 73
i, RIS T BREE R 7 X A Wi v . ARG
B , LAS A v b, DX RRT Y AT 1T ER AR A 40

T S ARG BTSSRI RS AR 2 AR e

P

1.1 EERFIFANES

417§ DNA $2HUi #| & HiPure Bacterial
DNAKit, FHEHIRAYRHARA A SCES
#4871 £ NEBNext® ULtra™ DNA, Fg 5 2705
A B A R A F . Qubit 2¢Ok X .
NanoDrop3300 265 GG, FREHHRF}
F (P ENABRAR; UK BT, T 1
ZEFHCA PR A 5 multi N/C 3100 43448, HE
EOMHESA R A] ;. QuAAtro 39 7HT{Y, /KR
SIHTAER (A BRA E 5 2100 AW 43 HTAY, &
FEE R AT FRZA ] 5 Tllumina NovaSeq 6000 il 5
1, bR RHE A A,
1.2 #H#mRE

B RAE B P N TS T R, S
43542 34.66-35.04°N F1 119.18-119.76°E, 1E
2022 427 J1 B 9 HbAT TRAE, HMITERY 6 1R
FE AT BT A S B A SR AT L I
JeE L O MR A OB, X6 Nl
DX 1, 2, 3, 4, SH16, KFELAW £
N, VBRI UL S TR, HZED-1 F0R, BE
PI=2 FR. siMSGEEFE R IR 1. fEEIR
FES DA TARFE XU B RAE, IExt— 2B IA
F AT IR o RNV T R I SR R A T
24 RS, IKEERITTRRIRE A 12 1y BEoKAE
DURUIRE L B oK s PIsEss s, AR AF
fiti77—80 °C, FT#H2HU DNA,
Fz1 WHHIERE

Table 1 Station information table

Y7 Station ZJ¥ Longitude (°E) #ifE Latitude (°N)
W1/S1 119.484 0 34.699 1

W2/S2 119.459 5 34.667 7

W3/S3 119.222 6 34.786 0

W4/S4 119.194 4 34.923 8

W5/S5 119.199 7 34.8317

W6/S6 119.225 8 35.048 3
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JKFEH I Schindler SR /K #$7ERAE 5 B HL
HORE 3 9, ¥ 3 YOKMETER T AT 7R G
IRG/KE 2-3 L, IR 2 Rl IR i1 T
V& BEKAESER S pm IR E T8, RJE R
185 K REFE A 0.45 um BRI TS 0E . Bk
FEETAC B T AR A T A 0 A8 T R VR A
TIRAE, BAS R EESEE 6 Uk, PRI uE ML
FE T URAF BT UKAEI, JF S BRRE AR N i 4T
WF o Fi8h, FEBASBURGIKAE 4 LA TH
o S ) W e e R v S N e s R e v
PRI o SR AR 3l A P A T SRR S AR (BT ]
Hh s, FEAEIR T A4S XK BT A G 2 7K A Y
pH. Wff% . EhEE . M3 . DU
TEEEA KA 5 ] Petersen 10 F 2R IB 2 FERTL 3 K
IUBERZUTRRYI(0-10 cm), # 3 RUTEMIEES
AT FAMIRAG, UL ER T (22 ) A LE T,
Pl A0 G RIS O B 348, A K Hiz
WIS %, B0 A DTR A St R KA — e T
UKIZEFINY, A B R TTR I RE e R IR
f7, Fi T —2P40 B, BASRAEA RN T&, ikt
GakE TG g

S MU ZUR A multi N/C 3100 2312
P A, fSERER . WANEREL . BB E A
Fl QuAAtro 39 43T {SGHEA T E -

