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Abstract

Bacteriophage Spink was isolated using host bacterium Gordonia terrae 3612. Spink's host range was investigated across
six other bacterial strains; however, its host range appeared restricted to G. terrae, as all expansion host pairings resulted
in killing from without (KFW) or no infection (NI). Spink displays a siphovirus morphotype and possesses a 49,479 bp
genome. Based on gene content similarity, Spink is assigned to cluster CV. Putative functions were assigned to 39 of 78
genes. Like most CV phages, Spink is temperate and encodes several host interaction genes, including a tyrosine
integrase, immunity repressor, and a RelE-RelB toxin-antitoxin pair.
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Figure 1. Spink Isolation, Visualization, and Host Range Investigation Data:

LAC Host

NI

NI

NI

Figure 1 — (A) Spink Virion Morphology — Transmission electron micrograph (TEM) of Gordonia phage Spink. Phage
lysate was negatively stained with 1% uranyl acetate and viewed using a Tecnai F20 TEM, with image taken at 80 kV and
80,000% magnification on a Gatan Eagle camera. Scale bar: 100 nm. (B) Turbid plaques formed by bacteriophage Spink
on a lawn of Gordonia terrae 3612 during its initial isolation from soil collected in Arkadelphia, Arkansas in 2017. (C)
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Representative turbid plaque formed by bacteriophage Spink on Gordonia strain CAG3 (Isolation Host), demonstrating
productive infection. (D) Plate showing killing from without (KFW) activity of bacteriophage Spink when applied to the
RUBY host strain. Clearing of the bacterial lawn is observed without the formation of discrete plaques, indicating high-
titer phage-mediated lysis rather than productive infection.

Table 1 — Average plaque-forming units per milliliter (pfu/mL) of Spink on different Gordonia host strains across three
rounds of isolation. NI = no infection observed; KFW = killing from without.

Description

Bacteriophage Spink was isolated in 2017 from soil in Arkadelphia, Arkansas (GPS: 34.1258° N, 93.0532° W), using
standard protocols for enriched isolation as described (Poxleitner et al., n.d.). Soil samples were washed in peptone-yeast
extract-calcium (PYCa) liquid medium for two hours at 30°C with shaking to suspend phage particles. The suspension
was then filtered through a 0.22 pm filter. The filtrate was then inoculated with Gordonia terrae and incubated at 30°C
with shaking for three or four days before being filtered and plated. Phage Spink went through three rounds of plaque
purification. Phage replication produced turbid plaques with a diameter of 1 mm. Viewed by negative-stain TEM, phage
Spink showed a siphovirus morphotype. Capsid diameter and tail length were measured with ImageJ v1.53k (Schneider et
al., 2012) and revealed a capsid diameter of 60.2 + 0.8 nm and tail length of 285 + 3 nm.

The host range of phage Spink was investigated by performing spot titers of the phage on the following Gordonia species:
G. rubripertincta (NRRL B-16540 SEA), Gordonia lacunae (NRRL B-24551 SEA), Gordonia aichiensis (NRRL B-
16934), Gordonia amarae (NRRL B-18176), Gordonia neofelifaecis (NRRL B-59395), and Gordonia sputi (NRRL B-
16936). Spink showed a productive infection only on G. terrae (Fig. 1).

Genomic DNA was extracted from the phage lysate using the Promega Wizard DNA cleanup kit. Sequencing of Spink
DNA was performed on an Oxford Nanopore Technologies MinION platform using a FLO-MIN106 flow cell. The library
was prepared using the SQK-LSK109 ligation sequencing kit according to the manufacturer's specifications. Sequencing
produced 2,750 reads and 16.39 Mb of data over five hours. Basecalling of the raw FAST5 files was performed using
Guppy v6.5.7 (Wick et al., 2019) with default parameters for FLO-MIN106 and SQK-LSK109. The reads were then
filtered using Filtlong v2.0 (Wick, 2017) with the following parameters: mean quality weight of 30, minimum read length
of 2,000 bp, and target bases of 5,000,000. This resulted in 1,537 filtered reads totaling 13,221,164 bases.

