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XFFRE, B IR-E AL TR (AR-C) MZE AW A5 -R4MH B (AR-UV) N B EHN T ARGs PR AN F R, [FAT,
AR-C 1 AR-UV ¥4l T A B shist (&0 (MGEs) 9 S AHXTE B, fEET ARGs 5 MGEs WHL/EAE, Ak, 3 2 FhiE s
TAEES THIETF (VFGs) B AT B, Horp ko 8Of KAl 8 VFGs B Fiik ik K. AR-UV B BE{EE ARGs 5
VFGs WAL TE, ZEM L2 ARGs 5 VFGs R A G2 FZE W ILAER A, Sk, AR-CHI AR-UVRET
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HEHE .
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EAR IR, IRHZKIE B ] B U PR AR 4540, AR B T 0T 20 R 15 M AN AR ] ™,
SHI 2603 B 53 K 0 S ML ARG, /K sk B AN R LA R, RAATH B A B R A S B
J& . AR R A SRR, SRR R E . EHER . MR R E AR R
FERE . BT, BORERZ AR R IR K h A RS S5 AR R T8 ARGs AR LAV EZRENN R, Rl
AR AR SR, R ST AR RIS TR T 2R 45 i A A R iR 24 5 DR 2H R it 24 X
Bt . UL, TeRGEAIRITHTE T 2 M 2k KU BT AEAI L, R FH KR 24 XU A sl il S A
WA

AW T FATHEE . RINERE . AR B AR T2 AR A T PR TR, BRI
L ARGE T IHR AT Mlumina @538 S A9 22 3L R 424 e PR IT N B T 2R F/KFE R ARGs 3
BE . VTERS S ERETE SO ER R, PG ARGs 24 XU s RIRCR . TEIELRN |, @Rk
FE LA ARGs FVETENE £, 4878 ARGs N2 EXES AR AETENLE] . ASAIFSE AR KIS Wy 2 G
PSRRI AR S
1 MR5RZE
1.1 #HmE&E

TEVLHEERIRTTR: A RK) M s ®E . RATNTE . RIMNE TR R 5 AR A 1 ik
TAE (K1), BRABEUKEZ 1000 t, KENKITK, HAWER R b gesiR l 24 h, K2 uppgtE
8 min, REMFTTEWRE R 200~400 mg- L' AHMATTEIKE N 2~3 mg- L™, KAHTEHR 30~60 min, &
AR UWE N 2~3 mg-L', FKBAFE A 10~15
min, 24P 40 mI-om 2, BEER IR IR B AR A AT

A1 000~1 500 BV, RH&A 0.1 pm fLARR 2 = @—rfﬁ
YLK BRAERDUE K (SF-W), Zidh T LNl AR-C-W
BRI ERHK (AR-W) . SLEHERHK (O-W), 5 T Varwl__o—ar ot
EALIHTRIK (0-C-W) . FEEhiE- AL S ST i ARV
Hi7K (AR-C-W) FIZEEZELI NG440 ME K (AR- ] m A A "
UV-W), #&RERBIK TS STRATZ AT R R x
S, K MBI, FEA SRR oW oW
4 3 YCRKE, RRUGLIERTIEIZIN 24 h, REEARL I TEREARF LS

Y5% 800 L, RRESES . WihERE ST 4 C Fig. 1 The process flowchart and sampling locations

THEAN, 4 h NFHEETRE .,
1.2 DNA =ZBURGEFENF

Mg g IR 2R A YRR, A S A IS TR R I B O N, fE 53 kHz MEARY
30 min, WCEEVEMIW . BJS R A 0.45 pwm GCFLASE I D8 e GV , 1 T A5 80 B4 20 L A 20 R A . R
FastDNA"™Spin Kit T35 & (MP Biomedicals, CA) HEHUFEf L DNA, JFAHN DNA A3k FIZREE

FHHEHUY DNA HE ik 2 Bl SE AV R Z5RHABR A F], >R Hlumina HiSeq 4000 *F-5 (Illuminna
Inc., San Diego, CA) #4780 F (2x150 bp)o &R MEM I AGEE K/ NAh 10.0~14.8 Gb, KR
150 bp.
1.3 ARGs.MGEs 1 VFGs BI#EXZEE 917

