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Abstract

The present study was performed to determine the antibiotic resistance genes (ARGs),
virulence determinants, and mobile genetic elements in multidrug-resistant Escherichia coli
CUK-76 isolated from wastewater in Himachal Pradesh, India. Whole genome sequencing
was performed using the Illumina Miseq system, and the draft genome sequence was
assembled by Unicycler v0.5.1 and annotated by the NCBI Prokaryotic Genome Annotation
Pipeline (PGAP v6.10). The bioinformatics-based prediction analysis was performed using
ResFinder v4.7.2 and CARD v4.0.1 (antibiotic resistance genes), VirulenceFinder v2.0,
VEDB and MGEFinder v1.0.3 (virulence determinants), PlasmidFinder v2.0.1 (plasmid
sequences), MLST v2.0 (sequence type), ISFinder and TnCentral v2.0 (insertion sequences
and transposons), PathogenFinder2 v0.6.0 (pathogenicity), RAST (subsystems category)
and Phigaro (prophage sequences). The draft genome of E. coli CUK-76 strain comprised
4,607,136 bp with a GC content of 51%. Genome annotation revealed 4498 genes of which
4289 were protein-coding genes, 78 RNA genes, and 131 pseudogenes. It was related to
sequence type ST949 and its predicted resistome consisted of blactx-m-15, blatpm-1B (class
A B-lactamase genes), blagc.14 (class C B-lactamase gene), aph(6)-Id, aph(3")-Ib, qnrS1, sul2,
tet(A), and dfrA14 genes. Additionally, multiple virulence genes, two plasmid sequences
viz. IncFIB(K) and IncFIB(AP001918), insertion sequences, transposons and prophage
sequences were detected. The genomic dataset of this strain will be a valuable resource for
comparative genomic studies on E. coli.

Dataset: The raw genome sequencing data were submitted to the NCBI Sequence
Read Archive under accession number SRR37187637, BioSample accession number
SAMNS55285571, and BioProject accession number PRJNA1421061. The assembled genome
has been deposited in NCBI under GenBank accession number JBVUNU000000000 and the
genome assembly accession number GCA_055791285.1.

Dataset License: CC-BY

Keywords: whole genome sequencing; Escherichia coli; wastewater; antibiotic resistant
genes; 3-lactamases
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1. Summary

Escherichia coli is an important commensal constituent of the human gut microbiota.
However, some strains of this species are frequently associated with healthcare-associated
infections [1]. WHO has listed E. coli as one of the highest-priority pathogens. E. coli
is known to exhibit resistance to 3-lactams and other classes of antibiotics and poses
a severe threat to public health [2,3]. Here, we report the draft genome sequence of a
multidrug-resistant E. coli strain isolated from municipal wastewater in Solan, Himachal
Pradesh, India. Its antibiotic resistance genes (ARGs), virulence determinants, sequence
type, subsystem categories, and mobile genetic elements were determined by genomic and
bioinformatics analysis.

2. Data Description

E. coli CUK-76 is a multidrug-resistant strain as revealed by its phenotypic resistance to
multiple antibiotic classes, viz. penicillins, cephalosporins, carbapenems, aminoglycosides,
macrolides, quinolones, and sulphonamides (Supplementary Table S1). The high-quality
draft genome assembly consisted of 4,607,136 bp with a GC content of 51%. Of the total
4498 predicted genes, 4420 were coding sequences, 4289 were protein-coding, 78 were RNA
genes, and 131 were pseudogenes (Table 1). As indicated by BUSCO and CheckM analysis,
the draft genome of E. coli strain CUK-76 was near-complete with 99.17% completeness and
only a 0.31% contamination level (Table 1). MLST analysis confirmed the sequence type to
be ST949. The subsystem annotation by RAST analysis revealed that 45 genes are associated
with virulence, disease, and defense capabilities, as well as adaptive responses (Figure 1).
CARD v4.0.1 and ResFinder v4.7.2 analyses revealed that the predicted resistome comprised
acquired ARGs, including blactx-m-15, blatem-1, aph(6)-Id, aph(3")-1b, qnrS1, sul2, tet(A), and
dfrA14 (Table 2). Additionally, the intrinsic genes and regulatory determinants coding for
ATP-binding cassette (ABC) antibiotic efflux pumps, Resistance-Nodulation—Cell Division
(RND) antibiotic efflux pump, and Major Facilitator Superfamily (MFS) antibiotic efflux
pump, antibiotic inactivation, and decreased membrane permeability were predicted in the
genome of E. coli strain CUK-76 (Table 2). This strain co-harbored both class A (3-lactamase
genes (blactx-m-15 and blatgpp) and a chromosomally encoded class C 3-lactamase

