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WE: SR NN ETETF B KB I3 %4 9 X4 £ % 4ttt 4 H (antibiotic resistance
genes, ARGs)# £ 0y % . 83T & 38 & N J7 Fn &% M 4% & % IX # Uk (denaturing gradient gel
electrophoresis, DGGE)H# R A2 FF 4 f s A M BE L k= Rt £ B, 2 A
PCRJ7 s 4 U 7 20 4F 7 18 40 1 % W3SFR ARG W 0. 4R B, HAR LA E A IF
Fo B B AN i A A T P 4 B B 42 T95F140 7134, 4 F9E B ¥ T (operational
taxonomic unit, OTU) ¥k H 4 7 & 1244082, 4k (o ¥ #% 0y 40 0 A K 0 Al B 54T
17TABRSANT 164N E. LA EMTHEAENR S EBENEREN, Frd sl H
75.45%, MR #HEJE N Bl 2K H B (25.83%) 0 F o AT W B (25.24%); B KB AT 7 40 T AR B
KR BEEEIT(49.74%), hHHE H LR HE JE (49.01%)Fr il & & (29.98%) . JL 44 % Xt 4F
fif 8 20 (2.19)Shannonts % & T 2 KB IFHE awH(1.78), kMM EFHEmE L HEMEAT
JE#. DGGEHEW &R SR ENF — 3, 2HITHE aHE M X £ 7R Ak. PCRE
REx, LAEI7E 4 W %% I5SHARGs, Z KB I8 4 3 W 145 ARGs. A& 52
BRANDEMITEAF N BEM LS., OTUEXE E. Wi & HFARGsH £ 3
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1348 KopE o R 43 45

YIX R WG TG 2 MII6E, a0 e Y
ST R BB o TE AR B S R A e
e E IR AN SOl B SE D RE A S, AT
5% 1 T A O 2 U T AR R B T A W A R AR
fboife . EELTFIFEM M E T LN EPG
A O, A] e b B o T AR S e
FZEMCR. HET, XFK™ 5756 59 W i 4
Y ZHEPESIT IR 2, B i (Ctenoph-
aryngodon idella)"” . ¥ 3t (Pelteobagrus fulvidra-
co)™ . BEHI XFER(P. monodon)™ Fl K- 5 iR (Lito-
penaeus stylirostris)”5 , {H X} T PLYNE XS R A1 %7
[CTRERAT Z D

e 3 I AR EL AT R o R R i A
PR3, BEE A BRI, RO AT BT S5 A
T A I 22 5 SR ) 2 AP 1 B S HOR T B,
7 M A B B JC FEL VK (denaturing gradient gel electr-
ophoresis, DGGE)H A T 19994F & 9 1 HAE &
i E Y E T, AmpefEU AT T — 1 G T R B
T oK T AT P A A A A R PR AL A,
L MRE SR CDNAJF 37 14 16S rDNAV3 T A%
X515 2 (I DGGERI 1, XF 4lifk i DNA J Bt A7
I AT 5 78 FLIR T o B 4 AR 27 500
J Iz 0 T A YR T S5 A B BT A T

AR, K= FRFH AR R I ZE A AUAS
FLFEAE T BOK BB vh 0 A4 22 P 5 A (antibio-
tic resistance genes, ARGs)F1Ti 24 EUp i (4048 2% 21
B EN ARGSIE BT X6 B 15 e ', A
AR T LSRRI b, B AF T Tk,
TSN K P ARGs % 5l
15 A% JT A AY LASE i 7K SF- 5 R % 7 (horizontal gene
transfer, HGT) i 30 3] + 35 40 i s HAh IR B v,
ZA] DR B NI AE A R T, XA
Fe g FRAF AR B0 fE

A B 5 38 3 L 8 LI X R RN 2 TG T A
B R i RpiE R R 2R,
JH e 38 ek P P DG GE4 A 73 B 2 B 7 18 ol A
YIRE % A0 22 S AU ) Z2 6k, O AG I 27 AR
i 35 440 BT L 38 ARG 45717 17 e o

