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Text S1 Concentration of antibiotics chosen to select the resistant Escherichia Coli.59

To select antibiotic-resistant Escherichia coli (E. coli), specific antibiotics were added60

to the culture medium at concentrations corresponding to their non- susceptible minimum61

inhibitory concentration (MIC) breakpoints defined by the CLSI. The final concentrations62

were as follows: colistin (CT) at 2  mg/L, cefotaxime (CTX) at 2  mg/L, ciprofloxacin (CIP)63

at 0.2  mg/L, trimethoprim- sulfamethoxazole (SXT) at 3  mg/L + 57  mg/L, and amikacin64

(AMI) at 32  mg/L. For tigecycline (TIG), the CLSI does not define a non-susceptible65

breakpoint. The FDA and EUCAST criteria differ substantially: the FDA defines MIC ≥ 4 66

mg/L as intermediate, whereas the EUCAST defines MIC ≥ 0.5  mg/L as resistant.67

Although the FDA standard is widely used, its intermediate threshold is relatively high and68

may impede the growth of TIG- resistant E. coli under experimental conditions. Therefore,69

a TIG concentration of 2  mg/Lwas selected for this study based on previous findings  (Zhai70

et al. 2022). For meropenem (MEM), preliminary experiments used culture medium71

supplemented with 2.5 mg/L MEM and 70 mg/L ZnSO4, where ZnSO4 was added to72

support the growth of E. coli carrying blaIMP (Yamamoto et al. 2017). Under these73

conditions, MEM- resistant E. coli failed to grow, likely due to complex environmental74

mechanisms. The MEM concentration was then gradually reduced to 0.5  mg/L, at which75

point the resistant strains grew normally. Subsequent broth microdilution susceptibility76

testing confirmed that these resistant strains generally exhibited MIC values ≥ 2  mg/L,77

which corresponds to the intermediate breakpoint (2  mg/L) defined by the CHINET78

antimicrobial resistance surveillance guidelines. Accordingly, a final concentration of 0.579

 mg/L MEM with 70  mg/L ZnSO4 was selected for this experiment.80

81

82
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Text S2 DNA extraction from Isolates for PCR, qPCR and Illumina sequencing.83

The DNA used for PCR/qPCR identification of AMR genes and Illumina short-read84

sequencing was extracted using the TGuide Smart Universal DNA Kit (DP605, Tiangen,85

Beijing, China) coupled with TGuide S16NucleicAcid Extractor (Tiangen, Beijing, China)86

with some modifications. Briefly, 200 μL overnight culture of bacteria was centrifuged at87

15000 g for 1min at resuspended in 150 μLLysis Buffer (250 mMTris-HCl, 25 mMEDTA,88

12.5% Triton X-100, pH=8.0) with 25 μL 100 mg/mL Lysozyme (10402ES08, Yeasen,89

Shanghai, China) and 5 μL 100 mg/mL RNase A solution (RT405-12, Tiangen, Beijing,90

China). After incubating at 37℃ for 15 min, 130 μL of GHA and 20 μL of 20 mg/mL91

proteinase K (HBP800001, New Enzyme Biotechnology, Wuhan, China) were added and92

the total volume of solution was transferred into the lysis/binding wells of the prepackaged93

reagents plate. After incubating at 56℃ on the extractor for 15 min, the program was94

paused and 350 μL of isopropanol (I112018, aladdin, Shanghai, China) was added to the95

lysis/binding well. The residual steps of binding, washing and elution steps were completed96

by the extractor based on the default program.97

98
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Text S3 PCR and qPCR identification of last-line antibiotic resistance-related genes.99

Multiplex PCR was applied to identify the genes related to the resistance of TIG100

(tet(X1) to tet(X5)), carbapenem (blaKPC, blaNDM, blaOXA48, blaVIM) and colistin101

(mcr-1 to mcr-5) as previous studies described. Briefly, 20 μL PCR reaction was set up102

with 1×Taq Buffer (3 mM Mg2+ plus), 0.5 U Takara Taq Hot Start (R007, Takara Bio Inc.,103

Shiga, Japan), 0.2 mM dNTPs, 5 μL bacteria nucleic acid extraction, and primers with their104

different working concentrations (Shown in Table S13). To avoid the false negative results105

caused by PCR inhibition, primers targeting the 16S rDNA (Table S13) were added to each106

PCR reaction as an internal quality control. After the amplification, 5 μL PCR products107

were mixed with 6× DNALoading Buffer (Solarbio, Beijing, China) and visualized by 2%108

agarose gel electrophoresis in 1× TAE buffer.109

For those isolates that showed positive results for resistance-related genes, the Taqman110

quantitative PCR was used for further validation. The primers and probes targeting tet(X4),111

blaKPC, blaNDM, blaOXA48, mcr-1 and mcr-3 are shown in Table S6. The reaction112

systems for the detection of carbapenem and colistin resistance-related genes were set up113

in a 20 μL volume with 0.1 U/μL Hieff Unicon® Hotstart Direct Taq DNA Polymerase114

(10717, Yeasen, Shanghai, China), 1×Taq buffer, 6 mMMg2+, 0.5 mM dNTPs, 100 ng/μL115

bovine serum albumin, 0.3 M trehalose dihydrate, 400 nM of each primer, 200 nM of each116

probe and 5 μL 100 times diluted bacteria nucleic acid. For the detection system of tet(X4) ,117

to avoid the potential interference of tet(X5), the 20 μL reaction volume was modified as118

0.1 U/μLHieff Unicon®Hotstart Direct Taq DNAPolymerase, 1×Taq buffer, 4 mMMg2+,119

0.2 mM dNTPs, 100 ng/μL bovine serum albumin, 0.3 M trehalose dihydrate, 200 nM of120

each primer, 100 nM of each probe and 5 μL 100 times diluted bacteria nucleic acid. The121

qPCR reaction program was set as initial denaturation at 95℃ for 5 min, denaturation at122

95℃ for 15 s, annealing at 60℃ (for carbapenem and colistin resistance-related genes) or123

63℃ (for tet(X4)) for 30s, and repeated for 40 cycles. Detailed information about the124

standard curve, limit of detection and specificity of each qPCR reaction was listed in the125

attached MIQE checklist.126

127
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Text S4 DNA extraction and Library Preparation for ONT sequencing.128

To maintain the genomic DNA as complete as possible, the DNA used for the ONT129

sequencing was extracted using a sedimentation-based method. Briefly, 20 mL overnight130

culture of bacteria was centrifuged at 5000 g for 5min. The sediment at the bottom was131

softly resuspended using 1 mL Lysis buffer (250 mM Tris-HCl, 25 mM EDTA, 12.5%132

Triton X-100, pH=8.0) and transferred into a new 1.5 mL tube. Then, 100 mg/mL lysozyme133

(10402ES08, Yeasen, Shanghai, China) and RNase A (RT405-12, Tiangen, Beijing, China)134

were added into the suspension with the final concentration of 2.5 and 2 mg/mL,135

respectively. After digesting for 30 min, 1/10 volume of 20 mg/mL proteinase K136

(HBP800001, New Enzyme Biotechnology, Wuhan, China) and 1/10 volume of 10%137

sodium dodecyl sulfate (D885207, Macklin, Shanghai, China) were further added into the138

lysis and incubated at room temperature. For each 5 min, the lysis was inverted gently 3139

times until it became nearly transparent. The total volume of transparent lysis was140

transferred into a new 15 mL tube and mixed with 4 mL pre-cooled nuclease-free water141

and 1.5 mL 5 M NaCl solution on ice. Then, 7 mL Phenol-Chloroform-Isoamyl alcohol142

(25:24:1, pH > 7.8, AC13308, Acmec, Shanghai, China) was added and lightly inverted 50143

times. The mixture solution was centrifuged at 5000 g for 45 min, with the acceleration144

and deceleration set at four. The upper aqueous phase was slowly transferred into a new 15145

mL without disturbing the white interphase and extracted using an equal volume of146

Chloroform-Isoamyl alcohol (24:1, M76752, Meryer, Shanghai, China) for an additional 2147

times to remove the residual protein and phenol. All the extraction and centrifugation148

conditions were the same as above when using the Chloroform-Isoamyl alcohol for149

extraction. The aqueous phase after the second extraction was mixed with 1/10 volume of150

3 M sodium acetate solution (pH=5.2, A1070, Solarbio, Beijing, China) and 2 times the151

volume of pre-cooled absolute alcohol in a new 50 mL tube on ice. The mixed solution was152

inverted gently 10 times on ice, and stored at -20 ℃ for 1 h to precipitate the DNA. The153

white chains formed during the cold precipitation were collected using a new 1 mL pipette154

tip by clockwise rotation and transferred to a new 50 mL tube with 10 mL 70% ethanol.155

After being softly washed for several rounds, the DNA chains were again collected using156

the pipette tip, leaned against the tube's inner wall several times to remove extra alcohol,157

and transferred into a new 1.5 mL tube with 1.5 mL 70% alcohol. The DNA chains were158
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carefully washed again and released from the pipette tip into the alcohol, and then159

centrifuged at 10000 g for 2 min for precipitation. After removing the alcohol, the DNA160

sediment was air dried for approximately 3 min until the edge of the sediments became161

transparent. 200 μL 10 mMTris-HCl (pH = 8.0) was eventually added to dissolve the DNA162

on ice for 2-3 hours with the tube lid open (to evaporate residual alcohol), and the final163

obtained transparent and viscous DNA solution was used for ONT-based library164

preparation and sequencing. Based on the agarose gel electrophoresis results, the obtained165

DNA length was about 40 kbp.166

The obtained High molecular bacteria DNA was firstly sheared to 10-20 kbp size167

using the g-TUBE (520079, Covaris Inc., Woburn, MA) according to the user manual. The168

ONT library preparation was conducted according to the SQK-NBD114.24 protocol using169

the Ligation sequencing gDNA - Native Barcoding Kit 24 V14 (SQK-NBD114.24, ONT,170

UK), NEBNext® FFPE DNA Repair v2 Module, NEBNext® Ultra™ II End Repair/dA-171

Tailing Module, NEB Blunt/TA Ligase Master Mix and NEBNext® Quick Ligation172

Module (M6630S, M0367S, E6056S, New England Biolabs, Ipswich, MA, USA). The173

final obtained library was loaded on the PromethION R10.4.1 (FLO-PRO114M, Oxford174

Nanopore Technologies, Oxford, UK) flow cell and sequenced on the PromethION 24/48175

platform.176

177
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Text S5 Bioinformatic analysis.178

For the Illumina short-read sequencing data, the low-quality reads and adaptor179

contaminations were first trimmed using the Fastp (version 0.23.0) (Price et al. 2010)with180

default parameters. The clean reads were assembled into contigs and scaffolds using the181

Spades (version 3.12) (Bankevich et al. 2012) with k-mers of “21, 33,55,77,99,127” by the182

“--careful” mode. The genomic size and characteristics, including total length, GC content,183

N50 and L50 were calculated using the QUAST (version 5.1.0) (Gurevich et al. 2013), and184

the genomic completeness and contamination were estimated using the CheckM(Parks et185

al. 2015). The Mutiple sequence typing of the isolates was determined using mlst(version186

2.23.0) (De La Cruz 2020), and the phenotyping of E. coli was determined using187

ClermonTyping (version 24.02) (Beghain et al. 2018). The ARGs were identified using188

ResFinder (version 4.6.0) (Bortolaia et al. 2020) with the default parameters (identity >189

90%, coverage > 60%).Virulence factor genes were identified against VFDB (version 2025)190

(Zhou et al. 2025)using predefined parameters (identity > 98%, coverage = 100%). Mobile191

genetic elements were detected using mobileOG-db (version 2.0) (Brown et al. 2022)with192

default parameters (e-value > 10-5). Core single nucleotide polymorphisms (SNPs) were193

identified using Snippy (version 4.6.0) (https://github.com/tseemann/snippy)with194

