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Distribution characteristics and influencing factors of antibiotic resistance genes in sediments from large

yellow croaker ( Larimichthys crocea) culture areas
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Abstract: To reveal the distribution characteristics and influencing factors of antibiotic resistance genes (ARGs) in the sediments of large
yellow croaker culture areas, sediment samples from six sites of large yellow croaker culture areas were collected via field survey, and the
distribution characteristics of ARGs in the sediments were analyzed using macro—genome sequencing analysis technology. The

environmental factors and microbial community structure in the sediment were analyzed using chemical analysis and high—throughput
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sequencing techniques, and the correlation between ARGs and environmental factors and microbial community structure was investigated.

781 ARGs subtypes belonging to 38 ARGs types were identified, indicating the wide—spectrum profiles of ARGs in the sediments from

large yellow croaker culture areas. Statistical analyses revealed that the types of antibiotic resistance in the dominant ARGs in sediments

from different large yellow croaker culture areas were basically the same, mainly tetracyclines, macrolides, and fluoroquinolones, and the

main mechanism causing bacterial resistance was the efflux pump. Correlation analysis showed that the top 20 ARGs were not significantly

correlated (P>0.05) with environmental factors, except for PNGM—-1, which was significantly and positively correlated (P<0.05) with

conductivity and TN; however, all the top 20 ARGs were significantly or highly significantly correlated (P<0.05, P<0.01) with the top 20

bacterial genera. Our results indicate that sediments from large yellow croaker culture areas are rich in ARGs, and the microbial community

is an important factor that affects the distribution of ARGs in the sediments.

Keywords: antibiotic resistance gene; macro—genome sequencing analysis technology; large yellow croaker culture area; sediment;

microbial community
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Figure 1 Location of sampling sites
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Table 1 Basic information of the samples
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0S6  26°33'19"N,119°49'33"E 612 i T s

PrJgtrEUX

Administrative region

1.3 R4 DNA 2B

{#i F§ PowerSoil DNA Tsolation Kit iz 7] & (MO-
BIO, Carlsbad, CA, 3¢ [) , 2 RG] & U8 B 43 24 710C
W) SN 41 DNA B4, {8 F Qubit 2.0 Fluorome-
ter (Invitrogen , Carlsbad, CA, 3¢ [# ) K5 il DNA ¥ /i 19
WV, SR 5 K DNA B &l ICE T -80 CF R A7 & .
16S rRINA Ji [A] g 3 5 ) o A s b B> SRATE AR 34
SEATUURR AR i 43 1) B B DNA , 2 5 [ vy 3 s 0
B B RAE R 3PAT DU R i 25 SRR

AR PEHUDNA , 55 4R 18 /1 FH T 16S rRNA L [H]
o T R0 0 R DR 2 DN A RE i 6 A4 2 L IR 40 s 3
TN A 2R 2 DNA B
1.4 16SRNA BEESEENF REVERZDTH

16S rRNA J [F &7 0 7 DNA A ik B e
R 2R A BR A F] L, F Nllumina MiSeq ~F 5 #E17
D7, 16S rRNA J A w38 il P 47 4 16S rRNA KL [
V3~V4 a] A2 X, 3 51 9 338F (5" = ACTCCTAC-
GGGAGGCAGCAG - 3" ) Fl1 806R (5" - GGACTACH-
VGGGTWTCTAAT-3") . Miseq il ¢ 5 21 #4 J5L 46 1 51)
T e overlap J¢ R BT PHE , Z 5 BT 5 Y
AE S 5140, (RSS90 ot o 1 A 7 o g ARl 9, X 43
FEA ¥ 97% 7 5T ARRLURE #E4 7 OTU JRE 53kl 43 43
HKAEVERIT(OTUs) , P42 A Ribosomal Database Proj-
ect(RDP) classifier 479 R R 15 2B 407 FI AT
B SN AP REL T HRFER T E
AN EYIREA I ZFEE RS
1.5 RERASEENFREYEBESH

5 i PR 20 v 3 B I DNA FE % B 265 4
BE 25 R4S A BRZS 7, F Mlumina Hiseq 2500 31 F7F- &5
HEATIN T o Hiseq M 7745 21 1 S5 4G 5 51 07 SE2E 17 I
¥, UL T 4 AR BT R T 9 S N T 91, AR 05
FI i Megahit 55 Newbler 9 52 8 {4 %) Jot 42 B4k 2E 1 7 DF
A A%, FH0 ) MetaGene B0/ X D 422 285 1 A 9 con-
tigs HE4 T ORF B0 . Y000 13 Py 6 1R P 94 AEARLEE 95%
HEFT RS U K SRR E R T 91 Mo T
ARFEREE BB A% CARD BUdis FEEA 7 HEXT , $R A5 3
XTI ARGs TRE R B G SL 2R P &R
Bk AY i 2 ML DA K AT S A R 2 A %
A4 IR 55 ;s ARGs 1Y AH X = B2 i A 5 43 2% (107°)
FoR, BIFE 1,000 000 4™ 5 3 81 A — A ibn i A
ARG 1741
1.6 it

K Excel #AFTT R E0HE 0457 28 FRR A 25 .
K FH SPSS B HEA T 7 26 53 W FIAH DA E 53 #T , O 2553 #
K JH LSD K55 , AH SCHE 53 T L 4% spearman 5235 .
R 1% 7 vegan , gplots . venn diagram I pheatmap %5 ¥ {f
A2 PCoA Bl ATAR A 55 LT HR I RIAR DG A ]