gene (blagc-14)-

Table 1. The key genome and annotation statistics of multidrug-resistant E. coli strain CUK-76.

Characteristic/Annotation Value
Draft genome size 4,607,136 bp
Number of raw reads 11,602,998
GC content (%) 51
Number of contigs 90
Contig N50/L50 141.6 kb/13
Number of scaffolds 01
Scaffold N50/L50 4,607,136 bp/1
Genome completeness 99.17%
Genome coverage 778.69x
Genome contamination 0.31%
Total genes 4498
Total coding sequences (CDSs) 4420
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Table 1. Cont.

Characteristic/Annotation Value
Genes (protein coding) 4289
Number of rRNA genes 1
Number of tRNA genes 69
Number of ncRNA genes 8
Number of pseudogenes 131
CRISPR arrays 2
Plasmid sequences IncFIB(K) and IncFIB(AP001918)
Genome accession No. JBVUNUO000000000
Genome assembly accession No. GCA_055791285.1
BioSample accession No. SAMNS55285571
BioProject accession No. PRJNA1421061
SRA accession No. SRR37187637

Subsystem Coverage

Subsystem Category Distribution

Subsystem Feature Counts

[l Amino Acids and Derivatives (304)

[l Carbohydrates (347)

[l Ce!l Division and Cell Cycle (7)

[l cell Wall and Capsule (42)

. Cofactors, Vitamins, Prosthetic Groups, Pigments (157)
. DNA Metabolism (81)

[l Dormancy and Sporulation (3)

[l Fatty Acids, Lipids, and Isoprenoids (48)
[ tron acquisition and metabolism (33)

[l Membrane Transport (81)

[ Metabolism of Aromatic Compounds (25)
[] Miscellaneous (36)

. Motility and Chemotaxis (14)

j Nitrogen Metabolism (52)

[7] Nucleosides and Nucleotides (93)

[l Phages, Prophages, Transposable elements, Plasmids (5)
[] Phosphorus Metabolism (28)

[l Potassium metabolism (14)

[l Protein Metabolism (218)

[l RNAMetabolism (62)

[ Regulation and Cell signaling (67)

. Respiration (102)

Secondary Metabolism (22)

[l Stress Response (98)

[l suifur Metabolism (24)

[l Virulence, Disease and Defense (45)

Figure 1. The subsystems category and corresponding characteristics of E. coli strain CUK-76 as
determined by RAST annotation.

The predicted genome analysis revealed the detection of several virulence genes,
of which neuC (capsule biosynthesis protein), ompA (outer membrane protein A), espL1
(Type Il secretion system (T3SS) effector), fdeC (adhesin), IpfA (long polar fimbriae), hlyE
(hemolysin), csgA (major curli subunit), entF (enterobactin synthase), fepA (ferric enter-
obactin receptor) terC (tellurium ion resistance protein), and nlpl (lipoprotein NlpI precur-
sor) were the prominent ones (Table 3 and Supplementary Table S3). The occurrence of
virulence-associated determinants may contribute to its pathogenic potential, as is also
supported by a probability score of 0.9736 predicted by PathogenFinder2. However, fur-
ther experimental and clinical evidence is necessary to confirm its human pathogenicity.
Genomic analysis showed the presence of two plasmid sequences, i.e., IncFIB(K) and
IncFIB(AP001918). Additionally, the insertion sequences, transposable elements (Supple-
mentary Table S2), and prophage sequences/virus orthologous group (VOGs) were also
detected (Table 4).
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Table 2. The antibiotic resistance genes predicted in the genome sequence of multidrug-resistant E. coli CUK-76.

