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Jieds . DUBRERIAE ) MR 250 s A G, Beabh, S Zf TR T LT R BLTORL S S B E JE A
MERTT. AT 29 20% (TPERE th Bk, T EA BT b BRI G REEER A (24.4% ) .
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Compositional characteristics of antibiotic resistance genes and
putative pathogenic bacteria in sediments of Chinese marginal seas
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CHEN Baowei  LIN Lan® ™
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3. Guangdong Provincial Hospital for Occupational Diseases Prevention and Treatment, Guangzhou, 510300, China)

Abstract  Antibiotic resistance genes (ARGs) are highly concerned as a group of emerging
“contaminants . Characterization of ARGs and putative human pathogenic bacteria (HPB) in the
marginal sea is essential for understanding the origin of ARGs and the potential health risks posed by
oceanic pathogenic bacteria. Multiple ARGs were found in the sediments of Chinese marginal seas
using high-throughput sequencing-based metagenomic approaches, with multidrug being the
predominant resistance type. Herein, total ARG abundance in the sediments of South China Sea were
approximately 2 times higher than those in the sediments collected from the Bohai Sea and Yellow

Sea. Compared to Chinese marginal seas, ARGs in the sediments of the Pearl River Estuary (PRE)
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are more abundant and closely associated with anthropogenic antibiotics such as sulfonamides,
aminoglycosides, f-lactams, tetracyclines, etc. ARGs possibly carried by plasmids were hardly
detected in the sediments of Chinese marginal seas, but could account for approximately 20% of the
total ARGs in the PRE sediments. The prevalent putative HPB in the sediments of Chinese marginal
seas were Streptococcus pneumoniae (24.4%), Klebsiella pneumoniae (19.9%), Streptococcus
agalactiae (9.2%), Pseudomonas aeruginosa (6.9%), etc. The community composition of putative
HPB in the PRE sediments was substantially different from those in the Chinese marginal seas, which
were featured with the relatively higher ratios of Vibrio parahaemolyticus and Campylobacter jejuni.
Our results suggest that diverse ARGs and putative HPB occur in the sediments of Chinese marginal
seas, and anthropogenic impacts may increase their pollution levels.

Keywords  Chinese marginal seas, antibiotic resistance genes, pathogenic bacteria,

metagenomics, sediments.

H 20 22 DOk, HrA: 20T BE 2410 & e A 2R STk, O R4 T AR ShAR ) e 52 4 T PR
g 1 5 U AR R AR Im R AR B s T A AR B v (i 250 ) B AR AR R,
A Z Pt HE A (antibiotic resistance genes, ARGs) 1F 7y gt 40 i Hit A= R 5P R DI e 5L 4, T 2006 4
e R —Fp 5 Ge gy B o T Rl DL I 7K SF 3 R 4% 2 (horizontal gene transfer, HGT) 2K 75 7P &
PEPUA RS, I8 i B Py sk AR i AR AR A AR, (T AR 22 24 35 B I B AR, X A S (g B i
JSCR R .

H AR PR b B — LE U E W mT LUAE )6 AR 21 I e R AR KO IR I 2 S Y I, X
SO TR ) SR B AR R BUPESE N LA SR sz pr A e B Bk A, SAMNHESE T 25 WA C I R A S
54554 7 132 iy ol b R A = P 04 HE S A AR AR TR | S R A LT NS S TR H X AR
o B BT Az R HCPE I L SR, 7E TS S e M E B K . R RARSE RS YA I B 2 A
PR BE T P AE R RO L R AR R, PR R MR R BRI G, (B AKTE B, R
SRBCA R WA P A, e 1 AR ZE M I R A R AR A

Rl 12 25 V2 i 58 35 4% 0 ) 326 VA A2 i 1% S e O DX el i S Ak T AR S Y TR, KA T
JIREA, 2 T A Rl RS Gy, 2 v g G dpe ™ E A R AR L B T A A T B 52 AN [ AR
NG S5 e H AT, X b E i i th o AR R PR R RSO R P D, B = th S IR
Wbt Az ZE P 3 RN EOR B Y 8 38 RS L. DR, B 9T 3R [ 1 2 v e AR 28 B I DR R B0 TR
ZREVERE B, AUA B TONR I E R TR e A R PTPE BRI R AR, 17 EXT s — 289 i U505 G Xt
MGG IR AG A B0 R S ASHIEGE B R e DR A 2 o o A 3R L A G g U vh b 2R = b
FEI AR B R AR BOR TR, PRI AR 220 3 DR R0 B1 19 2L B R e s L AR

