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Investlgatlon on Fluoroqulnolone Reslstance Genes ‘in the ‘Intensive Aquaculture
Area of Shatlanhu Intensive. Aq{flculture Farm and Surroundlng Waterbodies in”
Shanghai, Chlna : 4 ¥ 2 T,

XU Wi , & Shi- hao' M.A Jin', WANG Li- qlngl f ZHAI\IGJ!Wel1 Gy

(I Ceﬁter fof Research on Emlronmental Ecology and Fish Nutrlenl(CREEFN) of M;_msm7 of Agriculture and Rural Affairs, Shanghai Ocean University, Shanghai 201306,
Chinay2, Key .Laboratorv oft Exploration and Utilization of ‘Aquatic Geneuc Resources Ministry of Education, Shanghai Ocean University, Shanghai 201306, China; 3.
Departmentof Aquatic Biology, College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract’ Intensive aquaculture areas are often considered to be an important potential source of antibiotics and resistance genes in water bodies. However, the contamination
of antibiotics and resistance genes in this type of water remains largely uninvestigated. In this study, the type and abundance of fluoroquinolones (FQs) and fluoroquinolones
antibiotic resistance genes (FQs-ARGs) were investigated in Shatianhu intensive aquiculture farm and the surrounding water hodies in September 2020 by using metagenomics
high-throughput sequencing technology. Furthermore, the influence of water physical and chemical factors and FQs on FQs-ARGs was studied by using multivariate statistical
analysis methods. The results showed that there were five types of resistance mechanisms and 46 kinds of FQs-ARGs in the culture area of Shatianhu intensive aquiculture farm
and the surrounding water hodies, and there were 44 genes in each water body. Both mfd and patA were dominant resistance genes in the aquaculture water and surrounding
water bodies, and variation or mutation of antibiotic resistance genes was the dominant resistance mechanism. Moreover, there was no significant difference in the average
abundance of FQs-ARGs among the aquaculture water bodies, the surrounding rivers and lakes, and water bodies of different culture species. The result of partial canonical
ordination analysis (pRDA) showed that in addition to norfloxacin and ciprofloxacin, specific conductance ( Spc ), total phosphorus (TP), total nitrogen (TN), ammonia
nitrogen (NH," -N)) , dissolved oxygen (DO), pH, and Chlorophyll a ( Chl-a) were key factors that affected the composition and distribution of FQs and ARGs in water
bodies, and the total contribution rate of the latter was far higher than that of antibiotics themselves.

Key words : aquaculture water; fluoroquinolone resistance genes; environmental factors; metagenomics; Shatianhu intensive aquiculture farm
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Br(RDA) FwICAR 31 (pRDA) 55 Z e G i 5 i,
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1 #Rl5RHZ%E
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ARSI T 11 T 7 T DX VD K ™= 555 X
Fr 5 B LR Ui R LI A A RS X
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31. 111 933°N). ¥ A4 4K 7= 35 5 X Ho kb |6