S. No. Gene Gene Product/Function Resistance Mechanism(s) Resistance Towards % Identity Accession No.
Acquired antibiotic resistance genes
1. blactx-m-15  Extended-spectrum f3-lactamases (Class A) Antibiotic inactivation Cephalosporins and penicillins 100 AY044436
2. blatema Extended-spectrum (3-lactamases (Class A) Antibiotic inactivation Monobactams, ce Phglosporms 100 AL513383
and penicillins
3. tet(A) MEFS antibiotic efflux pump Ar:?fll);c))(tlc Tetracyclines 100 AF534183.1
4. sul2 Sulfonamide resistance Ar;;?lfct:;:;%et Sulfonamides 100 AY055428.1
aph(6)-1d Aminoglycoside O-phosphotransferases (class 6) Antibiotic inactivation Aminoglycosides 99.64 AF024602
aph(3")-Ib Aminoglycoside O-phosphotransferases (class 6) Antibiotic inactivation Aminoglycosides 99.64 AF313472
gqnrS1 Quinolone resistance protein (qnr) Antibiotic target protection Fluoroquinolones 99.64 D(Q485529.1
8. dfrAl4 Trimethoprim-resistant dihydrofolate reductase Reduangbaiif;rélsty for Trimethoprim 100 KF921535
Intrinsic antibiotic resistance genes/regulatory determinants
1. blagc.14 AmpC (-lactamases (Class C) Antibiotic inactivation Cephalosporins 98.67 WP_063860233.1
5 mdtE Resistance-Nodulation—Cell Division (RND) Antibiotic efflux Macrolides, fluoroquinolones 100 AP009048.1
' antibiotic efflux pump and penicillins ’
Fluoroquinolones,
3. acrB RND antibiotic efflux pump Antibiotic efflux cephalosporins, glycylcyclines, 100 U00096.3
penicillins, tetracyclines,
rifamycin, and phenicols
Fluoroquinolones,
4 acrA RND antibiotic efflux pump Antibiotic efflux cephalosporins, glycylcyclines, 100 GCF_000005845.2
penicillins, tetracyclines,
rifamycin, and phenicols
Fluoroquinolones,
5. acrE RND antibiotic efflux pump Antibiotic efflux cephalosporins, 100 U00096
penicillins
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Table 2. Cont.

S. No. Gene Gene Product/Function Resistance Mechanism(s) Resistance Towards % Identity Accession No.
6. cpxA RND antibiotic efflux pump Antibiotic efflux Aminoglycosides and 100 BA000007.3
aminocoumarins
mdtA,
7. mdtB, RND antibiotic efflux pump Antibiotic efflux Aminocoumarins 99.52 U00096
mdtC
Macrolides, fluoroquinolones,
8. gadX RND antibiotic efflux pump Antibiotic efflux and 98.18 AP009048.1
penicillins
Macrolides, fluoroquinolones,
9. mdtF RND antibiotic efflux pump Antibiotic efflux and 98.18 U00096
penicillins
Fluoroquinolones,
e . . monobactams, carbapenem:s,
10. marA RND an.tlbIOtIC efflux pump,.g.eneral bacterial AntlblOtI.C' efflux, re'd.uc'ed cephalosporins, glyeyleyclines, 100 AP009048.1
porin with reduced permeability to beta-lactams  permeability to antibiotics L ;
penicillins, tetracyclines,
rifamycin and phenicols
Fluoroquinolones,
1. acrS RND antibiotic efflux pump Antibiotic efflux cephalosporins, glycyleyclines, —gg 55 U00096
penicillins, tetracyclines,
rifamycin, and phenicols
Fluoroquinolones,
12 acrF RND antibiotic efflux pump Antibiotic efflux cephalosporins, glycyleyclines, gg 55 U00096
penicillins, tetracyclines,
rifamycin, and phenicols
13. baeR RND antibiotic efflux pump Antibiotic efflux Ammp glyc051de§ and 95.82 AP009048.1
aminocoumarins
14, msbA ATP-binding Cassette (ABC) antibiotic Antibiotic efflux Nitroimidazoles 100 U00096.3