1.3 DNA 2EUF Hlumina | F

MRS R R A9 EH , ffH HiPure Bacterial
DNA Kit #2HCEE4H DNA. fii [l Qubit 22 A%
F1 NanoDrop3300 %¢ 43 WG T X DNA i &5
PEATAR R ARSI . A 4% 2L R 2 DNA 1 i
FEALFRY 350 bp K/ R B, RIS AR &5
238 H] NEBNext® MLtra™ DNA S 451457
BT RIS | A-tailed FIIE FCRERE . @it
PCR &4 K J¥ 4 300-400 bp ) DNA H B¢, PCR
AR ZR . adaptor ligated DNA fragments 23 pL,

NEBNext High Fidelity 2x PCR Master Mix
25 pL, index primer 1 pL, universal PCR primer

1 puL. PCR JZ Wi &&1F: 98°C 30s; 98°C 10 s,
65°C75s, 72°C30s, 12 ME¥H; 72 °C 5 min,
PCR 7=#ffi i AMPure XP Z4t4lifk, Fi 2100
A=W 53 AN i SCE B RN AT, I Al T S
PCR 47 i . FEKIZH P Nllumina NovaSeq
6000 A _E{f F X35 AR (PE 150)iE47
1.4 FREEHIFER

kA Illumina V& 19 5 1G d 8 FASTP
(vO.18.0)F & IR L R ARHEREATId 98 . (1) KBR N
HLA R T 10%09 reads; (2) RBRAKGT AL reads (5T
HAH Q<20 ML A B> read 1 50%LA );
(3) &+ adapter Y reads. 1€ /5 ) clean reads
YT RE A 4%, ] MEGAHIT (v1.1.2)!""
YR NFEA ) clean reads #FfTEAMIZH AL | 7F
21-99 1 k-mer i3 B NP LEREARTAE AL . (i
Fil MetaGeneMark (v3.38)!" 4 4f5 fi ¢ 41 25 () &
(R HEH (>500 bp) S - ] CD-HIT (v4.6)™"
Fe T BEAS A BE>300 bp % T R DR 4R Hh
K, FHMIE=95%M—FMEF 90%1 reads B
RFATE I, LA NI D B i TU R ik
%R 8 ] Bowtie (v2.2.5)2' 2 reads 5 il
A A BT O X, DATHEE reads $. S Ay Ak
H s i HOA 3 reads ZOK T 2 B9AETUAR LA
H
1.5 HiESAE

Comprehensive antibiotic resistance database
(CARD)L) antibiotic resistance ontology (ARO)N

Gy (term) P, T RICHT AR R L H
Hn rdEpLE AR 54645 B . ffi ] Diamond
4 T ) 2 DR 4 B X 22 5B e R A e A, A
TR PR ) T R AT LR B Tt 24 41 A 5 35 PR Y 44
FR . BTt 32 e R AN S FNBT L S35 B B
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FTHMREEER Bray-curtis HEEMEMFH R
Vegan AP 4 5, fdi R vegan B4 P
58 bray-curtis f g ) 28 G HHOR  A4E FE R
/1M (principal component analysis, PCA) , 3= AR5
Mr(principal co-ordinates analysis, PCoA)FIdET T
% Yk 48 Ji{ (nonmetric multidimensional scaling,
NMDS), F-fdi ] R ggplot2 #A/FA P28 i ]
R Vegan A E4T Welch’s -5 . 5 208
(analysis of variance, ANOVA). Adonis (HLFR
Permanova) fll Anosim £ 30 %48 1140 4. 1
R Pheatmap #{HPI2HIIE . kY S5Hitk
B & R A circos (v0.69-3) k174
il o R A AR W) AR A W) KR AE B Metastats
(v20090414)2FH1 LEfSe #f4:(v1.0) 2347 ik
I Fe i 43 I 06 % dls £ 52 2 #) NCBI 9 SRA
(sequence read archive) { #& £, & {5 N
PRINA949388,

2 BRS04

2.1 EMRAEARENTRPHEREZAIEM

TEXIgEH, B2 SE N 171 1]
MR, TERKRRRFE TP S E ) 169 1], St
176 '] BZEMTURPIAE G H ESE T 168 TR
AW, BT TR SE L 173 1], Sdt
175171,

