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35 R T 2 T D AL P 13 2 5 T B2 AT A3/ S T nE A A BEA T ARG EIRE 1. N T
DL 1 5 s M T4 ARG, 75 AR AL AR SR AR - |32 A I B AR SR DUk 3 R 2R M it
T2 (ARGs-OAP) [RHT IR A (v3.0) % 5 2% HE g —— 5 /AL 028 BTk 3 K (SARG) $4fs FE A2 7 Wit
FEASHEAT 1 B KT . SARG T Fe 5155 A5 1) 058 , AT £ A 8 (0 T Sk, 99 N0 HE B ok 3 1A
AL, R E TS BN 2 2o 120 DURPIR G544 BT e R AT AL o T XA RS R e 3

ki KRR THORPE . BeAh, ARGs-OAP B2 B REIL 7% i L T LSRRI E 5 5
ARGL.OAP HHIRIEN LR RIET T M0k, T L STER T A BUERR G T A2 RELR LSS T LI
B A 2 bk ATYLACH P, T R EE ARG . ARGs-OAP v3.0 ELA7 B0t ) S0 P RN BT AR 455 L T2 R
YF 80 O B A R BRI VA 5% ARG FRHELAT 3 KUK V(6 T 1.
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= Education Press Limited Company. This is an open access article under the CC BY-NC-ND license
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JE ST EERMACEEY UE R 251 (AMR) 1)
Kit. WEEFOEILFAL HHERTAREH, Jrnsmxt
PUAERPUMEIR (ARG [1-2]00 W . 5 5240 00 5 /8
ARG i I (1 57 FH RS OR2 , AE i 3 E  Ar R AR B
ARG 2 R ALH 507 B AT LS. B P B B & e A
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PEAEDAE B A, BLE R DNA ¥ 81 ) K 50t X
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P, M EE R EWEAEEH 0 (NCBD FEIUAR
(NR) 4l PEH N N T B 2 & 1 LA ARG 3% 751
Polk R AR L 0 B FE (ARGs-OAP) T i T ARG TER:
RPN EE. 5P 2l Usearch X ARG 7%
BEAT PR UE 7], 5 P RAT AR R R T
H (BLAST) #HATHii4r25[8]. ARGs-OAP 1§ %] | 42 ¥k
RVE, SRR Z W P HES) T 1% T AW S, pEE
SARGfam K] % 1 A< 548 DUbR 10 5 8] 76 20 i 2 e e
HH (1) R FH T A B T 21 v2.0 MUAR[9] -

T BB SE T SARG ) ARGs-OAP,  DUEE s H Ak
Ae X 5HAD NI TR . Rk, ARWFRHIA T ARGs-
OAP v3.0 FIBH B, W1 R, Hpad: O— M
O SRRIEE B, BT B IR R R ZE: @F
WTHERE. HEMEA TR, N7 HREAEAR ARG E
R, DL ARG F R % QU M, Xt
ARG AT LR A IRN M AN SR v ] HAK o

Database update

Pipeline update
=Short reads:

Webpage update

= Analysis page (ARGs-OAP):
quantification method v One-click

= Manual curation

= Structure: modification v Visualization workflows
type/subtype/ . )
mechanism_group/ =Long reads: . ngery page (lndexmg):
sequence annotation/ v Visual version of SARG
visualization of (a tree with a dictionary)
= Subdatabases for  ARGs/plasmid/ v Environmental prevalence

diverse scenarios:
full/long/short/
express

integron (protein & ¥ Risk ranks

nucleotide reference
sequences)

Bl 1. ARGs-OAP v3.0 S M, WIH—MHIEHE. — ki
AEA Z R IIRENI M T

2. Ak

2.1, iR R

S WA T 22 R AT T PR IS B, 4R
JEIEESHE S TR HARK SCEIE R NCBIE
BEHEAT F IR o XA 7 51 HEAT 7 51 LSk A G Bt 7 DT
Ao, SR e S5 R oo F A R ULED, 45 2 AE A 1 o
¥ BARRUL, B2, MRIEEGHIIENR, WU AR
MR- AT RG-S R (MLS) HitEIEFE[10-11]1ARIE,
i 0 H A e PR B AL ARG ik, ARG W B ) 44 Fk
H 4 2 b Al B PR R AT R 78, L FE CARD 4 &

T https://smile.hku.hk/AR G s /Indexing.

