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W= 7 L4 % 3 4T (Litopenaeus vannamel ) 7 78 3t A2 7 £ {3 i A A ) R T AR, Oy 8
FHBEEBEN, ROEANREF, A THENNENTHEAEWEREEFRAKMENXR, K
HRBIBL AKX 4 FEERAE XN E IR HE AR L, FIA KB 47 k7
qRT-PCR B A, #F 58 X $F 4 A 7 38 7] 335 25 20 T X O 2R 3% 56 12 AP0 4k & B9 T 25 [ Ao tetA 2 9 AP 4
ZMGEEARG)NFE, ERE T, R I UG E X I I3 7 3 55 a4 B b il
W B Mbrio); R N TR AHE AR E R Y B F A (P<0.05), Tif % 1 (antibiotics
resistant bacteria, ARB) 7 th F&{X, ARGs ¥ £ £ & T ¥ (P<0.05); fEFEERZ AHEFHAL ., #F
REW, ZHER TR @ E w25 f ARGs £ EHE TG, #r, RATE P ELEHME
A SR D A F AR BB 7 ok AR PR T4 I8 T RT3 R TR 2

Kigia

hESEE $945.1  SCEAFRIEED A

AR, XPURFRAE O O IR EK AT A
G A3 (A M A A F 3 Ml v B B Ry 45, 2020), 285
LAWK, VLI X 8T 22 Fh JLGH I Xt i
(Litopenaeus vannamei) % FE #5550 55 il I fa iR IR
Fr . NANRIRFRIE S, AU

il 5 % R 5 Bl P TR i R, 45 s K (Lee
et al, 2015), AMEHK=FRILR AR IE, LKA
KIF 20k 4730, 542w (Chumpol et al, 2017;

JUANESTEE AT 250 & & 25 2 H(ARGs); qRT-PCR
XEHS 2095-9869(2022)02-0175-10

XISCAEAE, 2017) R 25 CRBEFHAE, 2019; Zhang et al,
2021) %5 5 B TeHT A B 9 52 AR W i B 30 AR 7 50
o HET, 55 B AT BUE BT T B K 5R
HHCH A 12 R AT, 2020), BF5ERW, $iT
A AR FRAE L 5 o Bl R S, N TE
W AT g 38 43 DU HE o AR A1 (K 8 H 48, 2015), FREA7E
4 KIEH(D costa et al, 2006), XFEPIEN LK
R BT G Al B I 24 P 7 A 1] 32 £ VR FH (Osterblad
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et al, 2001), 551 24 3L [ (antibiotic resistance genes,
ARGs) Y 7= 4= (Fridman et al, 2014; Frimodt-Meller
et al, 2019)5 %1% (Frost et al, 2005; Mazel, 2006), B
AR PRI RV AR N S 850, B X B N iR S
b,

AT Fir AR A0, VT3 DX P LA X R SR A
TR 2 AR AR IR T KB, sl G i RSt 37 R
LR, AR PTAE 2 o ARSI 4 FIOAS [
FrAE AR X Y FLANIE R IR AR B R R AR S B SE R4, )
F K-B 4CH 1A 5T ol i vl KE 3R 4 B0 6 K38 12 Fh
PUAERUME ., Z2VHHR. #REH . AER. #
e S RN TR . RKRER . BNY
BRI A SRk M m) R 25, JFiE
i qQRT-PCR HARKI 7B A & DNA 5 K28 9 F
ARGs (tetA, tetG. gnrA. gnrS, cmle3, floR. aadA,
sull, sul2)fRE, BRITITHRHLIXH 0L 4 FpFeE i
T LGN R R AN (] A K B B 18 T 24 74 (antibiotics
resistant bacteria, ARB)F1 ARGs 754 )AL 1E I, M

Ji S B P AN T T 25 7 7 A LA KOK 7P 3R B R T 24 4
WS HUSE

1 #MRE5FE
11 HmAXE

AW BT I 12 F 3551 3% FLYA I 4T IR
4 Fofr 3 L7 B AR A AR AT R AT TR 2 A ]
TR B ER S BFERT G, FEAOR I T AN TR AR AR
ek, AR . BRITRAE A 3 Ay, S8 4l
24 MRS 4 R FREERI 0y B (ML, R
FEHH . B XM (1 ctalurus punctatu) 355, FLANTEXF
HMRFR]. B 2 (M2, E¥EFRAE: JLANEXTER £ 3R,
BE S RER FR) B 3 (M3, /M LGN ST IS 77)
Bl 4 [M4, ROKTEFRGH . LY X IR | 6 0
(Hypophthal michthys molitrix) . i ff.(Hypophthal michthys
nobilis)Flfilf ff (Carasstus anratus)if 351, FEMiE4N{E
B 1,

x1 HRER

Tab.1 Sample information (n=10; Mean+SD)