TR, AR FEEHEAA 1 10 A 4HTR ]
K, AHXT I B B o A A AR R T
(Proteobacteria) . Jit & % '] (Actinobacteria) . U
1] (Bacteroidetes) . %25 1 | ](Chloroflexi) .
P& B 1] (Verrucomicrobia) . 7 i B I
(Euryarchaeota) . #i#[](Cyanobacteria). ZfH.
i & ] (Gemmatimonadetes) 1 2 #F B [
(Acidobacteria), SR [ 1 FIZ AT e B Rk
IKFE BRI, DB R L KA R

AR RS R, I R AR, 7E45
s R 28.78%-64.58%, XN R
46.48%, HE AL R34 T 205 TRk
7, TR T TNAE W3-1, W4-1 Fll W5-2 33
b AR, 0 19.14% . 19.22%F1 16.93%;
FUFFEA 11 2Rl v W2-2 3R B0 H 48w K
di el 13.38% (& 1A).

AR BEHEAA T 10 B9RF K- A0 2140
#} (Rhodobacteraceae) . it ¥ #F s
(Pelagibacteraceae) . JJL 2 1 i /A (Myoviridae) .
A1 5 X i #F (Burkholderiaceae) . %< Hii i F}
(Moraxellaceae). #i#T £+ (Flavobacteriaceae)
41 12 B #} (Rhodospirillaceae) . i i #T B B
(Desulfobacteraceae) w =B B
(Microbacteriaceae) 1 A £ . i B F
(Comamonadaceae) . 7k uli v HP I 2 T T T HY 21
YA AR AT R R KB B s T R R, 20
HBHERKZE 6 Dbt 5 ol 8.29%-25.02%,
VO 12.40%, 3 VAT TR RK 2R AL
WI1-1, WI1-2, W5-2 il W6-2 HK- P-4, FEul
LR HE 4 B 6.08% . 4.00% . 5.36% Al
4.23%%; ZSIE TR T THAA ve PRI SR R ]
TEE A A rh R I B F A s IR R
TEH 22 Wa-1 F1 We6-1 slifi h FRER s, i gy
B 5.26%F 5.37%, HEHIRFHER ZE W6-1 i)
P E R, EC 10.43% (B 1B),

TEARREH, R ZR AL S A IR T 8 T A8
w1 2 B B0 A, a0 xR A N s
(Pseudomonas  aeruginosa) . K W K
(Escherichia coli) . &l % I 5K & (Mbrio
parahaemolyticus) . fili % % & A i (klebsiella
pneumoniae) . 7 1175 i 74 (Campyl obacter jejuni)
A7 55 B P 3 B (Francisella tularensis)®y:, H:
T R 2 S P ) R R R
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Others
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Rhodospirillaceae
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Moraxellaceae
Burkholderiaceae
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A
1.0 - oy . — e =
0.8+
Others
8 Acidobacteria
= Gemmatimonadetes
= 0.6F Cyanobacteria
2 - Euryarchaeota
g Verrucomicrobia
A= 0.4 Chioroflexi
& Uer Viruses_noname
° Bacteroidetes
Actinobacteria
i Proteobacteria
0.2
0.0 i i 1 1 1 1 1 1 1 1 1 1 1
Wi1-1 W2-1 W3-1 W4-1 W5-1 W6-1 Wi1-2 W22 W3-2 W4-2 W52 We6-2
B
1.0 +
0.8 |
:
= 0.6 +
3
Kl
4
E 04}
&
0.2}
—
0.0} — — —

WI1-1 W2-1 W3-1 W4-1 W5-1 We6-1 WI-2 W2-2 W3-2 W4-2 W5-2 W6-2

El1 ERSKEDHEVREAEAR A [DKF B: FUKFE

Figure 1
Family level.