efflux pump
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Table 2. Cont.

S. No. Gene Gene Product/Function Resistance Mechanism(s) Resistance Towards % Identity Accession No.
Macrolides, fluoroquinolones,
aminoglycosides,

ABC antibiotic efflux pump, carbapenems, cephalosporins,
15. tolC MFS antibiotic efflux pump, and Antibiotic efflux glycylcyclines, penicillins, 100 FJ768952

RND antibiotic efflux pump tetracyclines, peptide

antibiotics, aminocoumarins,
rifamycin, and phenicols

6. mdiG Major Facilitator Superfamily (MFS) antibiotic Antibiotic efflux Phosphonic acid antibiotics 100 CP000800.1

efflux pump
17. emrR MES antibiotic efflux pump Antibiotic efflux Fluoroquinolones 100 U00096.3
18. emrB MEFS antibiotic efflux pump Antibiotic efflux Fluoroquinolones 100 U00096
19. emrY MEFS antibiotic efflux pump Antibiotic efflux Tetracyclines 100 D78168
20. emrK MFS antibiotic efflux pump Antibiotic efflux Tetracyclines 100 D78168

Fluoroquinolones,
21. mdtM MFS antibiotic efflux pump Antibiotic efflux lincosamides, nucleoside 98.04 U00096.3
antibiotics, and phenicols
22. emrA MEFS antibiotic efflux pump Antibiotic efflux Fluoroquinolones 99.74 AP009048
23. mdfA MFS antibiotic efflux pump Antibiotic efflux Tetracyclines and phenicols 96.34 JQ394987
Table 3. The virulence genes predicted in the genome sequence of multidrug-resistant E. coli CUK-76.
. . Position in Coverage  Identity .

S. No. Gene Gene Product/Function Accession No. Scaffold (%) (%) Predicted by
1. capl Hexosyltransferase homolog CU928145 12,132-13,220 100 99.63 VirulenceFinder v2.0
2. csgA Curlin major subunit CsgA CP069646 149,418-149,873 100 98.9 VirulenceFinder v2.0
3 csgB Mmo.r curlin subunit precursor curli nucleator NP 460114 1,179,022-1,179,477 99.78 83.81 VEDB

protein CsgB
4 csgD DNA-binding transcriptional regulator CsgD [curli NP_460113 1,180,231-1,180,881 100 8111 VEFDB

fibers/thin aggregative fimbriae
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Table 3. Cont.
. . Position in Coverage  Identity .

S. No. Gene Gene Product/Function Accession No. Scaffold (%) (%) Predicted by
5. csgF Curli production assembly/transport protein NP_460111 1,181,300-1,181,716 99.04 81.23 VFDB
6. csgG Curli production assembly/transport protein CsgG NP_460110 1,181,743-1,182,576 100 82.97 VFDB