U Rk

L1 HmRESLE

SIS FH L 4 3 6 MR (U 7K 3% ) AL G MR
(BOK FRFEI T20174E9 H F AR @ b VL FHK
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a7 (T S I IX R A 17005 ) s FFRAE &
2o 3t vp A AL B S 2 ] SE A L A G A
T EHCIR I T K B LA T, PR T80 °C
ARG IR VKA LA 25 DNABRHL

1.2 DNAIZH

M—80 °C AR IR VK 25 0 8 L4 152 X AR
A IR AR I A S 455 T 1.5 mLE O, 1
TG S5 F T L Sl A U BE 4R [OSE-Y 10, KAR
AR AR A RA R R i, S B A
[K 2 DN A B ) £ [DP328-02, RARA: fbBHL
At =0 A R 7 100 A0 R HUE DNA . 2%5
JIE A R M HL K A AT FE AR DNARY 5234 1, L & Bio
TekZ U)REMEFR 1Y (Synergy2, 3 FEMA M {454 R
25w )N E VR BE 3R SIS EK A B DNATR A T
-80 °C,

1.3 SBENF

AR DNAFE S 3% 2 g 8 A R 2R
A BR A /AT Y, W B MiSeq
PE300, KH514338F (5'-ACTCCTACGGGAGG-
CAGCAG-3")F1806R (5'-GGACTACHVGGGT-
WTCTAAT-3")%F 4 B 16S rDNAFE K V3~V4[X it
fTPCRY 14, PCRIZ WK FK : 5xFastPfu buffer
4 puL, 2.5 mmol/L dNTPs 2 uL, TransStart FastPfu
DNA Polymerase 0.4 pL, 1E. 5[4 (5 pmol/
L)#50.8 uL, A5 DNARIHR2 pL, ddH,O%h 78 2 5
AFR20 L, PCRI N 251 : 95 °CTAEPE3 min;
95 °CAEH:30s, 55°CiRk30s, 72 °CIEAf{i45 s,
30MEHR; 72 CCALEMH 10 min, 2%35 5B 5E I
HL VKR PCR™ W) 45 R AR, B Ja ¥ PCR)™
¥ QuantiFluor™ -STi#% {45 Y i & & 4 (Promega
oS EDHEATE B
14 BESEHSZHEMEDH

FUsearch (version 7.1)4% 44 %F B8 47 AL B,
97 %o AR L) KE 7K - i 1 I #24F 73 2K HLOT(0OTU) . AR
PEAE i OTU Y Silvai 45 22 i AH AL bb X 435 21 i
TR E R AT R AP FI A OTU picking, Ffr
1545 5 1 GraphPad Prism S22 il BF ¥ 45 #4414y
o MR 22 GETH 45 2R o PLAN X IR AN 2
TG VA W 1 38 G A= W) R T 25 A AL R Lo 9], 2]
Rank-Abundanceftf £k, LA it sz W iR iz 38 7 5 )
IS EE A5 B . B i FIMothurfR 4 XF Shannon
F8%0. Chaol. ACERISimpsont§ 54471158 0#7 .
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54 pits

W, AE . PLAIE T MR AN G I 18 AR 4 Bt A IR S R 2 R 23 1349

1.5 #HmEENERES

FF FLYH I X R AN 2 EC T W i G A A R
P S0 B0 I 22 i 4 K] (heat map)©®?, DL
27 U 1 3 A W AE 1) R KT BV 4H R Y AR
PUPE A2 50 . FHRIE S Veganfl 17 Helust3R 28
BT Ml Vegdistl 85115, R JT7 15 h Complete,
I 25 8 F Bray-CurtisE: .
1.6 DGGEH AR 73 M2 8N B% & 3 4 1 % w1

DL b A 3 A DNA I BB, PCRY”
W H16S rDNARIV3IX , 51910 40 19 16S rDNA
V3 AT AR X5 5197, PCRIUN 454 : 94 °C
TS 143 min; 94 °CZE 141 min, 55 °CiB k1 min,
72 °CIEH 1 min, 30MEHR; 72 °CAAL S min,
4 °CIR A% M. PCR;” ¥ HIBIO-RAD Dcode & 4t

