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ABSTRACT Phages Cassita and Fransoyer were isolated from soil in northwestern
Wisconsin using Microbacterium paraoxydans as the host. The genomes of Cassita and
Fransoyer are 61,868 bp and 62,277 bp, respectively, with direct terminal repeats. Both
phages exhibit siphoviral morphology and are predicted to have lytic life cycles.

Bacteriophages are the most abundant biological entities and represent a large reser-
voir of undiscovered genetic information (1). Analyzing the genomes of phages infect-

ing a single host genus, such as Microbacterium, can provide insights into viral evolution
and genetic diversity (2). Here, we report the genome sequences of two phages isolated
on Microbacterium paraoxydans strain NRRL B-14843. Phages Cassita and Fransoyer were
isolated from soil in northwestern Wisconsin (Table 1) using standard procedures (3).
Briefly, soil samples were washed with peptone-yeast extract-calcium (PYCa) medium, the
wash was collected by centrifugation and filtration (0.22-mm pore size), and the filtrate
was inoculated with Microbacterium paraoxydans. Following incubation with shaking for 2
days at 30°C, the culture was filtered, and the filtrate was plated in PYCa top agar with
Microbacterium paraoxydans, with three rounds of plaque purification. Both phages pro-
duced clear plaques of 1- to 2-mm diameter after 24 h at 30°C. Negative-staining transmis-
sion electron microscopy revealed that both phages have Siphoviridae morphology, with
isometric capsids and long, flexible tails (Fig. 1).

Double-stranded DNA was isolated from phage lysates using the Promega Wizard
DNA cleanup system, and sequencing libraries were prepared using the NEBNext Ultra
II DNA library preparation kit. Sequencing was performed using an Illumina MiSeq sys-
tem (v3 reagents), yielding 504,360 and 377,911 single-end 150-bp reads for Cassita
(1,220-fold genome coverage) and Fransoyer (906-fold coverage), respectively. Raw
reads were assembled using Newbler v2.9, and completeness was verified using Consed
v29.0 (4). Sequencing results are reported in Table 1. Both genomes have defined ends
with direct terminal repeats.

The genomes were annotated using DNA Master (http://cobamide2.bio.pitt.edu), PECAAN
(https://blog.kbrinsgd.org), Glimmer v3.02 (5), GeneMark v2.5 (6), Starterator v1.1 (http://
phages.wustl.edu/starterator), and Phamerator (7). Predicted gene functions were determined
using BLASTp v2.9 (8), HHpred (9), TMHMM2 (https://services.healthtech.dtu.dk/service.php
?TMHMM-2.0), and SOSUI (10), and tRNAs were identified using ARAGORN v1.2.38 (11) and
tRNAscan-SE v3.0 (12). Default settings were used for all programs. Annotation revealed 130
protein-coding genes and one tRNA gene in the Cassita genome and 101 protein-coding
genes in the Fransoyer genome. Both phages are predicted to have lytic life cycles, due to the
absence of genes associated with lysogeny.

Cassita was assigned to cluster GB and Fransoyer to cluster EG, based on gene con-
tent similarity (GCS) of $35% to phages in the Actinobacteriophage Database (13, 14).
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Cassita shares 63.5 to 68.5% GCS with the three other phages in cluster GB, all of which
were isolated on M. paraoxydans (14). We were able to assign putative functions for 35
of Cassita’s 130 genes. Twenty-four genes are unique, with no homologues in the data-
base. Fransoyer shares .85% GCS with the cluster EG phages isolated on M. paraoxy-
dans but ,65% GCS with cluster EG phages isolated on Microbacterium foliorum (14).
Some of the differences from M. foliorum phages are in genes predicted to encode
minor tail proteins, which may play a role in currently unexplored host ranges (15).
Fransoyer has four minor tail protein genes (genes 39 to 42), compared to three in the
M. foliorum phage OneinaGillian (GenBank accession number MH727556) (genes 36 to
38) (14). Fransoyer gene 39 also has a 993-bp insertion relative to the homologous
gene, OneinaGillian gene 36.