1.1

T EHVL L — ZOK ORI IX—— 4 K e i,
IR K, TR T A R A AR DE L T8
W, Vb I SR 5 X K BT R 3-SR Tl 9 DA &
KRR AP X AT B 422 B A2 52 ). BiF 5 DX 38 N
WET 17 ARSI 1 FR, HHEFRE A RS
Z SRR 2 IO T A JUR R R L
Rt T R A, o 11 AN FRA I I S A A 45 3
AEEEEYE (X1, X2, X3) ., 3 M yE (Lil, L2,
Li3) . 3 Mifa (HI . H2, H3) Fil 2 > H £ - X iR IR
FEPE(M1, M2) 5 3 MRS (R, R2 fTR3), 3
ASVE LI S5 (L, 12 FTL3).
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Fig. 1 Sampling area and location
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T2020 4 9 A FF )R E A, 7ERA LA H
5 LRKEAE0.5 ~1.0 m K, FENLEURE 3 ¥, % 3
YOKFEAEAR kT 7840 A, BUR G 7KFE 1 L, 3y
R PR 2t ke B AT b s SR KR 5 pm 1Y
IR A AR UBME AT 0, bR 2 KR 2% 0T, SR Je ke
PHEG K RETR ] 0. 22 wm FLAR TR A 2F 4 2 1
(GSWP04700, MF-Millipore ) #4733 €. ¥ & 48 T #E
A 0.22 m 8 BB AR I, CE T G B R AR A
o ST BB W AURE AT R A A Tl R AR
PR DT I TC 1A HSEORTE A T8 ol H X R
TS G B A I3 R R BISEER fE  F
VEREFH T UKAEN 24 18 b1 363 AR s 2 H R A FR
INFIATRFERNA R, 5550 BUR G /KEE4 1, 4°C
Rz RS % T e Sehid: R B9 BUOK S
PRI AE . SRAF AT TR v A% L SRR AE s R BT B[R]
M FFTE IR YSI Pro-Plus {5 48 2 /K J57 46 I 4%
I 5E KA ) pH AL (DO) | HL 538 (Spe ) FIZK IR
(WT).
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% H HMlumina HiSeq Xten G #HAT PE150 X
TF . ASBIFGE 4347 1 2 BR PR LT ¥4 25200 1 0 12, O
WEAEDCEE. B SR R e ) A T B s i ] R BR
$H KT 40 bp (HH T 3 BUR T 38% 1741, %
B AZ IR L 10 DMRYF A, L4555 adapter J7
FIA 15 bp EE MNP, K] SOAPdenovo #X1F41%¢
clean reads. K | SOAPaligner 14K 8 B8 1) clean
read 5 XK PEVEAT LUXT, LITTFRVCEC 4 H L i ad 2
B4 70F 3 4~ mapped reads W F Be ik R 280502k
345 unigene. F§ DIAMOND /48 unigene 5 NCBI-
NR 046 B 9847 LL X, 15 & blastp 2 % e-value <
1E -5, f H R MEGEN #(F LCA B84 7 1 R
FF BLAST /% (blastp , evalue < 1E —5) ¥ unigene
£ CARD BUHREEA T LUXT, 1T ARGs TERE ™.
1.4 HrAERKEN

K JH RRLC-MS/MS i AH €4 15%- 8% I B 3% 12
(Agilent 6460, Palo Alto, CA, USA) X e H ) 6 Fi
FEUNES A R 2 BT A= R (fluoroquinolones ,f FQs )Jﬂ: T4y
#r, @,_EFE‘ 7 {//"E (‘norfloxacin NOR ) . % %) f}‘ ;E___;
(ciprofloxacin,/GIP) | IRV 22 (ofloxatin QFL)A A
iﬁﬂ‘% ( enrfl;ﬂciii(é.ciﬂ , ENR) 5 & Vo ( erb');a"(;ir}k,
FLE ) il £k v H_/’/'\ /£ ( sarafloxacin h;droch e ,
SAR) . A YA B 1 22 e PR G RO B

HRIED 1 - L) O U 46 W0, AR A7 T - 200C U7

. PEAR TSI 5 8 Li % 0BGy ik obe
HRCBAI R  TC 45 FEL T 25 P 85 VIR A Dt 43 B3 SR A
o RE- R 3% ( RRLC-MS/MS) |, LA £ F 3 46
(MRM) #2050 #. i B brfk & 435 LA B A5t
11530 WA FVE TR R (4. A 5600 BARfk
B AR 2 BRSO [ 21 ].
1.5 HEEEEN

ABFFEIEAGI T Cu, Mn, Cr, Cd 1 Pb 3% 5 Fif
HaJR. BCREMIEA/KFE 10 mL H#H 0.45 pm
(7K R B8 Sk AT 2 8, A DB S R KRR A LU AR R

T EWE T, BRSBTS (1CP-
MS, PerkinElmer NexION 350D, USA) & ] 7K £
AR M AN 3 WK, BUT AL
1.6  FRALFEARAG

KA 2% Z a (Chl-a) >R FH P9 B 2 00 22, B A
(TN) &8 (TP) F2d & (NH, -N) &35 45 25 2 i H
Bz
1.7 B

FIH MSOffice Excle 2020 X 5256 54k vE47 Hisb
BN T RGO 35 58 X 3% 58 K A A 21K M rp
FQs-ARGs J& & 17 16 i 3 22 5, R i SPSS Statistics
20. 0 HEATAMSTARAS T 4G 50 R B K 38 07 25 00T, P <
0.05 N A E R E 2R, SR Sperman AH 44
B RS L K 75 FQs-ARGs = J& 22 6] Al AH S 1.
FIFH Canoco 5 % ARGs 55 ?Zl'ﬂ%gﬁzﬁé‘%
S3HT(RDA) AR TTA ST (pRDA) 4R HiS# 1 ARG
G375 0 K PR FE DR T RIS [° TR T 00 3
V14 Fl Oringm 2019 HFEAINSE 35 A 4 2 F 73