KH fastp ¥R FIIATELE, (I MEGAHIT(v1.2.9) X350 Bt reads P8I dEA THHEAH%E (3R
INSH) SRAFTEEHE (contigs). AEPHELSRRHE K EERT 500 bp HESHEIA TR AE (ORF) H,
fifi H BLASTX ¥ K BE KT 100 bp 9 ORF J¥41 533l 5 ARGs 4 % (SARG, v2.2)", MGEs ##li4E
(MGEs90.fasta)*”! 15 JJ[H ¥ (virulence factor genes, VFGs) #.0&Hi4E (VFDB_setA nt.fas)?! #E47 HXT,
i A E T IE SR (e-value< 107, FHEIE =80% FIEE i5% =70%) #1T ARGs. VFGs fl MGEs 7ER™,
B 5, fdF ARGs-OAP(v2.2) fifi B8 A AN EE v 0 40 T 40 I 50 LT 30 41 8% DU ARic 3L /), R
BBMap X NEBIEIA pileup 1 BFRFEFE TSR . N T BRI RS BARER G FEREAE, g
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FESL B XT3 DG TRl A9 BA S R A S A 25, B BRI De 48 DS i
BORAYLLE], B R DUEC AN (copies-cell ). SIbIEIAT, LA HARKEER RS AN FE R 5 AN
JEZ AR BRSSP R 28 B 4y .
1.4 ARGs.MGEs 1 VFGs B ZE S

] MEGAHIT 4 [a]—RAE s (W T i reads JPAIL RSB SHE (BRASED, HAEPHES Rt
KEERT 500 bp RUESRE, FRIE R EMKIGHA T ORF TN HARKAERE, Ml ARGs/MGEs/VFGs 7
FEREP IO BRI AR E . A SR E&H 22 1 F ARG-ORF, WIAHIA: it
HEBEE (ARC). #r5—HBHNAE 2 Mk 2 LI ARGs, NiXss ARGs IAf7E., #— ARC WAL &
%/ 1 > MGE-ORF &, VFG-ORF, W] ARGs #1 MGEs/VFGs /716, #idt— ARC WA ZED 1 4> MGE-
ORF il VFG-ORF, M| ARGs. MGEs 1 VFGs $:477E.
1.5 TZgME B ITE

K Metacompare PEA% IR FH /KT B e Hh i 24 M XU A AL RRAE . %05 FI /] CARD . ACLAME Al
PATRIC ¥ 530 RE ARGs. MGEs FIAZSERHIEHN TS, IR RS SR 45 A i L 21 = 425 1)
W, RIERES AT s SRR RIS AIERE S 7 RIEEETTE ARGs BIXUSHTES Y.
1.6 ARGs BEHMEBEESH

K MMseqs2(Release 14-7¢284) 73 HiXt HASREH ARC FEAHHT/028 1008, RITK /K i v Al
ARGs TEFEANFETE FINALUSAFE. N BN ARGs EANETE EROAXTFRE, WEmE M R b
AAAR ) EAREE E RS DB (H8 DUBC 40
1.7 Geitsrth

i R BRI T2 R RO TR . FAFRHT (PCoA) . ZITH 225007 (Adonis) AR R 225081, B
W25, KA Tukey HSD A FAIRIZ E VAR, 24 P<0.05 I, S5 HA WM.

2 FR5ITR

2.1 SHEXRAKMERS ARGs SHEM. LARLFIFEE IS/

TER KRR S 24 e 15 K26 108 W21 ARGs, Hi £ &M 2525 ARGs U F R f 2K R £ 5
(I 2(a) I 2(b)). ZEEERPIIRTHFENT ARGs ZFREMERGTZ BN, RENNT . RA-FIHTE . ZHEhR
NE-SA TSN ZR S-S N B ] I ARG [IZRENE (P<0.05), (HASEEME, ZREEhg-4
HNHFEHKFESL T ARGs FIZ RS (K 2(c)). SIbRI, PFHKERS: £ 2R ARGs L EiZ25
AP, X S5 HABARPY h ARGs MRNESR—3. RANT . REFLET ., ZaEbMiE-S e
R IE-L VMY TR R T 2 E 2525 ARGs B (P<0.05), $RiilE i a- Skl 2 Eii 2y
7% ARGs W ELBIIHET 2 (85.35+0.18)% (&1 2(d)). 4Nl 2(e) Wiz, RH PCoA #5% ARGs iR, 45
LKW, AFTHEEAI T Z KR D ARGs BIZHSAFA/E R % 2257 (Adonis: R*=0.961, P<0.01), Z=EZERR
BETHFE KRR A AR R KA S ARGs IIZHRLBONARMRL, [HERAA-SIRINTE . e MR- f Ak
EEPINE-SME R S T ARGs WAL, HE—AIESE TIHEE T 2% ARGs BRI AT 22 572,

