550

Eco-Emvironmental

Enowledge Web

18t

ENVIRONMENTAL SCIENCE

ISSN 0250-3301 CODEN HCKHDV
HUANJING KEXUE

ETHI RGN HKERBES D RSGZE
B, WFE, B, F=E, &7, BEN, FHY, FE

2021558

428 Es5W
Vol.42 No.5




W % A3 EULE £

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2021 465 A 15 H

H K

JE54 % P, AL CR BRI AR IERDRIIE -ovvveess e forl, Tabs, B0, BEE, TH, 98 (201)
HLETHLK 2019 452 ~3 F HERELE SR S BV TS L B AE AR - veeeeeeeesseeese e, Fuste, Egd, T4, AHE, R (2110)
JE5T 2019 A4 22— K MR 5 15 P REAIE 5 LRI Z3ATT +oveeeeeeeeeeeeeeens B, mik, KE, B2, HAE, BEH, R, #HE (2121)
R R3S =Ry I By TAS B2 ' 19 4 ARKLRALIRCRCAAS MG, RER, R4, &, W EEL, FW, kAL, EOL, BEWA (2133)
RIS o R IX R IR 2 %8 PN K A 8 4 J 1 05 e I LA S KU AT v B, RTH, FRE, AFE, TAH (2143)
PTG T2 S5 Y A BT R AE R TTAR «overeeeemennenennns T, O, RN, KXW, AE, EEE, F& (2153)
R AR HE S TR B TR ISR A BB P B T HE UK GRRAE «veveeeeereseesseeenns WAB, T8, B8, BTE, THH, Hie (2159)
AT E RS P E YRR RSB R IEAHT oeeeeereeeeesnns Z0%,IMEX, KRR, THF, TAT, £E8 (2169)
HR T A0 O ] 25 2 5o T AG IS o veeververeeneemenmenmensisinn EFEOENE, R, REITR, WMEE, KEHF (2179)
2016 ~2019 4FYL P RS PAFE G KGR TGP overeeermmrniennneen wB, W, EAE, K& BHE, A, KR (2190)
RANACHIR TR 25 A REAE overeeeeemeeensieiin K, TEW, A, BEA, AXE, FRT -FHE (2202)
TR RIITT K IEREE A AT +vvvresseonsssenns wFk, ARK, BE, 25, £, AEA, £3%, I (2213)
FKAR Chl-a TSI ARIMA AR BRI FATAL  oveeeeereermemmenenenene e 2,28, DEK, BHE, BET (2223)
FAPEM K TR 22 5 BB AR LRI oo TH#, R#F, KE, K, UL, KEE, 284 (232)
SAUHFRRI PRI R RN - KA, SR, 2, A, B—, #%, kXA, BRE, B7 (240)
B AIE TP T I KR A A E TR BRI ZE o vevereeververeennesesinnisneis e Rde LR, BT, &, FiE (2251)
T B s A N R o Al S e WO b i e 2R N 105 1. ETRISERE T K&, AR, AE, FAR, BXE, 244, &k (2260)
TR a8 Bty N Gl S S A T PR fEd, BRE, BEB, YH, ¥ (26)
VKERRZS T 1K B KK P B B T 5 R 22 5 oveeeee e B, e, BEE, HE (2276)
S A TS BV BB 2 ) 25 AT LS E A ] oo S, Hik, KR, BHE, ARR, BEF (287)
K& E P U 5 IR E R AR 25 [0 22 5 LHFE AR R oeeeeereeeeene mE I, B, RS, BEA, BT, xFE (229)
g R DX MR SE K PR TR R SR VR SRR SO IR F A OEZR woveeveeneeeeeenns IR, uE, T, I, TAH, TEF (2303)
BRI A DR B BRI ooeeevreeerenn 2, TFE, AR, AR, ZWHE, T, WXE, BAE, B4 (2313)
SRS AR B B B BRI -+ eeeemerereeessemere e B kE, ME, HES, BBE (2324)
BS-18 BB RZIE 1 6 ISR E R R R A TS Y I vvereeemeerneeeeiiis EHak, ZWAE, Mk, £, Hu A, FE (2334)
Ag, PO, /g-CyN, Z A AT T 5 BT Wb AEfbrtag oo BlEE, AER, ELE, BRD, BBE, BEK, Joseph Acquah (2343)
A USCERE T B T B B TG RRERFRABALEY A +vovereerereeresserensnensnese et RIE, BE, BIE, ABE (2353)
BRI 2 E AR & R T AU PO B R AL BB HIG YR e &L, R, HA&, Bk (2360)
BB AL B 5 B I 2 TR BRI v verereeenmenene st B, TR, WEE, TLHE, AaW (2370)
ARG E WAL A BB T 2K UHLL  oveeeereereermenmenren e AN, BILE, FK, BEA, KA (23718)
BRI R AR B M TS TS KA R RS e s 17 M5 e BRI e FA, MEE, W, F0h, KiFE, TXE, K& (2385)
SR AR 15 U8 5 SR A S BRI 1 B A LR BE S oo BAK, ZRE, R, TRE, BAE, WK, EXH, £F (2396)
T BRI TS TR BT B R T2, coreeeereerere st Bk, A EE, FEE, T4E, REE, $& (2402)
T A BT 3T AL 5 DR S A PR A RO SR R A T A AR AR IR v Sfem, I, EKE, REA, Bk (2413)
6 A 7V WIBS IR SRR IR eeeeremremremremeeeeeees RE, EEY, THER, F6F, IR, ¥iF, AT (2422)
o ] R FH A A LIRS FE B 25 [ A S B IR weeevereeereneere st s B, Tibd, BRY, 4% (2432)
RIS R I KT T KRG A HUBRE AL BT TARAE -vvreveeeereeeeeems e