ASM584v2 as the reference genome. A SNP-based phylogenetic tree was constructed with195

FastTree (version 2.1.11), (Price et al. 2010)and the corresponding characteristics of each196

isolate were illustrated using the online tool TvBOT (Xie et al. 2023).197

For the ONT long-read sequencing data, the circular genome of WWB-CT-1 was198

assembled using Unicycler with default parameters. For WWE_MEM_4, since Unicycler199

(version 0.5.1) (Wick et al. 2017) failed to assemble the circular genome, another tool200

named Trycycler (version 0.5.5) (Wick et al. 2021)was used for assembly, and the results201

were validated using PCR (Figure S3). The plasmid replicon typing were determined using202

PlasmidFinder (version 2.0.1) (Carattoli et al. 2014). And the plasmid circos map was203

visualized using Proksee (Grant et al. 2023).204
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Text S6 Clinical surveillance data205

The clinical surveillance data used in this study were obtained from the 2024 annual206

report of the China Antimicrobial Resistance Surveillance Network (CHINET) .207

Specifically, the resistance data for E. coli were derived from 55,409 clinical isolates208

collected from participating hospitals across China between January and December 2024.209

The time period is thus consistent with our wastewater sampling period. Meanwhile, it210

should be noted that the CHINET data represent the results on the national level. Although211

we cannot provide Beijing‑specific resistance rates owing to data access constraints, we212

are confident that the national data serve as a meaningful reference for our analysis.213

214
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Figure215

216

Figure S1 Resistance rates of E.coli in a WWTP to different LRAs during different217

seasons.218
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219

Figure S2 Validation of the reliability of the enumeration methods for E. coli using220

the standard strain (ATCC 25922): (a) Chromagar™ ECC agar; (b) with tigecycline;221

(c) with meropenem and ZnSO4; (d) with colistin.222
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223

Figure S3 Validation of the WWE_MEM_4 genome assembly by long‑template PCR224

and agarose gel electrophoresis.225

226
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227

Figure S4. Resistance rates shown on a linear scale (corresponding to the logarithmic-228

scale presentation in Figure 1).229

(a) Schematic diagram of the simultaneous species‑resistance selection strategy for isolating230

LRA‑resistant E. coli from wastewater. (b) Resistance rates of E. coli in wastewater to different231

LRAs. (c) Comparison of resistance rates to LRAs versus clinical first‑line antibiotics. (d)232

Correlation between resistance rate in wastewater and clinical resistance data. The clinical data233

were derived from the 2024 annual report of CHINET. (e~g) Antimicrobial susceptibility testing234

results and ARG carriage of isolates from TIG (e), MEM (f), and CT (g) plates, respectively235

236
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237

Figure S5. Flanking relationship of blaNDM with transposase (Tn6292) and insertion238

sequence IS26 on IncHI2 plasmid 1 of WWB_CT_1.239
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Table240

Table S1 Chemicals and Reagents.241

Chemicals and Reagents Source Identifier

Tigecycline

Macklin Biochemical

Technology Co., Ltd.,

Shanghai, China

T830543

Meropenem M861173

Colistin C805491

Cefotaxime sodium salt C804340

Ciprofloxacin C824343

Amikacin Sulfate A837351

Trimethoprim T832374

Sulfamethoxazole S861458

Azithromycin A796580

Zinc Sulfate Z887856

CHROMagarTMECC CHROMagar, France EF323

Cation-adjusted Mueller-Hinton Broth
Hope Bio-Technology Co.,

Ltd., Qingdao, China
HB6231-1

Mueller-Hinton Broth
Hope Bio-Technology Co.,

Ltd., Qingdao, China
HB6231

Agar Powder

Beijing Solarbio Science &

Technology Co., Ltd.,

Beijing, China

A8190

Susceptibility-Testing Disks (Ampicillin, 10 μg)

BKMAM Biotechnology

Co.,Ltd., Changde, China

110705007

Susceptibility-Testing Disks (Piperacillin, 100 μg) 110705034

Susceptibility-Testing Disks (Cefalexin, 30 μg) 110705043

Susceptibility-Testing Disks (Cefazolin, 30 μg) 110705054

Susceptibility-Testing Disks (Cefuroxime Sodium, 30 μg) 110705045

Susceptibility-Testing Disks (Ceftazidime, 30 μg) 110705052

Susceptibility-Testing Disks (Ceftriaxone, 30 μg) 110705049

Susceptibility-Testing Disks (Cefoperazone, 75 μg) 110705048

Susceptibility-Testing Disks (Amikacin, 30 μg) 110705013

Susceptibility-Testing Disks (Gentamicin, 10 μg) 110705038

Susceptibility-Testing Disks (Kanamycin, 30 μg) 110705022
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Susceptibility-Testing Disks (Streptomycin, 10 μg) 110705026

Susceptibility-Testing Disks (Tetracycline, 30 μg) 110705039

Susceptibility-Testing Disks (Minocycline, 30 μg) 110705032

Susceptibility-Testing Disks (Azithromycin, 15 μg) 110705006

Susceptibility-Testing Disks (Norfloxacin, 10 μg) 110705033

Susceptibility-Testing Disks (Ciprofloxacin, 5 μg) 110705020

Susceptibility-Testing Disks (Lincomycin, 2 μg) 110705027

Susceptibility-Testing Disks (Vancomycin, 30 μg) 110705055

Susceptibility-Testing Disks (Polymyxin B, 300 μg) 110705014

Susceptibility-Testing Disks (Trimethoprim

sulfamethoxazole, 25 μg)
110705017

Susceptibility-Testing Disks (Chloramphenicol, 30 μg) 110705030

Susceptibility-Testing Disks (Clindamycin, 2 μg) 110705024

Susceptibility-Testing Disks (Levofloxacin, 5 μg) 110705060

Susceptibility-Testing Disks (Imipenem, 10 μg) 110705058

Susceptibility-Testing Disks (Doxycycline, 30 μg) 110705047

Susceptibility-Testing Disks (Florfenicol, 30 μg) 110705016

Susceptibility-Testing Disks (MEM, 10 μg)
Kangtai Biotechnology

Co., Ltd, Wenzhou China

Z21050

Susceptibility-Testing Disks (Fosfomycin, 200 μg) Z21034

Susceptibility-Testing Disks (Rifampicin, 5μg) Z21037

242
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Table S2 Summary of the detection rates of LRA-resistant E.coli from wastewater.243

Country LRAs Isolation Strategy Sample
size

Positive rate
(%) Reference

China Colistin
Species(First);

Resistance(Second)
306 0.33

(Feng et al.

2024a)

China Colistin
Resistance(First);

Species(Second)
3574 2.43

(Feng et al.

2024b)

Vietnam Colistin
Species(First);

Resistance(Second)
10 32*

(Thanh et

al. 2024)

China Colistin
Resistance(First);

Species(Second)
10 4

(Lin et al.

2026)

South

Korea
Colistin

Species(First);

Resistance(Second)
33 9.09

(Park et al.

2024a)

Iran Imipenem
Species(First);

Resistance(Second)
36 11.11**

(Zomorodi

et al. 2025)

USA Imipenem
Species(First);

Resistance(Second)
6 0.0

(Mukherjee

et al. 2021)

Egypt Imipenem
Species(First);

Resistance(Second)
120 (92) 6.5

(Abdelgalel

et al. 2025)

Iran MEM
Species(First);

Resistance(Second)
3 0.0

(Afsharnia

et al. 2025)

South

Africa
MEM

Species(First);

Resistance(Second)
60 0.7*

(Mbanga et

al. 2021)

South

Korea
Colistin

Species(First);

Resistance(Second)
33 0.0

(Park et al.

2024b)

Turkey TIG Not mentioned 20 20**
(Kürekci et

al. 2022)

Norway TIG
Species(First);

Resistance(Second)

Not

mentioned
0.15*

(Marathe et

al. 2021)
*: The reference did not report the positive rate on the sample level, but only picked a few isolates per sample, so we use the positive244
rate at the isolate level.245

**: Not directly mentioned in the reference, calculated by the reporting data.246



16

Table S3 Information and related parameters of wastewater sampling sites.247

Sample Site Longitude Latitude Date
Average Flow

(m3/d)

WWA WWTPA 116.70 E 39.89 N 2024.5.31 180000

WWB WWTP B 116.15 E 39.90 N 2024.5.31 40000

WWC WWTP C 116.31 E 39.69 N 2024.5.31 80000

WWD WWTPD 116.37 E 39.54 N 2024.5.31 50000

WWE WWTP E 116.37 E 39.79 N 2024.5.31 40000

WWF Manhole A 116.35 E 40.04 N 2024.5.31 -

WWG Manhole B 116.35 E 39.98 N 2024.5.31 -

WWH Manhole C 116.33 E 40.01 N 2024.5.31 -

WWI WWTP E 116.37 E 39.79 N 2024.7.1 40000

WWJ WWTPA 116.70 E 39.89 N 2024.7.1 180000

WWK WWTP F 116.77 E 39.82 N 2024.7.1 4000

WWL WWTPA 116.70 E 39.89 N 2025.1.15 180000

WWM WWTPA 116.70 E 39.89 N 2025.4.16 180000

248
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Table S4 The performance of CHROMagarTM ECC agar for selective culturing of E.249

coli from wastewater.250

Colony types
Blue colonies

(identified E.Coli)

Pink/purple colonies

(identified non-E.Coli)

uidA positive rate (%)
98.2

(55/56)

0.0

(0/17)

uidA negative rate (%)
1.8

(1/56)

100.0

(17/17)

251
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Table S5 The Breakpoints for different antibiotics used in this study.252

Antibiotics
MIC breakpoints

(mg/L)
Disk

Content
(μg)

Zone diameter
breakpoints (mm) Reference

R I S R I S
TIG ≥8 - ≤4 15 ≤12 13-15 ≥16 FDA
MEM ≥4 2 ≤1 10 ≤19 20-22 ≥23 CLSI
Colistin ≥4 - 22 - - - - CLSI

Cefotaxime ≥4 2 ≤1 5 ≤17 ≥20 EU

Ciprofloxacin ≥1 0.5 ≤
0.25 5 ≤21 22-25 ≥26 CLSI

Azithromycin ≥32 ≤16 15 ≤12 ≥13 CLSI
Trimethoprim

sulfamethoxazole ≥76/4 - ≤
38/2 25 ≤10 11-15 ≥16 CLSI

Amikacin ≥16 8 ≤4 30 ≤14 15-16 ≥17 CLSI
Gentamicin ≥8 4 ≤2 10 ≤12 13-14 ≥15 CLSI
Kanamycin ≥64 32 ≤16 30 ≤13 14-17 ≥18 CLSI
Streptomycin - - - 10 ≤11 12-14 ≥15 CLSI
Ampicillin ≥32 16 ≤8 10 ≤13 14-16 ≥17 CLSI
Piperacillin ≥32 16 ≤8 100 ≤17 18-20 ≥21 CLSI
Cefalexin ≥16 - ≤16 30 ≤14 - ≥14 EU
Cefazolin ≥8 4 ≤2 30 ≤19 20-22 ≥23 CLSI
Cefuroxime ≥32 16 ≤8 30 ≤14 15-17 ≥18 CLSI
Ceftazidime ≥16 8 ≤4 30 ≤17 18-20 ≥21 CLSI
Cefoperazone ≥64 32 ≤16 75 ≤15 16-20 ≥21 CLSI
Ceftriaxone ≥4 2 ≤1 30 ≤19 20-22 ≥23 CLSI
Imipenem ≥4 2 ≤1 10 ≤19 20-22 ≥23 CLSI