(v3.2.4, 202247 H27 HTF#) [12]. &dFahidiE,
CARD H4 FE 1 1) 4641 741 A 713 25840\ SARG %
WEPE, R_Et T EHM ARG IR ARIEES (L. A,
R DR R W SCH 328, X SARG H I H RS H 7515
1T 7R A . FRLEy& A ] L B/ 28 B 4 K1 7 51 B
Bk, DLEEGTE € BRI AR R AR . e, ¥
SARG ¥4 2 5 NCBI NR (45 . (2022 4F-8 H 28 H N4
BATEERT, DIRREZWZSH T, FEEAE ™ 1)k £
FRIEE[9]

R1 SARG v1.0/72.2/v3.0 F1CARD v3.2.4 4l J2 o [ 2 R /L1 0 BY/
B4

Database
ftem SARGv1.0 SARGv22 SARGvV3.0-F CARDv3.24
Type 24 24 32 -
Mechanism  — - 11 -
Subtype 1208 1244 2842 -
Sequence 4499 12 085 13672 4641

SARG v3.0-F: SARG v3.0 full version.

2.2. TG ARGs-OAP v3.0 [0 it 42

N T PEAE ARGs-OAP v3.0 (I RE,  FRATTAE AT 52 il (1)
JEIZ I\ Swiss-Prot £ 4 i HH A2 i 1 BB £E[13]. Swiss-
Prot (#5E (20204F4 A 20 H NEO BN “HrAdR
PUME” W 5N ARG, 17 Swiss-Prot 24f 4 ) HoAth
AR N AE ARG. X EANEG A T 504 671
100 MR (aa) )75 0 k-mers, DLARER LK N
150 >+ 201 ANF1 300 ML XS (bp) %% 3 [ 4 Kbl 46 .
% ARGs-OAP B FH T B ECHE SR I, PPl T A [ 28
MOCRPEE. AR K FEL) o SR HH B3 A P 45
M5 T7i5, KRS Matthews 28 R EL (MCCO). REBUZ AN
FEEE, VPAl T SR AN R A st 1 T R it

2.3. A TIPS A FI AR ) ARGs-OAP %45 52

T VAl B T E A R 1 ARG = AN 22 B AR
e, PR B 7R FIFRET R AL 36 A FF T T R AL
Bty BFEANRDKEEAR . 3ADMVIRBIIREA. 4R E 15K
HT (WWTP) BIRAEMNIEE (ADS) FEA. 9/ kH
KA EES R (AS) FEfh. PIAk A5 KA
IR KBEA . PIAS R BTG KB b KFEA . 124
ok kB 2 o IR B I IR AKREA . Xt TR R R R A,
o AN [ 10 2 6 TR 20 P B A0 ) ARG 2R B (1 2 FE i3k AT 73,
DARRAIZ I BRI,



2.4. % ARG IR HEFE

27 ARG [ XU 44 HEZEJE T Zhang S5 [ 14110 TR,
Z TAEARE =/ Mhr il Y SRR SARG B8 i (5 %
JEAN 5y AN ARG (T, 1, AIV) . B—, ff
FBOAEWEE SR EREHAES (n= 1427, 20224
9 H 17 HZ A7 3R15 M H) Al Refseq 2 K HE S (n=
256 788, 202248 H 26 H N#) 4% SARG v3.0 £
FEHF TR 275 ARG. IS8 R 7E AT fi] 7 56 DR 26 o A U 3]
WS P FIREIA “ R B, 5 NEMKHIR
B CEFEANIE, F3E. I, 5K, KA B
Jitis A Tk PR KA B LD i ARG R
ITRERZHWME CEFEEK. RIK. RABTTFA
RAREHE) g =E T 7R (A FESD . A8
B E NBMI KB P R PRI EE CEXN KT T
1001%5) MARGHEIHFAN “ERHIV7. HF=, EANFMK
WE T E LR ARG H, @M RBEIELICER (MGE)
B PE (202244 H 4 H T #H Refseq Jiubr 84 22D FI W
AEFE B ARG #7H28 “2EZR 1117, 550U, TERF£sh Al
5 ONFEH RN ARG 5 TS 55 [ A4 485 757 1) ARG 5
KN CHEHN. FE, BEFEITE =AMl 2%
ARG, GHFEOENEMLHE T EENR . Qr s rM
QI AR, BIASN CHERL, XRS5 o

25 [EEHER

ARGs-OAP v1.0 [6]F1 v2.0 [9]/2 #£ T Galaxy i H[15]
HEW . EEFIRA T, Galaxy I H J2& @i 5E il /) Py-
thon Flask HEZZ . Vue.js HEZZ A1 Quasar HEZE LA & H R-Studio
AR SCRF MBSO SR AT JR AL T K . MySQL A7 fiff S HF
f87 F K & 208 10 #09E PE &R 51, IF H markmap €3 47 7]
A .

