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Abstract

The emergence of antibiotics has brought increased convenience to livelihoods; however, public health is at
serious threat as the abuse of antibiotics has produced the spread of antimicrobial resistance worldwide. An-
tibiotics, which are applied for treatment and prevention, are increasingly used worldwide. The number of
drug-resistant bacteria is increasing, and an increasing number of drug-resistant genes are appearing. This
will bring increased hidden dangers to the natural environment, human production, and life. This paper
briefly introduces the current situation of ARG transmission in wastewater treatment. In addition, it sum-
marizes the applications of gene editing, whole genome sequencing (WGS) and artificial intelligence (AI) in
reducing or preventing the spread of antibiotic resistance and discusses and prospects the engineering feasibil-
ity of several wastewater treatment processes. This provides a reference for finding methods that can reduce
the emergence of antimicrobial resistance genes, inhibit the spread of antimicrobial resistance genes from the

root and maximize the maintenance of the living environment and the protection of public health and safety.

Keywords: Antibiotic-resistant genes, transmission mechanism, countermeasures, gene editing, artificial in-

telligence
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A 225t (AMR) HRTIEEEIKEE AL, mitERIIMER (ARG) I EEME AR
EIEINE, BEARES R A AR, BT, SERGUERFUERISET AL 70 7, HUAERK
T FH AN 8 £ 5 B BRSO SR AR HTAE 2R AR i, (IS R AR R RS (HGT) MHAR
A B A IR BB (E P PUR IR AMR 120818, B AR U S AP RAE TEHEEM. H
AT EZRAGPUERL R AU G D5 W RIS S 585, WA T SR BB & 7 RIS,
WA, WEEARME— S50 ARG FRERBIVAISITR, RXRIHENBIG /K BOKINE S, ¥ S
AIRELE S/ = BOKIR S ARG R REHIE T SIEM. Ei5/KEEEREY, BT 5K 2540 En
RN, BHEREAR, EEZIERECONER] AMR FXH B, ¥F2 ARGs fEIR R N A 4 F15081E
(RO) 15 /KRS R UL %, 55— 77T ARGs REGSIE I (BIDEALHIHEA T 29 5 K A A= P A% 5, AR SR
TEAFEAEY R IR EHSVEYBIRT, YIRS R R Y R 2 AR (O],
ARSON PRBANRA PP R G R RS HEEAT 1R, e 17U 5K B T 2R TR R T,

2 MR

2.1 FEIRGisE

RGN IR T IS HIT5 7K AL I 2R GERT PR 5 Hh B it 2495 B (R 77 TE A7 A R 1781, BRI —Fh s, A
PEEME A TR, JE O B R RIS R BRI B AR I XU 52355 A K A AR RRES M A IE SR R g
TERENE RS IR AIRE BT BRI, BRANE] T HEIm M, BN I B 1 R A S H RS R
841191, Madoka S8 AR FIXTHEARE T H BN WRZGiZiE, mSEEFERE (Cyps1A) M5,
BRI Cyp51A 25 1 HEGS N MR AP 25 M, XU B T Cyp51A X 25Y 1 HT2g AL, R
HEZN TR & 10,

CRISPR-Cas & [K g5 £ A2 — i B FEA S R R SE R g iR E R, AT DUEeR AR N AR DNAL7 1,
Tiif F 4R P AR B AT A ER R (MRSA) W E &R, FEPUMRIRRE AR B-NEE R BT AE R A A, IRE

17



ACD
BAREFR ASF

Bt T RFRER AT B SPGB R R FIAL AU CRISPR-dCas9 2248, P MRSA HIHiAE Ehitk,

JFORLFIME TR (A2 /E CRISPR-Cas R GtH# F 1% 884 12, Dong % AFIH CRISPR-Cas9 RGTHHEE T — 1M
X mer-1 (UEEAEERA, mer-1 26T BORL_ERY—Fa] P ER IR B 25 25K, O BAg R T — D IEHETRL,
LERBH, SO RBRCAGERR T M2 000, 7 HAERESZ AN mer-1 774 7 %% (%], Wang 5 TR p
MBLcas9-sg RNA ¥ A\ KA BRI N ERRT, FFINR T mer-1 BUTERRRICR, Z55REH, mer-1 MfZ5HEE AT P
A RHEER 4], @ISR S BRLZ B, AT PASEAR CRISPR-Cas RGEAENG PR F FRIY R BRAE 1151, —LE6f 5T
Wt T 2 ERE RS R RN PR (PRP) A DMEREBHARISZ AR YRS, e R R RN ERREERRCR,
I B Z R s B 2B S E IR R & e,