.......................................................................................... ;‘u];/ﬁ, gq—,ﬂ, %@’r, %H}E@i,ﬂﬁﬂ, %ﬁﬂk, %@ﬁ (2440)
T 96l e I b 398 P R AR SR DR 3R A3 - IR 2 L RIS AR X A ] eveeeeeeoe %, K, FRE, Fes, ML (2449)
EETYICT BRI M IR AR T T RBTGYTY veeeereermeresr WHEE, TRE, 200, FRE, BEL (2457)
K16 AL T G WU % ST 2 J T O AUPE BB vvrerereeseresesnseneses st sttt

...................................................... TR, hWE, KHWE, RUE, BRE, AFE, A, 1LE, 2HE, TH (2469)
SR X A3 54 AR T A R T ereveeeeremsmsesesensmees e B IR, BEL IRMK, B, AEE (2480)
TIRAEURHC T IEHL R IX 540D ST IR0 25 80 S A E BT B KBV oo Wi, BUE, WRE, T4, 6% (2490)
T4 B B PR A 3 Cd WY S B S P R I oo eeeeveeeeeee R, 25, LEE, 6%, TRF, Bk, 1), ## (2502)
RS Y R K 208 B KRR BB R «vvereemeee kWi, WK, BEA, KR, B8, kB, KFE (2512)
TSR E UL P e W B B B LA B KOS 4 CA BT -oveeveee e B, HERE, XZAH, $aE, HF (2522)
b R R AR A AR AL TR A b S ST BT R G5 R BT RE IS v vevveeeemme s ", KB, RER, BXE, HF (2531)
Yl 5T B IR I H A ML D] SR MIETE  wereerereerereese s st s BE, BT, LET (254)
3 A FBR R A B AR R ZGPERY R oveeee e EW, BV, B, X4, MR, X, AR (2550)
15 7K HAE R P M BB B LR TR «veeeeeesese s W, BE, EUN, BHE, REE, AEE (2558)

(RERAVEITIR S (2439)  CREIRPE) IERRTIN(2479)  fRUE(2152, 2231, 2286)



)
IET-HUFE‘ In BB R = 55424 H55H 202145 1

Eco-Environmental

Knowledge Web Environmental Science Vol42,No.5 May,2021

B E BipAtiEZNMEERSHMEWR S

AR, W, BEE

(1. rhlﬁfikjt%ﬂf* HZ2Eke, N 2210005 2. P EHERARBRATSEBE, 0 221000)