3. ERMiYIe

3.1. SARG %4 FE 56

5 SARG I HI AN FRA —FF, SARG v3.0 1/#] ARG
SEFH U ZER GBI P51 A, XERT
H b T s B e A, 2 29 M ARGs-OAP K
ARG R M (ARG KAL) FIEH A (ARG T AD
. 7ESARG v3.0 91, i 7 HitENLE], TER T —ANH
V2 CRAL-PLEI-E AR50 g58. HAHE 6 AN HLH 4
PUAE RSSO PUAERE SRS PrAERESEHR 4t
HEZE o B S FNBIE PE PR AIK[16-26] . FE L L) 21 4 i —
LR RA . BN, SRS N AN A =6

3

BRI (ATP) 4iéfa (ABC) HizEH. TELIFE
Kk (MFS) iz E @ . 2HMEELEYHFE
(MATE) #izfEH. it dmAs2 (RND) #igkE
. N2 (SMR) #iaE [ [24-25].

Uk4h, £ SARG v3.0 71, i AR HAT gmid i Rtk
UL 7y R ek = 20 4r RGE M ARG WAL 45 F 1 45k 1)
WAy RN =M bR BN, PR RPUER7]H
L — %t B A A HE T [tetA(46) A1 tetB(46)1 H % [K . AcrEF-
TolC /& RND #%i B AWK I =457 R4 0 55— M7
HIBEBEEEMAE N (AcE). WEEEZEK (AcF) Al
SN (TolC) 13 5[28].

UbAh, X ARG 22 A1 A 1) B B S 50 1717 AN B0
ARG WU 5 N2 SARG # 48 &, 35 157 AN SR
230 B-MEEZ . 35 M E R 96 M MLS. 99 M2 24,
106 AN TR 73 AN 75k 2 2 A1 AR 245 M2 A (3R 1 AN
KATMESD . CEWE T 1A FE i R,
SARG ¥ FEBLZE % T CARD #b, & 414E 127 M ARG F
B, QLS mdtL. SHV-112. SHV-39 Al tetX1. %} T SARG
v3.0 504l ), DR LA G FREEAT T FEh .

ZELRTIR, TR e Y (1) A AL A
SARG v2.2 iR T 1425 AN 751, RN T 30124751,
NI HEGHE T B 22 SARG v3.0 5238/ (SARG v3.0-F), £
TR, RANTEFI3 67240 FH (R1M
£SD,

N SR R B AS A B ) DNA P 816 ARG #EATVE
BRI 435, 1F SARG v3.0-F J:fik F## T SARG v3.0-L
KB oE B 78R, n=13439), Mk T 233 %
AR AT R BAE S R IA I RIEAE R F 51, X275 A&
G R T AU REATIER . b4, A1 T SARG
v3.0-S (ATHEEEE R, n=12746), {ENSARG v3.0-
L5080 e T AR R 1 CRFE R
AT AIHIE T FRCH 693 AN, XL BIASREE
MR AT IEMER . 738 )% SARG 3.0-E (T3
EHT, HET AR =10538) HALKELEAS[R] PR ) 4 1 iR
A & /DR B — IR PR AT SARG 741 . SARG v3.0-
S F1SARG v3.0-E # /& ARGs-OAP T (IS % ¥k E, T
A58 FH AR 48 2R BR2000) B J5  Jk DRT 20 0 s A ai 4R AT 58
T o

3.2 R ERGIF A

SARG v3.0-F H45 F2 ¥ 25 ¥4 775 M b 5 75 72 ARGs-OAP
W b, P RREGANERANSEFHINER, T
13 672 2% )7 5 5| FAEATIE R 1) ARG



X SARG ¥ FEI R 51 R A T miFp s L (B2, —
P2 o EM AL, Hoh AR AR T —Fh ARG 53, 4R
JEAE R o SRR AN [F BT PERLE . B A SO R ARG
WAL, BOIREE A 2R 5] A2 4 SARG Hdhs (1 /2 Yk &5 440 fr — Fi
R PRI B TR AL . 53— R s 152 11K SARG 3K
8 22 RN AR AT AE RS R PR b A T R, RT3
B %, 40 UniProt [29]41 Pfam [30].

SARG database structure: ARG_Type-Mechanism-Subtype

ARGs-OAP % 5| H1 e (B 1574 2 138 4 /& 51~ ARG T
MR RATRGELE, XEHRKRAADFRREEARM
1000 2 /> 7 B DA B SR M B s 2 B a5 R B 45 1
(£SD. BE4h, SARG v3.0-S H1# 12 746 N5 55 4 4>
RS T T ATV T JE T FoA T 2 26 1 XU 45
T E[14], NSRRI ARG T HBBRAZKELR
MR st E NSRS ) V2 A% 6 LA T E 80

a quinolone X v

quinolone resistance protein (gnr)

QnrB47 (Synonym: QnrB51)
QnrB48...QnrB50

QnrB52, QnrB63 no record in CARD

uinolone

QnrB54...QnrB62

major facilitator superfamily (MFS) antibiotic efflux pump

QnrB64...QnrB74
QnrB75...QnrB80 no refer seq

Acinetobacter baumannii AbaQ

QepA1 (qepA)

QepA3 no refer seq

overexpression

ABC multidrug transporter

o~ QepAd
Staphylococcus aureus norA

PatA-PatB

el

I
ol

(a)