TEETEE TEAEHT, ARGs (AN ERE 2B 225 (B 2(a) FIEl 2(b)). RAE-FILTHEE B EREIKT
ARGs BN FEE (P<0.05), TiZEERRIR-5SMNH BT S-S LTHEE N B E 10 T ARGs A SAH
PR (P<0.05), HATHFERTAY (0.28+0.011) ¥ U1K 435 FH 25 2 (0.59+0.030) % U145 - 21l Al
(0.51+0.036) ¥ DU 4iiff . X —ZR5HT read /KFHY ARGs FEAR 2, RISSINEFMAEES
— L E A ARGs, FEE LA FEES . SREE IR R KA L, BRSPS R BRI T 2 &
M58 ARGs FIAHXTFRE (P<0.05), FRAPEREEMAR-F AR 1 KR Z E 2528 ARGs HAHXT 252
JERPIE KA 12.71 /%, HA mexF Fl mexW % ARGs Tk, CHBEIITERY], SALEEEMEINGTE
RE E I INZ 2528 ARGs BUAHXT RN RARTH R AR - Rpb s . 22528 ARGs BYAH
X AN (P<0.05), X AT REEIR Ry 22 B 245 I B R AT 7 A SR SZ 2 kA, R4
R E AR TFF RIS ARGs BRI (P<0.05), 1RGSR E L FRdE— IR R . A0F5ER, T
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Fig. 2 Effects of drinking water disinfection on the diversity, composition, and relative abundance of ARGs
S ARGs (FIIAEDTEAET 153 MBI, ScRUIFRIN ARGs WTAERRANHEA WILAC, f3F
Bl NS S AwEE E—RIEER.
2.2 HEWIRAKERTD ARGs HFAEFHERIF/NT
NIRGEARNHTE T 2% ARGs AFTERMERISENE , ASHFFER FHRE T i i Iy 4R AN RETE R T 1k
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H18 %

mE 3R, & AR5 21 ARGs 1Y
ARCs IR, SLETHREHRFEILT ARGs 3t
FEAERIELB, (ERE S A ST R/ MRS i T X —
e, XA RER R AT B S BRI
ARGs B EIK G, fedk 7 3HEEh ARGs 1)
KFRENFEREY (HA RIS, M IR XT
ARGs HEAFAER BN, (BEREER R NR -5 40
THT KRR TP ARGs FEAFAE 1Y He BB (0.001
4%). BAk, TERAIKERS AL B 21 Ff ARGs
HAEfEHERE R, e 1 R, fEMRTRERT
0.001 +& D1Z- 2" ARt 457 2 4~ S 2 Dk
ARGs ] ARCs ™1, #5747 2 5 i 245 208 it i 28
ARGs ) ARCs U B 547 Zfh Z FE it 2525 ARGs
) ARCs AR F R ey, X AT RS2 FEHREE
YA R AR E T,
23 HEXMKAKERD ARGs BEBNMER
A1

Kl 4 BoR T UHKEES H MGEs Y48 A
SRR . ARFKEES o E A MGEs % e it
. HEAFIEE A AR REANERE,
MGEs 1) S AHXS B e fik, b (7.43+0.15) 45 U
Beaupe™, BE 0L TEEE S MGEs BIAEXS 3=
FEmEA LT, ABUHR TR KRR . X 5 ZR
WS AHAT, 2 0 AL 8 X MGEs 1 & #£1E
FHES, SpERy, ZREEh M IR AL T MGEs
FIAEXTERE, (HRfE RSNG4
T+ MGEs BYEAHXTEREE (13.12+0.25) 5 01420
™ A1 (14.4520.45) ¥ DUEL- 41 g ™' (P<0.05) . H:
W BRI ARG 2 B A X MGEs & F
AT DTk

Wit/ ARGs 55 MGEs HYFEAE7eds i, ik
— PRl TR K I B X ARGs % 8P Y 52 i
(F 4(b) F1% 2). REHEE)A . [FIBHEH ARGs
5 MGEs ) # & #f 7 & 5 S B0 b i %
(0.000 4%), AH i J 4 SR 35 00 HE L B3] s A7 31
ne ZEEEMRTHERESE T ARGs 5 MGEs (13t
A, HIXFMIEIHE e RS LA NH R E—
T, SECEEEERR -5 SNE T KRR A R
#5417 ARGs 5 MGEs I EH S HEHY F il = (0.001
1%). Ak, FERAZKEE S A& 3 31 Ff ARGs
5 MGEs (AR, 2 2 B THIXTEEKR
T 0.001 #5 UL %40 g 19 [\ 15 #5 7 ARGs 5
MGEs EERE, 5 ARGs fEAELIEHS ) MGEs
FEA R, RS, Horp g AR
5 ZF ARGs TEFTA RS h L7, FRIAFE ARG
FEI T RETE ARGs ML A HEEH . I
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Fig. 3 The proportion of ARCs carrying multiple ARGs in
drinking water samples