Data availability. For Cassita, the GenBank accession number is ON526969 and the
Sequence Read Archive (SRA) accession number is SRX14443489. For Fransoyer, the GenBank
accession number is ON645340 and the SRA accession number is SRX14443505.

ACKNOWLEDGMENTS
We thank Daniel Russell and Rebecca Garlena for sequencing and assembling the

genomes, Viknesh Sivanathan for feedback on the manuscript, and the Howard Hughes
Medical Institute Science Education Alliance-Phage Hunters Advancing Genomics and
Evolutionary Science (SEA-PHAGES) program and the University of Wisconsin-River Falls
Department of Biology for support.

Transmission electron microscopy was performed at the University of Minnesota
Characterization Facility.

REFERENCES
1. Hendrix RW. 2002. Bacteriophages: evolution of the majority. Theor Popul

Biol 61:471–480. https://doi.org/10.1006/tpbi.2002.1590.
2. Jacobs-Sera D, Abad LA, Alvey RM, Anders KR, Aull HG, Bhalla SS, Blumer

LS, Bollivar DW, Bonilla JA, Butela KA, Coomans RJ, Cresawn SG, D'Elia T,
Diaz A, Divens AM, Edgington NP, Frederick GD, Gainey MD, Garlena RA,
Grant KW, Gurney SMR, Hendrickson HL, Hughes LE, Kenna MA, Klyczek
KK, Kotturi H, Mavrich TN, McKinney AL, Merkhofer EC, Moberg Parker J,
Molloy SD, Monti DL, Pape-Zambito DA, Pollenz RS, Pope WH, Reyna NS,
Rinehart CA, Russell DA, Shaffer CD, Sivanathan V, Stoner TH, Stukey J,
Sunnen CN, Tolsma SS, Tsourkas PK, Wallen JR, Ware VC, Warner MH,
Washington JM, Westover KM, Whitefleet-Smith JL, Wiersma-Koch HI,
Williams DC, Zack KM, Hatfull GF. 2020. Genomic diversity of bacterio-
phages infecting Microbacterium spp. PLoS One 15:e0234636. https://doi
.org/10.1371/journal.pone.0234636.

3. Poxleitner M, PopeW, Jacobs-Sera D, Sivanathan V, Hatfull GF. 2018. HHMI SEA-
PHAGES phage discovery guide. Howard Hughes Medical Institute, Chevy
Chase, MD. https://seaphagesphagediscoveryguide.helpdocsonline.com/home.

4. Russell DA. 2018. Sequencing, assembling, and finishing complete bacte-
riophage genomes. Methods Mol Biol 1681:109–125. https://doi.org/10
.1007/978-1-4939-7343-9_9.

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

6. Besemer J, Borodovsky M. 2005. GeneMark: web software for gene finding
in prokaryotes, eukaryotes and viruses. Nucleic Acids Res 33:W451–W454.
https://doi.org/10.1093/nar/gki487.

7. Cresawn SG, Bogel M, Day N, Jacobs-Sera D, Hendrix RW, Hatfull GF.
2011. Phamerator: a bioinformatic tool for comparative bacterio-
phage genomics. BMC Bioinformatics 12:395. https://doi.org/10.1186/
1471-2105-12-395.

8. Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ. 1990. Basic local
alignment search tool. J Mol Biol 215:403–410. https://doi.org/10.1016/
S0022-2836(05)80360-2.

9. Söding J, Biegert A, Lupas AN. 2005. The HHpred interactive server for

FIG 1 Transmission electron micrographs of Cassita (A) and Fransoyer (B). High-titer lysates were placed
on Formvar-coated grids, negatively stained with 1% uranyl acetate (3), and imaged using a FEI Tecnai
Spirit BioTwin transmission electron microscope at 120 kV. Cassita has a head diameter of 62 nm and a
tail length of 167 nm (n = 1). Fransoyer has a capsid diameter of 60 to 62 nm and a tail length of 150
to 154 nm (n = 4).