SARG dictionary: detailed info
.] aadA

subtype

B Level
# Type aminoglycoside
18 Mechanism group

«» Mechanism subgroup
«* Subgroup2 ANT (3")

& Sequence (23) ® show all

Enzymatic inactivation

Nucleotidyltransferases (Adenylyltransferases)

(O show onlylrisk 1 | @ [ v

>AB1048521.1.gene4.p01 streptomycin adenyltransferase. Encoded by gene aadA1. ARO:3002601 aadA. [Pseudomonas aeruginosa]
MREAVIAEVSTQLSEVVGVIERHLEPTLLAVHLYGSAVDGGLKPHSDIDLLVTVTVRLDETTRRALINDLLETSASPGESEILRAVEVTIVVHDDIIPWRY

& Environmental prevalence [7)
All Human_feces, Chicken_feces, Cattle_feces, Swine feces, Sewage, WWTPs... (show all)
Risk 1 No

(b)

& 2. SARG v3.0-F (n=13 672) [ MALIAGFAHER. () BAZFHFHRINGENM ARG (b) SARG HH & A AR IIAARE B, B
DAL, R, LI, W, % FHIMABRATEE . aadA: EILHETF-3-IREF R FE RS0 -

T https ://smile.hku.hk/AR G s /Indexing ris kranking.



PEM RS2 RV PRk, BSR40 1) ARG 7E M 0T F 1 gt
) CHBERATER” M CPE)7 S ERE R BoR. — 8
ME, ARG IRAT FHE A5 0 HE 4 v R 2R SR EURF
T fif ARG FALFE AN 2 32 SRS Rt T A M ERI 2% .

3.3. ARG &= A T B AN A FRAL [ 55 57

FIF SARG ¥ ¥ & 5+ ARG #EAT 33 B Al 2 AL 0 5 i
AP ARGs-OAP o B7E 3.0 AR F E47 1 deidt, mrbA
Rt A B A R S B AL ARG F %, SRAHLL TR i&
IET7

Ni - xLi ., /Li X
ARGHlike sequence read ARGs reference sequence
Abundance =Y." | kx a a

N,

cell number

ForFy Nigge e soquence 22 TEFE B —MFE ARG 275 7511 ) 2K
ARG BEHUREUR s Li o 2 IR PE s Liypgs rerence sequence 79
XF L) ARG 2255 7 A M B R T 9KJE: n MR T %
ARG R A 57 [ BT ARG 2% 7 5 AR Ny unber
s 1 I 58 A7 B — A 06 75 B P8 DUbR 10 2 DN E i A B 168
rRNA 741 145 LA A7 B Ak F A 48 e 291 i
K€ ARG ZH T HI MM 7y R4, WSE k0.5, Wi
R € ARG ZH A A= 2%, WSH k9033, X1
b LIAWZEAMYFTE ARG, S50k N 1.0,

7E SARG v3.0 H1, AN[A]E A (¥ ARG W L 4 b i AN
I AfE, HTIHBEREL. LG 355240 F5Hhndh “=
Hoy” ARG, HrfHN0.33, KAREIERPIME T %0
) =ANERE R — AL ED B, I AR 0.33 iR
SIS, BEANES A LR EL RS S =
I E . FFEHL, 65 AP HIREFRIC A “XHS” R,
KAE 0.5, PRI — 25 o iy 7 /> 2 DR 30 o B 2 5 3k
Rk, BANFEA D@ S50 53T, XM ESckE
B F kb /b % ARG 28 8L 1) 52 o 22, BLHE £ 245 ARG,
MLS FiPE R %5 . k1E 4 1.0 1) ARG 0B/ 58 A 2N =
AT PR AN SZ A o

Ubah, TR TG CE TN — S E R
g, {EVFZ7TiEH TP KFEL S IR E. &
Je, THIRA ) ARGs-OAP i 2 Jm) #FE St AL 3 . it 5
B, AP RTLOEE AR ARSI A GEad N e
FTP), RE R &t — T, #inl LL5E s ARGs-OAP [ &
WP IR, Hik, TEHEHRIELIRAREM A R 25t
T2 TN AT © 25 % B ARGs-OAP
AURE T T EAp, FRERER, DUEFE it 17 R
FEo BAASKUL, PREIREAR) R 1K AT UE Y ARGs-OAP

T https:://smile.hku.hk/S ARGs.
T https ://s mile. hku.hk/AR G s /Indexing /download.

5

SR E RN, BT ARG #4328, JEE1L ARG
T3, ARG R, TRAMARHFEER. &6 1
1M, Hrr A AR I E 1) ARG (R S50 ARG 3 5
PRRIR B CAREANAIAR ) ARG #5 DUECH LD .

