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Abstract
In this study, we isolated a novel virulent Escherichia phage, SRT7. Its genome is a double-stranded linear DNA molecule 
containing 39,883 bp. Direct terminal repeats with a length of 175 bp, are present at both ends of the genome. The G+C 
content is 50.54%. Forty-seven putative protein coding genes were identified. No tRNA or rRNA genes were identified. 
Comparative genomic analysis revealed that phage SRT7 is a novel member of the T7-like phage cluster, but it forms a 
singleton subcluster.

Bacteriophages, discovered by Frederick W. Twort in 1915 
and Félix d’Hérelle in 1917, are a group of viruses that infect 
bacteria. They are the most numerous organisms on Earth, 
and there are estimated to be about 1031 bacteriophages in 
the world [1]. Some scientists consider phages to be the dark 
matter of the biosphere [2]. Our understanding about the 
origin, evolution, and relationships of different phages is 
still limited. Comparative genomic analysis of novel phages 
is considered one of the key approaches to investigating the 
origin, evolution, and diversity of phages [2]. As a model 
microorganism, Escherichia coli is one of the most stud-
ied bacteria in molecular biology and microbiology. Fur-
thermore, it only needs to acquire certain genetic elements 
to become a pathogen that it can cause diseases that affect 
animals and humans [3]. Compared to what is known about 
E. coli itself, there is relatively little information on Escher-
ichia phages. One of the best characterized Escherichia 
phages is T7. T7-like phages are viruses that infect E. coli 
and some other enteric bacteria. The evolutionary process 

of T7-like phages is still a mystery. Isolation, sequencing, 
and genomic analysis of novel T7-like phages can help not 
only in understanding their evolution but also in improving 
Escherichia phage therapy.

In this study, using E. coli BL21 as the host organism, 
Escherichia phage SRT7 was isolated from a soil sam-
ple collected from a refuse dump (36°62′N, 116°96′E) of 
the University of Jinan, China. Using a standard protocol 
[4], phage particles were purified from bacterial lysates 
with 2.5 M NaCl and 20% PEG 8000. Using a previously 
described method [5], genomic DNA was extracted from the 
purified phage particles. The whole genome was sequenced 
at the Realbio Genomics Institute (Shanghai, China), using 
the Illumina HiSeq PE150 platform. Complete genome 
sequences were assembled using CLC genomics work-
bench 11 (Aarhus, Denmark). Direct terminal repeats were 
found at both ends of phage SRT7 genome. Both repeats are 
175 bp in length. The genome of SRT7 is a 39,883-bp linear 
dsDNA molecule. Coding sequences were identified using 
Glimmer v3.02 [6]. The functions of the encoded proteins 
were predicted by screening against the Non-Redundant Pro-
tein Database [7] using blastp [8]. The presence of tRNA 
and rRNA genes was detected by tRNAscan-SE [9] and 
RNAmmer [10], respectively. The NCBI Blastn tool was 
used for comparative genomic analysis of SRT7 and T7-like 
phages, and this was followed by clicking on the “Distance 
tree of results” link. A genome-wide phylogenetic tree of 
171 T7-like phages and SRT7 was constructed using the 
neighbor-joining method [11]. A sequence comparison of 
the SRT7 with T7 genomes was made using Easyfig v2.2.3 
[12].
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Escherichia phage SRT7 formed clear plaques with a 
diameter of about 1 cm. The results indicated that phage 
SRT7 is a virulent phage. Its genome is a double-stranded 
linear DNA molecule containing 39,883 bp. Direct terminal 
repeats of 175 bp are present at both ends of genome. The 
G+C content is 50.54%. No tRNA and rRNA genes were 
identified. The genome contains 47 putative protein coding 
genes. Forty of these proteins showed sequence similarity 
to other phage proteins, 27 of which could be assigned a 
function based on blastp (Table S1).