1 MBS (Materials and methods)

1.1 FESCREE

AHIE ST B AN BR VL 1 DLAL ) A S % T 2011 4 6 H 78 W T3 3 18 /K 38 (PREL) 5 2R VT H A
(PRE2) R4, 103 NI sh 30 ™ 5 (1930] 1 X k. 4 SR DT RE i (SCST 2= SCS4) KT 2011 4F
8 H WML ALK, 2016 4F 7 A REE T 3 B HUEFE 5 (YS1 E YS3) LA K 58 T i Vi s ke A i)
1 AN TR AL i (BS1). BT A LR AL Y 48 FH 3R JZ DU SRR R 4, 70 R R Ja B A AE T T/ 1Y
IR CIRIBRHES T ITAE 4 °C VKFEIRAT, 1836 25000 % )5 7 R iF4T DNA 32K
1.2 ULFY DNA $2 ORI /&5 38 =l 7

{4 Fi§ FastDNA Spin Kit for Soil(MP Biomedical, Santa Ana, CA )7 & 2 BUIL R Y i) DNA, $2 52
75 WAR A S TR iy TR TR T Y DNA T2 BEAR, Rt/ s BRE i e B e 7 A 1
2, XTI RE & 3517 2 ¥k DNA $#£8U5 A JF. i | Thermo Scientific NanoDrop 2000 7356t & 11
D72 DNA Y405 AT B2 B FE L 20 S ng 11 DNA 80 5 8515 1 11 T4 DNA R4 5 Klenow it
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IR HE R, Wi Gl T4 22 4% IR R 251 718 52 R o R W 2 1k fi ] T4 DNA & H#2 8K £k 5 DNA
R B, I o BE R F Uk A 2K B Al ) DNA B AR R B, BlJS 8 PCR 3734 H bR A B, DA ik
fn ) DNA SCHE. DNA 752U s H RRH A PR W G, Ao D 4] Tlumina HiSeq 2500 ~F- 15 5€ AU
¥, AR S 2 SR TR A B85 2 60 Gb, BN FEAR I 7 008 200 2—6 Gb ANSE. X T A7 T 4 i 7 25 4
HEATHRICHIR S 08, 25 B I B e B e ) (5 I BT (IS T 20 A B B0 B N W A B B 14 )3 371 )

1.3 YR EE

fii FH BLAST(Linux MAS 2.2.29) 78 5744 7 554 5 40 5 1 B8 48 122 120 47 808 b 21, fifi ) BLASTN
B 22 J PR ZH I B 5 SILVA B 2 (SILVA 132 SSURef Nr99) #E 47 b XF, 5 B AL & v 19 16S
rRNA 3£ [H, E-value [ {5 & 1022, [ 5 , {fi il MEGAN(MEGAN community 6.21.16) &% % 3k [7] #H 52
(Lowest Common Ancestor) 575 R {3 BT B9 40 A HE TS, Forh BLAST A9 48 X1k R 5027,

M NCBI RefSeq #(#}i J4 (NCBI Reference Sequence Database) T Z% Ji #7551 I ~7 ook B4 22, M
INTEGRALL #5418 2 v Bk 6 % & iy S TR 607 9) 1 7 386 45 1 0080 122 KA AE & DN T 51 45 JB0Rs F
FEAEPEVEAT T HeXE, PR P AR AT A Bl gt 4% Je 44 (Mobile genetic elements, MGEs ) AH G 1) 3L R 7 371). 5
9l AL Y 810 A 16 42 EE B2 R T 90% HLARBLEE KT 95%4; PR % & 91 114 IS {2 e X B R
T 70% HARMRIE R T 90%E.

DeepARG %% ¥ £ ( deepARG-DB, v1.0.2) j& ¥ CARD( The Comprehensive Antibiotic Resistance
Database) . ARDB(Antibiotic Resistance Genes Database ) A & UNIPROT (Universal Protein) & Jf-f5 2 BR
B AR R BT A E oS R 2220, £ BLASTX R i il 5 2045 5 deep ARG % dis 72 E4 7 HE X,
PrA: R HUPE LR 3 51 B0 B A 3 S0 AR B R T 90% H XK R T 75% B9 K. sbak, A
J % B R A A A v B T AR R BT EE KT 91, P55 BORCERCHE 12 X, RO SR AT B oA R v SRR .
i 1 PHI-base 1 VFDB 42 {1 (1) 20 # 23 25 1 NCBI 2 % 5 41], M SILVA %3 4 v 32 BUEUR 1 16S
rRNA L P41, @ AETUAR BB T 16S rRNA JE KB40 22 fdf F] BLASTN Sy A it ) 25045 3
A 16S TRNA &P ECHE PE#EAT LU T, SO E0% T 16S rRNA J7 51 (1) E-value I {H 2 107, H 325 R4
fili I MEGAN HEA T4 %04 B
1.4 BEitortr

fdi 1] RStudio (WA 4.1.3) 1 i1 vegan F A4 f (hRUA 2.6-2) #£47 Pearson AH A4 73 41 5 ANOSIM £
5, BT ECA 999 IR, P <0.05 # Ak B A it & . fii ] OriginPro 2021 (hiA< 9.8.0.200) £ 1
HAE, FRES ERS i E.