FrA B 25 TR SR AR (] PRI N FrBF AR
Culture stage Group Sample ID Sampling time Shrimp weight/g Aquaculture model
T P-TTY P-TTY-1 2019-05-30 0.023 0+0.002 7 Ml
Postlarvae P-TTY-2 0.018 0+£0.005 8

P-TTY-3 0.028 0+0.011 0
P-TTX P-TTX-1 2019-05-30 0.015 0+0.007 1 M2
P-TTX-2 0.015 0+0.002 7
P-TTX-3 0.017 0+£0.004 3
P-XP P-XP-1 2019-08-13 0.012 0+0.006 7 M3
P-XP-2 0.021 0+0.009 1
P-XP-3 0.013 0+0.001 1
P-DSM P-DSM-1 2019-06-05 0.020 0+0.001 7 M4
P-DSM-2 0.019 0+0.000 9
P-DSM-3 0.016 0+£0.002 9
R C-TTY C-TTY-1 2019-09-06 12.60+1.82 Ml
Adult shrimp C-TTY-2 12.20£1.22
C-TTY-3 10.40+0.47
C-TTX C-TTX-1 2019-09-06 13.20+1.31 M2
C-TTX-2 11.50+1.66
C-TTX-3 12.60+2.03
C-XP C-XP-1 2019-11-13 11.30+0.76 M3
C-XP-2 12.00+0.33
C-XP-3 13.10+0.64
C-DSM C-DSM-1 2019-09-16 15.30+£2.07 M4
C-DSM-2 14.70+1.34
C-DSM-3 14.70+2.84
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12 AIEFERTFRITH. 28, dUREE

YHUFMAFR A 75% PR EE0E T, JFRH KRR
IR I PR T I 38 A TR o3 B 3 R . R A AR o B
10 HREREAIE , IRSIFRESS, A | mL KA SR
IKFEAAEES, B 100 pL if MRS DTS T 2216E
P EISRAG, BRI 3 N, 28 CREFRIK
JE AT BRALER PR S 10 RV B4R b
OSENE N 254 NLAR X R i 18 o] 55 35 e 7 it o 76T
M b BRBOE S R 9 BB P 2l Ak s 55 2 AU, AR
16SrDNA & JH 514 27F Fil 1492R i#47 PCR ¥4, P24
S T TR By A BR A Wl JS , 384 Blast
K2R 2R GEXT A R 0 R R A T AT

1.3 FHEFERE MR

LK i ¥ 75 [C 1 (Escherichia coli)f @ 4k
(ATCC 25922) Ji#5 i , FIH K-B 405 M ik sy
BAL AR X O RIS BRI B A
B 2E . METR RS B-INMERL 2R 6 KK 12 Mt R
TN 251, AR 3 AT . YRR S8 U ik

Ko FBE bR E 27 5 1 im R 5 52 96 2 A o Ak 0t 58
(CLSD#:/EFMH(Clinical and Laboratory Standards
Institute, 2017) A1 € 4= [ i RAG K B A RURE ) (#4135,
2015), Z4HACH A1 MH 3535 500 TN i A i)
AR T2 7 R A T
WP (RG24 T o B (%) =
W (T ) i ) 5 5 40 T i 245 R AR R
WP (RT3 PT3535 7 4 S R B

1.4 ARGsEE#K

1.4.1 ARGs #5/M Ji 42y 3 BAR W 25 28 ) l
M ARGs 5¥(B R EERE BIHEILER 2), WABRE
A ROXT IR YR A0 TR DNA A T PCR 473, B iR b
EE I LUK AT H ) 25t o BREE TR IHEAEAS, H
TaKaRa MiniBEST Agarose Gel DNA Extraction Kit
Ver.4.0 (TaKaRa)[lW H #2577 . H pMD18-T Vector
Cloning Kit (TaKaRa)X} H (3£ R #E17 7i ke . FIH 5 H
BEARVE . 514 M13 38 PCR 91 LA K T8 B0
77 R BIE e BE AL 5 5 . ] TaKaRa MiniBEST
Plasmid Purification Kit Ver.4.0 (TaKaRa)#2H 52 [ Al