23-dihydro-23-dihydroxybenzoate 371,791-372,537
7 entA dehydrogenase [Enterobactin (VF0228)] NP_752614 100 95.98 VEDB
entB Isochorismatase [Enterobactin (VF0228)] NP_752613 372,537-373,394 100 97.44 VFDB
entC Isochorismate synthase 1 [Enterobactin (VF0228)] NP_752611 375,028-376,215 100 97.56 VEDB
10. entD Phosphopa.mtethemyl transferase component of NP_752599 390,859-391,629 100 94.03 VFDB
enterobactin synthase multienzyme complex
11. entE 23—d1hyd1ro.xybenzoate—AM'lj ligase component of NP_752612 373,408-375,018 100 959 VFDB
enterobactin synthase multienzyme complex
1. entF Enterobactin synthase multienzyme complex NP_752604 383,078-386,931 99.28 95.61 VEDB
component ATP-dependent
13. entS Enterobactin exporter iron- NP_752609 377,538-378,788 100 95.52 VFDB
14. espL1 Type III secretion system effector espL1 NP_288154 2,216,858-2,218,756 100 94.79 VFDB
15. espR1 Type 111 secretion system effector espR1 NP_287686 781,474-782,529 83.81 94.13 VFDB
16. espX1 Type 111 secretion system effector EspX1 NP_285716 1,812,054-1,813,475 100 94.44 VFDB
17. espX5 Type 11l secretion system effector EspX5 NP_290699 120,043-121,335 100 95.59 VFDB
18. fdeC Adhesin FdeC YP_002390132 2,543,928-2,548,169 99.76 92.35 VFDB
19. fepA Ferrienterobactin outer membrane transporter NP_752600 388,594-390,834 100 96.79 VFDB
20. fepB Ffern'enteroba(.:tm ABC transporter periplasmic NP_752610 376,578-377,534 100 9798 VEFDB
binding protein
21. fepC Ferrienterobactin ABC transporter ATPase NP_752606 380,889-381,704 100 96.94 VFDB
22. ferD Ferrienterobactin ABC transporter permease NP_752608 378,887-379,903 100 95.67 VFDB
23. ferG Iron-enterobactin ABC transporter permease NP_752607 379,900-380,892 100 94.56 VFDB
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Table 3. Cont.
S. No. Gene Gene Product/Function Accession No. Pgitfi;)or;;n Co:';or)age Id:::/:)t)ity Predicted by
24. fes Enterobactin/ferric enterobactin esterase NP_752602 387,149-388,351 100 96.76 VFDB
25. gspC General secretion pathway protein C YP_404599 3,443,383-3,444,213 100 95.07 VFDB
26. gspD General secretion pathway protein D YP_404600 3,444,453-3,446,303 100 97.3 VFDB
27. gspE General secretion pathway protein E YP_404601 3,446,303-3,447,796 100 96.25 VFDB
28. gspF General secretion pathway protein F YP_404602 3,447,796-3,448,995 100 96.33 VFDB
29. gspG General secretion pathway protein G YP_404603 3,449,036-3,449,491 100 95.61 VFDB
30. gspH General secretion pathway protein H YP_404604 3,449,528-3,450,058 100 95.86 VFDB
31. gspl General secretion pathway protein I YP_404605 3,450,055-3,450,426 100 95.16 VFDB
32. gsp] General secretion pathway protein J YP_404606 3,450,459-3,451,028 100 96.49 VFDB
33. gspK General secretion pathway protein K YP_404607 3,451,025-3,452,002 100 96.11 VFDB
34. gspL General secretion pathway protein L YP_404608 3,452,317-3,453,177 100 97.56 VFDB
35. gspM General secretion pathway protein M YP_404609 3,453,293-3,453,715 100 94.09 VFDB
36. hlyE Avian E. coli haemolysin ECU57430 39,018-39,935 100 99.13 VirulenceFinder v2.0
37. IpfA Long polar fimbriae KC207123 29,904-30,476 100 100 VirulenceFinder v2.0
38. neuC Polysialic acid capsule biosynthesis protein NZ_NJSA01000011 38,723-39,886 100 100 VirulenceFinder v2.0
39. nlpl Lipoprotein NlpI precursor CP000243 40,998-41,882 100 99.77 VirulenceFinder v2.0
40. ompA Outer membrane protein A AAF37887 1,252,095-1,253,147 100 94.3 VFDB
41. terC Tellurium ion resistance protein CP007491 94,086-94,799 100 100 VirulenceFinder v2.0
42. yagV/ecpE  E. coli common pilus chaperone EcpE NP_286006 2,534,645-2,535,398 99.74 96.68 VFDB
43. yagW/ecpD Polymerized tip adhesin of ECP fibers NP_286007 2,535,322-2,536,965 100 98.6 VFDB
44. yagX/ecpC E. coli common pilus usher EcpC NP_286008 2,536,955-2,539,480 100 98.65 VFDB
45. yagY/ecpB  E. coli common pilus chaperone EcpB NP_286009 2,539,506-2,540,174 100 98.66 VFDB
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Table 3. Cont.
. . Position in Coverage  Identity .
S. No. Gene Gene Product/Function Accession No. Scaffold (%) (%) Predicted by
46. yagZ/ecpA  E. coli common pilus structural subunit EcpA NP_286010 2,540,232-2,540,819 100 99.32 VFDB
47.  yehA Outer membrane lipoprotein, YHD CP042934 151,133-152,165 99.71 98.06  VirulenceFinder v2.0
fimbriael cluster
48. yehB Usher, YHD fimbriael cluster CP042934 152,181-154,661 100 97.86 VirulenceFinder v2.0
49. yehC Chaperone, YHD fimbriael cluster CP042934 154,677-155,351 100 98.52 VirulenceFinder v2.0
50. yehD Major pilin subunit, YHD fimbriael cluster CP042934 155,432-155,974 100 98.71 VirulenceFinder v2.0
Table 4. Supportive characteristics of draft genome of E. coli strain CUK-76 in relation to transposable elements, insertion sequences, and prophage sequences (Virus
orthologous group, VOGs).
Category Genetic Elements Accession No./Description