2 5B 53508 (Results and discussion)

2.1 YA IR A A2 A

I AR HXE AT MEGAN {3 H [ 30 20 AR A S v Y 16S TRNA BEBL, Jf4 th 71T L FhokoF
TR A 2, WA 1 R, B 1A R A SRR SRR AN 2R, B B g DR
TR I 542 BhANTE , 45 FE S B9 HL F M 12.7%(SCS2 Fil SCS4, 69 Fft) 5| 28.4%(YS2, 154 Fh ) AN%5 . 5 i
1) 441 T ) ol 2o A P b 2 A0 T LAt S 20, T R R T R T DTORR A ) SRASE R B K, R W i PR B v 2 7 22
FEPE SR, 76 T B L i DU o b e i A 2 A8 2 T 1) (Proteobacteria, 42.5%) , Bl J5 J& 1R B A 1)
( Planctomycetes, 8.0%) , L ¥ # ['] ( Bacteroidetes, 7.8%) , JE BE [ ] ( Firmicutes, 5.8%) , ¢ 25 i [']
(Chloroflexi, 5.2%), 4& 1B fi7s.

AW FEARGE, W TR P AR BT SRR BT L R B 1] (Actinobacteria) F1VF 55 04 |12 i) 16 1
S OE ST TP A WIS R IR, AR T TR 1] 5 VR B A AR I | VR e VA ) LR A v AR S R R
I e 0L, 3k BB 5 A IF % 1 20 AT 45 SR — B, U AR TR TR T TR 25 A T 102 b S 2k DU RR ) A
BT AEUURA A0 TR A AT 2E 8 L, S0 RO TR D o b AV I, RV TR R A )
(7 Ll S T A . SR R — 2SE A E R RE R A T, A T AR BRYE DU Y i L B
ETA = U SR A
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Fig.1 The diversity (A) and structure (B) of bacterial communities in the sediments of Chinese marginal seas
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Z H it 2 (mexF, rpoB2, smeR) . i FEWKIE (msbA) Ptk (E 2B). [AlEF, ik

RUAEERYT DL A R

EniERA+FEE
A 125 Total abundance of ARGs il
SBERE2-TE =521k 725 B Yellow S
& Number of ARG reference sequences cllow >ea
=] L] o PR T ,
100 Number of ARG subtypes 720 LTI
& Pearl River Estuary
< g z
L =}
% 75 H =15 §
9 5]
2 <
5 s0f 10 E
| : z
= 1T HT
T 25¢ H H T 1 s
g 1 b h
= l5 HHE HE
o i e HHH 1R HHH Hﬂ HHH Hﬂ

. kI
YS1 YS2 YS3 BSI SCS1 SCS2 SCS3 SCS4 PRE1 PRE2

e
i Wi 53 LA

Yellow Sea Bohai Sea South China Sea Pearl River Estuary

i 7‘ w2 £ E 2l Multidrug
o

80

NE
[
NEEE

o e
q

N

R #ftic % Sulfonamide

P A ik Bacitracin

F ] FI#EE R 2 Rifamycin
E T FL DRI 2 Nitroimidazole
=] k& Peptide

AR
W (KT

60 M

BEER £ #H 3K Polymyxin
[5 =] YFFFH A Tetracycline
A4y 3 Unclassified
BB HAth Others

N

40

Relative percentage/%

20

YSI YS2 YS3 BS1 SCSI SCS2 SCS3 SCS4 PREl PRE2
L . J ] L T J l_'_l
i it A BRILA
Yellow Sea Bohai Sea South China Sea Pearl River Estuary