TEDURUIRE S, B EEEHEA AT 10 1Y
HEA 1 EH, FLARXT = 2 DA B A3 A AR TR T
T RCERTAT] L BT IRT) . ZRETET . MRFF AT
77 %5 1 11 (Planctomycetes) . %F 8 14 ] R0 i
1o AR TR T T2 AR DU IAE St h e AR 1)
X, HRKEEMARX TATE R T RN, 42
TR T T WA 1Y 7 H oA 24.12%-62.32%, T3

Microbial community composition in water samples in summer and autumn. A: Phylum level. B:

di 6 50.54%; T T I IAE R A i L R B
B R, A e E ZEuh 0y S2-1, S3-1
A S5-1 B i oA, 2091 i 24.13%.27.80%
H126.08% (1K 2A).

TETURYIRE R, X EEHEA AT 10 R}
IR 40 18k [ A AT 12 R (Desul fobacteraceae) . 41
41 B F} (Rhodobacteraceae) . 111 7 K B F
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(Burkholderiaceae) . wOoF O ’®
(Flavobacteriaceae) . & 4= M H W F
(Bradyrhizobiaceae) . & # M W Fl
(Pseudomonadaceae) . M E B i B B
(Comamonadaceae) . H X f H F#
(Methylobacteriaceae) . i #i # B Fl
(Desulfobulbaceae) A1 it  # @® B

(Microbacteriaceae). Z5TE [ ] (1) B AT B BH

HAXFPLF, 7E S1-1,

(K 2B).

GEES RN o NN 722 =< I 2 1N AN
RG22 b v A A7 90 B P 0 4

S6-1 F1 S4-2 ulifvi Hh F= if
B, FERS I H AN 3.48% . 3.07%
3.20%; ATE T TRLE g AL . A 58 R E AL
1 L IR TR R S5 DU B A o)l o A v T B

FER T TR B0 TR E TR RE b P i X 9

Others
Microbacteriaceae
Desulfobacteraceae
Methylobacteriaceae
Comamonadaceae
Pseudomonadaceae
Bradyrhizobiaceae
Flavobacteriaceae
Burkholderiaceae
Rhodobacteraceae
Desulfobacteraceae

A

1.0 |

0.8 +

Others
© Cyanobacteria
2 Bacteria_noname
S 06 Gemmatimonadetes
E Viruses_noname
= Planctomycetes
2 Acidobacteria
B 04 Chloroflexi
L Bacteroidetes
Actinobacteria
02 | Proteobacteria
0.0 |
1-1 821 S31 S41 SSI -1 812 822 S32 S42 552 S62

B

1.0 +

0.8 +
3
f=1
5
E 0.6
[
]
2
E“j 0.4

0.2 +

0.0 +

1—1 821 S31 S41 SSl 561 Sl2 82—2 S32 842 852 862

B2 ERFTROERPEEYREAEAR A

Figure 2 Microbial community composition in sediment samples in summer and autumn. A: Phylum-level. B:

Family-level.
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22 EMBEZELRENIRP ARGs HMEE
il

TE B RK T 25 () /KRR AT R A i v G
1179 Ff ARG WA, 43J& T 37 # ARG 255,
R H Y ARGs 1T AR S HOGT 7 (1) 25 P Fh 25 ik
P28, AEREURFE S PR FE B HEA T 10 1Y
ARGs F 28 43 5l S U ¥F &R 28 (tetracycline
antibiotic) . KIFNEEZS (macrolide antibiotic) ., i
M 145 i 2 (fluoroquinolone antibiotic) . ¥ #£ ki
(penam) , Zd LM 2S (aminoglycoside antibiotic) .
1 2 (phenicol antibiotic) . ¥ ik 2 (glycopeptide
antibiotic) . JIk 2% (peptide antibiotic) . % B 7
(disinfecting agents and antiseptics) I A B2
Z&(aminocoumarin antibiotic).