HEATDGGEAM T, H 2SR B 1 A 40%~60% , %
TR 075 Tk P s v FBE A7 8%, 7F 1 x TAE B, 3k 22 Wi
HLPK 10 h(100 V., 60 °C). #EEHISYBR Green 14t
(520K (4 10 min), 5255 S0 I PR GGEAT 40

L7 fERRMEERGN

ABFFEEI T 622 38F 0 # LAY ARGs: 5Fh
B-MEENEZISARGs ., SFI UK A ARGs, 8Fha I
PEIT S ARGs . 8PP LIS ARGs, SFhE B R L
ARGsHI 4Tk fie 28 ARGsHE N H 3L, % ]
PCREEAXS H I IEH AT 35 . 519750 . Bk
TR MV AR RS B SRR )P, 153
(1 PCR™ 1 FH 2% Byt Jig Ml i s P DA, 3% &8
AT AY TR A A, ZadNCBI
B FEBLAST H XA H Y H Bt

®1 3SMITE RN EE(ARGS) R EPCR3|H)
Tab.1 Thirty-eight antibiotic resistance genes (ARGs) and their PCR primers

A S HI(5-37) I bp KR/ °C
genes sequence of primers (5'-3) amplification length  annealing temperature

B-PIBEA% ARG

B-lactam ARGs

CARB FW CAAGTACTTTYAAAACAATAGC 534 46
RV GCTGTAATACTCCKAGCAC

SHV FW GCGAAAGCCAGCTGTCGGGC 304 62
RV GATTGGCGGCGCTGTTATCGC

SHV-5 FW TGTTAGCCACCCTGCCGCT 825 61
RV GTTGCCAGTGCTCGATCAG

ampC FW GTGACCAGATACTGGCCACA 822 61
RV TTACTGTAGCGCCTCGAGGA

mecA FW TAATAGTTGTAGTTGTCGGGTTTG 733 61
RV TAACCTAATAGATGTGAAGTCGCT

PUFE K KARGs

tetracycline ARGs

tetA FwW GCGCTNTATGCGTTGATGCA 387 62
RV ACAGCCCGTCAGGAAATT

tetB FwW TACGTGAATTTATTGCTTCGG 206 60
RV ATACAGCATCCAAAGCGCAC

tetM FwW ACAGAAAGCTTATTATATAAC 171 60
RV TGGCGTGTCTATGATGTTCAC

tetO FwW ACGGARAGTTTATTGTATACC 171 60
RV TGGCGTATCTATAATGTTGAC

tetQ FwW AGAATCTGCTGTTTGCCAGTG 169 63
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1350 Ko AR 3%
R
A I HI(5-37) TS bp BKIREE °C
genes sequence of primers (5'-3") amplification length  annealing temperature