:ggi H I 2k Aminoglycoside

SAPUAERPUIEIEA T

Bohai Sea

(k=3
South China Sea

[ ORI - T - B 2 MLS

B2 hERSIETURY A RBUESE N ) R Z R (A) | A RUHESE R AV UK (B) LA R BT

PEBE A B AR L (C)
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(C) in the sediments of Chinese marginal seas
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BRI TR BT AE R PUPE S DR BT 2 4025, AR A 43 Eean & 2C Brs . 2R TR 1 2kt
DALY b 22 T 2 56 IR 0 =F B e, HOF B A o B 89.1% (R TE : 85.9%:; 1 1 93.6%:; i) i
88.0%) . £ N6 Bl T4 7™ F A BR VL 1 K38k, TURRAY) b Z2 F i 24 3 R A ARG = BE AR 64.4%, (B0 A2
WHPUA R (UGS . GRS p-N IS | DR S ) O AP SE R AR X o L B it 5
NZEH FPUAE ZEHH S A ot I PR s ELAT PR — it 24 e B TR [ i ARV 11, R RV 1 Y
Wy 238 B — P B PR SR DR AR o LR G DT I 2 3 A%, B R R LI Sl 2
13 1.

FE LT AN 32 BN B i (e ARG oh, B e A R o SR 204 3L 1 B R AR, X s g
BriiA: R 251k 2 46, 0 HA HoAth A W= s, Bilin, 763 B0 20 TURY) Hh A 19 rpoB2 JE K i
It 1) 25 1 RE S S5 A EAE IR, mexF F1 mexW 1 22 5 1t 24 L H g 14 25 11 T = 5B A A HE A
SRIRBE, 22 B N Sl ma K ) DXk oef A 288 A R B s — Pt e L F R, dithm, B
LT VR 204 R AT SE P B2, 5 — 22 T R th T AR R 0TS YR R, i 5k
BB ZEPUPE I D I I BT i PR A B ) 2 (R AR . DX e A Pk 3 D A A R R AE 156 T
NG S RIS P ML R G Y 2 0] Y 56 2R, H i — B A e 3 R A0 ] AR A 3L R BRI 7 36
1% 3% N5 M (1) i ),

2.3 A RS BhIE R T OE 2 B A OB OB AE R HiE LN

5 T [ i S it BURR Y o R )iz A I 380 AT R Bl a5t A% A AR DG I B TR, LA SR A R
K 3A B, W ED SR TR R IR R AR 1,44 x 10°—5.31 x 10°° Z [a], i R FERIT 30
Y b &R B F 5 (1,75 % 107) 5 thE 2l TR Y b Bk S R B i TG F R, H
FEEEVE B 2.29 x 107—8.68 x 107, kL [N 3= B 76 v [ 11 g RN BR VT 1 22 [) 22 5 0 1l 2. Ak, oh
B Gk LR ) v T R FR BRSO BT AR R PUPESE N A& 3B Fion. Z5 R, £ S DU Y TR
I RS A I e S BRI AR /D, I HL 32 R 22 T 24 3 R 5 2RV T DU R R el BE e SO S A A R
P I R TE T A PO SE P A ) 5 EE 202 20%, F B SR SS | R T2 . PR P -k T 1k i 4
P2 ZE(MLS) MU R A4 5 U ARG, H A =F 23 8 2 5 T4l (P < 0.01).

1000 A [ kL Plasmid
- #8841 Integron
800F | N

[ J##R## 3 Sulfonamide

H IR K Aminoglycoside

L E {2y Multidrug

] BRI P I - AR T - BE H R 28 MLS
N PUERZE 2 Tetracycline

| [alB- Btk B-lactam

% 455 % 2 Phenicol

2 2RS4y F Unclassified

w
<

R
o «
[

600 -

L1
[\*]
[l

<

&
Abundance of integron (X 107%)

Abundance of plasmid (X 1076)

400 N [
200 fr:

L

YS1 YS2 YS3 BS1 SCS1SCS2SCS3SCS4 PRE1 PRE2

w

: '_T‘*?‘*T“"‘?‘I

ol

Abundance of plasmid carrying ARGs (X 107)
.

\‘(‘Sl YS2YS3 BS1 SCS1SCS2SCS3 SCSA{ P‘REI FI'RE2
L . | | L . | L . J | L . J \_'_l
HiE W (k3 EZSana| g g v HLH
Yellow SeaBohai Sea  South China ~ Pearl River Yellow Sea Bohai  South China  Pearl River
Sea Estuary Sea Sea Estuary

B3 rhER TR RS RN G SRR S B (A RBORLE A pi AR R PR R F2 5 (B)
Fig.3 Total abundance of plasmid and integron genes (A) and ARGs possibly carried by plasmids (B) in the sediments of