Chloramphenicol ≥32 16 ≤8 30 ≤12 13-17 ≥18 CLSI
Florfenicol ≥32 16 ≤8 30 ≤14 - ≥19 CLSI
Doxycycline ≥16 8 ≤4 30 ≤10 11-13 ≥14 CLSI
Minocycline ≥16 8 ≤4 30 ≤12 13-15 ≥16 CLSI
Tetracycline ≥16 8 ≤4 30 ≤11 12-14 ≥15 CLSI
Levofloxacin ≥2 1 ≤0.5 5 ≤16 17-20 ≥21 CLSI
Norfloxacin ≥16 8 ≤4 10 ≤12 13-16 ≥17 CLSI
Fosfomycin ≥256 128 ≤64 200 ≤24 ≥25 CLSI
Rifampicin - - - - - - - -

253
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Table S6 The set of antimicrobial susceptibility plates for MIC determination.254

Antibiotics
Gradient

Con.1

Gradient

Con.2

Gradient

Con.3

Gradient

Con.4

Gradient

Con.5

TIG 16 8 4 2 1

MEM 4 2 1 0.5 0.25

Colistin 8 4 2 1 0.5

Cefotaxime 16 8 4 2 1

Ciprofloxacin 1 0.5 0.25 0.125 0.0625

Azithromycin 64 32 16 8 4

Trimethoprim

sulfamethoxazole
8/152 4/76 2/38 1/19 0.5/9.5

Amikacin 64 32 16 8 4

255
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Table S7 Detection rate of LRA‑resistant E. coli in wastewater using the conventional256

"isolation‑first and resistance‑second" strategy.257

Wastewate

r Samples

Total

Isolates

E.coli

Isolates

Antimicrobial

susceptibility test resistant

number

Strain-level

resistance rates

TIG MEM CT
TIG

(%)

MEM

(%)

CT

(%)

WWI 64 62 0 1 3 0.0 1.6 4.8

WWJ 64 64 0 0 0 0.0 0.0 0.0

WWK 64 63 0 0 0 0.0 0.0 0.0

Sample-level positive rates (%) 0 33.3 33.3 -

258
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Table S8 Meta‑analysis of resistance rates of LRA‑resistant E. coli to other antibiotics.259

Sample type
Isolates

Number
year Source

Resistance rate (%)

TIG MEM CT CTX/CRO SXT CIP AZM AMI Ref.

TIG-resistance

E. coli
44 2024 Wastewater 93.2 0.0 0.0 54.6 86.4 100.0 18.2 0.0

This

study

TIG-resistance

E. coli
20 2023 Fly 100.0 0.0 NAa 42.9 64.3 56.1 NA 0.0

(Yan

et al.

2024)

TIG-resistance

E. coli
25

Not

mentioned
Meat 100.0 NA NA 16.0 84.0 28.0 NA NA

(Sun

et al.

2021)

TIG-resistance

E. coli
149 2021

Human

feces
100.0 0.0 NA 18.3 NA 13.6 NA 0.0

(Zeng

et al.

2022)

TIG-resistance

E. coli

(tet(X4)-positive)

48 2019 Feces 100.0 0.0 0.0 10.4 85.4 14.6 NA 0.0

(Cui et

al.

2022)

TIG-resistance

E. coli

(tet(X4)-positive)

24 2021
Pig

feces
100.0 0.0 0.0 45.83 79.2 20.8 NA 12.5

(Wang

et al.

2022a)

260
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TIG-resistance

E. coli

(tet(X4)-positive)

7
Not

mentioned
Pig 100.0 0.0 NA 28.6 85.7 28.6 NA NA

(Bai et

al.

2019)

TIG-resistance

E. coli

(tet(X4)-positive)

13 2017-2019 Farm 100.0 0.0 0.0 68.8 93.8 100.0 NA 0.0

(Yu et

al.

2021a)

TIG-resistance

E. coli

(tet(X4)-positive)

21 2020-2022
Avain

samples
100.0 NA NA NA 100.0 NA 33.3 NA

(Zhang

et al.

2023b)

TIG-resistance

E. coli

(tet(X4)-positive)

22 2021 Pig 100.0 0.0 0.0 NA NA 22.7 NA NA

(Li et

al.

2023)

TIG-resistance

E. coli

(tet(X4)-positive)

6 2021 Feces 100.0 0.0 0.0 0.0 100.0 NA NA 0.0

(Yang

et al.

2023)

TIG-resistance

E. coli

(tet(X4)-positive)

10 2021 Vegetable 100.0 0.0 NA 30.0 50.0 60.0 NA 0.0

(Yu et

al.

2021b)

MEM-resistance

E. coli
45 2024 Wastewater 2.2 100.0 11.1 100.0 100.0 100.0 46.7 17.8

This

study
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Carbapenem-resistance

E. coli
181 2018-2019 Human 1.1 67.4 0.6 96.1 NAa 86.7 NA 27.1

(Wang

et al.

2022b)

Carbapenem-resistance

E. coli
231 2023 Fly 8.3 100.0 NA 100.0 NA 55.8 NA 12.1

(Zhou

et al.

2024)

Carbapenem-resistance

E. coli
134 2013-2020 Human NA NA NA 100.0 85.8 100.0 NA 28.4

(Kong

et al.

2024)

Carbapenem-resistance

E. coli
158

Not

mentioned
Feces 0.0 100.0 19.6 100.0 NA 93.7 NA 13.9

(Guo

et al.

2024)

Carbapenem-resistance

E. coli
45

Not

mentioned
Meat 0.0 100.0 15.6 100.0 NA 77.8 NA 4.4

(Guo

et al.

2024)

Carbapenem-resistance

E. coli
43 2012-2016

Meat, pig

and human
NA 100.0 11.6 100.0 88.4 90.7 NA 25.6

(Feng

et al.

2021)

Carbapenem-resistance

E. coli
631 2016 Human 3.3 77.2 1.7 95.7 65.6 76.4 NA 16.8

(Shen

et al.

2022)
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Carbapenem-resistance

E. coli
117 2012-2019 Human NA 87.2 NA 92.3 72.7 90.6 NA 32.5

(Liu et

al.

2022)

Carbapenem-resistance

E. coli
113 2018-202 Human 0.9 83.2 0.0 95.58 NA 89.4 74.3 10.6

(Zhang

et al.

2023a)

Carbapenem-resistance

E. coli
88 2018

Chicken

farm
0.0 100.0 15.9 100.0 96.6 89.8 NA 12.5

(Ma et

al.

2024)

Carbapenem-resistance

E. coli
17 2017-2020 Human 0.0 100.0 5.9 100.0 100.0 100.0 NA 64.7

(Chen

et al.

2023)

Colistin-resistance

E. coli
23 2024 Wastewater 0.0 13.0 34.8 69.6 82.6 100.0 39.1 17.4

This

study

Colistin-resistance

E. coli
92 2023 Wastewater 0.0 4.35 75.0 67.4 90.2 54.35 NA 13.04

(Feng

et al.

2024c)

Colistin-resistance

E. coli
360

Not

mentioned

Duck

farm
6.9 0.6 100.0 58.1 100.0 74.7 16.4 5.8

(Liu et

al.

2023)
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Colistin-resistance

E. coli

(mcr-1-negative)

80 2014-2019 Chicken NA 2.2 43.5 26.1 78.3 37.0 23.9 8.7

(Zhang

et al.

2022)

Colistin-resistance

E. coli

(mcr-1-positive)

51 2014-2019 Chicken NA 0.0 43.8 33.3 85.4 60.4 27.1 14.6

(Zhang

et al.

2022)

Colistin-resistance

E. coli

(ESBL-producing)

25 2012
Human

feces
0.0 0.0 100.0 100.0 96.0 80.0 NA 32.0

(Bi et

al.

2017)

Colistin-resistance

E. coli
21 2018-2019

Human

feces
0.0 0.0 100.0 NA NA 38.1 NA 4.8

(Mai et

al.

2023)

Colistin-resistance

E. coli
101 2016-2018 Feces 0.0 NA 100.0 15.8 NA 5.9 NA 0.0

(Li et

al.

2022)

Colistin-resistance

E. coli
13 2019-2020 Meat NA NA NA 69.2 77.0 77.0 NA 7.7

(Mei et

al.

2024)

Colistin-resistance

E. coli

(mcr-1-positive)

86 2017-2018 Feces 0.0 5.8 NA NA 97.7 87.0 NA 8.7

(Cheng

et al.

2020)
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Colistin-resistance

E. coli

(mcr-1-positive)

58 2010-2015 Chicken NA NA 100.0 53.4 84.5 72.4 NA 56.9

(Yang

et al.

2017)

a. NAmeans the resistance rate of this antibiotic was not measured in the related study261
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Table S9 Prevalence of virulence genes in representative isolates.263

Isolates VFs

WWA_MEM_2

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),yagW/ecpD(1),

yagX/ecpC(1),yagZ/ecpA(1),yagY/ecpB(1),fimE(1),cgsF(1),hcp1/tssD1(1),

fimG(1),iutA(1),cfaB(1),cfaC(1),cfaD/cfaE(1),cfaA(1),east1(1),tssA(1),

VF0579(1),tssJ(1),fha(1),tssB(1),tssL(1),fimB(1),hcp2/tssD2(1),tssG(1)

WWA_MEM_4

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),yagW/ecpD(1),

yagX/ecpC(1),yagZ/ecpA(1),yagY/ecpB(1),fimE(1),cgsF(1),hcp1/tssD1(1),

fimG(1),iutA(1),cfaB(1),cfaC(1),cfaD/cfaE(1),cfaA(1),tssA(1),iroC(1),

iroD(1),iroE(1),iroN(1)

WWB_CT_1

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),yagW/ecpD(1),

yagX/ecpC(1),yagY/ecpB(1),fimE(1),cgsF(1),hcp1/tssD1(1),cfaB(1),

cfaC(1),cfaD/cfaE(1),cfaA(1),tssA(1),iroC(1),iroD(1),iroE(1),iroN(1),

fimF(1)

WWH_CT_21

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),yagW/ecpD(1),

yagX/ecpC(1),yagZ/ecpA(1),yagY/ecpB(1),cgsF(1),hcp1/tssD1(1),fimG(1),

tssA(1),VF0579(1),tssJ(1),ompA(1),fha(1),tssB(1),tssL(1),hcp2/tssD2(1),

tssF(1),tssG(1),entB(1),vgrG/tssI(1)

WWH_MEM_3

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),yagW/ecpD(1),

yagX/ecpC(1),yagZ/ecpA(1),hcp1/tssD1(1),fimG(1),iutA(1),east1(1),

VF0579(1),iroC(1),iroD(1),tssJ(1),iroE(1),iroN(1),fimB(1),chuU(1),

chuT(1),chuA(1),ykgK/ecpR(1),kpsF(1),kpsE(1),entC(1),cgsG(1),gspG(1),

csgA(1),neuE(1),kpsS(1),kpsT(1),shuV(1),neuA(1),neuB(1),neuC(1),

neuD(1)

WWC_MEM_1

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),yagW/ecpD(1),yagX/ecpC(1),

yagZ/ecpA(1),yagY/ecpB(1),hcp1/tssD1(1),fimG(1),east1(1),tssA(1),

VF0579(1),tssJ(1),ompA(1),fha(1),tssB(1),tssL(1),hcp2/tssD2(1),tssF(1),

tssG(1),entB(1),papG(1),papK(1)