Wik B A E AN AYRE S AT DAKETE R DNA e, HAE AR A & B IR A 2 i i, T
IXUERES), MEERCERCN TR A R EEMERE TR N Fik, e80TI R Y 6 s R s
THU8I, Zhang % ATFE T — s S B RA G EHOR, KB T IRAABIEEST (PAM), AT CALE AT s fef
o XA TSR0, PSR CRISPR/Cas9 RATEAATE PAM M7 751N JC 125 B 1 i 5k DR 4H 67 s Y ik
191, Geng S AFIFAEYIE B 2H1 CRISPR/Cas12a J7 A5 T I8 BRI %08 H 5 & PU MR 29 AR 5C 1
FER 201, JXOMIRZRE M ARGs BE7E T 5fil

2.2 XA

HEEANMF (WGS) RJ LR BURLAH S AR 25 R E R 38 518 7E AR R R ER R R, A2t (AMR)
A PRIERFAE AT 1R A 179 RAY T B, WGS BRI KRG I R, DABORAC PR 5 HT 15 /K AT D22 4l
HEREIASEF, Micaela S5 @ 2B R A1 HTAE RBURENR, X MIG/KEE BYEKFT Bk A 73 88 H
LA IR A Tk T B 2R T 5 B AT T RHIE AT, SR TR, TETERYIRER 70 B b R ke U B R 25 B (A, 1
TETER R AR R B 12 I 25 2L R 2 A6 2], Easler S8 AR B\ ARG /KA BRI AR = B-PRIRE
(ESBL) KHAATEMEATRFSIL, DARIE IRFEWMZER, JHild WGS IR i EryRE 2], 25 RAH
N3 BT DATS BB T AE AT 24 5L R SRR BT AR Jiang 58 AR FH 42 25 [RIZH I 5 77 1506 Y5 KA BR T 20 B8 HH Y
Z EM 4 Citrobacter frederii R17 AT TP, AZINIZHEIK AT REZ M 255 RIAYTBTE R, ZXE R EHA 13
ANZGELN, X 8 MNARRIPTAE RAFRA M 294 23], 3@ xR R B A RRE N S BS Y TI, w Do
AMR JATIR BB AR AR (AT Bk [24]) O AT DARGE A AMR SR BREIIR S DR,

2.3 NLEfE

ANLERE (AD Z2—FEAZRATREMER YT, 1A, BRIERER, REATI S R ZRINE T hiag Mk
RIFERZR AT, N T RE AT DA SR A I A TS5 41 B SRR SR B, IR HUAE RAETIE IR N A, 3b
BT IRV KRR AN & &, Li AR T — DT RN R R E B8 (CRP), AT DU
X5 RO E B FIR EE G (2], Xu FATFR T — MRE S RBR X 5 HIV ) 8520 H G HIV S
G200

A DA VR B2 SR P25 1 2[R (7], Espinoza S AFFR T E AL Clairvoyance HTRHIER AL CoHEC
B, XN BRINERE 7 R, EIERT T PARIAR B S 2 PR T 22 AL, A Hokg
FERA RN, JF BIERRG T BE R MOA WHTAER, BB ET 28], X7 B R R ER R EE
ZERANUHIFR ML TRTAYRR 12, Lu AN LR RERN 2O0IB4 &, R TETKEMIZIZ (LSTM) K+ 2
B, DAMERRBUFIREK T FiAE Rt B R (0], s e @ 7 R E,  JFRT DU DA R
A, AL TTTER] DARGUEYIET R (25T, —Sepie i, ET e EpLes+>, EEIFEY RS
A EER T ] DURPEZMER (RAERAIEE, S OHEREMREEERE) AR ERETE, D
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Tablel. Search results of different methods in antimicrobial resistance

Jiik FEEIEH SR
L (K| e BE A 2 A R A SR i 2 1 [32-40]
SN AMR FIPIERAEM M DA A Fd LRI HERT  [23, 41-53)
NI #RE REIRRIBTTRCR, Mk ARG BFIHZ TR [54-63]

C Plasmid Coupling

1WA, WERIA, BORIFIEE S T4 ARG HYFE AL

Figurel. Transmission mechanism of ARG by bisphenol analogues, bacteriophages, plasmids and integrons.

B3 1 25 3031, BRI YRR ARSI A B3R 75 EERIBR SR, R A~ LR R T A B 24 M
K, RRHAEAHUH], FHEREGFRE RS R 1A 7 — SR TR R, 2ERANFH AL g MR
WFFEaE R,

3 TR AT E

IKIREEIE T HEYIH ARGs FIERREE, AR TIT/KCE R — PN EEIRE, TR AR b
fto EARFBEERPRRES, KIMMAEYS ARGs ZAFEERLR R, FialE, RN ERNMED
BEVE TN ARGs MITERERAE —E I 04051, RHWT ARGs 5 H 15 3 Sk X A BUBGH A7) 2 1R 9 e /K S
KRS R D5 /KA (WWTPs) 1 ARGs f&HERISCHE, A, AT DOEE 15 /KB R ARIZES
RIS, MDY ARGs,