*2 BHERER

Tab.2 Target gene information

25 S 51975 T i N 2% SCHR
Category Gene Primer sequence (5'~3") " Amplicon length/bp Reference
7SS tetA F: GGTGGATGAGGAACGTCAGG 58 100 A5 55(2016)

Tetraciclinas R: CGCATAGATCGCCGTGAAGA
tetG F: GCACTCTATTCTGCCACC 58 95 225 5(2016)
R: GGTCTGCGTAGTATTGGCA
W L anrA F: AGTGGCCAATGCCTGGAAAA 58 166 A5 2(2016)
Quinolones R: CCAGATCGGCAAAGGTTAGG
gnrS  F: AAAGGTGCCAACTTTTCCCG 57 113 225 % (2016)
R: ACCCTCTCCATATTGGCAT
ARRE cme3  F: ACGTTTATGCCAACCGTCCT 58 132 225 45(2016)
Chloramphenicol R: TGAATATCGCCTGC CATCCC
floR F: TATCTCCCTGTCGTTCCAG 56 399 A5 45(2016)
R: AGAACTCGCCGATCAATG
BILNE aadA  F: TGATTTGCTGGTTACGGTGAC 56 284 FEPAE(2017)
Aminoglycosides R: CGCTATGTTCTCTTGCTTTTG
T e 2k sull F: CAC CGG AAA CAT CGC TGC A 58 158 He %:(2014)
Sulfonamides R: AAGTTCCGCCGCAAGGCT
sul2 F: TCCGGTGGAGGCCGGTATCTGG 61 190 Pei %:(2006)
R: CGGGAATGCCATCTGCCTTGAG
e a0 16SrDNA  F: GGTAGTCYAYGCMSTAAACG 62 265 Bach %:(2002)
Reference genes R: GACARCCATGCASCACCTG
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TGRSR, I DL JBORE Sy A o SRR, R
Applied Biosystems Step One Plus Real-Time PCR
System 1T qRT-PCR 4341, £l bRk

HAY%E P PCR #2JF: 95°C 5min; 95°C 30s, Ty
45s, 72°C 1 min, 35 MME¥ 72°C 10 min, qRT-PCR
FEFF: 95T 30s; 95°C 55, 60°C 30s, 40 PMEH,
BRI 95°C 155, 60°C 155, 95°C 155, 20 L
iR Z : 10 uL TB Green Premix Ex Taq (TaKaRa),
. FUESIY4 0.4 uL, ROX 0.4 pL, ik 0.2 pL,
1.4.2 #f5 DNA 2% qRT-PCR #:1 ARGs ¥ &

1 3S DNA Isolation Kit for Environment Samples
(T FER A )P R i i A AN B DNA (BRI AR
10 HUBUER 1 7 E BB TR A0 JE 4RI, BRI R
A 10 HUR A BB TR &) 5 B H0) , 1.0% B Bt 5 Jise r
¥k F Thermo Nanodrop 2000 #; 4 DNA i, PI&H
f) DNA MR, #E4T qRT-PCR A&, £ 5 hi 4
FRIA 1.4.1, HIHERME S5 25 D 5 DR 0 248 %F
ik, UL 16STrDNA NS EPIEH (AL, 115
% ARGs WAHXT & &, IELIZARX & T N — 24
PG TR 347

15 HESItHE

K Excel 2019 #1470 K 2 A & S 5531 . 254
HUBNPE BT . ARGs Frif 122541 2L B2 ARGs KEf C,
{E I3 —fb AL IHEE . FH TBtools X 2K AR & E TR
I 43 M1 (Chen et al, 2020),

2 H#R
21 FEFHETLRITHEESLEEER

A T 8 SR A B S B AR /ME R 33 CFU/g,
I KAE N 2.73x10* CFU/g; BUAREE 5 R 15 5% 40 B B L
He/MEH 6.33%x10* CFU/g, it KAE M 1.12x107 CFU/g.
AR FRAERE A28, 4 PR A o 100 2 B 0T 4
BEE ETF 1832.1 (M1),206.1 (M2). 610.0 (M3)
1 81.8 (MY, 45 2H XU iz 3 1T 15 37 41 B 5 8 0 4K
EHILE 1,