TEKFEHEZ T 10 B9 ARGs Fh2&rfr, PUFRE
J5 ARGs FI R RN HEZE ARGs (Y BRI XT =5 B X
10 Fp EEHTH R A P HEA s . POIRE K
ARGs FIMIXFFEE N 3.94x107-1.12x1072, FEF
BRI R 7.57%107°; FEHEZ R
10 ) ARGs FiZ&rh, PUFRZEZE ARGs 7E4 0
095 R 19.11%-22.20% , 7E& AUl 7 -2 & e
H19.97%. KIHNEEZE ARGs [FHXTEEE N
4.10x107°-1.02x107, FEHrA w01 AYF A% 3=
JEHN 6.92x107; 7EHEATT 10 () ARGs FiZir,
KK 2 ARGs 16 45 vl 7 1) 5t R
15.82%2121% , fE& Dy fi V% 4 R
18.94%; H R HEFTETAIZE ARGs . Z JEHETT
FIEZE ARGs . W3 2SI 2S ARGs Al
WERRE MRS ARGs 2570 & b 1 5
FLEBIR T 10%. &l 3A /R THEMITE 6 ARkl
K BKZJE ARGs 1 B XS = J# A1 TOP10 /) ARGs
Fh2s . W1 B0k & B 3 R 6, i for
1) ARGs XT3 BE7E KM 2R R R i
BB Ak TR S AN 35 R Il AT 113

B, BN TS ARGs FHXT 325 NE Z2(W2-1-W6-1)
BT (W2-2-W6-2)H BB i T Retadh . 7E5E
yhifi R, We-1 3 s i) ARGs A iR, 2
WI1-1 W3 3 1%, H W1-1 3685 ARGs
AR = B B A T AT 5 AN A FTAG S 7 .
RO, W3-2 350 H0 B ARGs AN F
T, (0 6 DUl Ay A ARGs AR 2 B #8230 Hy
BARAIKE- (K 3A).

TR S, DUPR R ARGs FIR IR N TR
25 ARGs BYAHRT =B [FIAEAEIX 10 Fh 2 Hriks
RIthHEA B . DURRZERZE ARGs AN
5.42x107°-1.33x107%, 7EFTA 0 B A%
JE R 1.06x 1075 7TEHEZ HF 10 AOFTPESRE R RS H,
Uik R 2K ARGs 7E & ¥ i 19 5 b ok
18.51%22.11% , 7E 4 1> uli 2 *F ¥ /5 ey
20.55%; KIFNMEEZE ARGs YA XTE N
6.07x107°=1.17x107%, Z£ T4 37 B3 A %
JE R 9.15% 107 s ZEHEA AT 10 AYPTPESE R RS,
KRN BEZE ARGs £5 i 7 B9 & N
16.61%-21.09% ; 1 & > uh 7 F ¥ i b hy
17.96%; T4 1475 B3 e S o 8 46 1 o L )
FAXT A o R 2 S5-1 Sifiidbh, & ulifr Toid &
Z RN AR, I S A R
s, HE ARGs [AH XS = FE#R AR R 9 4 Y
B EHR, B E T — ORIk
(&l 3B),
23 EMBZELRRNRHBPEZMENS
FRAR

AT 58 XV P T K 2 AN R A o 2
FETE PTMENLI AT TR0 05 o B T E 280
I VA R 78 OB A B VR AR I E 50 42, ot
R PR SN B RV 2 5Pk FAMER ik
RGP RO PR B, DLRMCR 24
2 2 M A5 2 R BT PEIL R AR OC
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R h BB IR DR POENL DA R IMIER(13.97%) o FEAE H I T ZEAN R R
FRPAER KIE(17.99%) . PUAERBASH &, BIBETFLUHUEREARA BT R
(32.79%) Pt A Z A ARAD1(38.09%), FERRML  F, BEET T REREDUAE RO LAT(61.81%)
AR TR DU R K TE(Q22.83%) Bk B R KIE(38.19%)iX PHZEHTHEHLH , %5 T
FHAIE(20.15%) . FUERIAEH(18.92%) M1 WILIPTA RIS Pt HENLE R 32, T AT