BE. Kt Zar 2S5 1 T HiE Z itk FE A (antibiotic resistance genes, ARGs) V5 4 [n] 1. MR 2 B
FRBE L ARGs 15 YL RRAE , I 22 BE R 2] 2= B AR U A0 A 1 ol 52 R 3R B b ARGs R AFXT 32 B R B AR W B v 45 4. fF 9% IX 3t
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Abstract: The w,;d'espredd use of antibiotics 4# the aqud(.ulture industry has Ldused antibiotic resistance genes (ARGs) pollutlon

£

Metagenomics technology was used to detect and analyze the relative abundance of; AR(£ and mictohial community structure®in a flshery
reclamation mihing subsidence area. A totall 6f 29 ARG were detected, and bacA had|the highest relative abundance in all the
samples reaching 1.96 x 10~ *-1.19 x10[* The relative abunddnce, of sulfonamide and tetracycline ARGs in sediments was relatively
high ‘and the rélative abundice of multidrug ARGs i 10 well__water__yas relatively high. Proteobacteria was the most dominant bacterial
phylum in all the samples, and Chloroflexi and Euryarchaeota Were relatively abundant in the sediments. Thiobacillus was the most
dominant bacterial genus in the sediments, and Acinetobacter and Pseudomonas were the dominant bacterial genera in the well water.
The correlation analysis between the ARGs and microorganisms showed that the genera and ARGs were mainly correlated to a moderate
degree, and multiple genera had significant positive correlations with ARGs. The distribution of ARGs was affected by the structure of
the microbial community. The sediments and well water in the fishery reclamation mining subsidence area were both contaminated by
ARGs, and corresponding control measures should be strengthened to protect the regional environment.

Key words : antibiotic resistance genes ( ARGs) ; metagenomics; fishery reclamation; microbial community; sediment; well water
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Yy (H3VRES ) FIHEYE 20 m (97K (H5 FEGY) . ELT
T2 BRI RS J7 20 10 km A4, 2RAE T WA
DURRW (H4 FE &) . Z W00 2 HH R I 55 9 b ol 3 17
B R B AR VR A Bl 30T R 3.5 km®, U
PR il 2 X6 15 5 PR B4 5 1)

TUBRIRE R T 3 DAL S ARG
BT I E SRS TR iz 2505 % R
IKREEHPIEAK 15 L, & F W R O ImmER b, 2
(] S5 5 FHUAL B AR P 2R B DU AE SLIR
EYAG B IURL VD Bk AT A P 3R A 5 FREL
10 g, BT EASE P, F - 80°C UKFE R EE. 10 L IFK
e 0.22 m &K U S B il &l T
BB, T - 80°C UKARIRAT. TRALBR S AT #l
DI ik 2 IS AR R R IR A Wl
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1.3 FEAI

ffi 1 FastDNA ®  Spin Kit for Soil ( MP
Biomedicals, CA, USA) i 7 & £ BUFE 56 5 41
DNA. 2R 1% SR SE R L VKA TN DNA A i (1) Jot
A5, B NanoDrop™ 2000 43 Y6 Y6 31 ( Thermo

Fisher sci'énﬁf'c, MA,"I}SA) F1Qubt® 2.0 FE et
1% ( Thermo/FishétScientific, MA, USA) 41 DNA ()
PR RIS, :

SR 5 ik TR A 2 HOR g A7 R I . s
[llumina HiSeq AT Z AR T IR A P , FIH
1) reads A4 48 DL fastq 4% =X OR A7, i F AT fastp
(https://github. com/OpenGene/fastp ) #F 17 it & %
(SRS E SN (S B MR E Y S 3
1K reads , 3RA5 /= i & 1Y B dE B0 H