HOp B ali b g2 17 Fl . 49 BRATESFR40TE, SRR
T 8 AR, 403 iKE & (Mbrio), &G H &
(Photobacterium) ., < H.fifd 1% J& (Aeromonas) . 74 FL [
1 J& (Shewanella) . 2F #1411 J& (Bacillus) . /T I
J& (Exiguobacterium) . #h 2 T 14 J& (Hal obacillus) .
1B 32 i 1 & (Pseudoalteromonas) (% 3). HH, %%
HiRZ W AIEE, T 30 ¥k, & 61.2%., NEE
FERE N E IR (V. alginolyticus)Fl & ¥ i K #

S = N W A B 2
LI B B R — E—

P A R UE
Log values of culturable bacterial quantity

S &FE S
Q,&Q,‘QQQ,Q

& &S
(CAN ] <]
B #h Postlarvae JHF Adult shrimp
B 1 A 2 XU g T T 35 57 40 0 R AR E
Log values of culturable bacterial quantity in shrimp
intestinal tract of different groups

B I b 05 AN [l B 7R 22 53 1 25 (P<0.05).
DNARAR AT A0 3 AN i T S 2 T e X B
Different letters on the column indicate significant difference

(P<0.05). The ordinate represents mean log values of three
samples’ culturable bacterial quantity in the corresponding group

(V. parahaemolyticus), 43320 11 #F1 9 Bk, ikt
36.7%H1 30%., FRES SRR 3 8, 10 A, 21 Bk
T Horh, o B 2 W EOINAE (9 #K), 5 42.9%.
RRRE A sy 2 8 JE, 12 A, 28 BRgnw, Hop
RN 8 #k, 5 30.8%:

22 TFIIEFHEMZAMRNER

X O g A T 245 B o FE S SR DL 4 I i R i
BTG5 G LR, W RER . KRR R L Sk
PASE 2SI I 2578 7 LEAER D 0, X PUPRZR ISR 1
PUER 25 (AR G R, (AR R 19.05%.
(I, BT M TEC RS 24 B o EE R0 T 0 e

23 ARGsEEWRMER

2.3.1 ARGs 47 ¥ £ DL ARGs 5 DL EOGHE5 1 ok
BEARKR, FEM CE NI ARARS bRk, 455 0
5. 4 ARGs FrifE 4Rl % (@) T-3.388 6~-3.142 8
Z 0], BRIE (D)~ F 40.647~46.469 Z [, #1% R EU(R)
AF 0.991 3~0.998 5 Za], FIYY HBRE®R) N T
97.3~108.1 Z [a], wffMZToA 06, 250K, i
Mgk Zet: Rar, B9y scss, s T
DUECRY TR

2.3.2 ARGs F JE B 5 H 45 fE RN, BE
Tiif 245 6 PR = B e ML I o AR i 1 R e BRI, DA
i P-TTY-2 Hh cmle3 EERE, N 84.6; tetA 7
C-TTY-1 fil C-DSM-1 B34 iy o AR B A 1S 5 gnr A 7E
C-TTX-1. C-XP-1, C-XP-2. C-XP-3., C-DSM-1.
C-DSM-2 Fil C-DSM-3 L3 # i R g A th o sul2 7

Fig.1
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Tab.3 Classification and quantity of culturable dominant bacteria
FRIE WY B &4 4 B bk
Culture stage Genus Species Quantity/strains
LN RICF R H IR L EHFFH P. ganghwense 3
Postlarvae Photobacterium
TR A LG S algae 1
Shewanella
I &8 PEHEONGE T INER | fEEE NEE RV IO E . BirE B2 R R 17
Vibrio WL IR ICORET . BIF5IREE . WA V. alginolyticus, V. fluvialis,
V. proteolyticus, V. parahaemolyticus, V. neocaledonicus, V. furnissii,
V. wulnificus, V. natriegens
AR MR e HHLE A, veronii 1
Adult shrimp Aeromonas
AT R i B ZE AT B B. subtilis 2
Bacillus
T/ INFE B TR/ MT R E. profundum 2
Exiguobacterium
KICH B HIKEEH T P. ganghwense 2
Photobacterium
A L T U H A= B P. fenneropenaei 1
Pseudoalteromonas
(NN Es) FHER RV RLIRE . W35 0E 4
Shewanella S litorisediminis, S. amazonensis
IR R RN . WG . RIS IMIREE . SR 13
Vibrio V. alginolyticus, V. fluvialis, V. parahaemolyticus, V. vulnificus
R 2R AT 1R R IR ZE AT H. dabanensis 1
Halobacillus
Tk AR 2
Unclassified

