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ABSTRACT Lysobacter species produce lysobactin, a depsipeptide antibiotic that is
effective against methicillin-resistant Staphylococcus aureus and vancomycin-resistant
Staphylococcus aureus. Here, we report complete genome sequences of two Lysobacter
strains, which were isolated from seawater (Lysobacter caseinilyticus) and soil (Lysobacter
helvus) in South Korea.

Members of the genus Lysobacter are Gram stain-negative, aerobic, rod-shaped
bacteria classified in the phylum Proteobacteria, class Gammaproteobacteria, order

Xanthomonadales, and family Xanthomonadaceae. Lysobacter species produce a character-
istic antibiotic cyclic peptide known as lysobactin (1, 2), which is effective against methicil-
lin-resistant Staphylococcus aureus (MRSA) and vancomycin-resistant Staphylococcus aureus
(VRSA) (2). Therefore, to facilitate the understanding of these genes, we report here the
complete genome sequences of two recently isolated species from South Korea, namely,
Lysobacter caseinilyticus, which was isolated from seawater from Busan Harbor (3), and
Lysobacter helvus, which was isolated from soil from the Dong-angyeong cave, Udo Island,
Jeju, South Korea (4).

The two Lysobacter strains were obtained from RIKEN BioResource Research Center
Microbe Division in freeze-dried form and were cultured in R2A liquid medium at 30°C
for 2 days (L. caseinilyticus) or 1week (L. helvus). Genome extraction and purification
were carried out using the Genomic-tip 20/G kit (Qiagen). Preparation of the long-read
sequence library was performed using a rapid barcoding kit (SQK-RBK004; Oxford
Nanopore Technologies), and the library was sequenced in a FLO-MIN106 flow cell on
the GridION device (Oxford Nanopore Technologies).The library for Illumina sequenc-
ing for error correction was prepared using a KAPA HyperPlus kit (Kapa Biosystems),
and the library was sequenced on a NextSeq 500 sequencer (Illumina) using the 75-
cycle high-output mode. The long-read sequencing produced a total yield of 64,316
reads (N50, 15.8 kbp) and 552,266 reads (N50, 14.7 kbp) for L. caseinilyticus and L. helvus,
respectively. The assembly was performed using Canu v.2.11.0 (5) with reads filtered
for length over 25 kbp (398 Mbp in total) and over 39 kbp (414 Mbp in total) for L.
caseinilyticus and L. helvus, respectively, aiming for 100� coverage. The resulting single
contig was manually circularized by deleting the overlapping ends. Totals of 2.7 million (L.
caseinilyticus) and 2.9 million (L. helvus) unfiltered Illumina reads were mapped to the
assembled genomes with Burrows-Wheeler Aligner (BWA) v.0.7.11 (6). The mapped
sequence was subjected to hybrid error correction by Pilon v.1.24 polishing (7). Genome
completeness was evaluated with the program CheckM (8) through the DDBJ Fast
Annotation and Submission Tool (DFAST) pipeline (9), resulting in completeness of 100.0%
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for both genomes (taxonomy used: family Xanthomonadaceae). Annotation of the genome
sequence was also performed using DFAST (9). Default parameters were used to run the
software unless otherwise specified.

The annotated genome of L. caseinilyticus is 3,270,651bp with a GC content of 67.9%,
including 3,153 coding sequences (CDSs), 54 tRNAs, and 6 rRNAs. The annotated genome of
L. helvus is 2,923,280bp with a GC content of 69.4%, including 2,756 CDSs, 53 tRNAs, and 6
rRNAs. According to the annotation results, L. caseinilyticus and L. helvus both contain genes
related to the lysobactin biosynthetic gene cluster (LybA and LybB) (10). When the lysobactin
biosynthetic gene cluster was searched for using BLASTp (11), L. caseinilyticus showed high
sequence similarity in LOCUS_04180, LOCUS_14750, and LOCUS_18050 and L. helvus in
LOCUS_04180, LOCUS_14750, and LOCUS_18050 (E values of,1e220).

Data availability. The genome sequences reported here were deposited in DDBJ
under accession numbers AP024545 and AP024546, and the raw reads were deposited
in the Sequence Read Archive (SRA) under BioProject accession numbers PRJNA716779
and PRJNA716799.

ACKNOWLEDGMENTS
We thank Yuki Takai and Nobuaki Kono for technical support and suggestions.
This work was supported in part by research funds from the Yamagata Prefectural

Government and Tsuruoka City, Japan.