WWB_MEM_13

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),yagW/ecpD(1),

yagX/ecpC(1),yagZ/ecpA(1),yagY/ecpB(1),fimE(1),fimG(1),fimF(1),

fimB(1),chuU(1),chuT(1),chuA(1),ykgK/ecpR(1),chuW(1),chuV(1),entC(1),

ibeB(1)
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WWD_MEM_18

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),yagW/ecpD(1),

yagX/ecpC(1),yagZ/ecpA(1),yagY/ecpB(1),fimE(1),cgsF(1),hcp1/tssD1(1),

cfaB(1),cfaC(1),cfaD/cfaE(1),cfaA(1),east1(1),tssA(1),VF0579(1),tssJ(1),

ompA(1),fha(1),tssB(1),fimF(1),tssL(1),tssF(1)

WWA_MEM_11

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),yagW/ecpD(1),

yagX/ecpC(1),yagZ/ecpA(1),yagY/ecpB(1),fimE(1),cgsF(1),

hcp1/tssD1(1),east1(1),tssA(1),VF0579(1),tssJ(1),ompA(1),fha(1),

tssB(1),fimF(1),tssL(1),hcp2/tssD2(1),tssF(1),tssG(1),entB(1),VF1111(1)

WWA_MEM_14

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),fimE(1),

cgsF(1),hcp1/tssD1(1),iutA(1),cfaB(1),cfaC(1),cfaD/cfaE(1),cfaA(1),

east1(1),ompA(1),ybtU(1),ybtT(1),irp1(1),irp2(1),fyuA/psn(1),ybtQ(1),

ybtP(1),ybtX(1),ybtE(1),ybtS(1),ybtA(1)

WWE_MEM_2

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),yagW/ecpD(1),

yagX/ecpC(1),yagZ/ecpA(1),yagY/ecpB(1),fimE(1),iutA(1),iroC(1),

iroD(1),iroE(1),iroN(1),fimF(1),fimB(1),entB(1),chuU(1),chuT(1),

chuA(1),ykgK/ecpR(1),chuW(1),ybtU(1),ybtT(1),chuV(1),irp1(1),irp2(1),

fyuA/psn(1),ybtQ(1),ybtP(1),ybtX(1),kpsF(1),ybtE(1),ybtS(1),ybtA(1),

kpsE(1),entE(1),fepB(1),fes(1),kpsD(1),fepA(1)

WWE_MEM_4

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),yagW/ecpD(1),

yagZ/ecpA(1),yagY/ecpB(1),fimE(1),cgsF(1),fimG(1),iutA(1),cfaB(1),

cfaC(1),cfaD/cfaE(1),cfaA(1),east1(1),iroC(1),iroD(1),iroE(1),iroN(1)

WWE_MEM_10

fimC(1),csgC(1),fimI(1),fimD(1),csgB(1),cgsE(1),cgsD(1),yagW/ecpD(1),

yagX/ecpC(1),yagZ/ecpA(1),yagY/ecpB(1),fimE(1),cgsF(1),fimG(1),

iutA(1),cfaB(1),cfaC(1),cfaD/cfaE(1),cfaA(1),iroC(1),iroD(1),iroE(1),

iroN(1)
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Table S10 Prevalence of MGEs in representative isolates.266

MGEs

WWB_CT_1

tnpA(20),tnpB(3),int(4),tns3(5),tnpR(5),insK(1),xerC(1),intM(1),tnp(3),

xerD(1),tnpM(2),istA(1),insJ(1),insZ(2),pinR(1),intD(1),parA(1),insA(1),

uvp1(1),intR(1),gin(1),pinE(1)

WWH_CT_21

tnpA(24),tnpB(7),int(1),tnpC(4),tns3(4),tnpR(1),insK(8),xerC(1),intM(1),

tnp(1),insD(1),xerD(1),IS26(3),insJ(1),insZ(2),rayT(1),parA(1),insN(1),ref(1),

intE(1)

WWH_MEM_3

tnpA(33),tnpB(10),int(5),tnpC(18),tns3(2),tnpR(6),insK(7),xerC(1),intM(3),

tnp(4),insD(7),xerD(1),tnpM(2),istA(2),rci(2),insZ(1),pinR(3),insG(1),insA(1),

istB(3),insN(1),uvp1(1),intI(1),ref(1),tISRso16a(1)

WWC_MEM_1

tnpA(36),tnpB(3),int(5),tnpC(1),tns3(5),tnpR(7),insK(3),xerC(1),tnp(1),

insD(8),xerD(1),insJ(1),insZ(2),pinR(2),rayT(1),insN(1),uvp1(1),ltrA(2),intI(1)

,insB(2),ref(1),gin(1),tpase(1)

WWB_MEM_13

tnpA(24),tnpB(14),int(2),tnpC(8),tnpR(1),insK(3),xerC(1),tnp(2),insD(1),

xerD(1),tnpM(3),insJ(1),rci(1),alpA(1),rayT(1),intD(1),parA(4),insG(3),

insN(1),ltrA(1),intS(1),int2(1),mobI(1)

WWD_MEM_18

tnpA(29),tnpB(2),int(7),tnpC(1),tns3(7),tnpR(4),insK(1),xerC(1),intM(2),

tnp(3),xerD(1),tnpM(1),insJ(1),insZ(1),alpA(1),intD(1),parA(1),insA(1),intI(1)

,pinH(1)

WWA_MEM_11

tnpA(22),tnpB(6),int(3),tnpC(3),tns3(4),tnpR(2),insK(2),xerC(1),intM(4),

tnp(1),xerD(1),tnpM(2),istA(2),insJ(1),rci(3),pinR(1),alpA(1),rayT(1),intD(1),

insA(1),istB(1),uvp1(2),intE(1)

WWA_MEM_14

tnpA(20),tnpB(4),int(6),tnpC(2),tns3(4),tnpR(3),xerC(1),intM(2),xerD(1),

tnpM(2),istA(1),rci(2),insZ(2),intD(1),insA(1),istB(2),ltrA(2),tnsB(1),intR(1),

tnsD(1),tnsA(1),tnsC(1)

WWE_MEM_2

tnpA(43),tnpB(8),int(8),tnpC(4),tnpR(3),insK(4),xerC(1),intM(2),tnp(1),

xerD(1),istA(2),IS26(2),insJ(2),alpA(1),rayT(1),insG(3),uvp1(1),intI(1),

IS1501(2),pinH(1)

WWE_MEM_4

tnpA(25),tnpB(4),int(3),tnpC(2),tns3(3),tnpR(3),insK(3),xerC(8),intM(5),

tnp(1),xerD(1),istA(1),IS26(1),insJ(1),rci(1),insZ(1),alpA(2),rayT(1),parA(1),

intS(1),hin(1),tnpI(1)

WWE_MEM_10
tnpA(32),tnpB(3),int(1),tnpC(2),tns3(4),tnpR(7),insK(3),xerC(8),intM(3),

tnp(4),xerD(1),tnpM(1),istA(1),IS26(2),insJ(1),pinR(2),alpA(2),rayT(1),

intD(1),insN(1),intS(1),intR(1),tnp1(1)
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Table S11 Genomic features and the distribution of ARGs in WWB_CT_1.267

Components Length Inc group ARGs

Chromosome 4.78 Mbp - None

Plasmid1 256.9 kbp IncHI2

aph(3')-Ia, aph(4)-Ia, aadA2,

aadA1, aac(3)-IV,

blaCTX-M-14, blaNDM-5,

mcr-1.1, fosA3, mph(A),

cmlA1, OqxB, OqxA, sul1,

sul2, sul3, dfrA12

Plasmid2 127.5 kbp IncFIB

blaTEM-32, blaTEM-135,

blaTEM-20, blaTEM-1C,

floR, qnrS1, tet(A), dfrA14
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Table S12 Genomic features and the distribution of ARGs in WWE_MEM_4.269

Components Length Inc group ARGs

Chromosome 4.91 Mbp - None

Plasmid1 184.7 kbp IncX1
aac(3)-IId, aph(3')-Ia,

blaTEM-1B, mph(A), dfrA17

Plasmid2 112.6 kbp IncI1-I aadA22, blaNDM-5, erm(B)

Plasmid3 66.8 kbp IncFIB(K)
erm(42), mph(A), floR,

tet(X4)

Plasmid4 58.6 kbp IncM2 None

Plasmid5 6.65 kbp ColRNA1 None

270
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Table S13 The primers and probes used in this study.271

Primers

/Probes
Sequence (5’-3’) Use

Con.

(nM)
Ref.

UidA-F ATGGAATTTCGCCGATTTTGC
Colony

PCR

identificatio

n of E.Coli

500 (Heijn

en and

Mede

ma

2006)

UidA-R ATTGTTTGCCTCCCTGCTGC 500

27 F AGRGTTYGATYMTGGCTCAG Colony

PCR

Confirmatio

n of Isolates

500
(Frank

et al.

2008)
1492 R RGYTACCTTGTTACGACTT 500

tet(X1)_F CGAAAAATGTTGCTTGGCAGCTT

Multiplex

PCR

Identificatio

n for tet(X)

variants

genes in

isloates

100

(Ji et

al.

2020)

tet(X1)_R AGTTGTTGAACGAATTAACTCC 100

tet(X2)_F CGGGATGTCCAAGGTAAGAAAA 600

tet(X2)_R TGACAACGTCGTATGAATCAA 600

tet(X3)_F GACACTTGATCTGCACAGGGATT 300

tet(X3)_R CCCTACAAAAGATGATGTCAAAC 300

tet(X4)_F CTGATTCGTGTGACATCATCTTTTG 600

tet(X4)_R GTTAAATTTCCCATTGGTCAGATTA 600

tet(X5)_F GGTATCAACATTTCAATGCTTG 100

tet(X5)_R CGATTCGTCCTGCGTATCTTTTG 100

blaIMP-F GGAATAGAGTGGCTTAAYTCTC Multiplex

PCR

Identificatio

n for

Carbapene

m-

resistance

genes

530

(Bej et

al.

1991)

blaIMP-R GGTTTAAYAAAACAACCACC 530

blaOXA48-F GCGTGGTTAAGGATGAACAC 530

blaOXA48-R CATCAAGTTCAACCCAACCG 530

blaNDM-F GGTTTGGCGATCTGGTTTTC 530

blaNDM-R CGGAATGGCTCATCACGATC 530

blaKPC-F CGTCTAGTTCTGCTGTCTTG 530

blaKPC-R CTTGTCATCCTTGTTAGGCG 530



33

mcr1-F ATGCCAGTTTCTTTCGCGTG

Multiplex

PCR

Identificatio

n for mcr

variants

genes in

isloates

1000

(Lescat

et al.

2018)

mcr1-R TCGGCAAATTGCGCTTTTGGC 1000

mcr2-F GATGGCGGTCTATCCTGTAT 1000

mcr2-R AAGGCTGACACCCCATGTCAT 1000

mcr3-F ACCAGTAAATCTGGTGGCGT 1000

mcr3-R AGGACAACCTCGTCATAGCA 1000

mcr4-F TTGCAGACGCCCATGGAATA 500

mcr4-R GCCGCATGAGCTAGTATCGT 500

mcr5-F GGACGCGACTCCCTAACTTC 500

mcr5-R ACAACCAGTACGAGAGCACG 500

16S-IS-F GTGCAATATTCCCCACTGCT Inner

Standard

used in

multiplex

PCR

250
(Lescat

et al.

2018)16S-IS-R CGATCCCTAGCTGGTCTGAG 250

tet(X4)qP-F TCGTGTCGCTAACCCTACAAAAG qPCR

validation

for

tet(X4)

200
This

stud

y

tet(X4)qP-R GAATTTTCCGATTGGGACGAA 200

tet(X4)qP-P
TGATGTCACACGAATC

(5’-FAM, 3’-MGB)
100

mcr1qP-F TTGTGGCGTGATAATAATTCG

qPCR

validation

for

mcr-1

400

This

stud

y

mcr1qP-R TGGTCGCGGATTTATAATCG 400

mcr1qP-P
CTGCCAAAAGCGCA

(5’-FAM, 3’-MGB)
200

mcr3qP-F ATGATGCAAAACGGGATACTAA 400

mcr3qP-R TCATAGCCATTCATCGAGAAAT 400

mcr3qP-P
AGTAAGCCCACGTTGAT

(5’-VIC, 3’-MGB)
200

blaKPCqP-F CTGTATCGCCGTCTAGTTCTG qPCR

validation

for

blaNDM

400

blaKPCqP-R AGTTTAGCGAATGGTTCCG 400

blaKPCqP-P
TGTCTTGTCTCTCATGGCCGCTGG

(5’-FAM, 3’-BHQ1)
200
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(Weiß

et al.