RV CGGAGTGTCAATGATATTGCA

tetS FW GAAAGCTTACTATACAGTAGC 169 50
RV AGGAGTATCTACAATATTTAC

tetW FW GAGAGCCTGCTATATGCCAGC 168 64
RV GGGCGTATCCACAATGTTAAC

tetK FW TCGATAGGAACAGCAGTA 169 61
RV CAGCAGATCCTACTCCTT

AP ARGs

aminoglycoside ARGs

aph(2'")-1b FwW CTTGGACGCTGAGATATATGAGCAC 867 55
RV GTTTGTAGCAATTCAGAAACACCCTT

strd FW CTTGGTGATAACGGCAATTC 548 55
RV CCAATCGCAGATAGAAGGC

strB FW ATCGTCAAGGGATTGAAACC 509 56
RV GGATCGTAGAACATATTGGC

aadA FwW ATCCTTCGGCGCGATTTTG 283 56
RV GCAGCGCAATGACATTCTTG

aadE FW ATGGAATTATTCCCACCTGA 386 50
RV TCAAAACCCCTATTAAAGCC

aac(6’)-1b FW TATGAGTGGCTAAATCGAT 395 55
RV CCCGCTTTCTCGTAGCA

armA FwW CCGAAATGACAGTTCCTATC 846 56
RV GAAAATGAGTGCCTTGGAGG

rmtB FW ATGAACATCAACGATGCCCT 769 56
RV CCTTCTGATTGGCTTATCCA

PE R ARGs

quinolone ARGs

qnrS FW CCCCATGCCCGAAGTTATCA 457 59
RV ACTGCTTGGAGTGTGTTGGT

aac(6’)-Ib-cr FW ATATGCGGATCCAATGAGCAACGCAAAAACAAAGTTAG 544 66
RV ATAGCGAATTCTTAGGCATCACTGCGTGTTCGCTC

qnrd FwW ATTTCTCACGCCAGGATTTG 413 56
RV GAGATTGGCATTGCTCCAGT

gryA FW CGATGTCGGTCATTGTTGGC 455 61
RV ATACCTACGGCGATACCGGA

gnrC FW TTCGATCGGACTGCTTGTGG 438 59
RV AACACATGGTGCAGGGGATT

qnrD FwW GCTGGAGCTTGTCAGGGATT 585 59
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5 ok, S5 PLANIEXTIR RS QIR IR i 18 AR W B AR F v S R 2 R A 1351
- R
ey I HI(5-37) 19K /bp B KRB/ °C
genes sequence of primers (5'-3") amplification length  annealing temperature
RV TGCTGCGAGATATCATGCGT
parC Fw GCCTAAACAACGCACGGAAA 432 59
RV TGACACGGGAGGTAACCAGA
qnrB Fw TGGTGCTGTATGCACCGAAT 453 58
RV TCATCGCGCTGAAGAACTGT
H B RLEARGs
chloramphenicol ARGs
catl FW GGTGATATGGGATAGTGTT 349 60
RV CCATCACATACTGCATGATG
catll FW GATTGACCTGAATACCTGGAA 567 60
RV CCATCACATACTGCATGATG
catlll Fw CCATACTCATCCGATATTGA 275 60
RV CCATCACATACTGCATGATG
catlV Fw CCGGTAAAGCGAAATTGTAT 451 60
RV CCATCACATACTGCATGATG
floR Fw CGCCGTCATTCCTCACCTTC 215 50
RV GATCACGGGCCACGCTGTGTC
T/ ARGs
sulfonamide ARGs
sull FW CGCACCGGAAACATCGCTGCAC 163 63
RV TGAAGTTCCGCCGCAAGGCTCG
sulll FwW TCCGGTGGAGGCCGGTATCTGG 191 63
RV CGGGAATGCCATCTGCCTTGAG
sullll Fw TCCGTTCAGCGAATTGGTGCAG 128 61
RV TTCGTTCACGCCTTACACCAGC
suld FW TCTTGAGCAAGCACTCCAGCAG 299 61
RV TCCAGCCTTAGCAACCACATGG
2 4R K HIRDP classifier D7 3% 647 OTUF 41 432

2.1 EBEENFHERLDH

i 33 MiSeqil 13 - 15 6 FLAN I X B FL2 FQIR R
38 4 BA 19 16S rDNAFE R V3~VAIX 1T AR Y 2
FEHA , 43 FIARAS A A A7 51142 795F140 713
%, BRELE K B 442 bp., SR Mothurk 14 i/
i B 1l 28 (rarefaction curve). Bf & M ¥ 1) 3747
FUTFECH B30, 2z i v, BT 4L
EAHEAEE A,

22 EEBWEVFESH
TE Silva i 7 #1740 A6 7 51 A LA E X

(O7%AHIKF), LA R 18 40 7 KA 0TU 124
A, P IRBEEGIE A EARFOTU 824>, Hhal &
OTU 671 MG HKATERELR, 25T
JE A HEATRE R R R e o b, AR
N, LA R E A0 K 28D TR B
["J(Proteobacteria) (75.45%) . #XBET [ ](Tenericu-
tes) (17.47%), 1M JEREE ] (Firmicutes) (0.76%) .
FAFT 1] (Bacteroidetes) (0.28%) . R H [ (Acti-
nobacteria) (5.52%), Al K A 240w Fr o HE A
0.51%(¥12-a), Al s > HACF LR SETH i,
W 2 WAL 2T 8 Sk I B 1 & (Paracoccus) (25.83%)
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Fig.1 Rarefaction curve of L. vannamei and
M. rosenbergii gut bacteria