2 HRESH

21 RESFREBBARYFRNEIRUERSH
FHE
A FE N 6 A DL I U AR AR 3L 3R A4S T

www.acs.0r9.cn




NGE32°

URE SRRy FA2EE 11

80 604 948~94 023 130 2% (*F-141 89 055 467 5% ) 7% KA
2H e 3 5 D o i 3 B Y 4, o 275 976~557 910
25 (0.329%~0.36% ) J7- 5 9 1% By CARD i vk H 7 )7
5] (BLASTp, e —value<107™) . & 2 i 4 B i 50 19
ARGs, 0S1~0S6 i i - B 5% & 1Y ARG 4 28 macB
(254.31 x 10°~436.85 x 10°) , H: K 4 K tetd (58)
(131.64x107°~241.69%10°) . evgS(87.00x107°~193.42x
10°) F1 berA (76.75 % 107°~128.89 x 10°°) , | i £ #
ARGs 733 5 ARGs ¥4 S 801 15.44%~16.48% , W]
AN [R) R B S 5 Vg B O AR vh B D b A R b J
PRI BE AR —

MR GE 45 0 , 76 K 0 F32 5 SR T AR AR i v
LU0 38 Fh T AE KPR, 781 4~ ARGs WA,
&l 3a ARG AE R PSS ARGs AR XS B, R
A FEI TR B, ARGs i 32 B A RS
RN PR ZE 2 (Tetracyclines, 1 049.03%10°~2 061.39x
107°) . KFR N EZE (Macrolides, 999.59x107°~1 946.88x
?Z?/fé%g)
berd
e

mtr4
novA

g

MexK

arlS
cpxA
vanRF
arlR

[Z
fetB(P)
otr(4)
smeS'
patA

Tri ’
optlr.
vgnRE

A
Ie\ylng

pat.
card
adeG

OS1 OS2 0S3 0S4 0S5 0S6
KA Sample site

2 RE&FEBEHITRA

Figure 2 Occurrence characteristics of ARGs in the different sediment samples from large yellow croaker culture area
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Figure 3 Antibiotic resistance types and resistance mechanisms of ARGs in different sediment samples
from large yellow croaker culture area
R2 XKEGFREBBRRYPIREEF I HHECEHEAREIR n=3)
Table 2 Distribution characteristics of environment factors in different sediment samples
from large yellow croaker culture area(Mean+SEM ,n=3)
I K Environmental factor 0S1 082 083 0S4 0S5 0S6
pH 8.01 8.07 8.02 7.98 7.96 7.92
HLG4/ (mS-em™) 47.0 473 48.4 475 41.7 48.2
TOC/% 0.48+0.01¢ 0.52+0.01bc 0.49+0.02¢ 0.59+0.03a 0.54+0.01ab 0.58+0.04a
TN/(mg-kg™) 398+26d 437+13cd 462+19¢ 518+15b 475+31¢ 563+28a
TP/(mg-kg™) 777+50a 633+18b 607+22bc 559+20cd 546+22d 736+19a

T AT IS A ) P R R L A e 35 22 5 (P<0.05) . Rl

Note: Values in each line with different letters are significantly different (P<0.05). The same below.

TUEY &) (GB 18668—2002) , 6 7 15 i TOC 2
AL 5 — 2 TR TR I A o AR I R K
W 44 1 358 FTRE R 5B 1992 4F il 2 1) TR bk 1, 0S6
TN 8 8 5 4%, 0S1,082., 083 Fl 086 H1 TP %
BTG,
222 PURW T IREL H 15 ARGs Z 8] B AH DG

AR FY K W 55 BRI 3 O R rh 3R B DR 6
ARGs 430 FRAE A 52 1), A FHAH O 14 43 BT R BT 6 oL
SR B SR I SO Y i 5 R OR R R 7 5 R
HT 20 1) ARGs Z IR R, 45 R WK 4. WK 4 B,
K 8 77 G T SRR b, pH 5 2 BE T 20 B ARGs
PIFAE UM DG &, TN 5 BT 20 19 ARGs ¥ /£ 7E
EASE KR HE PNGM-1 5 SR H TN 2 B 2 0F
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Figure 4 Correlation between ARGs and environmental factors in the sediment of large yellow croaker culture area

%3 llumina MiSeq U FF #IB S 1T 2 #7 (FHE AR EIR , n=3)

Table 3 Statistical indexes calculated based on the Illumina MiSeq sequencing data(Mean+SEM ,n=3)

YU H Item 0S1 082 083 0s4 0S5 086
JF 55 60 523+3 925a 62 985+3 225a 62 523+3 387a 61 204+1 399a 60 992+4 958a 59 365+3 010a
OTUs 2 572+455b 3041+19a 3 312+48a 3301£160a 2 449+123b 2 645+64b
ACE 8%k 3 638+405b 4 324+158a 4 505+55a 4 568+180a 3527+103b 3703+87b
Chao 5%k 3 590+410b 4 186+148a 4423+110a 4 458+220a 3 472+148b 3 650+83b
Shannon 4§ % 5.44+1.41b 6.33+0.09ab 6.58+0.08a 6.52+0.02a 5.83+0.03ab 6.11+0.02ab
Simpson &4 0.07+0.10a 0.01+<0.01a 0.01£<0.01a 0.01+<0.01a 0.01+<0.01a 0.01£<0.01a
T 5 %% 97.35+0.18a 96.84+0.35b 96.47+0.25b 96.52+0.10b 97.51+0.33a 97.02+0.50a

T T R T T [ R SR R VIR
FEUPIRE S b e A I AR A I OTU % H (Bl 6) .
6 it/ , 18 A K ¥ 1 7 5 16 Bl 0 AR it SE A
1 0591~ OTUs, e it 3 A B, 24519 OTUs J3 41 73 5l
i BE S 51 BB 13.68%~22.85% , K5 OTUs 741
A3 50 A G 1 BB 0.26%0~1.39% , NP i
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