A
0.08 |
0.06 B Aminocoumarin antibiotic
8 | Disinfecting agents and antibiotic
_§ [ Peptide antibiotic
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Figure 3 Composition and type of ARGs in summer and autumn samples. A: Water samples. B: Sediment
samples.
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W] A A= Z AR (31.06%) Fl BT AE 2 80 007 2%
B AL (68.94%) K &, PEMEE TP AER
FEALORAPBUIERLE O E (& 4A). TERDKFF %
P2 DR RV A e PR P R 32 AR Bt 2E 2 4b
HEZE AN 20 B S B AL, A SRR A R
FEAR I A R RGP REALLA B,

IR AR AT TR B SR A AR AL U L PR
B, ST B LA AR B AL AL SO B
E, EREREE RO KA | B
FIPTAE AN LN, AT R LT AE R K
EHLEN R, LLIRE AL R R AP A R
FEAL AL O T (151 4B).
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b Moraxellaceae

Antibiotic tar

B4 EMFKEFEIENEVOTENSE A TTKFE B: BV B AFRSTENLER, Al
ARV TERET , rh )2k B A0 QR 20 T e v AN BT PRI B9 o LU R
Figure 4 Resistance mechanism of main microorganisms in summer and autumn water samples. A: Phylum
level. B: Family level. The left side of the figure is different resistance mechanisms, and the right side is
different bacterial communities, the thickness of the middle line represents the proportion of bacterial
communities and resistance mechanisms.

HETIURPIAE G ERTRBUE R SRR Y RE R RO BTIE LR oA R AR L8
AIPCEE LS A SR A B (11.29%)  Bid: 4:(19.26%) . HLAE R KIE(17.13%) . Ptk R
FILOIREH(19.34%) BT A R KIE(51.75%), ¥ BUEE(13.83%) . PAkE R AMIEAR(13.68%)FIFE %
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AR (13.31%) (B 5). TESEE Y 2240
AR, IR BET TUREEDTAE RIS L, &%
R IR AE R L, AT TR ]
WREE AR A B B E LTI (B SA). FERbK
-, M2 AE R RN R Z R, AR
(BT AE ZE A AL, A7 v FC PR 32 B4R

P R AR AR RN AL, P\ E B AR A
SEFF AR AP AR AR B 3, BOAT &
Bl B B BT A R S e A O A L B i
PERL , 2040 B R R85 Kb AE 2 008 F ek s 40 il
B B IRIHLE , S AT AR 0 R A 2 K0
ML (Bl 5B).
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Desulfobacteraceae

5 EMETTMRAYERPEEREMRRENS A TKFB: BUKF. B A A FEBTELET,
AR R, AP )2 AL AN QR 20 R AR v AT PEAIL ] B9 o U RE S

Figure 5 Resistance mechanism of main microorganisms in summer and autumn sediment samples. A:
Phylum-level. B: Family-level. The left side of the figure is different resistance mechanisms, and the right side
is different bacterial communities, the thickness of the middle line represents the proportion of bacterial
communities and resistance mechanisms.

24 MEFESHMEERREXE 2R S B B A e . IR I RETR 5

FERFKPZERE MK BER, FBEHT 25 M4 ARGs ZIMCRKER, T 83 X i 2k
15 FBEHT 20 19 ARGs ZEIFAHDCC R WIE 6A W B EHELRGE. MK, Hi 35 3@
Pse FERERT 25 AR TTHA 20 M5 ARGs s @ UHISEIC R, 48 X i 2 btk 35 1 AR E
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Staphvlococcus aureus mupB conferring resistance to mupirocin
Staphviococcus aureus mupA conferring resistance to mupirocin
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evgs

mitrd 0
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| rpoB2 0.5
| tetA(58) ‘

oleC
" macB l

MexW -1.0
| Staphylococcus aureus mupB conferring resistance to mupirocin
|efid
RanA