=1 RAKERPHEE ARGs FVHHRRHHE

Table 1 The distribution characteristics of co-occurred
ARGs in drinking water samples

B ARGsHHEE ( %’; ?gjﬁ@,l)
EZA BB TSS 0.0125
RIS PN IS 0.001 5
SF-W TSRS - B 0.001 4
B- N TR -k e 2t 0.001 4
RS- KA MR 0.001 4
Z M- 0.003 7
oW EE LK ST 0.001 3
ZHEM -2 ERAE 0.0139
oW SRR 0.001 3
Z M 2520 0.010 5
AR-W SIS B- B RGE 0.002 6
FFR IR -FF RS 0.002 1
Z M- 0.008 9
ZH M 25252 HH 2428 0.005 1
B- P BRI -if fie 0.001 7
AR-C-W B- P RS - S B 2% 0.001 6
FF IR -FF RS 0.0015
AERE-HERE 0.001 1
G- R R 0.001 0
EZTESESTISS 0.009 8
EANNEESE AN TEES 0.008 5
BERE R - RRE RS 0.002 1
AR-UV-W FFRRZE-Z w22 0.002 1
KRIFNBESE- KA AR 0.001 6
ZHEMZIZE(4)- K12 0.001 6
KRIPH-RIP2 0.001 3

TE: 155 BRI R
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Fig. 4 The relative abundance of MGE types and their co-occurrence features with ARGs in drinking water samples

Gh, WFFEB & B, [ 22 B 24 28 /A8 e S
ARGs 5 MGEs MESHF AN FE R, X5
KE %% (IR —8, RZHEMZIE ARGs
5l ARGs nIBE A BSRIEERS S
2.4 SHEXRAKERS ARGs BEBIHFMR
AL

TEYFHKEES, PR 5 K2 17 W2k VEGs,
Hrh g B R VEGs H EE Y VEGs, Kl
5(a) S TR T 2 A0 B VEGs HHXT+
JEMAE S . RAESELIE R KFER T VEGs
AR R SEPE KA L TG a5, (HZ4y
L NE-A A B AR R G- S0 NE T BB e
T VFGs B A X = (P<0.05). HAGEREMN
&, BEELWIE-SINETEXT VEGs BHTHEH %
W, H¥ VEGs B M £ B FiRSE
(5.710.17) ¥ DU 4™ (P<0.05), Hrpif Ay
VFGs I H & VFGs (YA X 3 8 b g F i
(P<0.05), %t VFGs j& F B i) 32 5 57 ik /% K
LIANG %8 (56 s F R R E R VEGs 1]
¥ 5 e R R SR BE L i i =R R Bl < AR
VFGs n] LIMaR1E F 0% KA RN ZARE S, XKW
TRRKISZEXT &4 VEGs 75 AR ARG fE F1 A
GaPE RGN Z Re A VA ERE

WKl 5b) B, AREEE T Z/EHXT ARGs
1 VEGs WS FAERHE RS A R 225, (UE
BRI KRR A AN 2 E R IR -2 AN 3
KBRS & FL ARGs 55 VFGs f3EA71E, HZ5
LR NE-RINH R K HfEE T ARGs 55 VFGs 1)
W AHFTE . A V5T K X 2L [ B # 7F ARGs 5
VFGs WR#FA R BAT I AEEOR MR T Rt 240
BB A, FERR KRR S R AEZ BT 6 Ff
ARGs 5 VFGs LR R, HAPESGR
H LI VFGs 5 Z HiMf 2528 ARGs WIAELE (&

K2 ThFKEERS ARGs 5 MGEs BUHER4SIE
Table 2 The distribution characteristics of ARGs and MGEs in
drinking water samples