A. represents rarefaction curve of L. vannamei gut bacteria, B. represents

rarefaction curve of M. rosenbergii gut bacteria; the same below

1 . .
00 MENNNN W " Procobicteria
= Firmicutes
80 L = Tenericutes
ot B Actinobacteria
=) ® Bacteroidetes °
° = =N
S g 60 m others <
w5 1
- g
>~ o =
=z 40 =
< = =<
E
20
o U
A B

(@

relative abundance

100

FURNSFT i JE (Acinetobacter) (25.24%); % LB UF
B 1K EENEIRET] (41.46%) . JERE
B (49.74%) . AT (421%), BBETE ] (2.34%)
FURER AT (2.12%), FHifth K R 5S40 1R PIr i L 5]
70.14%(E2-b), PL#E & M FLEREE (Lactococcus)
(49.01%) A9 IH J& (Vibrio) (29.98%)-

23 WEMSHEERBERES

W AR AT 1 LA I 6T R N B GV I i 3 4N R
A BTSNV HATHOE 500, #5140 7134507 5 3#E 1T
PO, FRAS 43282 i 57 W Aty %) 200 1 b 28 500 3
ST 1IAJEMSASTT . 1648, SR FMothur4k
1347 Z R HE £ 5e 1143 B (ShannonfE £ . Chao
FEH. ACEFS BRI Simpsonds 50, ¥ 45 R &5
FIFE99.97% L b, FWIEEA RTHE . FLAAE
X W 7 18 41 7 (2.19) Shannonds 54 &5 T % FVH AT %
AN (1.78), FWHTH Wi w 2R TE
o WEIKKRE, FAEXNIFGIEMEOTU:E
B YR SRS BEE 2 R EGE T IRTB IR

® Lactococcus

= Vibrio

™ Acinetobacter

m Paracoccus

m Candidatus_Bacilloplasma

B Rhodobacteraceae_unclassified
B Albirhodobacter

®m Psychrobacter

m Flavobaterium

= Leucobacter

u Shewanella

= Rhodobacter

® Mycoplasmataceae unclassified
= Citrobacter

80

60

40

20 | = Microbacterium
| Sulfitobacter
® Rhodobacteraceae_uncultured
oL = others

(b)

El2 WEDSEFKFHENFEELIT R

() QB T2 2K, (b) M RACT 5325 T IH

Fig. 2 Statistical analysis of relative abundance at the microbial taxonomic levels

(a) bacteria phylum level, (b) bacteria genus level; the same below

BT (F2). MWIEUsearchB A4 ¥7 B4 E 5T
SIOTUST i 1Y = BE L 5] 25 il heat map, RIS
W, JLYAE XU i 38 40w AP R AR S 2 T
B ICIR IR A B A0, 204 i B 38 T AR AL
A (E3).

2.4 DGGEEL 71

RSB R FHPCR-DGGEH; A4 14 16S rDNAM
V3IX HI R B, AR AS R RF g i o 40 19 2 A
TR EAMUUNE . FR B, FLABEX RS [
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TH U7 18 4 R DGGE K 35 22 R K, & & m
Boim . PoRfiE MBS RA 2R, RUIKFEER
i v i A AR S L R R R TR, DGGER
Tk A A5 L 5 R Y AR A R — 8, 2P
i 38 4 P A 2 25 AR (1K1 4),

2.5 MFEHAEARGSK HIER

ARSI IR T 6 KZEARGs, ML 4N X} oF
Ji77 38 40 T 4 15Fh ARGs, % [ B B iz 1 40 1 4
H14FARGs, 6 R (33, ES). L
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F2 LRI ET RBIFEMEN S SR 27

Tab. 2 Statistical analysis of microbial diversity in L. vannamei and M. rosenbergii

