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ABSTRACT We report here the isolation, sequencing of the complete closed ge-
nome, and annotation of Corynebacterium xerosis strain GS1. This strain was isolated
from the liver lesion of a yak in Gansu Province, China. The genome consists of one
chromosome with 2,738,835 bp and comprises 2,304 protein-coding genes.

The genus Corynebacterium, which currently has more than 110 validated species, is
highly diversified. It includes species that are of medical, veterinary, and biotech-

nological relevance (1).
Corynebacterium xerosis is a commensal organism present in the skin and mucous

membranes of humans (2). The species C. xerosis is also a frequently reported human
pathogen, with isolates being identified in cases that include ear infections, brain
abscesses, osteomyelitis, and maternal ventriculoperitoneal shunt infections (3, 4). It
has also been isolated in pure culture from normally sterile organs of animal clinical
specimens. C. xerosis was isolated from a pig’s joint suffering from a subcutaneous
abscess and from a goat liver suspected to have paratuberculosis (5). The first case for
C. xerosis producing a clinical cutaneous abscess in sheep was reported in Mexico in
2016 (6).

C. xerosis is phylogenetically closely related to Corynebacterium freneyi, Corynebac-
terium amycolatum, and Corynebacterium hansenii (7–9). These species have similar
colony morphologies and biochemical characteristics. The difficulty of its correct
phenotype-based identification in routine clinical microbiology laboratories may imply
that the clinical significance of C. xerosis in veterinary medicine could be higher than
currently considered (10).

The results of this study provide further information about biological and genetic
characteristics which not only contribute to better identification between these closely
related species but also encourage further exploration of its pathogenesis as a zoonotic
pathogen.

In this study, the C. xerosis strain GS1 was isolated in 2015 from a liver lesion with
caseous nodules from a yak. First, the liver tissue was surface disinfected and inoculated
on nutrient agar with 5% sheep blood for 24 h at 37°C. Then, the morphologically
different colonies were recultured and identified according to 16S rRNA sequencing
(11). The C. xerosis colony was yellow-gray and dry with an irregular edge. Gram-
positive, rod-shaped bacteria were observed under the microscope after Gram staining
of the smear (Fig. 1).

A purified single colony of C. xerosis strain GS1 was inoculated into Luria broth (LB)
and cultured at 37°C for 24 h prior to DNA extraction. Many insoluble particles can be
seen in LB.

DNA extraction was performed using the Wizard genomic DNA purification kit
(Promega), according to the manufacturer’s instructions. The library was constructed
with the SMRTbell template prep kit 1.0 (Pacific Biosciences). Single-molecule real-time
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(SMRT) sequencing was performed on the PacBio Sequel platform at Shanghai OE
Biotech Corporation (Shanghai, China).

The PacBio sequencing yielded a total of 155,567 reads, with a mean read length of
4,003 nucleotides. The N50 value is 6,132 bp. These reads were subsequently used for
de novo assembly with FALCON v0.3.0 (12). Default settings were used for each
program.

The consensus assembly generated one contig of 2,738,835 bp (220-fold coverage).
The contig was circularized using Circlator v1.1.2 (13). The average chromosome G�C
content was 69.29%. No prophage was found in this strain when PhiSpy v2.3 (14) was
used.

Gene prediction and functional annotation were processed using the NCBI Prokary-
otic Genome Annotation Pipeline (15, 16) and GeneMarkS� annotation system (17). A
total of 2,423 genes were predicted, including 2,304 protein-coding genes, 65 RNA
genes (12 rRNAs, 50 tRNAs, and 3 noncoding RNAs [ncRNAs]), and 54 pseudogenes.

Data availability. The sequence and annotation of Corynebacterium xerosis strain
GS1 have been deposited in GenBank under accession number CP032788. The raw read
accession number is SRX6372980. The version described in this paper is the first version.
The BioSample number is SAMN10065701, and the BioProject number is PRJNA491202.

ACKNOWLEDGMENTS
This work was supported by a Sheng-Tongsheng grant (GSAU-STS-1521) and a

teaching and research support plan from the College of Animal Medicine of Gansu
Agricultural University (grant JYCX-KX014).

REFERENCES
1. Oliveira A, Oliveira LC, Aburjaile F, Benevides L, Tiwari S, Jamal SB, Silva

A, Figueiredo HCP, Ghosh P, Portela RW, De Carvalho Azevedo VA,
Wattam AR. 2017. Insight of genus Corynebacterium: ascertaining the
role of pathogenic and non-pathogenic species. Front Microbiol 8:1937.
https://doi.org/10.3389/fmicb.2017.01937.

2. Coyle MB, Lipsky BA. 1990. Coryneform bacteria in infectious diseases:
clinical and laboratory aspects. Clin Microbiol Rev 3:227–246. https://doi
.org/10.1128/CMR.3.3.227.

3. Pacheco LG, Mattos-Guaraldi AL, Santos CS, Veras AA, Guimarães LC,
Abreu V, Pereira FL, Soares SC, Dorella FA, Carvalho AF, Leal CG,

FIG 1 Gram-stained smear preparation of C. xerosis (�1,000 magnification).