Insertion sequences (IS)

15100, IS100kyp, IS100L, IS100X, 151203, IS1203E, IS1230B, IS1A, IS1D, IS1F, IS1G,
IS1H, ISIR, IS1S, IS1SD, IS1 x 1, 1S1 x 2,1S1 x 3, IS1 x 4, 1S21, 1S3, 1S30, IS30D,
IS30H, 153411, IS3F, IS3H, IS5, IS5B, IS5D, 15609, 15629, 15630, 1S640, 15682, 15911,

ISAcspl, ISArsp6, ISAs26, ISBrsal, ISEall, ISEc1, ISEc16, ISEc17, ISEc23, ISEc25,
ISEc26, ISEc33, ISEc38, ISEc41, ISEc43, ISEc44, ISEc47, ISEc5, ISEc52, ISEc62,
ISEc97, ISEhel, ISEic2, ISEsp1, ISKox1, ISKpn14, ISKpn26, ISKpn33, ISKpn41,
ISKpn47, ISKpn69, ISLad1, ISPa26, ISPa38, ISPa40, ISPa41, ISPa52, ISPeat2,
ISPsy2, ISRor6, ISSbal4, ISSen14, ISSen3, ISSen6, ISSen§, ISSen9, ISShdy4,
ISShes11, ISSlo2, ISSmal8, ISSma5, ISSma?, ISSma9, ISSpu2, ISStes1, ISSty2,
ISYrul, MITEEc1, MITESen1, and MITEYpel

The detailed characteristics of insertion

sequences are provided in Supplementary

Table S2

Transposable elements (transposons)

Tn4430,
Tnb5393,
TnAsl,
TnAs2,
TnAs3,
TnEcl1,
TnEc3,
TnShfrl

Transposons were predicted by ISFinder
and TnCentral. Their details are provided
in Supplementary Table S2.
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Table 4. Cont.