DL “HbBELLEL” AT R, RSB B AR SRR 4o
BI3FE 4R A T T s

(1) 35Nk E [R5 ARG R BUREA () F i
FHAT B LR, PUK ARG V5 4K T 5k B [ — A0
S H ) A BRI AT BEAE LUK

(2) ETHAEMIRRE (MST) [ ARG {5 45 R 5,
EA R (BRI, NI, HEEIRME. 5K
B R, TS KAE " 87 BRFERD KB
HREEAS F ARG ) TRk L 431+

) WESHEHEEPAFESRGES T ARG
W, XFFEAHEATHEF 4 # (ordination analysis), 75 % AH
AR A 22 Sk

(4) JEXFEA P, KT ARG KUK (1 DU AN 55 2 1)
MEIL -

B T % R RO AT R A b A, BT KT
ARG VERE B R 2, o B4 2 AR = A7 AR
FCI[31-32], B R A Nk e [33]. IS E
SARG ¥#fs 2, K E4nT DURZ 7 #h 5 8 A i Bl R 2
FFEHIBAT EEXST,  DLERE ARG, 3 B T30 5 (A R 1k
M T, it B G AAARARAE (-VIP) [34]
B KL KRS (Plascad) [35], MGE 23 #7 aJ Btk — 35
R L 1S 5 . ARG A MGE JL & A7 1% & itk — B IR R
1 P BV R IR R BT R D R RS SR L T SRS R

3.4. ARGs-OAP v3.0 1 RE VA

FAT3E o 7 3 K B2 351 29 150 bp. 201 bp #1300 bp
(ARSI 2 L DR ZH 50 4 h 7 BE ARG, iRIEMCCL R EE
RS VP4l T SR AE R (5. BESR A S D
AL SR IR, ARGs-OAP v3.0 B REFHItERE, =4
PRI 7 B DR 20 v B A RE b s (BRI EfH: 1x10775 AH
WU : 80%; ELXTKEH: 75%), ARGs-OAP v3.0 7F
ARG Rl 77 TH 2 0 1 AR w5 PR kG B A RS o AR R 2%
FEA R B, RREAE — AW 8. FLIE,
ARGs-OAP v3.0 & H R E R, RIRFET 2%.

N7 — B PEAL H R, AR ARGs-OAP
EAEA (v1.0. v2.2F1v3.0) BT 7 A SR IR B IR 1)
36 M FHEFAKESE, EAME T AFEREE R ARED.



ARGs-OAP analysis

Short reads

'

Visualization packages

(ARG) pollution sources identification Dissimilarity with other ecotypes Resistome risk level

=

ARG quantification (dashboard)

17 2820
ARG Types ARG Subtypes ARG Gene

ARG types abundance
aminoglycosid
rifamycin|
trimethoprim!
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

ARG copy per cell

!

I Human feces g 0.05

W Livestock feces ~ ok

W WWTPs 8 ﬁ

B Unknown Q. -0.05- %
.

,5%

Risklevel ARG
1 AAR19915 0.001

Abundance

I YP_001966247 0025
CR

ﬁq ' 1 AAB20442
L

=@

-0.10 -0.05 0

L
0.05 0.10

PC1 (21.19%)

Geographical comparison

ARG profile

lextracted.fa.normalize_cellnumber.type.tab.txt

named as *normalized_cellnumber.type.tab.txt; The mothertable is generated by arg-oap, should be

abundance in type level, and normalized by cell numbers
Environment type

WWTP

-
o
T

Copies of ARGs per cell
o o
w o

Should be one of the following (case sensitive): Agricultural field; Cattle_feces; Chicken_feces; Human_feces;
Industrial WWTP; Marine_water; mine; Natural_sediment; Natural_soil; Natural_water; Sewage; Swine_feces;
WWTP

v Execute

& 3. ARGs-OAP v3.0 T~ & i i K TR AR,
B. —MBlF2 “Hhrbi” 4,
Fo AERIIREE SR —

FREAE T DOEAT 04T, DLl ROMAERR 77 AL ARG, 285 3 F 41 Bl ) 1 HLHEAT AT RLAL A
ERER L EETE A AR A R IR, ARG B MRS, IR X ARGs-OAP #4773 47 J5 ¥ ARG = & ) £
AT L B — AN T A A A M ARSI B A R I, A2 P B ok 1 13 PR S M 1427 MRS

SEREIR, AR AR A R R SGE, RIERT A
FIIAF ARG K BEREA S, #HRKIL T ARG £ FE
(A ARG #5 EO RIEE . G E 1) ARG T
RUBCED 198N,

WESs (D Fias, 5SARG v2.2 fHEL, ] SARG
v3.0 ff ARG il FEAE PRI A R A T AN FIAR FE I AR AL, A
RPN T 12.6%, (EFKHFAEM T 28.8%. HIRIES
G K A PTRR YD B A A 6 R B 1 e A8 (4.7%~
28.8%), 1K HIG/KAHE RS HIFES (WWTP ADS. AS