Fi#E J5 1 reads F) ] IDBA-UD ( https://i. cs.
hku. hk/ ~ alse/hkubrg/projrets/idba_ud/ ) #£47 Hf 4%
H%E. PF4 A 2% 45 R R 1] MetaGene ( hitp://
metagene. cb. k. u-tokyo. ac. jp/) FEFT I K T . K
JIFAT A i T ok i BE PR 51, CD-HIT B4
(http://www. bioinformatics. org/cd-hit/) #f 17
% AR PR K B S A S AR P M R IT
RFE A E. il SOAPaligner % {4 ( http://soap.
genomics. org. cn/) , 7 Bl B B AN FE S A T
reads 5 3F TU 4% 3 K 4 04T LU X (BRIA S 800
95% EARIE) , Ge T Kk 7R X LA & rb i A
B. ffi i BLASTP ( BLAST Version 2.2.28 +,
http : //blast. nchi. nlm. nih. gov/Blast. cgi ) ¥ AETT4%
FEN S NR B 2 (AR TCAYEE A BT AR R T 471
B ) FEAT LS JFamak NR XS B Y 23 2K 54 1F
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SVBCHE R AT Wy P A AL, B B bk g Y S
DR 2 B B RN T B W R = . TR AR T AR 3
4 5 ARDB %t ¥ & ( antibiotic resistance genes
database) #F 17 H XF, Ho %F 2 Bk B O “ K%
(strict) ” HEXT, 3879 ARGs {FEREZE R,
ZR55Hm
SRR 5 B IR AL ARGs 437 Ak
5 FE SRR 29 B ARGs, HI H2 |

H3 H4 F1 H5 FE5 Akl 9, 6, 18, 3 Fil 25
i ARGs. TIK 2 Fi78, bacA TF BT A ¥ 50 5 1 &

2

2.1

5 (42.45% ~99. 57% ). ¥alk 52 B 35 B A ) 35
JRAFBR 1 R HE ) ARGs AR, B bacA Z A1
R FITO R 3R 28 ARGs F BB, AL sull |
sul2 tet36 F tetC 5. 0] Yt YL AR 4 A H: AR i A )
i ARGs #2383 2 T H A AR &, TP & 1
ARGs TEME FAFAEER 2250 0 i T ARy v st i
HMPUIRE S ARGs FRER T, U0 sull | sul2 | te136 |
tetM Fl terC %55 HKh 22526 ARGs B4, 4n
mexW .oprN .mexF Fl mexE 5. AE ¥V &2 B 35 B
DLW F ARG H 3 Bl ARG, 43 51 bacA LereA Fll

tetC.

Bl hacA
| BERY
B mexW
B oprN
B ol e3
B mexh
B mexk
 sul?
B aachib
Bl nmexh
sull
B adeR
W aphbid
Bl ceoB
B aph33ib
B nexh
Bl cred
| BEAL)
B aded
B ertM
| RES
B Hi2d oxall
ant3ia
B etPa
B ade(’
B antlia
Wl dfrald
B acrB
| W

40

20

HArH%

- 1 -
r | |2..-"

S T
W)

lep 4] " ’

] Tlumina HiSeq )3 , £ HF i reads ZANF .
H1(41732918) H2(40 757 446) H3(52732182) .
H4 (52 958 728) #il H5 (51 872 372) . ARGs FAXf &
R T ARGs B9 reads 054 4 B reads 811t
{B. H bacA WIAHXTFERES35100 HI(1.96 x107°) |
H2(2.25 x107°) \H3(2.56 x 10™°) H4 (3.55 x
10 ) FTH5(1.19 x 107*) . Hi4y ARGs ByAHX )&
AR, 059 H1(4.79 x107% ~5.75 x1077) (H2
(4.98 x 107* ~1.47 x1077) \H3(3.79 x 10°® ~
2.01 x107%) H4(3.78 x10™* ~1.13 x10~") fl H5
(3.86 x107° ~4.40 x 10 7). b 52 B 35 B4 M 7
O IEGTRIRE i ARGs AR =F BEAH T, 0 i O AR
) ARGs AHXT = B2 B = T TR Y. I K h
ARGs AXS 3 B = T UM, 250 ARGs AHXS = J&
HTF1L0ox10°.