2017)

blaNDMqP-F GCATTAGCCGCTGCATT 400

blaNDMqP-R GATCGCCAAACCGTTGG 400

blaNDMqP-P

ACGATTGGCCAGCAAATGGAAACT

GG

(5’-ROX, 3’-BHQ2)

200

blaOXA48qP-F TGTCTTGTCTCTCATGGCCGCTGG 400

blaOXA48qP-R
ACGATTGGCCAGCAAATGGAAACT

GG
400

blaOXA48qP-P (5’-VIC, 3’-BHQ1) 200
272
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Table S14 Genome assembly quality assessment of representative isolates.273

Length

(Mbp)

GC

(%)

N50

(kbp)
L50

N90

(kbp)
L90 Completeness (%) Contamination (%)

WWA_MEM_11 5.29 50.51 240.85 7 34.24 29 99.93 1.03

WWA_MEM_14 5.17 50.59 177.35 9 43.26 31 99.93 0.35

WWE_MEM_2 5.60 50.41 313.52 6 46.77 22 99.93 1.14

WWE_MEM_4 5.28 50.77 242.21 8 60.54 22 99.93 0.61

WWE_MEM_10 5.30 50.59 157.76 9 46.62 30 99.93 0.53

WWA_MEM_2 5.22 50.47 240.49 7 31.83 26 99.93 0.60

WWA_MEM_4 4.95 50.54 206.08 9 72.23 25 99.93 0.31

WWB_CT_1 5.09 50.40 223.89 8 51.08 26 99.93 0.31

WWH_CT_21 4.89 50.61 138.35 11 33.48 39 99.93 0.10

WWH_MEM_3 5.54 50.46 226.64 9 38.74 32 99.97 0.14

WWC_MEM_1 4.97 50.77 98.91 17 19.74 57 99.97 0.49

WWB_MEM_13 5.21 50.37 208.93 9 49.12 30 99.97 0.41

WWD_MEM_18 5.11 50.58 146.85 10 34.25 36 99.93 0.21

274

275
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Table S15 The MLST and phylogroups of representative isolates.276

LRAs ST Group

WWA_MEM_11 MEM 410 C

WWA_MEM_14 MEM 354 F

WWE_MEM_2 MEM 162 B1

WWE_MEM_4 MEM 4980 A

WWE_MEM_10 CT 5229 B1

WWA_MEM_2 MEM 1196 B1

WWA_MEM_4 MEM 1196 B1

WWB_CT_1 CT 196 B1

WWH_CT_21 CT 617 A

WWH_MEM_3 MEM 349 D

WWC_MEM_1 MEM 746 A

WWB_MEM_13 MEM 457 F

WWD_MEM_18 MEM 156 B1

277
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WWA TIG WWA_TIG_1 B1 tet(X4)

WWA TIG WWA_TIG_2 B1 tet(X4)

WWA TIG WWA_TIG_3 A tet(X4)

WWA TIG WWA_TIG_4 B1 tet(X4)

WWA TIG WWA_TIG_5 A tet(X4)

WWA TIG WWA_TIG_6 D tet(X4)

WWA TIG WWA_TIG_7 D tet(X4)

WWA TIG WWA_TIG_9 A tet(X4)

WWA TIG WWA_TIG_11 A tet(X4)

WWA TIG WWA_TIG_13 E/clade I tet(X4)

WWA TIG WWA_TIG_14 B1 tet(X4)

WWA TIG WWA_TIG_15 D tet(X4)

WWA MEM WWA_MEM_1 B1 None

WWA MEM WWA_MEM_2 B1 None

WWA MEM WWA_MEM_3 C None

WWA MEM WWA_MEM_4 C None

WWA MEM WWA_MEM_5 F None

WWA MEM WWA_MEM_6 A None

WWA MEM WWA_MEM_7 A None

WWA MEM WWA_MEM_8 F None

WWA MEM WWA_MEM_9 C None

WWA MEM WWA_MEM_10 D None

WWA MEM WWA_MEM_11 A None

WWA MEM WWA_MEM_12 B1 None

WWA CT WWA_CT_1 B1 None

WWA CT WWA_CT_2 B1 None

WWA CT WWA_CT_3 B1 None

WWA CT WWA_CT_4 A None

WWA CT WWA_CT_5 B1 None

WWD CT WWD_CT_1 B1 None

WWA MEM WWA_MEM_13 B1 None

WWA MEM WWA_MEM_14 B1 None

WWA CT WWA_CT_6 B1 None

WWA CT WWA_CT_7 A None

WWB TIG WWB_TIG_3 B1 tet(X4)

WWB TIG WWB_TIG_5 A tet(X4)

WWB TIG WWB_TIG_7 B1 tet(X4)

WWB TIG WWB_TIG_16 A tet(X4)

WWB MEM WWB_MEM_1 A None

WWB MEM WWB_MEM_2 F None

WWE MEM WWE_MEM_1 F None

WWE MEM WWE_MEM_2 F None

WWE MEM WWE_MEM_3 B1 None

WWE MEM WWE_MEM_4 B1 tet(X4)

WWE MEM WWE_MEM_5 F None

WWE MEM WWE_MEM_6 F None

WWB MEM WWB_MEM_11 A None

WWE MEM WWE_MEM_9 B1 None

WWE MEM WWE_MEM_10 B1 None

WWH TIG WWH_TIG_1 B1 tet(X4)

WWH TIG WWH_TIG_3 A tet(X4)

WWH TIG WWH_TIG_6 A tet(X4)

Wastewater  Number Drug resistance Unique Number Group TIG resistance gene



WWH TIG WWH_TIG_7 B1 tet(X4)

WWH TIG WWH_TIG_12 A tet(X4)

WWH TIG WWH_TIG_15 A tet(X4)

WWC TIG WWC_TIG_1 B1 tet(X4)

WWC TIG WWC_TIG_5 B1 tet(X4)

WWC TIG WWC_TIG_7 A tet(X4)

WWC TIG WWC_TIG_9 D tet(X4)

WWC TIG WWC_TIG_10 D tet(X4)

WWC TIG WWC_TIG_12 C tet(X4)

WWC TIG WWC_TIG_13 E/clade I tet(X4)

WWC TIG WWC_TIG_14 A tet(X4)

WWC TIG WWC_TIG_15 B1 tet(X4)

WWC TIG WWC_TIG_16 A tet(X4)

WWD TIG WWD_TIG_3 A tet(X4)

WWD TIG WWD_TIG_4 A tet(X4)

WWD TIG WWD_TIG_7 B1 tet(X4)

WWD TIG WWD_TIG_8 A tet(X4)

WWE TIG WWE_TIG_2 B1 tet(X4)

WWE TIG WWE_TIG_3 A tet(X4)

WWE TIG WWE_TIG_4 B2 tet(X4)

WWD TIG WWD_TIG_14 B1 tet(X4)

WWD TIG WWD_TIG_15 B1 tet(X4)

WWE TIG WWE_TIG_7 C tet(X4)

WWE TIG WWE_TIG_8 B1 tet(X4)

WWB CT WWB_CT_1 B1 None

WWB CT WWB_CT_2 A None

WWF TIG WWF_TIG_1 B1 tet(X4)

WWF TIG WWF_TIG_4 A tet(X4)

WWF TIG WWF_TIG_7 A tet(X4)

WWF TIG WWF_TIG_9 B1 tet(X4)

WWF TIG WWF_TIG_12 A tet(X4)

WWF TIG WWF_TIG_13 A tet(X4)

WWF TIG WWF_TIG_15 A tet(X4)

WWG TIG WWG_TIG_1 A tet(X4)

WWG TIG WWG_TIG_2 A tet(X4)

WWG TIG WWG_TIG_3 A tet(X4)

WWG TIG WWG_TIG_4 A tet(X4)

WWG TIG WWG_TIG_5 B1 tet(X4)

WWG TIG WWG_TIG_6 B1 tet(X4)

WWG TIG WWG_TIG_7 B1 tet(X4)

WWH TIG WWH_TIG_16 A tet(X4)