Ee6 EMFKHEREIZEMEYIES ARGs HIHEXME  A: [ KF. B: FUKF. REGFIRRB)ERH
PIARBORR, LLAFRRIEMHL, EOFRRAHIE, *: 0.01<P<0.05, **: 0.001<P<0.01, ***; P<0.001
Figure 6 The correlation between the main microbial communities in summer and autumn water samples and
ARGs. A: Phylum-level. B: Family-level. The R value (correlation coefficient) is represented by different colors

in the figure, red indicates positive correlation, blue indicates negative correlation, *: 0.01<P<0.05, **:
0.001<P<0.01, ***: P<0.001.
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XF ., TXR I MexW 542514 J(Chloroflexi) . ik
BEERA ] (Nitrospirae) FIERAT | ] (Acidobacteria) &
S8 D B IR 35 TEAH DG OC 3 (P<0.05 BY P<0.001);
berA 5435 ](Candidatus_Marinimicrobia)f
e 2. 25 17 AH DG DG 2R (R=—0.84, P<0.001) ; MR pAT ]
(Candidatus Marinimicrobia)5 7 ' ARGs & {E.
F i 2 2 T OGO R (P<0.05 B P<0.001); 1
FF 1] (Bacteroidetes) 5 7 filh ARGs & i 5 A
KRR (P<0.05), EFRHKE |, FEEHT 25 BIRHK
YT 5 EERT 20 19 ARGs Z ] Y AH G 5 £ 4 E
6B fin. FERT 25 WRIRMESA 18 fi
ARGs {8 2 FHOC B 8 2 AHOG . I D ive v 445
5 ARGs ZMPXRFKE, HiHF7E 55 %
EER EAOCCRE  AHG), 28 X & 5k,
W BHERAEKR, 27 W BB D FH X
KR R E AR S TXR Hl evgS% £l ARGs
50 FH B T SEOC R (P<0.05 B P<0.001);
AT AL R B TG B LT RS cpxA 25 22 Rl A [H]
) ARGs 4 I 2 B i 2 1E AH G 56 2R (P<0.05 5%
P<0.001); ZIZHEEFRMS 2 Fl' ARGs S B AR
Z(P<0.05), 5 2 Filt ARGs 2 2 IFAHESE ZR(P<0.05).
FEE R ZE R DU IRE S, FEERT 25
FIAH TR 15 3 BEHT 20 9 ARGs Z [A] (I FH S R
WE 7A FiR . EREERT 25 AET 1A 19 fhS
ARGs {8 FHOCEU 2 AHOG . I D ievi &5
¥4 5 ARGs Z IR FZKE , AL 118 X i
EER EAOCKCRE  AHG), 81 X & 5k
W BHE AR, 37 W BB B FA X
KF . LHITTS novA Fil patA %L Fh ARGs
5 1 3 U 3 IR A DG OC R (P<0.05 B8 P<0.001);
TR 5 W BT T H macB & baeS%5 4 fft ARGs
5 B B P25 1R OGO 2R (P<0.05 B P<0.001);
evgS R UE LT TS 2 T AN A 2 B
W B IEA 2656 R (P<0.05 8 P<0.001); FRIFH
ITFIRS AL IS E T T efrA B2 cpxA 2 £ Fh ARGs