HATHRIER . /
2 HREFH 4 )

.‘ ..‘ J‘ . — 'f-.. ,.
2.1 HEN T M B E = P

AU o1 5 23 30K P
PSS WLAE (2 1) 37 981X 1AM LK A4 B9 Spe 1 DO
AR R E IS (P <0.05); FE5H X i 5588 i DO
Erit e, Spe Bk, AL A SIS AR 22 5 (P
<0.05). TUFRAVE TP By 5 i 2 I T 972 58 X g
LR (P <0.05) , {FA [ 5% 57 3 22 8] G B 2%
FZ5(P>0.05). H fa-XFHFR A IR0 5 T I R
() TP &5 e LA H b % 50 W R 1 L T80 iy, (H
TRFEEF(P>0.05). fllfa I fNH, -N& & 5%
i A7 5 38 AN R 1 KA (P < 0.05) . BE L1 I8
WEAF Chl-a 7 f i 3 5 T 1 W0 o AR 41X, R 5
DX i £ ) & R AR (R TE B3 (P >0.05) 2 5
(%1).

F 1 FREKGEIERAEKRERELETF"

Table 1  Physical and chemical factors in aquaculture water and surrounding water

o FREHK A JE K A
X Li M R L

pH 9.75 £0.12a 9.63 £0.33a 8.05 =0.02¢ 8.44 £0.17¢ 8.30 0. 08¢ 9.24 +3.42b
Spe/uS+em ! 34 +2¢ 48 +4a 48 +0a 48 +0a 36 +0b 38 +16b
p(DO)/mg-L~! 13.38 +0.67a 8.22 +0.25b 3.85+0.37c 5.48 £1.36¢ 6.87 £0.71bc 8.72 £3.95b
p(TP)/mg-L~! 0.14 +0.00a 0.13 £0.04a 0.10 £0.02a 0.10 £0.02a 0.04 £0.01b 0.13 £0.13a
p(TN)/mg-1.~! 9.27+1.97a 6.71 £1.07a 8.61 £0.70a 2.14 £0.19a 2.69 £0.38a 8.21 £7.32a
p(NH, -N)/mg-L~! 1.78 +0.24b 1.43 +0.81b 8.19+1.8% 0.50 +0.03b 0.79 £0.14b 1.65 £2.63b
p(Chl-a)/pg-L~! 0.09 +0.04a 0.12 £0.03a 0.03 £0.01a 0.14 £0.00a 0.02 £0.01a 0.24 £0.12a

1) #RNG FRER IR TG B35 22 5%, AN RVING PRSI 35 25 5
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Cu 1 Cd 7 F5 58 /K A4 F01JE 11 K A v 245 46
(F£2); AIER Co & m T HA KA, (BT R
FHER(P>0.05); FHX T RAM Cd & T

F2 FEKEFMEDKEKREESER

FEHH X S A KR BT 225 (P >0.05)
Cr FEFRFH X K PR35 o AR 4G 1, T 76 JR i K R rp
K.

B /gL

Table 2 Heavy metal content in aquaculture water and surrounding water environment/ gL~

TH TR KA JE Kk
X Li M R L
p(Cu®*) 0.11 £0.16 8.98 +12.59 0.82+1.15 0.44 £0.44 0.39 +0. 31 0.95 +0.75
p(Mn?*) ND 0. 60 +0. 85 0.69 +0.97 ND 4.03 +5.70 2.07 +2.93
p(Cd>*) 0.23 £0. 05 0.21 0. 04 0.23 0. 02 0.19 0. 04 4.24 £2.59 0.26 0. 09
p(Cr**) ND ND ND 0.54 +0.76 0.09 £0. 13
p(Ph2) ND 0.25 +0.31 ND 0.12 £0.17 ND

1) ND 7R -1 B I Hh BR

2.2 FQs BY5RER A3 A Rk

PAATFH 6 Fh s 145 B 25 PT A 2 AE F7 FE K AR
RO KA rp 3t 3 A7 (L 2) | FLIR R K R v ik 2
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Fig. 2 The p(FQs) in the aquaculture area and surrounding water
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