WWH CT WWH_CT_17 A None

WWH CT WWH_CT_19 A None

WWH CT WWH_CT_20 B1 None

WWH CT WWH_CT_21 A None

WWH CT WWH_CT_22 B1 None

WWH CT WWH_CT_23 A None

WWH CT WWH_CT_24 B1 None

WWC CT WWC_CT_1 B1 None

WWE CT WWE_CT_9 A None

WWE CT WWE_CT_10 B1 None

WWE CT WWE_CT_11 B1 None

WWF CT WWF_CT_1 A None

WWF CT WWF_CT_3 B1 None



WWF CT WWF_CT_2 B1 None

WWF CT WWF_CT_4 A None

WWG CT WWG_CT_1 B1 None

WWG CT WWG_CT_2 F None

WWG CT WWG_CT_3 A None

WWG CT WWG_CT_7 G None

WWG CT WWG_CT_9 B1 None

WWG CT WWG_CT_12 B1 None

WWC CT WWC_CT_2 F None

WWH MEM WWH_MEM_2 B1 None

WWH MEM WWH_MEM_3 D None

WWC MEM WWC_MEM_1 A None

WWC MEM WWC_MEM_2 A None

WWC MEM WWC_MEM_3 A None

WWC MEM WWC_MEM_4 C None

WWC MEM WWC_MEM_7 D None

WWF MEM WWF_MEM_3 A None

WWF MEM WWF_MEM_5 F None

WWG MEM WWG_MEM_1 B1 None

WWG MEM WWG_MEM_5 A None

WWG MEM WWG_MEM_7 B1 None

WWG MEM WWG_MEM_8 F None

WWF MEM WWF_MEM_5 A None

WWF MEM WWF_MEM_6 C None

WWF MEM WWF_MEM_7 A None

WWF MEM WWF_MEM_8 A None

WWF MEM WWF_MEM_9 B1 None

WWG MEM WWG_MEM_11 B1 None

WWG MEM WWG_MEM_12 B1 None

WWG MEM WWG_MEM_14 D None

WWG MEM WWG_MEM_15 B1 None

WWB MEM WWB_MEM_13 F None

WWB MEM WWB_MEM_14 B1 None

WWD MEM WWD_MEM_18 B1 None

WWG MEM WWG_MEM_16 D None

WWG MEM WWG_MEM_17 B1 None



TIG MEM CT CTX CIP AZM SXT AMI

None None 8 0 0 16 1 0 160 4

None None 8 0 0 0 1 64 160 4

None None 8 0 0 0 1 0 160 0

None None 8 0 0 16 1 16 160 0

None None 4 0 0 0 1 0 160 0

None None 16 0 0 0 1 0 160 4

None None 8 0 0 4 1 0 160 0

None None 8 0 0 16 1 4 160 0

None None 8 0 0 0 1 4 160 0

None None 4 0 0 16 1 0 160 0

None None 4 0 0 16 1 4 160 0

None None 8 0 0 0 1 64 160 4

blaNDM None 0 4 0 16 1 0 160 4

blaNDM None 4 4 0 16 1 0 160 0

blaNDM None 2 4 0 16 1 64 160 0

blaNDM None 2 4 0 16 1 32 160 64

blaNDM None 1 4 0 16 1 32 160 64

blaNDM None 0 4 0 16 1 4 160 4

blaNDM None 2 4 0 16 1 64 160 8

blaNDM None 0 4 0 16 1 16 160 8

blaNDM None 0 4 0 16 1 64 160 64

blaNDM None 0 4 0 16 1 0 160 0

blaNDM mcr-1 1 4 4 16 1 64 160 0

blaNDM None 2 4 0 16 1 4 160 64

None mcr-1 0 0 4 0 1 4 160 0

None mcr-1 0 0 4 16 1 0 160 0

None mcr-1 1 0 4 16 1 4 160 64

None mcr-1 0 0 2 16 1 32 160 0

None mcr-1 0 0 4 0 1 16 160 8

None mcr-1 0 0 2 16 1 32 160 0

blaNDM None 0 4 0 16 1 32 160 0

blaNDM mcr-1 0 4 2 16 1 64 160 64

None mcr-1 0 0 2 16 1 4 80 4

None mcr-1 0 0 2 16 1 32 160 4

None None 16 0 0 16 1 0 160 0

None None 8 0 0 16 1 0 160 0

None None 8 0 0 16 1 0 160 8

None None 8 0 0 16 1 0 20 0

blaNDM None 0 4 0 16 1 64 160 8

blaNDM None 1 4 0 16 1 64 160 64

blaNDM None 0 4 1 16 1 64 160 64

blaNDM mcr-1 0 4 4 16 1 0 160 8

blaNDM None 0 4 0 16 1 4 160 0

blaNDM None 8 4 0 16 1 64 160 0

blaNDM None 0 4 0 16 1 16 160 0

blaNDM None 0 4 1 16 1 16 160 4

blaNDM None 0 4 0 16 1 64 160 0

blaNDM None 0 4 0 16 1 64 160 0

blaNDM mcr-1 0 4 4 16 1 64 160 4

None None 16 0 0 16 1 16 160 4

None None 8 0 0 0 1 4 160 16

None None 8 0 0 16 1 32 160 0

MIC (μg/mL)
MEM resistance gene CT resistance gene



None None 16 0 0 0 1 4 160 0

None None 16 0 0.5 16 1 0 160 0

None None 8 0 0 16 1 0 160 4

None None 8 0 0 0 1 0 160 0

None None 8 0 0 16 1 0 160 0

None None 8 0 0 0 1 0 160 4

None None 16 0 0.5 0 1 0 160 0

None None 8 0 1 16 1 0 160 8

None None 8 0 0 2 1 0 160 0

None None 16 0 0 0 1 64 160 0

None None 8 0 0.5 2 1 4 80 0

None None 8 0 0 0 1 64 160 16

None None 16 0 0 16 1 16 160 0

None None 16 0 0 0 1 4 10 8

None None 16 0 0 16 1 64 160 0

None None 16 0 0 16 1 0 160 4

None None 16 0 0 16 1 0 160 4

None None 16 0 0.5 4 1 0 160 32

None None 16 0 0 16 1 4 160 0

None None 16 0 0 0 1 4 40 0

None None 8 0.5 0 16 1 16 160 8

None None 8 0 0 0 1 0 160 0

None None 8 0 0 16 1 0 160 0

None None 8 0 0 16 1 8 160 4

blaNDM mcr-1 2 4 4 16 1 4 160 0

None mcr-1 1 0 4 16 1 64 160 4

None None 8 0 0 16 1 0 160 4

None None 8 0 0 8 1 0 160 4

None None 8 0 0 16 1 4 160 0

None None 4 0 0 0 1 0 0 0

None None 8 0 0 0 1 64 160 0

None None 8 0 0 16 1 64 160 0

None None 8 0 0 0 1 0 160 0

None None 8 0 0 16 1 4 160 4

None None 8 0 0 0 1 4 160 4

None None 8 0 0 0 1 0 160 0

None None 8 0 0 16 1 64 160 0

None None 8 0 0 0 1 0 10 0

None None 8 0 0 16 1 0 160 4

None None 8 0 0 16 1 64 160 4

None None 8 0 0 0 1 4 10 0

None mcr-1 1 0 2 16 1 64 160 64

None mcr-1 0 0 2 16 1 64 160 64

None mcr-1 2 0 4 16 1 64 160 8

None mcr-1 2 0 4 16 1 64 160 64

None mcr-1 0 0 4 16 1 0 160 0

None mcr-1 1 0 4 16 1 16 160 0

None mcr-1 4 0 2 0 1 4 160 32

None mcr-1 0 0 2 0 1 0 160 0

None mcr-1 0 0 2 16 1 0 160 0

None mcr-1 0 0 2 16 1 0 160 0

None mcr-1 0 0 4 0 1 0 0 0

blaNDM mcr-1 0 0 2 0 1 4 160 0

None mcr-1 0 0 4 16 1 16 20 0



blaNDM mcr-1 0 4 4 16 1 64 160 0

None mcr-1 0 0 2 0 1 0 40 0

None mcr-1 0 0 2 0 1 0 160 0

None mcr-1 0 0 4 16 1 8 160 4

None mcr-1 0 0 2 16 1 4 160 4

None mcr-1 0 0 2 0 1 0 160 0

None mcr-1 0 0 2 16 1 0 160 8

None mcr-1 0 0 2 16 1 0 160 0

None mcr-1 0 0 2 16 1 64 160 4

blaNDM None 1 4 0 16 1 64 160 4

blaNDM mcr-1 0 4 4 16 1 0 160 4

blaNDM None 2 4 0 16 1 64 160 64

blaNDM None 0 4 0 16 1 4 160 8

blaNDM None 0 4 0 16 1 64 160 4

blaNDM None 0 4 0 16 1 16 160 4

blaNDM None 0 4 0 16 1 4 160 4

blaNDM None 0 4 0 16 1 16 160 0

blaNDM None 0 4 0 16 1 64 160 0

blaNDM None 0 4 0 16 1 64 160 0

blaNDM None 0 4 0 16 1 4 160 4

blaNDM None 4 4 0 16 1 64 160 4

blaNDM None 4 4 0 16 1 4 160 0

blaNDM None 0 4 0 16 1 4 160 4

blaNDM None 1 4 0 16 1 4 160 4

blaNDM None 0 4 0 16 1 16 160 4

blaNDM None 1 4 0.5 16 1 32 160 0

blaNDM None 1 4 0 16 1 8 160 0

blaNDM None 1 4 0.5 16 1 4 160 0

blaNDM None 1 4 0 16 1 4 160 4

blaNDM None 1 4 0 16 1 64 160 4

blaNDM None 1 4 0 16 1 4 160 0

blaNDM None 4 4 0 16 1 64 160 64

blaNDM mcr-1 0 4 2 16 1 4 160 0

blaNDM mcr-1 0 4 4 16 1 8 160 8

blaNDM None 0 4 0 16 1 64 160 4

blaNDM None 0 4 1 16 1 8 160 8



Item to check Importance Remarks Remarks Remarks Remarks Remarks Remarks

Experimental Bacteria samples for tet(X4) Bacteria samples for mcr-1 Bacteria samples for mcr-3 Bacteria samples for blaNDM Bacteria samples for blaKPC Bacteria samples for blaOXA48
Definition of

experimental and

control groups

Essential Bacteria isolated from wastewater samples that showed resistance to tigecycline Bacteria isolated from wastewater samples that showed resistance to colistin Bacteria isolated from wastewater samples that showed resistance to colistin Bacteria isolated from wastewater samples that showed resistance to meropenem Bacteria isolated from wastewater samples that showed resistance to meropenem Bacteria isolated from wastewater samples that showed resistance to meropenem

Number within

each group
Essential

Assay carried out

by the core

or investigator’s

laboratory?

Desirable Investigator's laboratory Investigator's laboratory Investigator's laboratory Investigator's laboratory Investigator's laboratory Investigator's laboratory

Acknowledgment

of authors’

contributions

Desirable Designed the primer and probe, experiment, data analysis Designed the primer and probe, experiment, data analysis Designed the primer and probe, experiment, data analysis Experiment, data analysis Experiment, data analysis Experiment, data analysis

SAMPLE

Description Essential
Bacteria isolated from wastewater samples that showed resistance to tigecycline.

Genomic DNA was extracted from bacterial culture for the identification of emerging

AMR gene tet (X4)

Bacteria isolated from wastewater samples that showed resistance to tigecycline.

Genomic DNA was extracted from bacterial culture for the identification of emerging

AMR gene mcr-1

Bacteria isolated from wastewater samples that showed resistance to tigecycline.

Genomic DNA was extracted from bacterial culture for the identification of emerging

AMR gene mcr-3

Bacteria isolated from wastewater samples that showed resistance to tigecycline.

Genomic DNA was extracted from bacterial culture for the identification of emerging

AMR gene blaNDM

Bacteria isolated from wastewater samples that showed resistance to tigecycline.

Genomic DNA was extracted from bacterial culture for the identification of emerging

AMR gene blaKPC

Bacteria isolated from wastewater samples that showed resistance to tigecycline.

Genomic DNA was extracted from bacterial culture for the identification of emerging

AMR gene blaOXA48
Volume/mass of

sample

processed

Desirable 200 µL of overnight bacteria culture 200 µL of overnight bacteria culture 200 µL of overnight bacteria culture 200 µL of overnight bacteria culture 200 µL of overnight bacteria culture 200 µL of overnight bacteria culture

Microdissection

or
Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Processing

procedure
Essential Centrifuge at 15000g for 2 min to pellet the bacteria and discard the culture Centrifuge at 15000g for 2 min to pellet the bacteria and discard the culture Centrifuge at 15000g for 2 min to pellet the bacteria and discard the culture Centrifuge at 15000g for 2 min to pellet the bacteria and discard the culture Centrifuge at 15000g for 2 min to pellet the bacteria and discard the culture Centrifuge at 15000g for 2 min to pellet the bacteria and discard the culture

If frozen, how and

how

quickly?

Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

If fixed, with what

and how

quickly?

Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Sample storage

conditions

and duration

Essential All the bateria culture are fresh and free of storge before nucleic acid extraction All the bateria culture are fresh and free of storge before nucleic acid extraction All the bateria culture are fresh and free of storge before nucleic acid extraction All the bateria culture are fresh and free of storge before nucleic acid extraction All the bateria culture are fresh and free of storge before nucleic acid extraction All the bateria culture are fresh and free of storge before nucleic acid extraction

Procedure and/or

instrumentation
Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Name of kit and

details of any

modifications

Essential TGuide Smart Universal DNA Kit with lysozyme treatment TGuide Smart Universal DNA Kit with lysozyme treatment TGuide Smart Universal DNA Kit with lysozyme treatment TGuide Smart Universal DNA Kit with lysozyme treatment TGuide Smart Universal DNA Kit with lysozyme treatment TGuide Smart Universal DNA Kit with lysozyme treatment

Source of

additional

reagents

Desirable lysozyme (Sangon) lysozyme (Sangon) lysozyme (Sangon) lysozyme (Sangon) lysozyme (Sangon) lysozyme (Sangon)

Details of DNase

or RNase

treatment

Essential Using the RNase A treatment for the removal of RNA Using the RNase A treatment for the removal of RNA Using the RNase A treatment for the removal of RNA Using the RNase A treatment for the removal of RNA Using the RNase A treatment for the removal of RNA Using the RNase A treatment for the removal of RNA

Contamination

assessment

(DNA or RNA)

Essential A reagent blank was extracted as a negative control, which showed negative results

for the tet(X4) detection

A reagent blank was extracted as a negative control, which showed negative results

for the mcr-1 detection

A reagent blank was extracted as a negative control, which showed negative results

for the mcr-3 detection

A reagent blank was extracted as a negative control, which showed negative results

for the mcr-1 detection

A reagent blank was extracted as a negative control, which showed negative results

for the mcr-3 detection

A reagent blank was extracted as a negative control, which showed negative results

for the mcr-3 detection

Nucleic acid

quantification
Essential All the samples were quantified using the Qubit HS dsDNA Kit on the Qubit 4

platform, with all the DNA concentration ranging from 7.6 to 25.4 ng/μL

All the samples were quantified using the Qubit HS dsDNA Kit on the Qubit 4

platform, with all the DNA concentration ranging from 7.6 to 25.4 ng/μL

All the samples were quantified using the Qubit HS dsDNA Kit on the Qubit 4

platform, with all the DNA concentration ranging from 7.6 to 25.4 ng/μL

All the samples were quantified using the Qubit HS dsDNA Kit on the Qubit 4

platform, with all the DNA concentration ranging from 7.6 to 25.4 ng/μL

All the samples were quantified using the Qubit HS dsDNA Kit on the Qubit 4

platform, with all the DNA concentration ranging from 7.6 to 25.4 ng/μL

All the samples were quantified using the Qubit HS dsDNA Kit on the Qubit 4

platform, with all the DNA concentration ranging from 7.6 to 25.4 ng/μL
Instrument and

method
Essential Qubit HS dsDNA Assay/Qubit 3.0(instrument) Qubit HS dsDNA Assay/Qubit 3.0(instrument) Qubit HS dsDNA Assay/Qubit 3.0(instrument) Qubit HS dsDNA Assay/Qubit 3.0(instrument) Qubit HS dsDNA Assay/Qubit 3.0(instrument) Qubit HS dsDNA Assay/Qubit 3.0(instrument)

Purity Desirable

Yield Desirable 7.6 to 25.4 ng/μL Measured by Qubit HS dsDNA Assay 7.6 to 25.4 ng/μL Measured by Qubit HS dsDNA Assay 7.6 to 25.4 ng/μL Measured by Qubit HS dsDNA Assay 7.6 to 25.4 ng/μL Measured by Qubit HS dsDNA Assay 7.6 to 25.4 ng/μL Measured by Qubit HS dsDNA Assay 7.6 to 25.4 ng/μL Measured by Qubit HS dsDNA Assay
RNA integrity:

method/instrume
Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

RIN/RQI or Cq of

3' and 5'

transcripts

Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Electrophoresis

traces
Desirable

Some representative electrophoresis showing as follows(DL15000 ladders)： Some representative electrophoresis showing as follows(DL15000 ladders)： Some representative electrophoresis showing as follows(DL15000 ladders)： Some representative electrophoresis showing as follows(DL15000 ladders)： Some representative electrophoresis showing as follows(DL15000 ladders)： Some representative electrophoresis showing as follows(DL15000 ladders)：

Inhibition testing

(Cq dilutions,

spike, or other)

Essential
The inhibition testing was conducted through a series of 10-fold dilutions of the

representative  extracted DNA, which showed no significant changes in its

quantitative value

The inhibition testing was conducted through a series of 10-fold dilutions of the

representative  extracted DNA, which showed no significant changes in its

quantitative value

The inhibition testing was conducted through a series of 10-fold dilutions of the

representative  extracted DNA, which showed no significant changes in its

quantitative value

The inhibition testing was conducted through a series of 10-fold dilutions of the

representative  extracted DNA, which showed no significant changes in its

quantitative value

The inhibition testing was conducted through a series of 10-fold dilutions of the

representative  extracted DNA, which showed no significant changes in its

quantitative value

The inhibition testing was conducted through a series of 10-fold dilutions of the

representative  extracted DNA, which showed no significant changes in its

quantitative value

REVERSE TRANSCRIPTION
Complete

reaction
Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Amount of RNA

and reaction

volume

Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Priming

oligonucleotide (if

using GSP) and

concentration

Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Reverse

transcriptase and

concentration

Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Temperature and

time
Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Manufacturer of

reagents and

catalogue

Desirable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Cqs with and

without reverse

transcription

Desirable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Storage

conditions of
Desirable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

  
qPCR PROTOCOL

Complete

reaction

conditions

Essential

For RT-qPCR, Hieff UNICON™ Hotstart Direct DNA Polymerase and self-prepared

TaqMan Buffer was used with 5 µl of DNA template and standardized primers and

probes with concentrations of 200 nM and 100 nM, respectively. PCR cycler

conditions were initial denaturation for 5 mins at 95 °C, followed by 40 cycles of 15 s

at 95 °C and 30 s at 63 °C on the Applied Biosystems Quantstudio 5 qPCR machine

(ThermoFisher). For every batch of RT-qPCR detection assays, a non-template

control (NTC) and a series of standard samples were included

For RT-qPCR, Hieff UNICON™ Hotstart Direct DNA Polymerase and self-prepared

TaqMan Buffer was used with 5 µl of DNA template and standardized primers and

probes with concentrations of 400 nM and 200 nM, respectively. PCR cycler

conditions were initial denaturation for 5 mins at 95 °C, followed by 40 cycles of 15 s

at 95 °C and 30 s at 60 °C on the Applied Biosystems Quantstudio 5 qPCR machine

(ThermoFisher). For every batch of RT-qPCR detection assays, a non-template

control (NTC) and a series of standard samples were included

For RT-qPCR, Hieff UNICON™ Hotstart Direct DNA Polymerase and self-prepared

TaqMan Buffer was used with 5 µl of DNA template and standardized primers and

probes with concentrations of 400 nM and 200 nM, respectively. PCR cycler

conditions were initial denaturation for 5 mins at 95 °C, followed by 40 cycles of 15 s

at 95 °C and 30 s at 60 °C on the Applied Biosystems Quantstudio 5 qPCR machine

(ThermoFisher). For every batch of RT-qPCR detection assays, a non-template

control (NTC) and a series of standard samples were included

For RT-qPCR, Hieff UNICON™ Hotstart Direct DNA Polymerase and self-prepared

TaqMan Buffer was used with 5 µl of DNA template and standardized primers and

probes with concentrations of 400 nM and 200 nM, respectively. PCR cycler

conditions were initial denaturation for 5 mins at 95 °C, followed by 40 cycles of 15 s

at 95 °C and 30 s at 60 °C on the Applied Biosystems Quantstudio 5 qPCR machine

(ThermoFisher). For every batch of RT-qPCR detection assays, a non-template

control (NTC) and a series of standard samples were included

For RT-qPCR, Hieff UNICON™ Hotstart Direct DNA Polymerase and self-prepared

TaqMan Buffer was used with 5 µl of DNA template and standardized primers and

probes with concentrations of 400 nM and 200 nM, respectively. PCR cycler

conditions were initial denaturation for 5 mins at 95 °C, followed by 40 cycles of 15 s

at 95 °C and 30 s at 60 °C on the Applied Biosystems Quantstudio 5 qPCR machine

(ThermoFisher). For every batch of RT-qPCR detection assays, a non-template

control (NTC) and a series of standard samples were included

For RT-qPCR, Hieff UNICON™ Hotstart Direct DNA Polymerase and self-prepared

TaqMan Buffer was used with 5 µl of DNA template and standardized primers and

probes with concentrations of 400 nM and 200 nM, respectively. PCR cycler

conditions were initial denaturation for 5 mins at 95 °C, followed by 40 cycles of 15 s

at 95 °C and 30 s at 60 °C on the Applied Biosystems Quantstudio 5 qPCR machine

(ThermoFisher). For every batch of RT-qPCR detection assays, a non-template

control (NTC) and a series of standard samples were included

Reaction volume

and amount

of cDNA/DNA

Essential Final reaction volume of 20 µL,

containing 5 µL of 100-fold diluted extracted bacteria DNA.

Final reaction volume of 20 µL,

containing 5 µL of 100-fold diluted extracted bacteria DNA.

Final reaction volume of 20 µL,

containing 5 µL of 100-fold diluted extracted bacteria DNA.

Final reaction volume of 20 µL,

containing 5 µL of 100-fold diluted extracted bacteria DNA.

Final reaction volume of 20 µL,

containing 5 µL of 100-fold diluted extracted bacteria DNA.

Final reaction volume of 20 µL,

containing 5 µL of 100-fold diluted extracted bacteria DNA.

                
Primer, (probe),

Mg2, and

dNTP

concentrations

Essential The final concentration of the all primers were 200 nM and the probe was at 100 nM The final concentration of the all primers were 400 nM and the probe was at 200 nM The final concentration of the all primers were 400 nM and the probe was at 200 nM The final concentration of the all primers were 400 nM and the probe was at 200 nM The final concentration of the all primers were 400 nM and the probe was at 200 nM The final concentration of the all primers were 400 nM and the probe was at 200 nM

Polymerase

identity and

concentration

Essential Hieff UNICON™ Hotstart Direct DNA Polymerase, 2U/20 µL reaction Hieff UNICON™ Hotstart Direct DNA Polymerase, 2U/20 µL reaction Hieff UNICON™ Hotstart Direct DNA Polymerase, 2U/20 µL reaction Hieff UNICON™ Hotstart Direct DNA Polymerase, 2U/20 µL reaction Hieff UNICON™ Hotstart Direct DNA Polymerase, 2U/20 µL reaction Hieff UNICON™ Hotstart Direct DNA Polymerase, 2U/20 µL reaction

Buffer/kit identity

and

manufacturer

Essential Self prepared Taqman qPCR Buffer Self prepared Taqman qPCR Buffer Self prepared Taqman qPCR Buffer Self prepared Taqman qPCR Buffer Self prepared Taqman qPCR Buffer Self prepared Taqman qPCR Buffer

Exact chemical

composition of

the buffer

Desirable 1×Taq Buffer, 4 mM MgCl2, 0.2 mM dNTPs(each), 100ng/µL BSA, 0.3 mol/L

Trehalose

1×Taq Buffer, 6 mM MgCl2, 0.5 mM dNTPs(each), 100ng/µL BSA, 0.3 mol/L

Trehalose

1×Taq Buffer, 6 mM MgCl2, 0.5 mM dNTPs(each), 100ng/µL BSA, 0.3 mol/L

Trehalose

1×Taq Buffer, 6 mM MgCl2, 0.5 mM dNTPs(each), 100ng/µL BSA, 0.3 mol/L

Trehalose

1×Taq Buffer, 6 mM MgCl2, 0.5 mM dNTPs(each), 100ng/µL BSA, 0.3 mol/L

Trehalose

1×Taq Buffer, 6 mM MgCl2, 0.5 mM dNTPs(each), 100ng/µL BSA, 0.3 mol/L

Trehalose

Additives (SYBR

Green I,

DMSO, and so

Essential No additional addings No additional addings No additional addings No additional addings No additional addings No additional addings

Manufacturer of

plates/tubes

and catalog

Desirable Tubes：PCR-2CP-RT-C, Axygen Tubes：PCR-2CP-RT-C, Axygen Tubes：PCR-2CP-RT-C, Axygen Tubes：PCR-2CP-RT-C, Axygen Tubes：PCR-2CP-RT-C, Axygen Tubes：PCR-2CP-RT-C, Axygen

Complete

thermocycling

parameters

Essential
5min at 95°C,

followed by 40 cycles of 15s at

95°C and 30s 63°C.

5min at 95°C,

followed by 40 cycles of 15s at

95°C and 30s 60°C.

5min at 95°C,

followed by 40 cycles of 15s at

95°C and 30s 60°C.

5min at 95°C,

followed by 40 cycles of 15s at

95°C and 30s 60°C.

5min at 95°C,

followed by 40 cycles of 15s at

95°C and 30s 60°C.