FEA HROEE OTU Acefii Chaofi % Shannon#§ % SimpsonE %L
samples effective reads Ace index Chao index Shannon index Simpson index
JFLYEERTR 7 TE 41 40713 124 124 124 2.79 0.103 9
P. vannamei gut bacteria
B IR TR A A an 40713 82 90 95 1.78 0.296 7

M. rosenbergii gut bacteria

Actinobacteria

Tenericutes

Bacteroidetes
[—- Firmicutes
Proteobacteria

Deinococcus-Thermus

Cyanobacteria
Planctomycetes

Saccharibacteria

0 003 043 554 7544 0 005 0.1 218 49.01
HER AT /% REBARN £ L /%
relative abundance of community relative abundance of community
(a) (b)

3 ARDEKFTHESHARESHEOED T

Fig.3 Microbial community heatmap analysis and multiple samples similarity tree

T U g 28 20 TR AS I SHV . ampC . tetA | tetB .
tetM ., tetS. strd. strB. aadA. aadE. aac (6°)-
Ib. gryA. cafll, floR. sulll, 1% [C{A %Mz 40
AR T SHV ., SHV-5. fetd. tetM. tetO. tetS.
aadA . aadE. qnrS. grvA. floR. sull. sulllFll
sullll, PRBLT HTdEZEHAF e Z k. Jorp
SHV . tetA. tetM. tetS. aadA. aadE. gyrd.
SloRMsullly — 3 AP AE BTt R I

3 g

i T A A ) o W T ) R A R Y, TR 4R

A B L HLAPRI R S A T e 4 T AR
& 4 DGGERZ A S I 3 5 v i B MIDGGEHL AR G 28 A [6) 4F
Fig. 4 DGGE fingerprint T WA W) 22 R R T A5 R AT T ST, A5 R
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F3 LRI S RIAANAE A B P 2 F ARGs 1 Hi 1550
Tab.3 Detection occurrence of ARGs in L. vannamei and M. rosenbergii gut bacteria

itk JUHE XTI fi7 18 28 AL 7R
ARGs P. vannamei gut bacteria M. rosenbergii gut bacteria

B- M EEI%JARGs  (B-lactam ARGs)

CARB 0/10 (0) 0/10 (0)
SHV 4/10 (40%) 10/10 (100%)
SHV-5 0/10 (0) 2/10 (20%)
ampC 3/10 (30%) 0/10 (0)
mecA 0/10 (0) 0/10 (0)

PUFF#EZKEARGs (tetracycline ARGs)

tetd 10/10 (100%) 10/10 (100%)
tetB 8/10 (80%) 0/10 (0)

tetM 4/10 (40%) 2/10 (20%)
tetO 0/10 (0) 5/10 (50%)
tetQ 0/10 (0) 0/10 (0)

tetS 10/10 (100%) 10/10 (100%)
tetW 0/10 (0) 0/10 (0)

tetk 0/10 (0) 0/10 (0)

FIHENEF JSARGs  (aminoglycoside ARGs)

aph (2")-Ib 0/10 (0) 0/10 (0)

strd 10/10 (100%) 0/10 (0)

strB 10/10 (100%) 0/10 (0)
aadA 3/10 (30%) 10/10 (100%)
aadE 3/10 (30%) 8/10 (80%)
aac (6)-Ib 2/10 (20%) 0/10 (0)
armA 0/10 (0) 0/10 (0)

rmtB 0/10 (0) 0/10 (0)

PRI ZSARGs  (quinolone ARGs)

qnrS 0/10 (0) 10/10 (100%)
aac(6”)-Ib-cr 0/10 (0) 0/10 (0)
qnrd 0/10 (0) 0/10 (0)
gryd 10/10 (100%) 10/10 (100%)
qnrC 0/10 (0) 0/10 (0)
qnrD 0/10 (0) 0/10 (0)
parC 0/10 (0) 0/10 (0)
qnrB 0/10 (0) 0/10 (0)

