
 | Environmental Microbiology | Announcement

Genome sequences of four agarolytic bacteria from the 
Bacteroidia and Gammaproteobacteria
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ABSTRACT Here we present the genomes of four marine agarolytic bacteria belonging 
to the Bacteroidota and Proteobacteria. Two genomes are closed and two are in draft 
form, but all are at least 99% complete and offer new opportunities to study agar-degra­
dation in marine bacteria.
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M icroorganisms capable of degrading agar (agarolytic) are important for under­
standing carbon cycling in marine systems, interactions with agar-producing 

organisms, and human digestion, and have various biotechnological applications (1–7). 
Agar degradation is a widespread phenotype, conferred by multiple different agarases 
in the CAZyme glycoside hydrolase family with unique agar bond specificities that are 
deployed in a variety of combinations depending on the organism (3, 8–11). Here, 
we present the sequenced genomes of four bacteria with phenotypic and genotypic 
evidence of agarolytic activity isolated from multiple marine sources to expand and 
explore the genomics underlying this metabolism.

We collected surface seawater samples (15 mL) in Falcon tubes from beaches in 
Washington State and Key West, Florida (Table 1), transported these to the Martin 
Lab at the University of Puget Sound on ice, and stored them at 12°C until plating 
shortly thereafter. We serially diluted samples using artificial seawater before plating 
0.1 mL on seawater complete (SWC) agar plates (12). We identified colonies with 
conspicuous agarolytic “pitting” phenotypes (Fig. 1) and passaged organisms of interest 
twice to ensure isolation. For generating frozen stocks and extracting genomic DNA, 
we inoculated cultures in SWC broth with 0.1% agar, which we incubated overnight in 
a shaking water bath (30°C). Cryostocks included 25% sterile glycerol and were stored 
at −80°C. High molecular weight DNA was extracted using a PureLink Microbiome DNA 
Extraction Kit (Invitrogen, USA), purified using a DNA Clean and Concentrator Kit (Zymo 
Research, USA), and quantified via Qubit Fluorometer (Invitrogen, USA).

We used Illumina sequencing for all strains and additional Oxford Nanopore 
sequencing for two. The same DNA extractions were used for Nanopore and Illumina 
sequencing. We sheared DNA for Nanopore sequencing to 4–8 kbp with a G-tube 
(Covaris) at 6,000 rpm, constructed libraries with the SQK-LSK108 1D genomic DNA 
ligation kit (Oxford Nanopore, UK) with slight modifications (https://doi.org/10.17504/
protocols.io.bixskfne), and sequenced with an R9.4 flowcell using a MinION (Oxford 
Nanopore Technologies, ONT). Base-calling was performed with Guppy v2.3.1 (ONT). 
Illumina library preparation and sequencing were performed as previously described 
(13) at the USC Genome Core with NextSeq550 paired end 150 bp sequencing. Hybrid 
Nanopore-Illumina assemblies for strains EKP101 and EKP203 were performed with 
Unicycler v0.4.8 (14), and Illumina-only assemblies were performed for strains EKP108 
and EKP202 with SPAdes v3.13.1 (15). We performed post-assembly assessment with 
CheckM2 v1.0.0 predict (16), Quast v5.0.2 (17), coverage calculations with CoverM 0.4.0 
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(https://github.com/wwood/CoverM), and taxonomic identification with GTDB-tk v2.1.1 
classify_wf (18). Default settings were used for all software unless otherwise noted.

Sequencing and assembly results are in Table 1. The taxonomy is as follows: 
Cellulophaga omnivescoria strain EKP101; Flammeovirga sp. strain EKP202 (Class 
Bacteroidia); Vibrio sp. strain EKP203; and Pseudoalteromonas distincta strain EKP108 
(Class Gammaproteobacteria). The two hybrid assemblies (EKP101 and EKP203) are 
circularized, and Vibrio sp. strain EKP203 contains two chromosomes and a putative 
plasmid based on all three replicons being circularized at 3,004,313 bp, 1,599,951 bp, 
and 179,910 bp (Table 1). All assemblies were estimated at greater than 99% complete 
with minimal estimated redundancy/contamination and contained predicted agarases 
(Table 1). Physiology and preliminary analysis of predicted agarase genes were comple­

FIG 1 Colony morphology and phenotypes of the four strains. (A) Cellulophaga omnivescoria strain EKP101, (B) Vibrio sp. strain EKP203, (C) Flammeovirga sp. 

strain EKP202, and (D) Pseudoalteromonas distincta strain EKP108. The zones of clearing around the colonies indicate areas of agarolytic activity.
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ted in the Honors Theses of E. Philips and J. Shaffer, respectively (dois: 10.6084/m9.fig-
share.23727165; 10.6084/m9.figshare.23727168).
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