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Abstract 13 

In this study, we present the complete, annotated genome of a new member of the 14 

Tequatrovirus (T4-like) genus, Escherichia phage vB_EcoM_C2-3. This phage has an 15 

isometric head (92 nm in diameter) and a contractile tail (114 nm in length). Its genome 16 

consists of a linear, double-stranded DNA of 167,069 bp with an average G+C content of 17 

35.3%. There are 267 predicted genes, of which 125 encode functional proteins, including 18 

those for DNA replication, transcription and packaging, phage morphogenesis and cell 19 

lysis. Neither genes involved in the regulation of lysogeny nor antibiotic resistance genes 20 

were identified. Based on our results, its genomic features provide valuable insights into 21 

the use of a potential biocontrol agent, as Escherichia phage vB_EcoM_C2-3 exhibited 22 

lytic activity against E. coli, including multidrug-resistant strains. 23 
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Escherichia coli is a Gram-negative bacterium, which is a member of the normal 26 

microbiota of humans and animals. Although most E. coli strains are harmless, some 27 

strains are implicated in several diseases, including diarrhea, septicemia, and urinary tract 28 

infections (Bai et al., 2020; van Hoffen et al., 2021). These infections are usually treated 29 

with antibiotics but most strains are becoming increasingly resistant to them, thereby 30 

limiting the effectiveness of antibiotic therapy (Bunduki et al., 2021). 31 

Bacteriophages have shown their potential as alternative biocontrol agents to antibiotics 32 

(Chegini et al., 2021; González-Villalobos et al., 2021). Bacteriophages, or simply 33 

phages, are viruses that infect and frequently kill bacteria. In the framework of a previous 34 

study conducted on a local wastewater treatment plant, we isolated a phage exhibiting 35 

lytic activity against multi-drug resistant E. coli strains previously isolated from raw 36 

sewage samples, as well as against other reference strains of E. coli (e.g., ATCC 700078, 37 

BAA-2730, and HV1735). The aim of this study was therefore to describe its complete 38 

genome sequence and its taxonomic position. 39 

Escherichia phage vB_EcoM_C2-3 was isolated from a sewage sample by enriching with 40 

E. coli strain C2 previously adjusted to an OD600 of 0.2 (1.6 × 108 CFU ml-1) in tryptic 41 

soy broth and incubating at 37 °C overnight. The phage was then propagated three times 42 

to ensure purity following the process previously described (Kropinsky et al., 2009; 43 

González-Villalobos et al., 2021). E. coli strain C2 was chosen as a host because it 44 

exhibited resistance to several antimicrobial classes, including cephalosporins 45 

(cefotaxime), fluoroquinolones (ciprofloxacin), polymyxins (colistin), and sulfonamides 46 

(sulfamethoxazole), according to the criteria established by the Clinical and Laboratory 47 

Standards Institute (CLSI, 2016). Phage morphology was observed by transmission 48 

electron microscopy according to the previously described procedure (Wang et al., 2018), 49 

which revealed that Escherichia phage vB_EcoM_C2-3 has an isometric head of 92 nm 50 
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in diameter and possesses a contractile tail of 114 nm in length (Fig. 1). These features 51 

suggest that it belongs to the Myoviridae family. Subsequently, the phage lysate was 52 

treated with DNase I (Thermo Fisher Scientific, Waltham, MA) to remove cellular DNA 53 

and phage DNA was further purified by proteinase K treatment to digest capsid proteins, 54 

followed by a standard phenol-chloroform extraction and ethanol precipitation 55 

(Sambrook and Russell, 2006). After the purification process, the concentration of phage 56 

DNA was determined using the Qubit fluorometer (Thermo Fisher Scientific), and its 57 

quality was evaluated using agarose gel electrophoresis. The sequencing library was then 58 

prepared by random DNA fragmentation using Illumina TruSeq DNA PCR-free kit, 59 

followed by 5’ and 3’ adapter ligation. Approximately 20 million 2 × 150-bp paired-end 60 

reads were generated using the Illumina NovaSeq 6000 platform, according to the 61 

manufacturer’s instructions. The raw reads were subjected to FastQC for quality check, 62 

followed by sequence trimming using Trimmomatic with default settings (Bolger et al., 63 

