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Fig. 1
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Alpha diversity and microbial composition in phylum level in the coastal waters of Changli County Qinhuangdao City

Different letters on the column indicate significant difference between groups (P<0.05). a and b are the results of seawater; ¢ and d
are the results of sediment; e and d are the results of gut contents. Seawater samples collected in March, June, September and Nomber
in 2022 are named as BDHW3, BDHSW3, BDHTW3 and BDHFW3, respectively. Sediment samples in the four months are named as
BDHS3, BDHSS3, BDHTS3 and BDHFS3, respectively; Gut content samples in the four months are named as BDHXHY, BDHSXHY,

BDHTXHY and BDHFXHY, respectively.
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Fig. 2 Taxonomic composition of microbial communities for seawater, sediment and Synchogobius hasta gut content samples
at four different seasons at genus level in the coastal waters of Changli County, Qinhuangdao City
Seawater samples collected in March, June, September and Nomber in 2022 are named as BDHW3, BDHSW3, BDHTW3 and

BDHFW3, respectively. Sediment samples in the four months are named as BDHS3, BDHSS3, BDHTS3 and BDHFS3, respectively;
Gut content samples in the four months are named as BDHXHY, BDHSXHY, BDHTXHY and BDHFXHY, respectively.

mE 3 FoRmRE . BIRE, Fra AR R
L 1 ARGs 2 & T DU K 5 (tet34 . tetB48,
adeF . tetd4. tetX. tetV Z)FIEENE2E(CARB_10,
NMCR %5)55 JLISH WA (R A= R vt i i bt 14
BN, HA RS ARGs FhRigZ IR E KR
UL, 5 2 K SRR —
SR, XA 2 A ) 45 2 55 58 1A ek O 2R
FRBUMEIE A He A v 4 A — 5,

RN KEEA T, APH2 lla, vanXYG,

OXA 325, TriC % JLFl ARGs F ¥ i, HZ&
MK FEAS T ARGs R IEIE I 5 F g KHEA
SERARE, Hdr A FEEAER &MY beta- P BERE S
YA ZHIPERL NmeR, 5 & Z il KM, B
WAKFEAPOEGE T HERMN—F ARGs—
vanRN, J7 & R X AR IRT I A biAE R T
R4 P SRR Y B Ji — R 2 0 PR S R AR
HARCEMEM, BFERAKEARD ARGs [HFPZE
AERE T HA 3 ADNFATH L, 7EIME TP R T 2R



1404 K 7 R

%31 %

— 2 DL = B AH R 52 5 1Y beta- PN BRI S 1 BT P S
SHV 126, PUIRZEIEMPLIESEH tetdl Fl tet32 45
s 5 —2RN EFALF mdtQ. vanSC, adeN Fll
CTX_M_75 ZFHitk e . &R EEA RN & A
F I E B merA Fil aadAl7 %5 ARGs, 57
W IKREA ) ARGs PP FIRIYE

e EE A S I ARGs EEEA berB.
vanHO. adeS il EreA 45, JF F& 52 iR % 41 I 18 9 4%
YFEA A KiE s £ ARGs 7RI K FUK Je i
A A R A, B 2R i A Y TP AR Bl
i T —E EE ARGs, 768 2] Prlk K505
VEBE 7 0y s e ] DA — 2D AT BG4 o [,
K ) —4E ARGs, 41 mexQ. tcr3. tetB46 SE7E
7 & 52 WF iR A0 i 38 N S W REAS g A I 2,
JEUEH ) ARGs FhZAR /D500 & &2 oF e f0 7 18 I
KA ES,

AR, 58X ABIEFEH ) ARGs I XS g (1T 24
LG AP AT 20 B, R B ST 25 BIL o = 28 &
TS P9 (target protection) . ZMHEZE (efflux) . #
SR (target alteration)F12K i (inactivation) 4
HA, Horb g TAMERM & & e T, 7
% ABC ZEWN iz & #8504 = T A2 4 ¢
POk — A G B BT A REAR A3 M SR P
ARILE 4). W& 4 Frs, TERTA HEA BT 2541
il T MR (efflux) & BT o5 FE Bl R, 24915 44%;
RS0 (inactivation) 28, 295 30%; ZJEHKIK
S # 5 BCAR (target alteration) . I A5 £ ¥ (target
protection) FIIHE p5 5 # (target replacement),
23 ARGs 5&EMEZERI KBS T

X} B BRI 4 1227 19 ARGs STAEYIZERE R
AT T (K 5), 45 RBARA 88 2K
ARGs 5 B B3 & K B 50 0 o3 SR v B
G, IF HF BRI REE T 2 HM 2wk
BAHAS M PR R AT 1Y ARGs (TEM-79,
catll . AAC6-llc, OXA-128. EreA. blaR1, ADC-8,
IMP-32,CMY-69,IMP-31,CTX-M-81 #1 TEM-60) .
ik ZAMERZEH) ARGs (emeA. tet30. smeE.
arlS Al CRP)MIM P A ZH s K LE L ZZ 1 ARGs
(Haemophilus influenzae PBP3. clbC. MCR-3,
PmrC #1 pgpB). X 3 2% ARGs R Z A IR H

WY1, HAEEMHEAR IR IEMHECR ., L X
22 Fl' ARGs 1, X B- A MBI S Bt A 3R R I T 24
PERIEEA 11 F(TEM-79,OXA-128 .blaR1.ADC-8.
IMP-32, CMY-69., IMP-31. CTX-M-81, TEM-60,
CRP # Haemophilus influenzae PBP3), H:H 9
T & B pT AR 200 LI 28 AL, I ik g
ARGs 1% It Z A ERAFFE IEAH G 2R .