5min at 95°C,

followed by 40 cycles of 15s at

95°C and 30s 60°C.
Reaction setup

(manual/robotic)
Desirable manual manual manual manual manual manual

Manufacturer of

qPCR

instrument

Desirable Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher) Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher) Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher) Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher) Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher) Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher)

                    
qPCR VALIDATION
Evidence of

optimization

(from

Desirable No optimization was conducted since original result has been satisfactory No optimization was conducted since original result has been satisfactory No optimization was conducted since original result has been satisfactory No optimization was conducted since original result has been satisfactory No optimization was conducted since original result has been satisfactory No optimization was conducted since original result has been satisfactory

Specificity (gel,

sequence,

melt, or digest)

Essential
Using other tet(X) variants to validate the specificity， with no cross-reaction to

tet(X3) and tet(X5)<10
8
 copies/mL

Using other mcr variants to validate the specificity，with no cross-reaction to mcr-2、

mcr-3、mcr-10

Using other mcr variants to validate the specificity，with no cross-reaction to mcr-1、

mcr-3、mcr-10
With no cross-reaction with blaKPC and blaOXA48. The specificity has also been

validated in the previous study

With no cross-reaction with blaNDM and blaOXA48. The specificity has also been

validated in the previous study

With no cross-reaction with blaNDM and blaKPC. The specificity has also been

validated in the previous study

For SYBR Green

I, Cq of the

NTC

Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Calibration

curves with slope

and y intercept

Essential y=-3.469*x+48.696 y=-3.517*x+49.118 y=-3.444*x+49.228 y=-3.23*x+46.349 y=-3.446*x+48.217 y=-3.421*x+48.638

PCR efficiency

(%) calculated

from

Essential 0.94197 0.92468 0.95135 1.03985 0.95086 0.96025

CIs for PCR

efficiency or SE
Desirable - - - - - -

r2 of calibration

curve
Essential 0.999 0.999 0.999 0.997 0.999 0.998

Linear dynamic

range
Essential 5~10

5
 copies/uL 5~10

5
 copies/uL 5~10

5
 copies/uL 5~10

5
 copies/uL 5~10

5
 copies/uL 5~10

5
 copies/uL

Cq variation at

LOD
Essential About 1.5 Cq value at LoD About 1.5 Cq value at LoD About 1.5 Cq value at LoD About 1.5 Cq value at LoD About 1.5 Cq value at LoD About 1.5 Cq value at LoD

CIs throughout

range
Desirable - - - - - -

Evidence for LOD Essential

We conducted a series of 2-fold dilutions from 50 copies/ 20  µL reaction to 1.75

copies/ 20 µL reaction. For each gradient, 20 repetitions were tested, and 12.5

copies/20 µL reaction was the lowest gradient which showed positive rate over 95%

We conducted a series of 2-fold dilutions from 50 copies/ 20  µL reaction to 1.75

copies/ 20 µL reaction. For each gradient, 20 repetitions were tested, and 12.5

copies/20 µL reaction was the lowest gradient which showed positive rate over 95%

We conducted a series of 2-fold dilutions from 50 copies/ 20  µL reaction to 1.75

copies/ 20 µL reaction. For each gradient, 20 repetitions were tested, and 12.5

copies/20 µL reaction was the lowest gradient which showed positive rate over 95%

We conducted a series of 2-fold dilutions from 50 copies/ 20  µL reaction to 1.75

copies/ 20 µL reaction. For each gradient, 20 repetitions were tested, and 12.5

copies/20 µL reaction was the lowest gradient which showed positive rate over 95%

We conducted a series of 2-fold dilutions from 50 copies/ 20  µL reaction to 1.75

copies/ 20 µL reaction. For each gradient, 20 repetitions were tested, and 12.5

copies/20 µL reaction was the lowest gradient which showed positive rate over 95%

We conducted a series of 2-fold dilutions from 50 copies/ 20  µL reaction to 1.75

copies/ 20 µL reaction. For each gradient, 20 repetitions were tested, and 12.5

copies/20 µL reaction was the lowest gradient which showed positive rate over 95%

If multiplex,

efficiency and

LOD of each

assay

Essential No multiplex
Multiplex with mcr-3, The efficiency and LoD was determined under the mutiplex

reaction

Multiplex with mcr-1, The efficiency and LoD was determined under the mutiplex

reaction

Multiplex with mcr-3, The efficiency and LoD was determined under the mutiplex

reaction

Multiplex with mcr-1, The efficiency and LoD was determined under the mutiplex

reaction

Multiplex with mcr-1, The efficiency and LoD was determined under the mutiplex

reaction

DATA ANALYSIS
qPCR analysis

program

(source, version)

Essential Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher) Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher) Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher) Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher) Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher) Applied Biosystems Quantstudio 3 qPCR machine (ThermoFisher)

Method of Cq

determination
Essential thresholds were fixed at delta Rn equals to 30000 thresholds were fixed at delta Rn equals to 30000 thresholds were fixed at delta Rn equals to 30000 thresholds were fixed at delta Rn equals to 30000 thresholds were fixed at delta Rn equals to 30000 thresholds were fixed at delta Rn equals to 30000

Outlier

identification and

disposition

Essential No outlier No outlier No outlier No outlier No outlier No outlier

Results for NTCs Essential No amplification No amplification No amplification No amplification No amplification No amplification
Justification of

number and

choice of

reference genes

Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Description of

normalization

method

Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Number and

concordance of

biological

Desirable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Number and

stage (RT or

qPCR) of

technical

Essential Triplicate (n = 3) Triplicate (n = 3) Triplicate (n = 3) Triplicate (n = 3) Triplicate (n = 3) Triplicate (n = 3)

Repeatability

(intraassay

variation)

Essential All technical replicates were

within 1 Cq of each other

All technical replicates were

within 1 Cq of each other

All technical replicates were

within 1 Cq of each other

All technical replicates were

within 1 Cq of each other

All technical replicates were

within 1 Cq of each other

All technical replicates were

within 1 Cq of each other

Reproducibility

(interassay

variation, CV)

Desirable We conducted the interassay variation test of the standard samples and the results

showed that the variation was less than 1 Cq

We conducted the interassay variation test of the standard samples and the results

showed that the variation was less than 1 Cq

We conducted the interassay variation test of the standard samples and the results

showed that the variation was less than 1 Cq

We conducted the interassay variation test of the standard samples and the results

showed that the variation was less than 1 Cq

We conducted the interassay variation test of the standard samples and the results

showed that the variation was less than 1 Cq

We conducted the interassay variation test of the standard samples and the results

showed that the variation was less than 1 Cq

Power analysis Desirable - - - - - -
Statistical

methods for

results

Essential T-test T-test T-test T-test T-test T-test

Software (source,

version)
Essential SPSS SPSS SPSS SPSS SPSS SPSS

Cq or raw data

submission

with RDML

Desirable - - - - - -

qPCR TARGET INFORMATION

Gene symbol Essential tetracycline-inactivating monooxygenase Tet(X4) Escherichia coli SHP45 pHNSHP45 mcr-1 gene Escherichia coli WJ1 pWJ1 mcr-3 gene
Klebsiella pneumoniae pKpANDM-1 blaNDM gene for subclass B1 metallo-beta-

lactamase NDM-1

Klebsiella pneumoniae blaKPC gene for carbapenem-hydrolyzing class A beta-

lactamase KPC-2

Klebsiella pneumoniae 11978 blaOXA gene for OXA-48 family carbapenem-

hydrolyzing class D beta-lactamase OXA-48
Sequence

accession
Essential NG_065852.1  NG_050417.1 NG_055505.1 NG_049326.1 NG_049253.1 NG_049762.1

Location of Desirable - - - - - -
Amplicon length Essential 75 85 100 100 101 70
In silico

specificity screen

(BLAST, and so

Essential nBlast and primer-blast were used  to check the specificity nBlast and primer-blast were used  to check the specificity nBlast and primer-blast were used  to check the specificity nBlast and primer-blast were used  to check the specificity nBlast and primer-blast were used  to check the specificity nBlast and primer-blast were used  to check the specificity

Pseudogenes,

retropseudogene

s, or other

homologs?

Desirable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Sequence Desirable GAATTTTCCGATTGGGACGAACGCTACAAAGAACTGATTCGTGTGACATCATCTT

TTGTAGGGTTAGCGACACGA

TTGTGGCGTGATAATAATTCGGACTCAAAAGGCGTGATGGATAAGCTGCCAAAA

GCGCAATTTGCCGATTATAAATCCGCGACCA

ATGATGCAAAACGGGATACTAATCAAAGTAAGCCCACGTTGATGTTTCTGGTCGT

TGGTGAAACCGCTCGTGGTAAAAATTTCTCGATGAATGGCTATGA

GCATTAGCCGCTGCATTGATGCTGAGCGGGTGCATGCCCGGTGAAATCCGCCC

GACGATTGGCCAGCAAATGGAAACTGGCGACCAACGGTTTGGCGATC

CTGTATCGCCGTCTAGTTCTGCTGTCTTGTCTCTCATGGCCGCTGGCTGGCTT

TTCTGCCACCGCGCTGACCAACCTCGTCGCGGAACCATTCGCTAAACT

TTCCCAATAGCTTGATCGCCCTCGATTTGGGCGTGGTTAAGGATGAACACCAAG

TCTTTAAGTGGGATGG
Secondary

structure analysis

of amplicon

Desirable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Location of each

primer by

exon or intron (if

applicable)

Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

What splice

variants are

targeted?

Essential Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

qPCR OLIGONUCLEOTIDES

Primer

sequences
Essential tet(X4) _qPCR _F: TCGTGTCGCTAACCCTACAAAAG

tet(X4) _qPCR _R: GAATTTTCCGATTGGGACGAA

mcr-1_ qPCR _F: TTGTGGCGTGATAATAATTCG

mcr-1_ qPCR _R: TGGTCGCGGATTTATAATCG

mcr-3_ qPCR _F: ATGATGCAAAACGGGATACTAA

mcr-3_ qPCR _R: TCATAGCCATTCATCGAGAAAT

blaNDM_qPCR_F: GCATTAGCCGCTGCATT

blaNDM_qPCR_R: GATCGCCAAACCGTTGG

blaKPC_qPCR_F: CTGTATCGCCGTCTAGTTCTG

blaKPC_qPCR_R: AGTTTAGCGAATGGTTCCG

blaOXA-48_qPCR_F: TTCCCAATAGCTTGATCGC

blaOXA-48_qPCR_R: CCATCCCACTTAAAGACTTGG

RTPrimerDB

identification

number

Desirable Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Probe sequences Desirable tet(X4) _qPCR _P: FAM-TGATGTCACACGAATC-MGB mcr-1_qPCR_P: FAM-CTGCCAAAAGCGCA-MGB mcr-3_qPCR_P: ROX-AGTAAGCCCACGTTGAT-MGB blaNDM_qPCR_P: ROX-ACGATTGGCCAGCAAATGGAAACTGG-BHQ2 blaKPC_qPCR_P: FAM-TGTCTTGTCTCTCATGGCCGCTGG-BHQ1 blaOXA-48_qPCR_P: VIC-TCGATTTGGGCGTGGTTAAGGATGAAC-BHQ1

Location and

identity of any

modifications

Essential 5' FAM reporter and 3' NFQ-MGB quencher for probes 5' FAM reporter and 3' NFQ-MGB quencher for probes 5' ROX reporter and 3' NFQ-MGB quencher for probes 5' ROX reporter and 3'BHQ2 quencher for probes 5' FAM reporter and 3' BHQ1 quencher for probes 5' VIC reporter and 3' BHQ1 quencher for probes

Manufacturer of

oligonucleotides
Desirable Sangon Sangon Sangon Sangon Sangon Sangon

Purification Desirable HAP for primers, HPLC for probes HAP for primers, HPLC for probes HAP for primers, HPLC for probes HAP for primers, HPLC for probes HAP for primers, HPLC for probes HAP for primers, HPLC for probes
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