The filtered reads were then assembled to a genome length of 49,479 bp (~267x coverage) using Flye v2.8.3 (Kolmogorov
et al., 2019) with the following parameters: --nano-raw, 100 kb estimated genome size, 1,000 bp minimum overlap, four
threads, and haplotype retention enabled. The assembly was followed by polishing via Medaka v2.0.1 (Oxford Nanopore
Technologies, 2022). The genome's GC content of 67.4% is similar to its isolation host Gordonia terrae 3612 (67.8%)
(Russell et al., 2016).

The Spink genome was auto-annotated using Glimmer v3.02 (Delcher et al., 2007) and GeneMark v2.5 (Besemer et al.,
2005). It was then refined through manual annotation with DNA Master v5.23.6 (Lawrence, 2007), PECAAN v20241104
(Rinehart et al., 2024), BLAST (Camacho et al., 2009), DeepTMHMM v1.0.24 (Hallgren et al., 2022), and HHpred
(Soding et al., 2005). Databases accessed by these programs include the following: BLAST used the Actinobacteriophage
database (Russell and Hatfull, 2017) and the NCBI non-redundant database; HHpred used PDB_mmCIF70 and Pfam v36;
and the NCBI Conserved Domain Database v3.20. Aragorn v1.2.41 (Laslett, 2004) detected no tRNA genes. All software
was used with default parameters.

Throughout annotation, functions were assigned to 39 of 78 annotated genes in the 49,479 bp genome. The majority of
genes are transcribed rightward, with ten leftward-transcribed genes located from genes 33 to 44. As with all cluster CV
phages, Spink encodes an immunity repressor and a tyrosine integrase, suggesting Spink is able to establish lysogeny.
Spink also encodes a RelE-like toxin and RelB-like antitoxin adjacent to its tyrosine integrase gene. Spink was found to
encode six minor tail proteins along with three membrane proteins of unknown function containing two or more
membrane regions.

Nucleotide Sequence Accession Numbers

Sequence data of phage Spink are available under SRA accession SRX28895214, BioProject PRINA1240829, and
BioSample SAMN48363775.

Acknowledgements: We would like to thank Dr. Han Tan for genome assembly and Dr. Elizabeth Padilla-Crespo for
sequencing. We also thank Kayla Brown, Katlin Jacobs, and Jordan Ford for isolating the phage and Jeffrey A
Kamykowski at Digital Microscopy Core for visualization.

References

Besemer J, Borodovsky M. 2005. GeneMark: web software for gene finding in prokaryotes, eukaryotes and viruses.
Nucleic Acids Research 33: W451-W454. DOI: 10.1093/nar/gki487



https://www.ncbi.nlm.nih.gov/sra/SRX28895214[accn]
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA1240829
https://www.ncbi.nlm.nih.gov/biosample/SAMN48363775
https://doi.org/10.1093/nar/gki487

microPublication
BIOLOGY
6/1/2026 - Open Access

Camacho C, Coulouris G, Avagyan V, Ma N, Papadopoulos J, Bealer K, Madden TL. 2009. BLAST+: architecture and
applications. BMC Bioinformatics 10: 421. PubMed ID: 20003500

Delcher AL, Bratke KA, Powers EC, Salzberg SL. 2007. Identifying bacterial genes and endosymbiont DNA with
Glimmer. Bioinformatics 23: 673-679. DOI: 10.1093/bioinformatics/btm009

Hallgren J, Tsirigos KD, Pedersen MD, Almagro Armenteros JJ, Marcatili P, Nielsen H, Krogh A, Winther O. 2022.
DeepTMHMM predicts alpha and beta transmembrane proteins using deep neural networks. bioRxiv.
10.1101/2022.04.08.487609 DOI: 10.1101/2022.04.08.487609

Kolmogorov M, Yuan J, Lin Y, Pevzner PA. 2019. Assembly of long, error-prone reads using repeat graphs. Nat
Biotechnol 37(5): 540-546. PubMed ID: 30936562

Laslett D. 2004. ARAGORN, a program to detect tRNA genes and tmRNA genes in nucleotide sequences. Nucleic Acids
Research 32: 11-16. DOI: 10.1093/nar/gkh152

Lawrence JG. 2007. DNA Master. http://cobamide2.bio.pitt.edu/computer.htm.