3 itig

31 RERERSEREYEEETESHHE
TEZ B BRI 4 DFATEK ., TR
FF J& 52 WF % A0 Ji 38 P 25 R il 0 TR A 2 25 4
o, AU EE A YRR, O B i #am
P12 28 ¥ B ] (Proteobacteria), I IR g 14
I"J(Spirochaetes) . JERER [](Firmicutes) . AT
["J(Bacteroidetes). BRILLASN, B &L T Al wI]
(Thaumarchaeota) A1)y I | ] (Euryarchaeota) %5 1l
T AT 35 ] (Ascomycota) &5 L Y ZSRE . Hirpr,
I, WAFETT . ERTTA)ET TR AN A
279 W R KA A RO = 5 25 R LU AR 4 T
Fo PWATTE T T4 TR e 0% B% it 2 A A HILTS 2L 9,
X SR AN E B A R, B 2R ZR K
R it P v = B R BT R AR s X S ZE Y T
KRS A LR Z AN Y . SRR
T E A O [R Y, R4S 21 IS E R AR
t, WAL FEER A WA E. &
WK T A A e, Rk
TLRETCHL B R B Y, wlaE it Ak R e
SEPURHCR O R TC LR B, ek . AR
(R AL 2 R Pl SC kAR FH Y BR L, AR T
I IHE & S LR Y IR TR FEAS DL S 4 R K FEAS
T IR, HA R T RO IESAEET . Rk
KE, X RELR R ENE YA DAY
HEVE 0 22 AR AR RSO, T H 2R D
AW, R FEaZEnmE N EY it
YIREVR AR B —, 3275 YL fE B L/
MWEKE-HKFE, KIEH 1 JE (Photobacterium)
i AE I8 VEFT 1 & (Pelagibacterium) . {1307 (S &
(Woesei a) Fl 5 £k 8 J& (Synechococcus) & F 4 i 5
1) 4 A E, XA 2Rk . A



114

EROKEE: Z 525 B RS WU 5 PO AR 2R 24 5 P 2 R o A R AE

1405

5 season
group

adeF
CARB_10

]
1 1 clbC

H B

Ered2

patd

Z=75 season
FkZE: autum
Z spring
Z= summer
K Z= winter
0 ¢ group
o [T JAiE ) gut content
ULFY) sediment
—4 [ /K water

. PBP3

L

CR_12
lexD

is_rpsL

_mprF

is_ampC

@%mﬁ 5 ;mﬁmﬁ'ﬂ%;ﬁﬁ\w %m

iae_mprF

I'eMHAg
TEMHAd
£ eEMHAd
T'eMSHad
TEMSHAg
€' eMSHAd
I'eMIHAd
£ EMIHALS

TEMIHAd

TeMdHad
TEMAHAE
£ eMIHAd
I'esHad
zesHad

€' eSHAd
1'¢SSHAd
T eSSHad
£'€SSHAg
1'¢eS1Had
TEeSLHAL

& 3

€' €SLHAd
1'esdHAd
7 esdHad
£ €SIHAg

I"AHXHAd
T AHXHAd

€ AHXHAE
1"’AHXSHAd
T AHXSHad
€ AHXSHAd
I'AHX.LHAg
T AHXLHAd
€ AHXIHAd
1'AHXAHAd
T AHXdHAd
€ AHXAHAL

PUA R 25 5 ] (ARGs)E A FREAS H 19 73 A A 14

Fig. 3 Heatmap of antibiotic resistance genes (ARGs) in each sample
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Seasonal distributions of microbial communities and antibiotic
resistance genesin the coastal waters of Changli County, Qinhuangdao
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Abstract: The extensive use of antibiotics in industrial and agricultural activities has resulted in environmental
deterioration, drug residues, bacterial resistance, and imbalanced microbial structure in the marine environment,
affecting the function of the marine ecosystem. To understand the seasonal distributions of microbial communities
and resistance genes in the sea area of Changli County, Qinhuangdao City, metagenomic sequencing technology
was used to sample and analyze the seawater, sediments, and intestinal contents of the local fish, Synechogobius
hasta. The microbial composition of the seawater samples in Changli County was mainly bacterial. Proteobacteria
was the most dominant bacterial phyla, with Photobacterium being the most abundant genus. The main types of
antibiotic resistance genes in seawater were APH2_|la, vanXYG, OXA_325, and TriC, whereas in sediments were
berB, vanHO, adeS, and EreA. Meanwhile, the main types of antibiotic resistance genes in the intestinal contents
of the Synechogobius hasta were msrE, emrK, and QnrB4. Network analysis revealed that microbial genus level in
the sea area was highly associated with antibiotic resistance genes, and the main genera were multi-resistant
strains. The efflux pump of antibiotics is the main antibiotic resistance mechanism in this microbial community.
The scallop farming area in Changli County is rich in antibiotic resistant bacteria and genes, which align with the
commonly used antibiotic categories in aquaculture production. Enhancing the continuous monitoring of
antibiotic-resistant bacteria and genes in the aquaculture area is urgently required.
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