B, ARGSSMOESIHIFINHE %ﬁgjﬁ@,l)
T e 25 -1 e il 0.005 7
SFw TR eI - T -5 PR i 0.002 0
DUPR 2 25 R it 0.001 9
B- PN TG I S - A 1S - JAE i 0.001 4
FFR RS- T A 0.0198
0-W 22 M 24 20T IS - JAE 0.003 7
itk e S -1z A il 0.001 1
LM A (2) 0.0111
oW LM 2525(2)- T 41 - VAR il 0.010 4
L 252 HE A I (2)- T 4L ifg- Y P ity 0.0102
Tt eI 2 P ity 0.002 0
SIS HE LR (2) 0.003 2
IWETTIS-B- N LS L ity 0.002 6
AR-W TR - AR T (2) 0.002 3
B- PN B e 25 -1 A it 0.001 5
B- PR P e 2 - T 2 - D32 ity 0.001 4
2 M 2 20T A i 0.003 2
VYRR IS 55 13 Tiff 0.001 9
ARCW g pamemmeke- Bk e 0.0017
SR (2)- T L -1 e 0.001 0
ZRR R B AT 0.0111
2 T 2525l e 25 - A il 0.009 8
Z I 2525 R (2) 0.004 1
T 2 - T AL - PR R (2) 0.003 3
B- PN BBt e 2 - o 2 il - PR R (2) 0.002 4
AR-UV-W ) )
B R - R AP E R M- A 0.002 1
ZHEMZHQ)-HEE 0.001 9
ZHM L 0.001 7
TP AT RS -5 JRE i 0.001 6
G- e 0.001 5

TE: 155 BT
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Fig. 5 The relative abundance of VFG types and their co-occurrence features with ARGs in drinking water samples

3). X—E5REZ RIS R —8, At %3 REKHESEP ARGs 5 VFGs BIHHRISE
H VFGs 5 £ &EMif2525 ARGs REHH G TFH Table 3 The distribution characteristics of ARGs and
LRI, 57 BRI S SN R 11 VFGs in drinking water samples

W24~ ARGs F1Z4~ VFEGs YL EAH S, 1)

HIR 1

WL TR M H 2 A2 ERZ% ARGs., ARGSSVEGSISHFAISE gy 5y g g

34 HER VEGs T 1 AN HE R VEGs(% 3). {H 0-W L2255 SFRIVE Gs- 5 e iy 0.011 1

TR, BRI ARE S o R P T 00017

ZHMZ2E ARGs FIP~FH VFGs fYE A Lk A & T ) L TIVEGS(S).

fE7E MGEs(3% 3), X Al BB KM T ARGs Fl PP HVEGs@) 0.001 6

VFGs MK PRSI o AR-UV-W  ZTEIIZ2Q)- I VEGs(3)-

2.5 SHBETR KRR IET 51 RS 251 FEHVEGs 0.0015

MR KI32EQ)-FHBHIVFGs 0.001 3
ARGs FUTAE A T2 5 HoK AL R ) S H: L2 SHEVEGs 0.001 3

HEREA BRI, NI, X ARGs #7E Vs PRI PR
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Influence and mechanism of drinking water disinfection strategies on
antibiotic resistance risk

HUANG Hongbin, WANG Shuya, WANG Wenhao, YU Qidong, JIA Shuyu®

College of Resources and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China
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Abstract To explore the impact and mechanism of drinking water disinfection on the risk of antibiotic
resistance, the operation of different disinfection processes was simulated under pilot conditions in this study,
and the metagenomic approach based on high-throughput sequencing was employed to analyze the effects of
different disinfection processes on the abundance, potential mobility, and potential pathogenicity of antibiotic
resistance genes (ARGs). Their control effectiveness on ARGs risk was comprehensively evaluated and the
underlying mechanisms were deciphered. The results indicated that ozone-chlorine disinfection(O-C)
significantly reduced the total relative abundance of ARGs, while antimicrobial resin-chlorine disinfection (AR-
C) and antimicrobial resin-ultraviolet disinfection (AR-UV) significantly increased the total relative abundance
of ARGs. Simultaneously, AR-C and AR-UV increased the total relative abundance of mobile genetic elements
(MGEs), promoting the co-occurrence of ARGs and MGEs. In addition, these two disinfection processes
increased the total relative abundance of virulence factor genes (VFGs), of which the offensive and other VFGs
made the most contribution. AR-UV also facilitated the co-occurrence of ARGs and VFGs, and the gene
combination of multidrug resistance genes and VFGs was the main co-occurrence mode. Overall, AR-C and
AR-UV increased the potential risk of ARGs. Disinfection altered the composition and abundance of ARGs
potential hosts, and host changes and horizontal gene transfer were the key factors for the variation of ARGs
during the disinfection process.

Keywords drinking water disinfection; antibiotic resistance genes; risk of antibiotic resistance;
metagenomics
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