Oxford Nanopore Technologies. 2022. Medaka: sequence correction provided by ONT Research. GitHub.
https://github.com/nanoporetech/medaka.

Poxleitner M, Pope W, Jacobs-Sera D, Sivanathan V, Hatfull G. n.d. The Science Education Alliance-Phage Hunters
Advancing Genomics and Evolutionary Science. Gonzaga University, University of Pittsburgh, Howard Hughes Medical
Institute. https://seaphages.org.

Rinehart CA, Gaffney B, Smith J, Wood JD. 2024. PECAAN: Phage Evidence Collection and Annotation Network.
Western Kentucky University. http://discover.kbrinsgd.org

Russell DA, Guerrero Bustamante CA, Garlena RA, Hatfull GF. 2016. Complete Genome Sequence of Gordonia terrae
3612. Genome Announc 4(5): 10.1128/genomeA.01058-16. PubMed ID: 27688316

Russell DA, Hatfull GF. 2017. PhagesDB: the actinobacteriophage database. Bioinformatics 33: 784-786. DOI:
10.1093/bioinformatics/btw711

Schneider CA, Rasband WS, Eliceiri KW. 2012. NIH Image to ImageJ: 25 years of image analysis. Nature Methods 9:
671-675. DOI: 10.1038/nmeth.2089

Soding J, Biegert A, Lupas AN. 2005. The HHpred interactive server for protein homology detection and structure
prediction. Nucleic Acids Research 33: W244-W248. DOI: 10.1093/nar/gki408

Wick R. 2017. Filtlong: quality filtering tool for long reads. GitHub. https://github.com/rrwick/Filtlong.

Wick RR, Judd LM, Holt KE. 2019. Performance of neural network basecalling tools for Oxford Nanopore sequencing.
Genome Biol 20(1): 129. PubMed ID: 31234903

Funding: This project was supported by an NSF DBI Biology Integration Institute (BII) grant (award no. 2119968; PI-
Ruben M. Ceballos, Co-PI Han Tan). Publication and review support was funded by the Cell Biology Education
Consortium (CBEC): Path to Publication (Award ID #2316122) through the National Science Foundation
(NSF). Supported by U.S. National Science Foundation (United States) 2316122 to Nathan Reyna, Lori Hensley, and
Kristen Johnson.

Conflicts of Interest: The authors declare no conflict of interest.

Author Contributions: Ethan Smith: investigation, project administration, data curation, writing - original draft, writing -
review editing. Ailanys E. Cordero-Morales: data curation, writing - original draft. Elizabeth Padilla-Crespo: resources.
Ek Han Tan: software, resources. Nathan Reyna: funding acquisition. Ruth Plymale: conceptualization, project
administration, methodology, writing - review editing.

Reviewed By: Anonymous

History: Received March 24, 2026 Revision Received June 1, 2026 Accepted June 1, 2026 Published Online June 1,
2026 Indexed June 15, 2026

Copyright: © 2026 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Smith E, Cordero-Morales AE, Padilla-Crespo E, Tan EH, Reyna N, Plymale R. 2026. Genome Sequence and
Host Range Investigation of Cluster CV Phage Spink. microPublication Biology. 10.17912/micropub.biology.002116



https://www.ncbi.nlm.nih.gov/pubmed/20003500
https://doi.org/10.1093/bioinformatics/btm009
https://doi.org/10.1101/2022.04.08.487609
https://www.ncbi.nlm.nih.gov/pubmed/30936562
https://doi.org/10.1093/nar/gkh152
https://www.ncbi.nlm.nih.gov/pubmed/27688316
https://doi.org/10.1093/bioinformatics/btw711
https://doi.org/10.1038/nmeth.2089
https://doi.org/10.1093/nar/gki408
https://www.ncbi.nlm.nih.gov/pubmed/31234903
https://doi.org/10.17912/micropub.biology.002116

