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Citricoccus Species from Agricultural Soil in Western Colorado
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ABSTRACT Members of the genus Citricoccus are recognized as salt-tolerant soil
microorganisms. Here, we report the metagenome-assembled genome sequence of
a novel Citricoccus species recovered from untilled, surface agricultural soils in west-
ern Colorado.

he genus Citricoccus was first described after a bacterium was isolated from a

mural in Austria (1). Physiologically characterized members of this genus are
aerobic Gram-positive cocci that persist in diverse environmental conditions, with
notable halotolerance (2-4), likely making them well-suited to growth in arid soils,
where salinity is a common problem (5). Here, we present a draft metagenome-
assembled genome (MAG) sequence representing a potential new species from the
genus Citricoccus, which was recovered from agricultural soil.

Soil samples were taken from the Western Colorado Research Center (WCRC) in
Fruita, CO, on 10 February 2021 at soil depths ranging from 0 to 5 cm. These soils
were managed under a no-till, furrow-irrigated production system since 2017. At
the time of sampling, fields were in a seasonal fallow following corn harvest in
November. DNA was extracted from 0.4 g of soil using the Zymo quick-DNA fecal/soil
microbe microprep kit (Zymo, Irvine, CA), following the “soil” protocol. Metagenomic
libraries were prepared using the Tecan Ovation ultralow system v2, following kit pro-
tocols for input DNA fragmentation, and were sequenced on the NovaSEQ6000 plat-
form on an S4 flow cell at Genomics Shared Resource, Colorado Cancer Center,
Denver, CO. We obtained 37.9 Gbp of 150-bp paired-end reads that we assembled to
recover MAGs. Read quality control was conducted using FastQC (v0.11.2) and
trimmed using sickle (v1.33; pe -t sanger) (6). The resulting 37,589,610,518 trimmed
reads were assembled using MEGAHIT (v1.2.9) (7) and were binned using MetaBat2
(v2.12.1, —k-min 31 —k-max 121 —k-step 10 -mem-flag 1) (8). Metagenome-assembled
genome (MAG) quality was assessed using CheckM (v1.1.2) (9), and taxonomy was
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FIG 1 Phylogenetic tree based on the WCRC Citricoccus MAG and GTDB-tk r202 Citricoccus
species representatives. The tree is rooted on the species representatives of g__Micrococcus. The
GTDB-tk de_novo_wf workflow was used to generate a multiple sequence alignment (MSA) using
g__Micrococcus as the outgroup and filtering to g__Citricoccus. The resulting MSA was used to
construct a maximum-likelihood phylogenetic tree using RaxML (v8.2.9) (15) using the
PROTGAMMAWAG model and 100 bootstraps. Bootstraps are colored gray for those greater than
88% (n = 2) and black for those = 100% (n = 4).
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TABLE 1 Metagenome-assembled genome statistics for WCRC Citricoccus

Parameter Data
BioSample no. SAMN26177294
Genome size (bp) 3,394,226
No. of contigs 433

GC content (%) 71.0
Longest contig (bp) 33,106
N, value (bp) 9,996
Completeness (%) 91.02
Contamination (%) 2.24

No. of predicted coding genes 3,729

No. of tRNAs 47
Encoded rRNA 5S

Mean base coverage (x) 21.32

assigned using the Genome Taxonomy Database toolkit (GTDB-tk; v1.5.0, r202) (10).
MAG annotation was performed using DRAM (11) within KBase (12, 13). Default pa-
rameters were used unless noted.

The MAG was assigned as a new Citricoccus species by GTDB-tk, joining eight
Citricoccus genomes across six species (GTDB-tk r202). The MAG is most closely related to
Citricoccus sp000224415 by genome amino acid identity (92.5%) (14) and marker gene phy-
logeny (Fig. 1). The genome statistics for the WCRC Citricoccus MAG are given in Table 1.

Annotation of the Citricoccus MAG indicated that this MAG is likely a facultative
aerobe, with the ability to use oxygen and with an encoding potential for nitrate
and nitrite reduction. Notably, characterization of Citricoccus nitrophenolicus (4),
Citricoccus muralis (1), and Citricoccus zhacaiensis (2) indicated these species could
not grow facultatively with nitrate or nitrite, and genomic analysis revealed they
did not carry these genes. Therefore, nitrate and nitrite respiration may be unique
to this new Citricoccus species. This MAG encodes the potential for the synthesis
and transport of the osmolyte ectoine via an ectoine synthase and the ectoine/
hydroxyectoine ABC transporter system (EhuABCD), respectively, possibly sup-
porting the survival of this organism in arid, saline agricultural soils.

Data availability. The sequencing data for this project are deposited under
BioProject number PRINA725542. The MAG is deposited under BioSample SAMN26177294.
The KBase narrative for the MAG annotation is available (13). The meta-
genomic reads were deposited in the Sequence Read Archive under accession
SRS11831377.
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