Category

Genetic Elements

Accession No./Description

Prophage sequences/ Virus orthologous
group (VOGs)

VOG0583, VOG0582, VOG4736, VOG5357, VOG4630, VOG0577, VOG0356,
VOG0221, VOG10343, VOG0574, VOG4691, VOG0573, VOG4645, VOG4565,
VOGO0765, VOG0569, VOG0568, VOG0567, VOG0764, VOG0566, VOG3897,
VOG4556, VOG8502, VOG4814, VOG2188, VOG0588, VOG4694, VOG0584,
VOG2187, VOG2186, VOG3379, VOG2215, VOG5628, VOG0275, VOG6627,
VOG6451, VOG6452, VOG6453, VOGO585, VOG0586, VOG0979, VOG0764,
VOG2217, VOG0614, VOG6912, VOG0237, VOG0571, VOG0572, VOG4550,
VOG9196, VOG0227, VOG0356, VOGO0577, VOG4630, VOG4545, VOG4736,
VOG0582, VOGO0583, VOG6520, VOG7686, VOG7437, VOGI667, VOG4573,
VOG6001, VOG3434, VOG1887, VOGO0838, VOG3327, VOG2791, VOG3328,
VOG6672, VOG2792

Belongs to family Myoviridae

VOG5994, VOG8647, VOG2124, VOG2341, VOG0251, VOG4693, VOG0298,
VOG5092, VOG4565, VOG3405, VOG8908, VOG7882, VOG4771, VOG0051,
VOG4361, VOGO0833, VOG4672, VOG4364, VOG4438, VOG0839, VOG0840,
VOG4563, VOG0842, VOG0843, VOG0847, VOG0848, VOGO765, VOG0299,
VOG4618, VOG0590, VOG0796, VOG6H488, VOG1518, VOG6152, VOG4598,
VOG0855, VOG10343

Belongs to family Siphoviridae
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Multidrug efflux pumps and other intrinsic resistance mechanisms are potentially
resistant to tetracycline, azithromycin, and imipenem. It is also possible that E. coli CUK-
76 may harbor previously uncharacterized resistance genes or novel gene variants that
are not listed in the current CARD and ResFinder database. Furthermore, the stringent
detection thresholds applied in the CARD and ResFinder databases for gene identification
may also lead to non-detection of those ARGs that are either highly divergent or have
truncated sequences. The dataset presented in this study provides a detailed genomic
elucidation of E. coli CUK-76 belonging to sequence type ST949 and harboring (3-lactamase-
encoding genes and other resistance determinants. Furthermore, the detection of virulence
determinants and a high pathogenicity score indicates its potential pathogenicity and
the possible prevalence of other multidrug-resistant bacteria in the wastewater of the
investigated geographical site. Our study has limitations as it is confined to a single
geographical location and lacks temporal and spatial replication. However, the findings
of this report warrant further studies on a larger set of bacterial isolates from a broader
geographical area to unravel the potential role of wastewater-inhabiting bacteria in the
dissemination of antibiotic resistance.

3. Methods
3.1. Sample Collection and Isolation of E. coli Strain CUK-76

E. coli CUK-76 was isolated from municipal wastewater in Solan (coordinates
30.925161° N, 76.795547° E), Himachal Pradesh, India. About 1 L of wastewater sample
was collected in sterile screw-capped polystyrene bottles and transported to the laboratory
in an insulated box for microbiological analysis [4]. About 1.0 mL of the sample was plated
on MacConkey agar (HiMedia Laboratories, Mumbai, India), incubated at 35-37 °C for 24 h,
and pure cultures were obtained as described earlier [5,6]. The strain was characterized by
the HiIMViC biochemical test kit (HiMedia Laboratories, Mumbai, India) and 16S rRNA
sequencing (GenBank accession PZ134701). The antibiotic susceptibility of E. coli CUK-76
was determined against different classes of antibiotics by the Kirby-Bauer disk diffusion
method in accordance with the standard guidelines of the Clinical Laboratory Standards
Institute [7] and Drieux et al. [8]. The results were interpreted as resistant, intermediate,
and susceptible according to CLSI breakpoints.

