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Tab.1 Sample information of oysters

L R RS RS

Oyster Sample Sampling

varieties Number Location

K4tW5 Crassostrea gigas SDWH1 1125 kg
K4 Wi Crassostrea gigas SDWH2 1% g
KA4LWG Crassostrea gigas SDWH3 1% @i
FaHEWG Alectryonella plicatula 7JTZ W& M
VTG Crassostrea rivularis GDZJ1 AT
VTG Crassostrea rivularis GDZ)2  JTIRIEIT
JEYTAHWE Crassostrea rivularis GXBH VGG

PRl RAE S A0 A 8 M HEFC N 1 ke
Pz R R B AR 7E O ~ 5 °C LRIk S %
Je JCUE 2 RAGI A RE L R AFAE - 80 “CUKAH , I
TRAE R IR Z AR R 1 W BT FARITVFAR
S KA R o B s TE AL 3
T3 (53 AR BRI B it 24 FR Ja T AT -G
F-M PEATIX 53 ) , 7 3 a2 45 2] 21 43 1 A
atn, A TCHE A G T — 2D AL B
1.1.2 &5

Tissue DNA Kit {21 DNA $#£B07F] & (£ EH
Thermo Scientific /7 ) ; Tag DNA B 4 fiff, ANTP
(K% TaKaRa A #]) .

1.2 #E5E&&

Advantage A10 #4 4l /K 4% ( £ [€ Millipore 2
] ) ; KingFisher Flex 4> H 2y #% R $2 B AL ( 3¢ [
Thermo Scientific 2 7] ); 6235 PCR ¥ ( % H
Eppendorf 22 7]) ; GelDocXR HL JK S BER A% 73 #r
F 48 (£ [H Bio-Rad 4w ) 5 Synergy 2 FEbR¥ (36
BioTek /AF]) o
1.3 FHi&

13,1 R U Y w2 o i 75 1

PRAE : e IBCHE W 2H 2R i (2 HiT R O , 4 2
3, By 10 mg, 2 14 43, 73 5= TR 1.5 mL
BLET)

246 BB A 200 pL Lysis Buffer
110 L Pro. K,JE&1%);65 C4 )& 15 min,

http: //www. shhydxxb. com

ZVENGE A ANV TE T OE Y A I ] 5 ) 0
JIA5 wL RNase A ,IR-G35]; FIEHCE 10 min,

&k DNA $21( 5 3l ik DNA 208 K 24 fig
13BN 4B RS A 96 TRFLAR (Sample 4R ) , [7]
Sample #z H i A 200 wL Binding Buffer 300 L
TR L 1F 20 WL Magnetic Beads; 73 U 96 TR LA
(Wash 1 #g) [a] %f W 7 & il A Wash Buffer 800
L 73 HK 96 TRALAR (Wash 2 4 ) ) % W A7 B A0A
70% % 800 wlL; 75 96 TRFLAR (Wash 3 #ix ) [7]
XA E A 70% T 800 wL; 73 L 96 KF 4
(Elution #) Jil A Elution Buffer 100 pnL, iz17 H
Zft DNA 42 IRFL 7, 45 R, I Elution Az v
DNA £ HH 1.5 mL Z.04H 20 CH-A7 .

FHEGBRACI . DNA 9 B2, 24 ¥ B 5 T 500
ng/wL 5, 78 b 3675 AR W) B 2 RHEAT IR 24wl A=
& o B AT M AT
1.3.2 #Ham MPiE RN/ PCR 71577
%

VR AN R A SR B AR b 2R 1.3 1 79
W RS L ZH DNA, 78 25 pl 1) PCR
RVARZR T, ] PCR #4775 K2 28 Rt =4t
PEIEP (ARGs ) F1 4 F e 4 J& it 52 2 K] ( HTGs )
SIS (R 2), PCR P IEFEF: 95 C 5
min;94 °C 1 min,55 °C 30 5,72 °C 1 min, 3£ 30 4>
PEER;72 °C 10 min, 1533/ PCR 7 ¥y HI 350
BERCHL VIR, IFi% 24 TAEY TR (i) e fn
IR G, 2858 Blast Foxf, #ilH 2B/ H W
R B HA R KA R P R R BRAE B
#2,
1.4 S|¥M&R