Chinese marginal seas

UKL | e 745 T B gl AL ST D RE A R T U W) 2 ALK S A% 4 T B AR, 7 B AR PR o
(o8 et g S R e R ) 24 mAGH I 81 5 R | 5 T AR SR L A B, 45 6 b B I Sk T DU I 2 A 45
R, BN Bl ist (L JT P TE SR B R I AETE M ER, BRI i P R St e on i S b A B
P IR A BB 1 5 AN, i T I i Rt UAR ) i bl A A6 1 0T BE e BOREAEAF A BTA: SR TR SE I TRV
FHCER W) b RT RE SR DT AR BRDTIE SRR ) 2 R R 2 58 110 8 4 r, SRIATE T e 308 b T A 3l
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2.4 BT AR RIAR X 4K
o ] 1 I U i NS B0 TR BB T S5 A AN P 4 . P AA R4S SRR AS TR TR 131
9o TR PRI AEL T 2B, T8 T A8 TR T 1D A 800 TR A P L g O RR A o AR T o bR 5 (60.5%) , LR R
BETR](27.5%) . BREZTAT1(7.6%) 55, (5] 4B J& &R ST A OK P b B0 1/ A XS B 43 L. ZEFRK
-, Bl 9 B BR B (Streptococcus pneumoniae) & 7 [ 11 2% 15 1010 H AR T = 5 B e AR 250 TR b (24.4% ),
Bifi J&5 2 il ¢ 5 75 {11 B4 (Klebsiella pneumoniae, 19.9%) . JoFLEEBR A (Streptococcus agalactiae, 9.2%) | i
2R AR PR 1 ( Pseudomonas aeruginosa, 6.9% ) F1 7 hi W 0 18 ( Porphyromonas gingivalis, 3.4%) . {116
BT 98 e TR AR BA « JCFLBEBR A | 4 23 M1 o6 TR 0 A R S b o T b R R T A DX s P 3 2 DT
YRS H B ARG EE R AT 1% I BOR B IEA 16 B, P 3 R A W2 4 55 9 TN g XU 3K
I P, 53 E DL ECA] e i 44 ( Coxiella burnetii) . 37 9 BAPG BT 18 (Francisella tularensis ) LA X 58 0 BFF I
(Mycobacterium tuberculosis) . W 95X RIE , W FE TR rh A e 5 BE 00 i 28 Bk BREAT . I 48 v T 117 71 R 4 &
BB AT, AR NI rh A & BT RSt il A 4 BR TR R S AP SR TR, X ST 5 AR SCI AT 45 SR — 378,
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i 16S rRNA J& A8 = B X AR BUR T 25170 — Ak b 25, J 68 v 30 i DU itk A 7 32
534508, Q& 4C Bz, TP 32 AR 43 AT LA A [R] DX s 0] N S B0 7B T 22 19 65.7%. AR5 AN 20w
DA A SCRRAIE, DORR A A mT DASR R 3 288, BV | R vl RV . 5 e XU L, 4 R E0R H (2
S S BR A . i A v B A T L JC LA BR T ] S A R TR ) A B T DR b Y o R A i 46
BERRTRZ T [ MOILAE GRS A% | il 48 SR 28 MR B i B 2L IR AR, TTIe BRTER B E AL R R ZBEEK,
8 4 LA B 2 4 Nk A 1 5 0 B $H 405 02 e v 9 00, i 9 DT AR ) v 1) R N 28 3500 PR U R A T R
(Chlamydia trachomatis) F1 -7 35 B VG B 5. 7 98 B VG W7 RAE 8 A5 W0 28 4 S8 4k T v AU, 2K
HBOR T, 0T LLE 2 SAERE, B S AL e L BRYT 1T AR Y R REAE N S S0 B 0 A 81 e O B
(Vibrio parahaemolyticus) 175 Iy 25 f#T 1 ( Campylobacter jejuni) . i 5% 3% B 1 &I ¥ M4 9K b6 =F & &8
F i TN, 23 1 25 Al AT TR RE 5 S TRk A PR, BT DA K AR Sl aE ik B W R e N 2R, 25 Tl S
AT B LA T L I8 R AR R B L RIR R DA AR, X AT R R ECL BRI A DU TR
TG . B RN, A% X N 2 U TR RV 4 A 0 22 S AT U T N R B L PR R AE 22 0 T
FAL[FE R,

3 458 (Conclusion)

I S SRR R A I B A: ZR TSR, e R T DORR W) P A PR RE IR = B R 2 R T
BRI, XL G RR S R DT AE B DU KPR RR TR, S5 IS DRI B, BRYT D DU
AP A RPUESEIN BA 8 | PR LR AL RERE ) i BRI, BB BT AR 3R A0 RE S R BT A= R T
A E A AL 3 . AN [ X STORRA) i NS E00 T 1 v 254 A 28 AN TR, J0 2t OB v B 3 o e XIS
HOW T, AL UL EA s A o B0 30T 45, R 7 A A e 4 R A R I B XL
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