x4 XFHEMZE G

Tab.4 Antibiotics resistant bacteria (ARB) proportion in shrimp intestinal tract

LUES
Category

i i 25 5 b ARB proportion/%

Antibiotic WRTE Postlarvae

JEUF Adult shrimp

PO Z 2 Tetraciclinas

%5 ZE 2& Chloramphenicol

fil§ 12 2% Sulfonamides

FIHFHZE Aminoglycosides

£ 2E Quinolones

B- I kM2 B-lactams

PUFRE Tetracycline, TE 19.05 10.71
i J185 & Doxycycline, DO 19.05 7.14
A JE % Fluorobenicol, FFC 4.76 0

S 7 % Chloromycetin, C 0 0

fiffi iz S 3wk Sulfamethoxazole, SF 14.29 7.14
)5 i Cotrimoxazole, SXT 14.29 7.14
Hr# % Neomycin, N 9.52 7.14

KK FE % Gentamicin, CN 0 0

AV E Ciprofloxacin, CIP 4.76 0
PRI B Norfloxacin, NOR 476 0

S # Ceftriaxone, CRO 0 0
SLHIE G Cefotaxime, CTX 4.76 3.57
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FEfh C-DSM-1 HER GG H . FES T 9 Flr ARGs MIXT  BUS BYXTEF ) ARGs zlzrt“fi@is‘f?%ﬁ?ﬁm‘%ﬁ*ﬁ *®
T LR 6, Mgk 1 IR, ARGs FERRMK, AERE

ARGs EEKMZER K 2, i ARGs FERHK mma\mm\mﬁiimwaﬂﬁM%wM)4ﬁ
SIRTEE VT L, RPN ARRE S RAEARNFE /032, 3% ARGs 7ERFHIFE P B,

K5 H4EE ARGsIREMZ

Tab.5 Standard curves of drug antibiotic resistance genes

FEK Gene bR 2k Standard curve  #H5EF %L R Correlation coefficient 47143 Amplification efficiency/%
tetA y=-3.204 8x+44.127 0.9913 105.1
tetG =-3.142 8x+42.512 0.997 1 108.1
gnrA y=-3.288 5x+42.602 0.996 0 101.5
anrS y=-3.303 1x+41.402 0.998 5 100.8
cmle3 y=-3.239 8x+40.647 0.994 3 103.5
floR =-3.388 6x+45.541 0.995 4 97.3
aadA y=-3.195 1x+43.851 0.996 1 98.6
sull =-3.283 1x+43.174 0.996 5 101.6
sul2 y=-3.261 3x+41.066 0.997 1 102.6
16SrDNA y=-3.278 9x+46.469 0.9917 101.8

®6 9M ARGsHMEELEHR
Tab.6 Relative contents range of 9 antimicrobial resistant genes/(copies/16SrDNA)

e HRE Postlarvae JHF Adult shrimp
Gene H/]ME Minimum % K{H Maximum H/ME Minimum 5 KAH Maximum
tetA 3.82x107° 1.29%1072 0 3.35x107*
tetG 6.15x107 4.78x1072 4.62x10°° 8.83x107°
gnrA 0 8.34x107 0 3.68x107°
gnrS 1.10x107 3.41x107° 3.33%x1077 1.82x107*
cmle3 1.05x1072 8.46x107"! 5.90x107° 4.61x107
floR 3.87x107 6.27x1072 5.51x107° 9.64x107°
aadA 1.37x107* 7.19x107° 2.72x107° 2.13x107°
sull 1.57x107 1.61x107° 3.53x107° 6.28x107*
sul2 6.98x107* 2.93x1072 0 6.12x107°
| 2535
1x10"! Antimicrobial resistant genes
| DU FE Tetraciclinas
W15 EA2E Quinolones
1x102 4% %2 Chloramphenicol
gnr4 BIBHHIE Aminoglycosides
qnrS T Sulfonamides
sull 1x1073 L1y
tetd Postlarvae
W kM1
aadA 1x10_4 B ﬁﬁ_:MZ
cmle3 _ A =M3
tetG B MM
1x10 BRAF
‘ﬂOR Adult shrimp
sulZ §§_Ml
—M2
SR ww&%w& @m& SR =