REFERENCES
1. Yunxuan X, Stephen W, Yuemao S, Liang C. 2012. Bioactive natural prod-

ucts from Lysobacter. Nat Prod Rep 29:1277–1287. https://doi.org/10
.1039/c2np20064c.

2. Suresh P, Hiroshi H, Atmika P, Kazuhisa S. 2016. Lysobacter species: a
potential source of novel antibiotics. Arch Microbiol 198:839–845. https://
doi.org/10.1007/s00203-016-1278-5.

3. Geeta C, Jiyoun K, Inhyup K, Taegun S. 2019. Lysobacter caseinilyticus, sp. nov., a
casein hydrolyzing bacterium isolated from sea water. Antonie Van Leeuwen-
hoek 112:1349–1356. https://doi.org/10.1007/s10482-019-01267-7.

4. Inhyup K, Jiwon C, Geeta C, Taegun S. 2019. Lysobacter helvus sp. nov. and Lyso-
bacter xanthus sp. nov., isolated from soil in South Korea. Antonie Van Leeuwen-
hoek 112:1253–1262. https://doi.org/10.1007/s10482-019-01256-w.

5. Koren S, Walenz BP, Berlin K, Miller JR, Bergman NH, Phillippy AM. 2017.
Canu: scalable and accurate long-read assembly via adaptive k-mer
weighting and repeat separation. Genome Res 27:722–736. https://doi
.org/10.1101/gr.215087.116.

6. Li H, Durbin R. 2010. Fast and accurate long-read alignment with Bur-
rows-Wheeler transform. Bioinformatics 26:589–595. https://doi.org/10
.1093/bioinformatics/btp698.

7. Walker BJ, Abeel T, Shea T, Priest M, Abouelliel A, Sakthikumar S, Cuomo CA,
Zeng Q, Wortman J, Young SK, Earl AM. 2014. Pilon: an integrated tool for
comprehensive microbial variant detection and genome assembly improve-
ment. PLoS One 9:e112963. https://doi.org/10.1371/journal.pone.0112963.

8. Parks DH, Imelfort M, Skennerton CT, Hugenholtz P, Tyson GW. 2015.
CheckM: assessing the quality of microbial genomes recovered from iso-
lates, single cells, and metagenomes. Genome Res 25:1043–1055. https://
doi.org/10.1101/gr.186072.114.

9. Tanizawa Y, Fujisawa T, Nakamura Y. 2018. DFAST: a flexible prokaryotic
genome annotation pipeline for faster genome publication. Bioinfor-
matics 34:1037–1039. https://doi.org/10.1093/bioinformatics/btx713.

10. Jie H, Lars R, Mohamed AM. 2011. Identification and characterization of
the lysobactin biosynthetic gene cluster reveals mechanistic insights into
an unusual termination module architecture. Chem Biol 18:655–664.
https://doi.org/10.1016/j.chembiol.2011.02.012.

11. Johnson M, Zaretskaya I, Raytselis Y, Merezhuk Y, McGinnis S, Madden TL.
2008. NCBI BLAST: a better Web interface. Nucleic Acids Res 36:W5–W9.
https://doi.org/10.1093/nar/gkn201.

Watanabe and Arakawa

Volume 10 Issue 28 e00337-21 mra.asm.org 2

http://getentry.ddbj.nig.ac.jp/getentry/na/AP024545
http://getentry.ddbj.nig.ac.jp/getentry/na/AP024546
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA716779
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA716799
https://doi.org/10.1039/c2np20064c
https://doi.org/10.1039/c2np20064c
https://doi.org/10.1007/s00203-016-1278-5
https://doi.org/10.1007/s00203-016-1278-5
https://doi.org/10.1007/s10482-019-01267-7
https://doi.org/10.1007/s10482-019-01256-w
https://doi.org/10.1101/gr.215087.116
https://doi.org/10.1101/gr.215087.116
https://doi.org/10.1093/bioinformatics/btp698
https://doi.org/10.1093/bioinformatics/btp698
https://doi.org/10.1371/journal.pone.0112963
https://doi.org/10.1101/gr.186072.114
https://doi.org/10.1101/gr.186072.114
https://doi.org/10.1093/bioinformatics/btx713
https://doi.org/10.1016/j.chembiol.2011.02.012
https://doi.org/10.1093/nar/gkn201
https://mra.asm.org

	Outline placeholder
	Data availability.

	ACKNOWLEDGMENTS
	REFERENCES