TR FIPUER 2 ARGs 2 /K P  F2 ATl BF 5%
A A el A2 B B M R 0 B Y A i 2R
ARGs A sull F sul2, U FE KA tet39 , 1e136 . tetC |
tetM tetPa 1 terG. WK 3 FF 75, 9 b £ B 5T AR 4 b

o

A

60 80

RGs AR

.
Fig. 2 "Composition of sample ARGs

PUIR R ARGs & AR, i vt AR Yy 8 i
FEZEFNPUA RS ARGs YA 2], HARXT B T
A IEGURRY). KA tet39  sull FI sul2 FXF 3 B 45
i, 2PN TR R U R RS ARGs RAGTNE.

2.2 MR S B A AR MR T A5

5 ANFERL PRI 129 ANT1,2 314N 8. #E T
K- F(E 4) A2 F T ( Proteobacteria )
TEFAFE S b B A L3, B A L35 A a2
PATT( Chloroflexi) ,J” i & '] ( Euryarchaeota ) | ##F
1 1( Bacteroidetes ) . JEBE R '] ( Firmicutes ) 17T 2%
B 1] ( Actinobacteria ) 5. iV &2 B IR FE i AR Y 4
PR S TTCRRI AN TR 1) 53 A 22 5 350/ D AR
gk 5 B O[] ( Chloroflexi ) A1 T f B[]
(Euryarchaeota) 3= J& B & 45 5. HK LT 2 0 48
JE T ] ( Proteobacteria) .

TEJ@ 22K b HI (H2 (H3 (H4 I HS # &
SRR 2 417 2305, 2 388, 2 337 A1l 7914MJ&.
W 5 iR, AN s A 8 (Acinetobacter ) AR T
J& ( Pseudomonas ) . 7K /INFF B J& ( Aquabacterium ) | B
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Fig. 4 Composition of microorganisms at the phylum level

FF IR J& ( Thiobacillus ) W %5t 22 1 J& ( Methanosaeta ) 55
FRER . DU P AR A s 3 28 22K
oA ¥ A, & T JE e BUIR, B AT R
( Thiobacillus ) ¥ 4 e L A1 T & | 7645 i v 43 3
1 3.91%, 5.92%, 2.76% F1 6.89% . FLyk, #aly
I BL 4 B b £ 35 R 3 T AR b W e 22 TR
( Methanosaeta) 1 81 2 17 [C B )& ( Smithella ) FE
e, TR 52 B 45 B b A SO v R ARG O
KR T S o3 A 5 ORI AR ol BT B I 22 5 D3
BE 2 A (Acinetobacter ) | fBCE L 1 )&
( Pseudomonas ) F7K/INFF TR J& ( Aquabacterium ) , 53 53)
kb 55.32%. 19.03% F112.55% .
2.3 Ol BB ARGs 5 A Y AR et
I3 M

PEHFE BE AT 30 MR 5 ARGs #E17T Spearman

AR 43 A A SC PE R TN T 6 s, 30 Fhed &
5529 A ARGs [ 3L 870 XN E R, Ho g 5
ARGs [A] 3% (526/870) & v BEAH G (56 3 B s
XHER T 0.5), 8 (75/870 ) 5 BE M1 & (ML R
BASHERT 0. 8) . WEMIHTF I HJE S ARGs
] E73 (60/870 ) AR L2 (P < 0. 05) , 1M 30 F
R JE A 2R R 5 ARGs 3 M6 (14/30).
A B AT W B ( Acinetobacter ) . R BB W @
( Pseudomonas ) F/K/INFT 1 & (Aquabacterium ) 5 48
K Z % ARGs & IE M K, A 3h i1 ® &
(Acinetobacter) 5 Z F ARGs 1 5P i 2, (BB
W & ( Pseudomonas ) F7K/INFF B & (Aquabacterium)
5 bacA HH XM . AT R & ( Thiobacillus ) 5
ARGs FE R AL, 5 eml_e3 , aph6id 1 PE
F. MM, 5 ARGs 2 3 77URH OC Y T R A7 26 ]
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