P51 35t A T AR TR AT BRA H)
B
1.5 HyEabiE

1 SPSS 26. 0 47453140 HF . -4 I Origin
2021 X HHE AT b BN
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Tab.2 Information table for resistance genes of heavy metals and antibiotics
‘ . B I "
WRAR 31 3140171 bH BARE o
Gene name Primer Sequence of primers (5'-3") Amplification length/bp € . Reference
temperature /°C
B-lactam ARGs
FW CAAGTACTTTYAAAACAATAGC
CARB RV GCTGTAATACTCCKAGCAC >34 46 (9]
FW GTGACCAGATACTGGCCACA
ampC RV TTACTGTAGCGCCTCGAGGA 822 61 (9]
3 FW TAATAGTTGTAGTTGTCGGGTTTG . ol (0]
mee RV TAACCTAATAGATGTGAAGTCGCT
Tetracycline ARGs
FW GCGCTNTATGCGTTGATGCA
tet(A) RV ACAGCCCGTCAGGAAATT 387 62 (9]
FW TACGTGAATTTATTGCTTCGG
tet(B) RV ATACAGCATCCAAAGCGCAC 206 60 (9]
FW TCGATAGGAACAGCAGTA
tet(K) RV CAGCAGATCCTACTCCTT 169 61 (9]
Aminoglycoside ARGs
FW ATCCTTCGGCGCGATTTTG
aadA RV GCAGCGCAATGACATTCTTG 283 36 [10]
FW ATGGAATTATTCCCACCTGA
aadF: RV TCAAAACCCCTATTAAAGCC 386 30 [10]
FW ATGAACATCAACGATGCCCT
rmiB RV CCTTCTGATTGGCTTATCCA 769 36 [11]
Quinolone ARGs
FW CCCCATGCCCGAAGTTATCA
gnrS RV ACTGCTTGGAGTGTGTTGGT 457 » [12]
FW ATTTCTCACGCCAGGATTTG
qnrA RV GAGATTGGCATTGCTCCAGT 413 36 [11]
FW TGGTGCTGTATGCACCGAAT
gnrB RV TCATCGCGCTGAAGAACTGT 453 38 [12]
Chloramphenicol ARGs
FW GGTGATATGGGATAGTGTT
catl RV CCATCACATACTGCATGATG 349 60 (9]
FW GATTGACCTGAATACCTGGAA
catll RV CCATCACATACTGCATGATG 367 60 (9]
FW CGCCGTCATTCCTCACCTTC
JloR RV GATCACGGGCCACGCTGTGTC 215 30 [13]
Sulfonamide ARGs
FW CGCACCGGAAACATCGCTGCAC
sull RV TGAAGTTCCGCCGCAAGGCTCG 163 63 (9]
FW TCCGGTGGAGGCCGGTATCTGG
sulll RV CGGGAATGCCATCTGCCTTGAG 191 63 (9]
FW TCTTGAGCAAGCACTCCAGCAG
sulA RV TCCAGCCTTAGCAACCACATGG 299 61 (9]
copper translocating ATPase
FW CGGTCTCTACGAATACCGCTTCAA
CopA RV GAAATAGCTCATTGCCGAGGCGTT 1300 33 [14]
cobalt/zinc/ cadmium efflux protein
FW GTTCACCTTGCTCTTCGCCATGTT
CaeA RV ACAGGTTGCGGATGAAGGAGATCA 320 3 [14]
Chromium resistance
FW ATGTCTGATACGTTGAAAGTTGTTA
ChrR RV CAGGCCTTCACCCGCTTA 330 4 [15]
zine/ cadmium/lead efflux protein
) FW TCTAGAATGTCGACTCCTG
ZniA RV AAGCTTATCTCCTGCGCAAC 933 36 [15]
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Fig.2 Diversity analysis of microbial flora in oysters
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PCA on OUT level
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Fig.3 PCA analysis of intestinal flora diversity of oysters from different habitats
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Fig.4 Analysis of resistance genes abundance and PCA of different oyster varieties
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Fig.5 Analysis of resistance genes abundance and PCA of different oyster tissues
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Fig.6 Analysis of resistance genes abundance and PCA of different oyster sample sources
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Diversity analysis of bacteria and their resistance genes in oyster

XIE Qingchao'*?, LI Hao', LI Ruihong', ZHANG Hongmin'*®, LIU Haiquan'**, PAN Yingjie'*”,
ZHAO Yong'??

(1. College of Food Sciences and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Laboratory of Quality
& Safety Risk Assessment for Aquatic Product on Storage and Preservation, Ministry of Agriculture and Rural Affairs, Shanghai
201306, China; 3. Laboratory of Food Quality and Safety Testing, Shanghai Ocean University, Shanghai 201306, China; 4.
Hohhot Agricultural and Animal Products Quality Safety Center ,Hohhot 010020, Nei Mongol,China; 5. Shanghai Engineering
Research Center of Aquatic Product Processing & Preservation, Shanghai 201306, China)

Abstract; As a filter feeding bivalve marine organism, oyster is easy to accumulate microorganisms due to its
living habits. In this study, oysters from four coastal areas of China were selected as the research objects. The
microbie diversity in different samples and the distribution of antibiotic and heavy metal resistance genes in
intestinal, gill and muscle were analyzed. Finally, the correlation between resistance genes was compared by
correlation analysis. The results showed that: (1) The top five bacteria with microbial content are uncultured
Bacteroides, unclassified Bacillus cohn, unclassified Pseudomonas, Vibrio fluvialis and Arcobacter skirrowii,
including two types of spoilage bacteria and one type of pathogenic bacteria; (2) In terms of resistance gene
types, the detection rate of aminoglycoside args is the highest (84.1% ), B-lactam args and quinolone args
were the lowest (57.1% ). Detected by different tissues and organs of oyster, the detection rate in muscle
(65.6% ) > gill (59.1% ) > intestine (58.4% ). Detected from different sample sources, the overall
detection rate of GXBH samples is the highest (72.7% ), and the overall detection rate of SDWHI is the
lowest (54.5% ), and the samples from different sources have no significant difference in the type and
abundance of resistance genes. After PCA analysis, it is found that the same sample can be significantly
normalized and classified, indicating that the resistance genes in different tissues and organs of the same
sample are highly correlated. (3) From the correlation analysis of different resistance genes ARGs and HTGs,
CARB and gnrS have the highest correlation, chrR has a great correlation with sulA and mecA, and copA has
a certain correlation with all kinds of ARGs, indicating that different types of resistance genes have the
possibility of sharing a gene box. From the correlation analysis of samples from different sources, it basically
follows the normalized classification of samples from different places of origin. It shows that the breeding
environment can affect the distribution of resistance genes in oysters. Through the above studies, the dominant
microbial groups in oysters were analyzed, and the correlation between resistance genes and varieties, places
of origin, tissues and organs was preliminarily compared, which laid a foundation for further research on the
mechanism of resistance.

Key words: oyster; resistance gene; diversity analysis; correlation study
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