2014). The resultant high-quality reads were assembled using SPAdes v3.15.3 64 

(Bankevich et al., 2012), and open reading frames (ORFs) were predicted using Prokka 65 

v1.14.5 (Seemann, 2014) and PHASTER (Arndt et al., 2016). The predicted ORFs were 66 

subjected to a homology search using the NCBI protein BLAST server 67 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi). The phage packaging mechanisms and genome 68 

termini were predicted using PhageTerm (Garneau et al., 2017). Moreover, the presence 69 

of tRNAs was determined using the tRNAscan-SE search server (Lowe and Chan, 2016), 70 

whereas antibiotic resistance genes were examined on the ResFinder 4.1 database 71 

(Zankari et al., 2012). A map of the phage genome was generated using CGview server 72 

(Petkau et al., 2010), and genomic comparison with closely related phages was performed 73 

using the Easyfig software (Sullivan et al., 2011).  74 
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The complete genome sequence of Escherichia phage vB_EcoM_C2-3 was deposited in 75 

the GenBank database under the accession number OK076929. The genome of this phage 76 

consists of a linear, double-stranded DNA of 167,069 bp with an average G+C content of 77 

35.3%, which is much lower than that of its host E. coli (50.6%). The genome was 78 

scanned for ORFs of 100 bp or longer, and the search resulted in 267 predicted genes with 79 

an average length of 588 bp, which occupy 93.9% of its genome (Fig. 2). No unique 80 

proteins were detected, and it was possible to predict a function for 125 ORFs. The 81 

functionally predicted gene products were grouped into three modules: DNA replication 82 

and transcription, DNA packaging and phage morphogenesis, and cell lysis (Fig. 3). 83 

Moreover, we identified eleven tRNA genes, namely: tRNA-Arg, tRNA-Asn, tRNA-Gln, 84 

tRNA-Gly, tRNA-His, tRNA-Leu, tRNA-Met, tRNA-Pro, tRNA-Ser, tRNA-Thr, tRNA-85 

Tyr. Despite these tRNA genes may both facilitate phage integration and contribute to 86 

higher virulence (Miller et al., 2003; Bailly-Bechet et al., 2007), the reasons why some 87 

phages contain tRNAs still remain unknown. Genome analysis also revealed that this 88 

phage is virulent and does not encode any genes associated with lysogeny, as well as any 89 

genes encoding antibiotic resistance. PhageTerm predicted that Escherichia phage 90 

vB_EcoM_C2-3 uses a headful packaging mechanism without either a preferred pac site 91 

or terminal cohesive ends. 92 

Homology searches revealed that Escherichia phage vB_EcoM_C2-3 is a new member 93 

of the Tequatrovirus (T4-like) genus, with 97.7% sequence identity over 97.0% coverage 94 

of the Escherichia phage D5505 (GenBank accession number MK327929.1), under the 95 

Tevenvirinae subfamily within the Myoviridae family. Escherichia phage vB_EcoM_C2-96 

3 also shared 97.2 and 94.5% sequence identity over 96.0 and 88.0% coverage of 97 

Escherichia phage vB_EcoM_JB75 (GenBank accession number MH355584.1) and 98 

Escherichia phage T4 (GenBank accession number AF158101.6), respectively. Although 99 
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most predicted genes of Escherichia phage vB_EcoM_C2-3 were highly similar to those 100 

described from the Tequatrovirus genus, marked differences in amino acid composition 101 

were observed in some genes encoding DNA replication and transcription proteins (Fig. 102 

3). It is worth noting that four genes were predicted to be involved in the lysis of host 103 

bacteria. Among them, an endolysin which degrades cell wall peptidoglycan, an holin 104 

that permeabilizes the cell membrane, and two spanins that contributes to breaking the 105 

outer membrane (Catalão et al., 2013). An antiholin gene was also detected, which 106 

contributes to the timing of host lysis by inhibiting the holin (Tran et al., 2007).  107 

Taken together, our findings demonstrate that Escherichia phage vB_EcoM_C2-3 is a 108 

new member of T4-like phages isolated from urban sewage. Although additional studies 109 

are needed, the genomic features provide valuable insights into the use of a potential 110 

biocontrol agent against multi-drug resistant E. coli strains. 111 
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Figure captions 213 
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Fig. 1. Transmission electron micrograph of Escherichia phage vB_EcoM_C2-3. The 214 

scale bar represents 100 nm. 215 

Fig. 2. Genomic map of Escherichia phage vB_EcoM_C2-3. Predicted coding regions 216 

are shown by arrows indicating the direction of transcription. The black circle represents 217 

the G+C content. 218 

Fig. 3. Comparative genomic maps of Escherichia phage vB_EcoM_C2-3 and the closely 219 

related phages. Colored arrows indicate open reading frames (ORFs) according to their 220 

predicted function. Homologous genomic regions between phages are indicated by purple 221 

shading. 222 
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