SR (SCND) W2 —FMIKEERE, il FRERE ORI RIF R EFRITFR (0], Yang 5 A fd A2
figfl-fdigft. (SCND) IR HEAL IR [ B d (SBR) FRAGIS/KALER, & BLIZIEAR AT LA RE=H] ARG
R, EMEXHIRANE, TEBTH-PINRGELNE), Wang % AFRH T —F SCND RN ZFRE M5 27
ARG HU#rils, 1ELI = MARNH I BT TP RE, A1, XT ARG HIFERE M HAEK-15 R 5 H
HIIER B RBIN 7R D, MRIE ARG B RE AN R AE PRS2, =7 7 BRI 1 RIsh s e
TULE8], e, TR R E ) SBOE AR S0 B& /D, X SCND 2 ARG HI¥ BLUHIRFFRAR
Lo SCND WEFERTIRIER 2 ARG SIASMIAEVIRRE R I EZ AN AR

REZFMN (Anammox) B—FFHHNEERIRSE, CRINHTHFZ B ERKNED R ERIH, HK
REFEE KBTS /K AL FRARR R0 75 LR T REIRTRITR (9], HAT, KRZBOFRE R TR —HE RN REE R
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RIS FERRZIR, TN ANFPIAE RN R AR QI RN, FiRlR 1S B K PR 2 A RS R E
TR, FARBITRAEWNR. HR, AEGIA RN R E & SIS AR A HIRR  H B AL m AR T ELEAT A,
OSBRI BN & F N FEREREAL A L. (SCND) FYSE BRI A FI R S = E I AR N VB RS Rk T B,
I AR R IHT B RAE AR B, § RRAECAREE 2R, 3 SCND WURFFTAI TV . flaN, Lee 5 AfHH
MFHEEARIR T8/ D5 Geobacterium J& 1 AHILEE S, RIL Geobacterium subtilis KCTC 3922T EA [ fiH
PRI 70, Tao S5 AFIFFE KGR R R A PR B C AN BN T 12838, N7 7 — MESURIC LR IR RS, FF
FRVFRZR T EATK pH ERFTIERITEDS BB A 18 £ S IEE S 7, XA ERA TSRS FE 4R HY
T HBRE—F T ARGs L wRE, NHEBITERNGE, 5/SH7AERE, RRHIE ARGs (5%
R

ML#RE SITETS /KA B A B SERR M AT R, AN AT ARSI K BRI 25 1, 3B AT DAEADLTS /K A BRI AR AT
PRIIE KA PR BRI PERE, Oluyemi 58 A RIS FIE R AR RS (ANFIS) Tl 1 505 7K AL B HA
[FIRSTLIISEL, FSER S Spearman FHSERE—872), Xu AN TAHL MG BEIR T WROREIA
EXNRER BRI EINHIRE, FHUEFTN 7 RER RGN R LRI 2],

AN, es-AE MRS e (MBGS) BB —Mal R 82ii5 /K 771, 281, BRTZE R T 25wk
B, TTEMEIX NS RRE TS T I T oAb, XU ARZ TR E R 2R, Wanfriis MBGS
AR B CAI AT O B A R R Ff R e, DA AE 7= & & KA. FH B MBGS.

4 &g

PrAEZRHBUAGE A BRI AMTIAETS ., A= BT IR R T3 RBER], (BifEsh 75k Bm2a ey
G RE, A FZEWURS T JLAME IR ARGs L REHIELIR 715, FHX LS KA T2 TR Al AT 1T
TSR,

FRRERA B W LR —BEFESRIN, 52 CRISPR-Cas Z:[Ngmfl, APt ZimZ5iEnam KT
H, R, XWEANRRMAEZ 2SS WK, flan, fEMFEHET CRISPR-Cas9 HY RNA #E[H B K 9w HoA R,
R A S A Rl BERYERIC RN, N\ TR RESUSBIRR S NIRRT ARG $24t THH 775, BiE 2R
Hilr (WGS) HIBCARREARFE 53 DO BT T S S B3, K= RENETFEEE, v AT MR
T ERINEIRE, FN, ALRES % WGS 72421 AMR RN PRSZERIZ AL T A 3 E 8 73],
ETEKACEIE R, BATYRTM T KA ARB fl ARG EEHLHIFIZ MR ZA0F5T, T2 HERE RIS,
G RENEARSEOT L E R FTEIG /KOS, DA 25 2L R B LR, T LI E L5 = [ BRI b
FRIIB T4, PAREX ARB Fl ARG YIB/DRUR. FrEoRIVH B, #0RAE, RN A R 25 dk ik
I AR B 15 7K A PR ARSR A T Hr A B B

G
(1) Z3R T 15K B BT RGIMEEE (ARGs) (SRS IR,

(2) ASCEEE T HR G, SEERANF (WGS) FIANTERE (AD) TERRERE - HA Ry #o7 R A,
(3) TRNHIRE T JUM5 KA B R ) TARZE 75 TR IS A Ry R R R R AT AT 1
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