1 i B TE AR DG OE £ (P<0.05 B8, P<0.001).
TERK B, FRERT 25 BB AN 5 3 T 20
1) ARGs Z A YA R AN 7B s . FREHT
25 RHR AR A 24 Fi 5 ARGs 24 SC Bk
A  INGIAE DR 45 H0 5 ARG Z ] [ ¢
ZokFE, AL 151 X B EB B R
(E. 7URG), 64 Xf i sl i & AHDCOC R,
87 X i 2 B B 2 IEAHOC K R . WAT R
(Caulobacteraceae) 5 2 ' ARGs & i # 1A K56
Z(P<0.05), 5 9 F ARGs & i & 5t B & EAH
K F(P<0.05 B, P<0.001); MEHELEHFLY 4 Fh
ARGs 5 I & s M i 2 1A 6 ¢ R (P<0.05 5§
P<0.001), 5 7 Fl ARGs 5 I FHIEMHK KR
(P<0.05); 1A REFHS 3 F ARGs 2 i 2 i)
MEMAK LR P<0.05 5 P<0.001), 5 7 F
ARGs 2 IEME KR (P<0.05); RS
2 Ffr ARGs & I 2 112 6 £ (P<0.05).
2.5 ARGs MERS PR EIMEEFH
H T WS AR iR ARGs 76 B B H 4~ 2=
JE ATPE B DR R S B AR, R 3804353t
TrRRE ST T 8T o S5 RERI, RKEEKER
FIUTRRYIRESL Y ARGs R 5020 I e A I b SR 1
— i, PLHARKZERE S h ARGs TEA R o k2
PR B AR AR T AR A R Y ARG TGS
SETETURR AR S I 2K A v R AT LA HIE,
AERIPE FEAAIG, FRAIRE B ZKAE  AE fURR 1 43
(& 8A). AT REEFKPHZR M KA A —LEAH
PIFREE R 2SN N TS O k. ARGs 9AR1E,
KIS 258 ARGs AOAERTFRER S i T
FkZ, RIS KRB IREAR IS 50T o
LT Pearson X ARGs H/KH G K F#47 T
CCA 43#r, BEFE/KIREER M ARGs F ALY
IXBALE] . W T KFER IR (TEMP) . b
(SAL). HF#*(c). HHA(DO). BilREh(PHOS).

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



*®

BRAYS. S 3 7l £ > >
FROR A VS ST o S ) S A D eV 5 R R A 3R Uk R TR 2 A2 4337
1.0
I I
0.5
MexW
— TxR
s macB 0
. = baeS
CF
- mitrd —05
msbA
fi=— - RanAd
g * e 3 tetA(58) -1.0
2 L el L5 L e UL S:a&hylococms aureus mupB conferring resistance to mupirocin
HOV.
oleC
] Taed
rpoB2
= * taphylococcus aureus mupA conferring resistance to mupirocin
=] * efid
R EAERE cpxA
S pa{A
i i re(T)
N (%] = b~ N
SFOT¢ITEITITO0 R EPE ST
SE33Jd5Srr3588¢9%s &§°&‘Q&‘§=
SRS AUIFTIIEITRFEFTFSSRETFEIRSIFI S
[ " macB L0
i baeS
B3I TxR
EA et ] B MexW ™ 05
i RanA
] TaeA
. Staphylococcus aureus mupA conferring resistance to mupirocin
rpoB2
= tet(T)
mirA
oleC
E BEE novA -0.5
] 1 patA
& | ® cpxA
e evgS =
 berd 1.0
fad arlR
I msbA
iCl E  tetd(58)
x Staphylococcus aureus mupB conferring resistance to mupirocin
tn RN )
SOFUEOETRSEERrRONSEIISES
SSESTESITREOSCEES SR ITSASS

B7 EMRENEMHESPEEMEYETES ARGs IHEXME  A: [TKF. B: BUKF. RIEAFIXFRED
TEFE R LI RIBIE R R, ZLAFRIEASS, AR IR,
P<0.001
Figure 7 The correlation between the main microbial communities in summer and autumn sediment samples
and ARGs. A: Phylum-level. B: Family-level. The R value (correlation coefficient) is represented by different
colors in the figure, red indicates positive correlation, blue indicates negative correlation, *: 0.01<P<0.05, **:
0.001<P<0.01, ***: P<0.001.

: 0.01<P<0.05, **: 0.001<P<0.01, ***.
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Figure 8

Principal component analysis of antibiotic resistance genes (A) and CCA analysis (B) with

environmental factors. WS-1: Summer water sample; WS-2: Autumn water sample; SS-1: Summer sediment

sample; SS-2: Autumn sediment sample.
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