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ABSTRACT We characterized the complete genome of a lytic Dickeya chrysanthemi bacte-
riophage, DchS19, which was isolated from a soil sample in Sungai Petani, Kedah, Malaysia.
The phage, from the Autographviridae family, has a 39,149-bp double-stranded DNA ge-
nome containing 49 protein-coding genes and shares 94.65% average nucleotide identity
with Erwinia phage pEp_SNUABM_12.

Soft rot disease, which is caused by macergens such as Dickeya chrysanthemi, is a major
problem in agriculture, resulting in 15 to 30% of crop losses annually (1, 2). The current

control measures include metaphylactic application of antibiotics and pesticides that are
nonspecific against the pathogen, which results in disruption of natural commensals in the
environment (3). Through our study, we proved that phage therapy can be applied as a tar-
geted alternative (4). However, it is important to study the genome of the phage used for ther-
apy to ensure that it does not carry any deleterious genes such as genes related to lysogeny
and pathogenicity (5). In line with this, we successfully isolated and sequenced a Dickeya phage,
DchS19, from a soil sample obtained in the vicinity of soft rot-infected plants in Kedah, Malaysia
(5°41934.10N, 100°29936.10E). The complete genome sequence of the phage is reported here.

Phage DchS19 was isolated using the enrichment method with Dickeya chrysanthemi
ATCC 11663 as its host (6). Subsequently, the phage was enriched to a high titer using
the double-overlay agar technique (7). Phage morphology was then visualized using 1%
(wt/vol) uranyl acetate and observed under a transmission electron microscope at 40 kV
(Fig. 1). The phage possesses an isometric head (diameter, 49.336 2.3 nm) and a cone-shaped
tail stub (length, 20 nm).

Phage DchS19 DNA was extracted using the phenol-chloroformmethod (8) and quantified
with a Qubit fluorometer. The total DNA was subjected to processing with a Nextera DNA
Flex library preparation kit and sequenced using the Illumina MiSeq platform, which yielded
251,912 reads with 300-bp paired-end sequences. Raw reads were assessed using FastQC
v0.11.9 (9) and then trimmed using Trimmomatic v0.39 with the following parameters:
SLIDINGWINDOW:4:20, HEADCROP:10, CROP:30 (10). Following this, a total of 100,000 quality-
controlled reads were subsampled using seqtk (11), and the genome was assembled using
Unicycler v0.4.8 with default settings (12). The length of the assembled genome was 39,149
bp, with a GC content of 51.34%. Assembly evaluation using Bowtie2 v2.4.4 (13) revealed that
a total of 98.10% reads mapped back to the genome, with an average coverage of 111�.
PhageLeads (14) analysis showed that DchS19 is a lytic phage, with no lysogenic factors or
antibiotic resistance genes in the genome.

The annotation of the assembled genome was performed using Prokka v1.12 (15), which
predicted the presence of 49 protein-coding genes; 22 had putative functions and 27 were
hypothetical proteins, with no tRNAs. Further analysis indicated that the phage had ,95%
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average nucleotide identity (ANI) with all other phages reported in the NCBI nucleotide data-
base, suggesting that the phage is a new species (16). In accordance with the International
Committee on Taxonomy of Viruses (ICTV) and genome-based classification, the phage
belongs to the genus Ningirsuvirus, in the order Caudovirales and the family Autographviridae.

Data availability. The complete genome of phage DchS19 has been deposited in
the GenBank database under the accession number ON287378. The associated BioProject,
SRA, and BioSample accession number are PRJNA809096, SRR18094404, and SAMN26142374,
respectively.
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FIG 1 Transmission electron microscopic image of phage DchS19.
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