B 2 9 fh ARGs 1y FE B E

Fig.2 Heat map of abundance of 9 antimicrobial resistant genes
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3 ifip
31 AEXERE SR EE

SRR FRAF(Q015)WFFE R BT, LGN XS HR 76 B Fh By
Bl W T BE SR A0 TR R I R . R AT R
ZEAUFT 1R FER B TR J&8 (Halomonas) 45, I Il
J& 5 A X, IR B A P AT 8 3R G 40 o
7Bk & (Lactococcus) . IR JE . AR . &6
FrE)E . A FUIRTEE . 79T 18 & (Arthrobacter) . ST
& & (Microbacterium)%: . AHF58 45 55 HARRL, #845
ol 22 1R] %) 22 55 0] A 5 37 8 3k R v 2R A o A A A
B (RE L, 2016) BT A Rl I A K,

3.2 TFIEFARmEEMEAN

B, B CHEMER K SR8 LA w2 A
12 FhAL AR, 2020), FE SRR B P&
HEEAVER . 7EFR ERR IR X (F T4, 2019; 22K
45, 2018) IR EE R EAG H s i RS | RIS . DUIRER
AP R, HLBE B IR OB TR B Ry, S
W 3 AR ISE 25 0 A R AIE GBI, 2016). FRaliE (%7
BTEEINATE §1/) 515 IR o B T g i S T AT i O A 7
HEZIRITRCE o wos , [MEEK: E. coli BFIAR TR
TR NEER @mpicillinth, HFASWZA R EER
PR AR 57 P (Fridman et al, 2014), 7% & HERSE2E 77 4E
fif 24 P (Frimodt-Moller et al, 2019), % H 7<# 4F
(Macrobrachium nipponense) K 11 £ 1d] & 42 4 7 it
AR HBIG, SR P 4w T 25 PR B
(Sun et al, 2020), Kb, W75 A0 B 1 2451 o

AT 5T 43 85 BT A5 T 155 % A0 e o DL AR R
Tt 245 PS4 AT , ASUNT D A 3R 2 R e e i A 3R AP AE—
FE BT 2540, X S5 SCA B HT AR Ak B TS Y B
(EEJ7 4, 2019; 2260746, 2018; 1B, 2016), 42
N, XSS T 25 68 v RES A SR R E RS
PG OA o TaAh, BUERI 2518 N L ECHR F FRAIC, &
UF I B g T T 245 T T Y R B IR T B

33 ARGSxXEZR

YA Z TG I ARGs 3 & F1Z AP (Fridman
et al, 2014; Frimodt-Meller et al, 2019), T4 CHk &
TEXTURA DY . i Ko SR50 IR B8 Rl Hh 2 Rt A &
ARGs (Su et al, 2017; #bt%E, 2019), B4 74—
#ahFE N 54 (mobile genetic element , MGE) ] ¢ #f
ARGs 7E 4l 4 [8] i) 1% #%& (Mazel, 2006; Frost et al,
2005), KEH XK= FRIEABEH, B ARGs sull
H1 sul2 F2 B8 55 (Gao et al, 2012); XF HF4A Py F1 55258 K

WEH i # ARGs 4050 sul 7 .gnrD ., cmlA. floR (Su
etal, 2017), ABFFEEE R SHT AW A R, Hrp,
floR Al cmle3 £ BERI =, 7T RES shW) & FHBUTR 24 UK
Je 2% B A 5%, iRk 2 FU PR 2 28 ARGs W A B
KIETEREIS Y, WA, BRI R, BUFRE A Y
ARGs FFEH) I Z AL T WA AL i (P<0.05), $7R&eat
1 AFREESA, XTERARP ARGs 75 Y2 B T R