A FFEIARGs (chloramphenicol ARGs)

cafl 0/10 (0) 0/10 (0)

http://www.scxuebao.cn
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GR3-
EReee- TS| JLERIE R 7 TE 240 B L SELN e
ARGs P. vannamei gut bacteria M. rosenbergii gut bacteria
catll 2/10 (20%) 0/10 (0)
caflll 0/10 (0) 0/10 (0)
catlV 0/10 (0) 0/10 (0)
floR 10/10 (100%) 3/10 (30%)
T[4 ARGs  (sulfonamide ARGs)
sull 0/10 (0) 10/10 (100%)
sulll 10/10 (100%) 10/10 (100%)
sullll 0/10 (0) 4/10 (40%)
sulA 0/10 (0) 0/10 (0)

bp MC12345678910

2000 —

1000 —
750 —
500 —

250 —
100 —

5 FLEEXTET 78 48 5 &8 57 ARGsHY PCRAG I 5 R
Fig. 5 Detection of gut bacteria ARGs in
L. vannamei by PCR

M. D2000 Marker; C. control; 1. SHV; 2. ampC; 3. tetd; 4. tetB; 5. tetM
6. tetS; 7. strd; 8. strB; 9. aadA; 10. aadE

R, FLYA X IE R 2 IR R B 8 AR 2
25, H LA IR 7 18 40 5 A0 B v B 2K
ZFEME . OTUF & M A S50y & T % IR IF
Jis TE AN TR o LTS X W A T A R R O AR R R
TICEETT, Pd el 75.45%, o & 0L At
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Diversity of gut microbiota and antibiotic resistance genes in
Litopenaeus vannamei and Macrobrachium rosenbergii

HONG Bin', NIUBen', CHEN Ping ' LIWei,
LIU Haiquan "***,  PAN Yingjie "**, ZHAO Yong "*"
(1. College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306, China;
2. Shanghai Engineering Research Center of Aquatic Product Processing & Preservation, Shanghai 201306, China;
3. Laboratory of Quality & Safety Risk Assessment for Aquatic Product on Storage and Preservation (Shanghai),
Ministry of Agriculture and Rural Affairs, Shanghai 201306, China;
4. Engineering Research Center of Food Thermal-processing Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To compare the differences in gut microbiota and antibiotic resistance genes (ARGs) between
Litopenaeus vannamei and Macrobrachium rosenbergii, microbiota community structure and microbiota diversity
of two shrimps were analyzed by high-throughput sequencing and denaturing gradient gel electrophoresis (DGGE),
and 38 kinds of ARGs in the gut bacteria of two shrimps were detected. The effective bacterial sequences of L. vanna-
mei and M. rosenbergii were 42 795 and 40 713. The results showed that the numbers of operational taxonomic
units (OTUs) were 124 and 82, and the bacterial types with clear classification status were 5 phyla, 17 genera and 5
phyla, 16 genera. The dominant group in the gut bacteria of L. vannamei is Proteobacteria, which accounts for
75.45%. The dominant genera are Paracoccus (25.83%) and Acinetobacter (25.24%). The dominant group in gut
bacteria of M. rosenbergii is Firmicutes (49.74%), and the dominant genera are Lactococcus (49.01%) and Vibrio
(29.98%). The Shannon index of the gut bacteria (2.19) of L. vannamei was higher than that of M. rosenbergii
(1.78), indicating that the gut bacteria diversity of the former was greater than that of the latter. The analysis results
of DGGE fingerprint were consistent with those of high-throughput sequencing, and the bacterial diversity of the
two shrimps was significantly different. The PCR results showed that the gut bacteria of L. vannamei carried 15
ARGs and gut bacteria of M. rosenbergii carried 14 ARGs. Our study revealed that the community diversity, OTU
richness, total number of species and ARGs in the gut bacteria of L. vannamei were higher than those of M.
rosenbergii, which provided a theoretical basis for the subsequent excavation of gut microbial resources.

Key words: Litopenaeus vannamei; Macrobrachium rosenbergii; gut microbiota; microbiota diversity; antibiotic
resistance genes; high throughput sequencing; denaturing gradient gel electrophoresis
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