A KD KR R R AR AL (12.4%~
15.9%), HAWEES S EREH BT . 5T Mann-Whit-

ney MK (P<0.05), KRIARIFIFERA f ARG & FJE

FEREES, EMERENFEKTESE, FRENET
R 48 B >T5K>TG KA ER > F AR RE S .
TN WA A O B4 B, ARG 2E FE7KCF 10 90 2 #0 AR 35
A,

E AR PR RE S A5 K AL o ARG K 338 0, &5
SEIE, X LSRR T RN E B B (Rl ARG 02 (1 3
) WA, 1 KR & I ARG & E
VAR T ERE R TR SRS, HEERS
oMt 25 5 8 . SR UL, SARG v2.2 A& il F 736 /N 7 Y
CHUPR PE A 1244 ASTEBL), 1T SARG v3.0 £ £ 1019 4>
WA, Wl ul, TEHEREEEZ RS T 283 F ARG
WAL, XU RIS [ 7 PR A B — A A, I



i Plascad
Long reads £lignment %
& i
S Cw
g & 4
RS 51600 .
_§,\ Y 4 47 300 4300
$ 4 Y
S A - '\
& - 43000 8600 -
l ~ -38700 EU370913.1  12900-
: 51602 bp !

% 1VIP 34400 1720
< .30100 215 .
9 ‘ . 25800, \ :

%0

T WA

E4. ARGs-OAPv3.0° V& BT KB TH, QfFFES YOI 2. 1-VIP: &7 r AU .

1.0 -
- (.2
0.8 P - (4
Q06 £0.8 == 0.6
o =07 == 0.8
=04 100 [ == 1.0
02 80 @ g
0 3
02 4 2(‘)1 8&0\\ 2 435
i "
Lo, —8 N -6 _g R}
Q(E-Value) 10 OQ(E- valy )—10 0
(a) (b)
10.0 1 i 11 1 I
ARG type
- Aminoglycoside Fosfomycin Others_reclassified . Streptothricin
B Bacitracin B Fusidic_acid [ others_removed [ sulfonamide —3.2%
. Beta-lactam . MLS . Pleuromutilin_tiamulin . Tetracenomycin_C
- Bleomycin . Multidrug . Polymyxin || Tetracycline
75 . Chloramphenicol . Mupriocin . Puromycin . Trimethoprim — Aminoglycoside
. Defensin . Novobiocin . Quinolone . Vancomycin
. Florfenicol . Other_peptide_antibiotics . Rifamycin + Bacitracin
_ - Beta-lactam
8 —ChIora¥nphen|coI
] I~ Florfenicol
Q
3
¥ 50
<
k]
>
Q
Q
[S]
12.6% — Multidrug
ik Other_peptide_antibiotics
25 I~ Polymyxin
+— Quinolone
[- Streptothricin
Sulfonamide
+ 0/ "
+13.1% +12.4% 15.9% —Tetracycline
0 L — | | —— — | | | -_-.-_ +—Trimethoprim

v1i0 v22 v3.0 v1.0 v2.2 v3.0 vi.0 v2.2 v3.0 vi.0 v2.2 v3.0 v1.0 v22 v3.0 vi.0 v2.2 v3.0 v1.0 v2.2 v3.0
River water Sediment WWTP ADS WWTP AS&BF WWTP effluent Sewage Livestock feces
(d)

5. VA ST K 7 S T ARG FEREFI AL AR« AE 32K 150 bp B2 38 DA ZH 30 45 S FH ARGs-OAP v3.0 F % I BE FE I3 07 i, 37
fiMCC (a). REUE (b) AREE (). FEHEMRETA~1ITWENKIMCC (). REE (b) ARE (o ME. (1) BN H=NAR
ARGs-OAP, *I3k B AR R = SR AT — B PP s o X T AR, ZBEERRFEANSEREE: () SARG v1.0: () SARG v2.2;
(#) SARG v3.0. ARG & & i AN FAZ A0 (73010 ARG #5 DU, PP i 1 43 Bl AR 28 /e S5 AR v2. 2 A EL, {8 SARG v3.0 A6l 21 1) ARG £ i
Whn. BF: 4.