3.4 AEMEME ARGS X ESH

AR R, AR £ KAEPUE R I BUSE S
HAr xR ARGs FBEFF AN e 2 M oE & ——XF b 1Y
KE, X5 EMEMS2020) ., 4T 5 (2019) Fl#X ik 5%
(2019)MF 7R 45 T2, anda A e % MR T XA 25
B 5 FEERARA , {H floR Al cmle3 = BE 5 . X T fig 2 1A
Sk X R R A TR 25 A B o T TR ELAIG, E AR
FEAER X5 gy 1 v AT R 5 A B SR O if 25 M A, IR
A RAAEZES . W, FraERm 2y &S gm, =
aadA £ AL . X ] AE & B Ok 40 T 22 B g 5 2
(Lambert, 2002)F147i2 5t [ (Mcdonnell et al, 1999)5%
PR 28 118 5% W 1717 4 B0 ) 50 5 () T 24 1, 80 it 24 1
S 2 H A ) ARGs T T o

R RN, ZE0 AT 251 Fl ARGs =F 280
XoF IO FR o MV i S I | A2 v B TR 2 B o L
Fl sul2 3= B R B — 20, HoRIE AT RE 5 A SR MR85 15
K, MRV E | R 225 5 LAl gnrS. gnrA
F ARG, HRRA M X LR ER SRR, X
2Ry Re R, fPAEZREEHX 2 FidiAd R
FIFRE, WRITRE [ 2017 FEFFRI K™ 555 24
WA TR B A I

4 Zit

AW R TITIR X 4 FhIRFAE R, FLANIE
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Sudy on Bacterial Resistance in Litopenaeus vannamei | ntestinal
Culturable Bacteria at Different Growth Stages

YANG Zeyu'?, WAN Xihe'”, SHI Wenjun', WANG Libao', LI Hui',

SHEN Hui', QIAO Yi', JIANG Ge', CHENG Jie'

(1. Jiangsu Institute of Marine Fisheries, Nantong, Jiangsu 226007, China;
2. Aquatic Product Technology Extension Sation of Gaoyou, Gaoyou, Jiangsu 225600, China)

Abstract Litopenaeus vannamei culturing industry is an important part of the rural economy in coastal
areas. With the development of the shrimp farming industry, diseases breakout frequently. Antibiotic overuse
can lead to bacterial antibiotic resistance and antibiotic resistance genes (ARGs). These then threatens human
health and safety. Therefore, the evaluation of bacterial antibiotic resistance phenotypes and antibiotic ARG
abundance can help to understand antibiotic pollution in specific areas. According to our preliminary
investigation, more probiotics were used during L. vannamei culturing in Jiangsu Province. In order to avoid
damaging the microbial community structure in ponds, less antibiotics were used during shrimp farming. To
understand the relationship between bacterial resistance in L. vanname intestinal culturable bacteria and
different growth stages, four main culture models of L. vannamei in Jiangsu Province were selected as research
objects. This study investigated the bacterial resistance to 12 antibiotics (tetracycline, doxycycline,
fluorobenicol, chloramphenicol, sulfamethoxazole, cotrimoxazole, neomycin, gentamicin, ciprofloxacin,
norfloxacin, ceftriaxone, and cefotaxime) and the abundance of nine ARGs (tetA, tetG, gnrA, gnrS cmle3, floR,
aadA, sull, and sul2) of the intestinal culturable bacteria in samples using the K-B disc diffusion method and
gRT-PCR technology. The results showed that Vibrio was the dominant bacterial genus among the shrimp
intestinal culturable bacteria in different aquaculture models. The species and quantity of culturable bacteria in
adult shrimp intestines increased significantly compared to those in post-larvae intestines (P<0.05). The
proportion of antibiotic resistant bacteria decreased. The abundance of ARGs declined significantly (P<0.05).
No obvious regularity was observed among the different aquaculture models. The antimicrobial resistance and
abundance of ARGs in the intestinal bacteria of adult shrimp were lower than those in juvenile shrimp under
different aquaculture patterns, indicating that reducing the use of antibiotics by administering probiotics may
reduce the resistance of culturable bacteria in the intestinal tract of L. vannamei. In future research, the
differences in the bacterial antibiotic resistance and ARG abundance in the intestinal tract of L. vannamel under
different aquaculture models can be further explored by combining the methods of metagenomics.

Key words Litopenaeus vannamei; Bacterial antibiotic resistance; Antibiotic resistance genes (ARGs);
qRT-PCR

@ Corresponding author: WAN Xihe, E-mail: wxh1708@163.com