3.2. DNA Isolation, Genome Sequencing, Assembly, and Annotation

The bacterial isolate was grown in nutrient broth at 37 °C for 24 h, and its genomic
DNA was extracted using an Xploregen DNA extraction kit (Xploregen, Bengaluru, India).
The quantity of the extracted DNA was measured using a Qubit 3 fluorometer (Thermo
Fisher Scientific, Newark, DE, USA) to ensure sufficient concentration for sequencing [9].
For library preparation, 100 ng of genomic DNA was enzymatically fragmented to obtain
DNA fragments of approximately 200-300 bp in length. These fragments were then
subjected to end repair and 3’ adenylation. Loop adapters were ligated to the prepared
fragments, followed by cleavage using an uracil-specific excision reagent enzyme. The
adapter-ligated DNA was purified using AMPure beads and enriched through six cycles of
PCR amplification using NEBNext Ultra II Q5 master mix and Illumina-specific primers.
The final sequencing library was again quantified using the Qubit 3 fluorometer (Thermo
Fisher Scientific, DE, USA), and fragment size distribution was assessed using an Agilent
2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA, USA). The prepared libraries
were then sequenced on the Illumina Miseq system using 150 bp paired-end reads [6,9-11].

The quality of the raw sequencing reads was first evaluated using FastQC v0.12.1 [12].
High-quality reads were then assembled into a draft genome using Unicycler v0.5.1 [13].
Genome completeness was assessed using CheckM analysis v1.2.5 [14] and BUSCO
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v6.0.0 [15]. Genome coverage was estimated based on the sequencing reads relative to
the assembled genome using BBTools: BBNorm [16]. The generated contigs were further
arranged and oriented using the scaffolding tool Multi-CSAR v1.0 [17]. Genome annotation
was performed using the NCBI Prokaryotic Genome Annotation Pipeline (PGAP v6.10)
to identify coding sequences and other genomic features [18]. Antibiotic resistance genes
were predicted in the genome sequence using the Comprehensive Antibiotic Resistance
Database (CARD v4.0.1) [19] and ResFinder v4.7.2 [20]. Only “perfect hits” (100% identity
and coverage) and “strict hits” (>95% identity and >80-90% coverage) were considered
for analysis. The plasmid sequences and virulence determinants were predicted by Plas-
midFinder v2.0.1 [21] and VirulenceFinder v2.0 [22] and the Virulence Factor Database
(VFDB) [23], respectively. Mobile genetic elements (insertion sequences and transposable
elements) were detected using MGEfinder v1.0.3 [24], ISFinder [25], and TnCentral v2.0 [26]
databases. The sequence type of the strain was determined by MLST v2.0 [27], whereas the
pathogenic potential was determined by PathogenFinder v2.0.6 [28]. Subsystem categories,
gene functions, and metabolic networks were annotated by Rapid Annotation using Subsys-
tems Technology (RAST) annotation [29]. Prophage sequences or Viral Orthologous Groups
(VOGs) in the genome sequence were determined by the Phigaro database [30]. All analyses
with various databases were performed with default settings unless stated otherwise.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/data11080197/s1, Table S1: Antibiotic susceptibility profile of E.
coli strain CUK-76; Table S2: List of mobile genetic elements (insertion sequences and transposons)
predicted in the draft genome of E. coli strain CUK-76; Table S3: List of virulence genes and their
annotation characteristics predicted from the genome sequence of E. coli strain CUK-76.
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Abbreviations

The following abbreviations are used in this manuscript:

AMR  Antimicrobial resistance

MDR  Multidrug resistant

ARGs  Antibiotic resistance genes

WGS Whole genome sequencing

CDS Coding DNA Sequences

SRA Sequence Read Archive

CLSI Clinical Laboratory Standards Institute

CARD Comprehensive Antibiotic Resistance Database
RAST  Rapid Annotation using Subsystems Technology
RND Resistance-Nodulation-Cell Division

ABC ATP-binding Cassette

MFS Major Facilitator Superfamily
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