8

ELAE T CART B MAS A A I 2] (S AR R S3) . 1X
SEH R R B0 A AR AR . - iR . MLS. £
2. ZRE R MIAR 25288, 7EURE i A A4 e )
ARG FETEH N 6.17x107°~0.92 48 DL, HiAs I 21 (1) A
Y ARG 3= B2 HE I 0.4 4> % DU v 2 L 45 i 24 4 MLS
1) InuC Fl optrd, VLI 25 8L 5755 Je 75 1 1) InuH 1 fexB
FKHRNGH 2% FE K 2 SARG v3.0 )5, XLl 2
MRS RE A5 . BRI, BERT S BB A Bt AN TR EA 855
FEAH ARG W W A U 78 56 %6 . SRR, ) Hlds e
Wi ek R OR AR HE ARG [ vHEBf TN

4. £51¢

ARGs-OAP T-2016 R KA, FFET 2018 47
Bro WMABFATR, XFoH LRSI K, LAIERE
PO I RS 5 T A A R S B A R R . 7E ARGs-
OAP v3.0 7, X Hdis J2 50 37 RS [ 43 #1142 R A it
ITT 80k 1%, SH4UEE SARG CL4 T H 23.0 A,
R 8 BT I UM B A 0 A, R SRR T B ) 44 F
ISR AT (5 B, FFAE CARD &5 HA K P 1) 2k
it By KRB E VG . SARG v3.0-S (LK & B T
) FISARG v3.0-E (PROEDHT I FHIE D HEbR T 5R
AF L BHE ) AN R A ORI, &k T ARGs-
OAP V3.0 NS H K G, 1fi SARG v3.0-F nJ DL i b &5
PR 7 g AT AT A4k . LWk, M ARGs-OAP FF 4,
fERBERC T HBIF R T P KU TAERFR, HEAT T a4k
M, RS R PR . MST Ml 5 HAh A4
A RGP AME AR 23 8 o AR AT AR S T AT
AR, 3R AR 3 B A e A )

B

XTTAEAR B T o B AR AT X B 70 08 2% 51 2
) = BRI 72 RIFR R (T21-705/20-ND 1K J7 S0 #k . kg
SR BRI R I L R e R Bt
IR SR AR LM AR 22 e AR IR IR S50 &
AR 51 Vieky 5 & A S0 R I B B . TF 2 A8
s R BRI S O SR BB Fe i BB AT 1

Compliance with ethics guidelines

Xiaole Yin, Xiawan Zheng, Liguan Li, An-Ni Zhang,

Xiao-Tao Jiang, and Tong Zhang declare that they have no

conflict of interest or financial conflicts to disclose.

Appendix A. Supplementary data

Supplementary material to this article can be found
online at https://doi.org/10.1016/j.eng.2022.10.011.

References

[1] Danko D, Bezdan D, Afshin EE, Ahsanuddin S, Bhattacharya C, Butler DJ,
et al. A global metagenomic map of urban microbiomes and antimicrobial
resistance. Cell 2021;184(13):3376-93.

[2] Hendriksen RS, Munk P, Njage P, van Bunnik B, McNally L, Lukjancenko O,
et al. Global monitoring of antimicrobial resistance based on metagenomics
analyses of urban sewage. Nat Commun 2019;10(1):1124.

[3] Boolchandani M, D’ Souza AW, Dantas G. Sequencing-based methods and
resources to study antimicrobial resistance. Nat Rev Genet 2019;20(6):356-70.

[4] McArthur AG, Waglechner N, Nizam F, Yan A, Azad MA, Baylay AJ, et al. The
comprehensive antibiotic resistance database. Antimicrob Agents Chemother
2013;57(7):3348-57.

[5] Liu B, Pop M. ARDB-antibiotic resistance genes database. Nucleic Acids Res
2009;37(Suppl 1):D443-7.

[6] Yang Y, Jiang X, Chai B, Ma L, Li B, Zhang A, et al. ARGs-OAP: online
analysis pipeline for antibiotic resistance genes detection from metagenomic
data using an integrated structured ARG-database. Bioinformatics 2016;32(15):
2346-51.

[7] Edgar RC. Search and clustering orders of magnitude faster than BLAST.
Bioinformatics 2010;26(19):2460—1.

[8] Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. Basic local alignment
search tool. ] Mol Biol 1990;215(3):403-10.

[9] Yin X, Jiang XT, Chai B, Li L, Yang Y, Cole JR, et al. ARGs-OAP v2.0 with an
expanded SARG database and Hidden Markov Models for enhancement
characterization and quantification of antibiotic resistance genes in
environmental metagenomes. Bioinformatics 2018;34(13):2263-70.

[10] Roberts MC, Schwarz S. Tetracycline and chloramphenicol resistance
mechanisms. In: Mayers DL, Sobel JD, Ouellette M, Kaye KS, Marchaim D,
editors. Antimicrobial drug resistance: mechanisms of drug resistance. New
York City: Springer; 2017. p. 231-43.

[11] Chopra I, Roberts M. Tetracycline antibiotics: mode of action, applications,
molecular biology, and epidemiology of bacterial resistance. Microbiol Mol
Biol Rev 2001;65(2):232-60.

[12] Jia B, Raphenya AR, Alcock B, Waglechner N, Guo P, Tsang KK, et al. CARD
2017: expansion and model-centric curation of the comprehensive antibiotic
resistance database. Nucleic Acids Res 2017;45(D1):D566-73.