Announcement Microbiology Resource Announcements

November 2022 Volume 11 Issue 11 10.1128/mra.00885-22 3

https://www.ncbi.nlm.nih.gov/nuccore/MH727556
https://www.ncbi.nlm.nih.gov/nuccore/ON526969
https://www.ncbi.nlm.nih.gov/sra/SRX14443489
https://www.ncbi.nlm.nih.gov/nuccore/ON645340
https://www.ncbi.nlm.nih.gov/sra/SRX14443505
https://doi.org/10.1006/tpbi.2002.1590
https://doi.org/10.1371/journal.pone.0234636
https://doi.org/10.1371/journal.pone.0234636
https://seaphagesphagediscoveryguide.helpdocsonline.com/home
https://doi.org/10.1007/978-1-4939-7343-9_9
https://doi.org/10.1007/978-1-4939-7343-9_9
https://doi.org/10.1093/bioinformatics/btm009
https://doi.org/10.1093/nar/gki487
https://doi.org/10.1186/1471-2105-12-395
https://doi.org/10.1186/1471-2105-12-395
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://journals.asm.org/journal/mra
https://doi.org/10.1128/mra.00885-22


protein homology detection and structure prediction. Nucleic Acids Res
33:W244–W248. https://doi.org/10.1093/nar/gki408.

10. Hirokawa T, Boon-Chieng S, Mitaku S. 1998. SOSUI: classification and sec-
ondary structure prediction system for membrane proteins. Bioinfor-
matics 14:378–379. https://doi.org/10.1093/bioinformatics/14.4.378.

11. Laslett D, Canback B. 2004. ARAGORN, a program to detect tRNA genes
and tmRNA genes in nucleotide sequences. Nucleic Acids Res 32:11–16.
https://doi.org/10.1093/nar/gkh152.

12. Lowe TM, Eddy SR. 1997. tRNAscan-SE: a program for improved detection
of transfer RNA genes in genomic sequence. Nucleic Acids Res 25:955–964.
https://doi.org/10.1093/nar/25.5.0955.

13. Pope WH, Mavrich TN, Garlena RA, Guerrero-Bustamante CA, Jacobs-Sera D,
Montgomery MT, Russell DA, Warner MH, Science Education Alliance-Phage

Hunters Advancing Genomics and Evolutionary Science (SEA-PHAGES),
Hatfull GF. 2017. Bacteriophages of Gordonia spp. display a spectrum of di-
versity and genetic relationships. mBio 8:e01069-17. https://doi.org/10.1128/
mBio.01069-17.

14. Russell DA, Hatfull GF. 2017. PhagesDB: the Actinobacteriophage Data-
base. Bioinformatics 33:784–786. https://doi.org/10.1093/bioinformatics/
btw711.

15. Jacobs-Sera D, Marinelli LJ, Bowman C, Broussard GW, Guerrero Bustamante
C, Boyle MM, Petrova ZO, Dedrick RM, Pope WH, Science Education Alliance
Phage Hunters Advancing Genomics and Evolutionary Science Program,
Modlin RL, Hendrix RW, Hatfull GF. 2012. On the nature of mycobacterio-
phage diversity and host preference. Virology 434:187–201. https://doi.org/
10.1016/j.virol.2012.09.026.

Announcement Microbiology Resource Announcements

November 2022 Volume 11 Issue 11 10.1128/mra.00885-22 4

https://doi.org/10.1093/nar/gki408
https://doi.org/10.1093/bioinformatics/14.4.378
https://doi.org/10.1093/nar/gkh152
https://doi.org/10.1093/nar/25.5.0955
https://doi.org/10.1128/mBio.01069-17
https://doi.org/10.1128/mBio.01069-17
https://doi.org/10.1093/bioinformatics/btw711
https://doi.org/10.1093/bioinformatics/btw711
https://doi.org/10.1016/j.virol.2012.09.026
https://doi.org/10.1016/j.virol.2012.09.026
https://journals.asm.org/journal/mra
https://doi.org/10.1128/mra.00885-22

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