The functional proteins were classified into three 
modules, namely, a host lysis module, a phage structure 
and packaging module, and a DNA metabolism module 
(Fig. 1). The host lysis module was restricted to gp2, gp4 
and gp29, whose protein products had sequence similarity 
to endopeptidase of Escherichia phage T3, lysis protein 
of Escherichia phage T7, and lysozyme of Erwinia phage 
vB_EamP-L1, respectively. The phage structure and pack-
aging module had thirteen genes, gp1, gp3, gp5, gp6, gp7, 
gp8, gp9, gp10, gp11, gp13, gp14, gp15, and gp16, which 
encode DNA maturation protein, DNA packaging protein 
A, tail fiber protein, internal virion protein D, internal 
virion protein C, internal virion protein B, internal virion 
protein A, tail tubular protein B, tail tubular protein A, 
major capsid protein, capsid assembly protein, head-to-tail 
joining protein, and host range protein, respectively. The 
DNA metabolism module consists of nine genes, namely, 
gp20, gp24, gp28, gp31, gp32, gp33, gp36, gp40, and 
gp41, which code for exodeoxyribonuclease, DNA poly-
merase, primase/helicase protein, endonuclease I, single-
stranded DNA-binding protein, bacterial RNA polymerase 
inhibitor, ATP-dependent DNA ligase, and DNA-directed 
RNA polymerase, respectively. In addition, a protein 
kinase (encoded by gp42) with sequence similarity (44% 
identity) to protein kinase Gp 0.7 of Escherichia phage T7 

was identified. As a host shutoff protein, the protein kinase 
can target various components of translation and transcrip-
tion [13, 14] and plays an important role in the process 
of phage-host interaction. Gp47 has been annotated as an 
S-adenosyl-L-methionine hydrolase.

Many other T7-like phages have been isolated previously 
[15]. In a NCBI ‘blastn’ comparison, the genome sequences 
of 171 phages, including Yersinia phage vB_Ye nP_AP10, 
which is the most closely related to SRT7 (coverage, 53%; 
identity, 71%), and Escherichia phage T7 (coverage, 47%; 
identity, 74%), showed nucleotide sequence similarity to 
SRT7, indicating that phage SRT7 belongs to the T7-like 
phage cluster. The species demarcation criterion for phage 
is set at 95% identity at the nucleotide level [16], indicating 
that Escherichia phage SRT7 is a novel phage. Comparative 
genomic analysis also shows that there are differences in the 
gene arrangement of SRT7 and T7 [17] (Fig. 1). In 2014, 
Julianne H. Grose and Sherwood R. Casjens carried out a 
genomic comparison of tailed phages that infect Enterobac-
teriaceae hosts [18]. The T7-like phage cluster was divided 
into twelve subclusters (phages of eight subclusters, A, B, C, 
D, E, F, G and H, can infect Enterobacteriaceae hosts and 
four subclusters that infect hosts outside the family Entero-
bacteriaceae). The genome-wide phylogenetic tree of 171 
phages and SRT7 showed that SRT7 does not belong to any 
of the existing T7-like subclusters (Fig. 2). The results show 
that SRT7 is a novel phage and forms a novel singleton sub-
cluster of the T7-like cluster.

Nucleotide sequence accession number  The Gen-
Bank accession number for Escherichia phage SRT7 is 
MH370477.

Fig. 1   Functional gene map and comparative genomic analysis of 
Escherichia phages SRT7 and T7. The red arrows represents the host 
lysis module; blue arrows represent the phage structure and packag-
ing module; green arrows represent the DNA metabolism module; 
black arrows represent genes that cannot be classified into the three 

functional modules; gray arrows represent genes without similarity to 
sequences in the Non-Redundant Protein Database. Conserved genes 
of phage T7 are arranged in three gene clusters (class I, class II, and 
class III). Red shading indicates that the DNA fragments are highly 
homologous
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Fig. 2   Phylogenetic tree of 
SRT7 and 171 phages that have 
nucleotide sequence similarity 
to the SRT7 genome. T7-like 
I-subcluster phages can infect 
Vibrio; T7-like J-subcluster 
phages can infect Pseudomonas; 
T7-like K-subcluster phages 
can infect Ralstonia; phages of 
subclusters A, B, C, D, E, F, G 
and H can infect Enterobacte-
riaceae hosts
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