[13] Bairoch A, Apweiler R. The SWISS-PROT protein sequence database and its
supplement TTEMBL in 2000. Nucleic Acids Res 2000;28(1):45-8.

[14] Zhang AN, Gaston JM, Dai CL, Zhao S, Poyet M, Groussin M, et al. An
omicsbased framework for assessing the health risk of antimicrobial resistance
genes. Nat Commun 2021;12(1):4765.

[15] Afgan E, Baker D, Batut B, van den Beek M, Bouvier D, Cech M, et al. The
Galaxy platform for accessible, reproducible and collaborative biomedical
analyses: 2018 update. Nucleic Acids Res 2018;46(W1):W537-44.

[16] Roberts MC. Update on macrolide-lincosamide-streptogramin, ketolide, and
oxazolidinone resistance genes. FEMS Microbiol Lett 2008;282(2):147-59.

[17] De Oliveira DMP, Forde BM, Kidd TJ, Harris PNA, Schembri MA, Beatson
SA, et al. Antimicrobial resistance in ESKAPE pathogens. Clin Microbiol Rev
2020;33(3):e00181-219.

[18] Munita JM, Arias CA. Mechanisms of antibiotic resistance. Microbiol Spectr
2016;4(2):VMBF-0016-2015.

[19] Blair JMA, Webber MA, Baylay AJ, Ogbolu DO, Piddock LJV. Molecular
mechanisms of antibiotic resistance. Nat Rev Microbiol 2015;13(1):42-51.

[20] Bush K. The ABCD’s of b-lactamase nomenclature. J Infect Chemother 2013;
19(4):549-59.

[21] Rodriguez-Martinez JM, Velasco C, Alvaro P, Cano ME, Luis MM. Plasmid-



mediated quinolone resistance: an update. J Infect Chemother 2011; 17(2):
149-82.

[22] Wright GD. Q&A: antibiotic resistance: where does it come from and what can
we do about it? BMC Biol 2010;8(1):123.

[23] Ramirez MS, Tolmasky ME. Aminoglycoside modifying enzymes. Drug Resist
Updat 2010;13(6):151-71.

[24] Piddock LJV. Clinically relevant chromosomally encoded multidrug resistance
efflux pumps in bacteria. Clin Microbiol Rev 2006;19(2):382-402.

[25] Poole K. Efflux-mediated antimicrobial resistance. J Antimicrob Chemother
2005;56(1):20-51.

[26] Connell SR, Tracz DM, Nierhaus KH, Taylor DE. Ribosomal protection
proteins and their mechanism of tetracycline resistance. Antimicrob Agents
Chemother 2003;47(12):3675-81.

[27] Warburton PJ, Ciric L, Lerner A, Seville LA, Roberts AP, Mullany P, et al.
TetAB46, a predicted heterodimeric ABC transporter conferring tetracycline
resistance in Streptococcus australis isolated from the oral cavity. J Antimicrob
Chemother 2013;68(1):17-22.

[28] Nishino K, Yamada J, Hirakawa H, Hirata T, Yamaguchi A. Roles of TolC-
dependent multidrug transporters of Escherichia coli in resistance to B-lactams.
Antimicrob Agents Chemother 2003;47(9):3030-3.

[29] The UniProt Consortium. UniProt: the universal protein knowledgebase in

2021. Nucleic Acids Res 2021;49(D1):D480-9.

[30] Mistry J, Chuguransky S, Williams L, Qureshi M, Salazar GA, Sonnhammer
ELL, et al. Pfam: the protein families database in 2021. Nucleic Acids Res
2021;49(D1):D412-9.

[31] Yang Y, Zhang AN, Che Y, Liu L, Deng Y, Zhang T. Underrepresented high
diversity of class 1 integrons in the environment uncovered by PacBio
sequencing using a new primer. Sci Total Environ 2021;787:147611.

[32] Che Y, Xia Y, Liu L, Li AD, Yang Y, Zhang T. Mobile antibiotic resistome in
wastewater treatment plants revealed by Nanopore metagenomic sequencing.
Microbiome 2019;7(1):44.

[33] Ma L, Xia Y, Li B, Yang Y, Li LG, Tiedje JM, et al. Metagenomic assembly
reveals hosts of antibiotic resistance genes and the shared resistome in pig,
chicken and human feces. Environ Sci Technol 2016;50(1):420-7.

[34] Zhang AN, Li LG, Ma L, Gillings MR, Tiedje JM, Zhang T. Conserved
phylogenetic distribution and limited antibiotic resistance of class 1 integrons
revealed by assessing the bacterial genome and plasmid collection. Microbiome
2018;6(1):130.

[35] Che Y, Yang Y, Xu X, Bfinda K, Polz MF, Hanage WP, et al. Conjugative
plasmids interact with insertion sequences to shape the horizontal transfer of
antimicrobial resistance genes. Proc Natl Acad Sci USA 2021; 118(6):
€2008731118.