Wen et al.

Volume 8 Issue 37 e00556-19 mra.asm.org 2

https://www.ncbi.nlm.nih.gov/nuccore/CP032788
https://www.ncbi.nlm.nih.gov/sra/SRX6372980
https://www.ncbi.nlm.nih.gov/biosample/SAMN10065701
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA491202
https://doi.org/10.3389/fmicb.2017.01937
https://doi.org/10.1128/CMR.3.3.227
https://doi.org/10.1128/CMR.3.3.227
https://mra.asm.org


Figueiredo HC, Ramos JN, Vieira VV, Farfour E, Guiso N, Hirata R, Jr,
Azevedo V, Silva A, Ramos RT. 2015. Draft genome sequences of two
species of “difficult-to-identify” human-pathogenic Corynebacteria: im-
plications for better identification tests. J Genomics 3:82– 84. https://doi
.org/10.7150/jgen.12886.

4. Hocaoglu M, Turgut A, Eminoglu EM, Yilmaz-Karadag F, Karateke A. 2019.
Maternal ventriculoperitoneal shunt infection due to Corynebacterium
xerosis following caesarean section. J Obstet Gynaecol 39:400 – 402.
https://doi.org/10.1080/01443615.2018.1457633.

5. Vela AI, Gracia E, Fernandez A, Dominguez L, Fernandez-Garayzabal
JF. 2006. Isolation of Corynebacterium xerosis from animal clinical
specimens. J Clin Microbiol 44:2242–2243. https://doi.org/10.1128/
JCM.02473-05.

6. Hernández-León F, Acosta-Dibarrat J, Vázquez-Chagoyán JC, Rosas PF,
de Oca-Jiménez RM. 2016. Identification and molecular characterization
of Corynebacterium xerosis isolated from a sheep cutaneous abscess: first
case report in Mexico. BMC Res Notes 9:358. https://doi.org/10.1186/
s13104-016-2170-8.

7. Bernard K. 2012. The genus Corynebacterium and other medically rele-
vant coryneform-like bacteria. J Clin Microbiol 50:3152–3158. https://doi
.org/10.1128/JCM.00796-12.

8. Renaud FN, Aubel D, Riegel P, Meugnier H, Bollet C. 2001. Corynebacte-
rium freneyi sp. nov., alpha-glucosidase-positive strains related to Co-
rynebacterium xerosis. Int J Syst Evol Microbiol 51:1723–1728. https://doi
.org/10.1099/00207713-51-5-1723.

9. Renaud F, Coustumier A, Wilhem N, Aubel D, Riegel P, Bollet C, Freney
J. 2007. Corynebacterium hansenii sp. nov., an �-glucosidase-negative
bacterium related to Corynebacterium xerosis. Int J Syst Evol Microbiol
57:1113–1116. https://doi.org/10.1099/ijs.0.64665-0.

10. Palacios L, Vela AI, Molin K, Fernandez A, Latre MV, Chacon G, Falsen E,
Fernandez-Garayzabal JF. 2010. Characterization of some bacterial
strains isolated from animal clinical materials and identified as Coryne-

bacterium xerosis by molecular biological techniques. J Clin Microbiol
48:3138 –3145. https://doi.org/10.1128/JCM.02373-09.

11. Khamis A, Raoult D, La Scola B. 2005. Comparison between rpoB and 16S
rRNA gene sequencing for molecular identification of 168 clinical iso-
lates of Corynebacterium. J Clin Microbiol 43:1934 –1936. https://doi.org/
10.1128/JCM.43.4.1934-1936.2005.

12. Chin C-S, Peluso P, Sedlazeck FJ, Nattestad M, Concepcion GT, Clum A,
Dunn C, O’Malley R, Figueroa-Balderas R, Morales-Cruz A, Cramer GR,
Delledonne M, Luo C, Ecker JR, Cantu D, Rank DR, Schatz MC. 2016.
Phased diploid genome assembly with single-molecule real-time se-
quencing. Nat Methods 13:1050 –1054. https://doi.org/10.1038/nmeth
.4035.

13. Hunt M, Silva ND, Otto TD, Parkhill J, Keane JA, Harris SR. 2015. Circlator:
automated circularization of genome assemblies using long sequencing
reads. Genome Biol 16:294. https://doi.org/10.1186/s13059-015-0849-0.

14. Akhter S, Aziz RK, Edwards RA. 2012. PhiSpy: a novel algorithm for finding
prophages in bacterial genomes that combines similarity and composition-
based strategies. Nucleic Acids Res 40:e126. https://doi.org/10.1093/nar/
gks406.

15. Tatusova T, DiCuccio M, Badretdin A, Chetvernin V, Nawrocki EP,
Zaslavsky L, Lomsadze A, Pruitt KD, Borodovsky M, Ostell J. 2016. NCBI
Prokaryotic Genome Annotation Pipeline. Nucleic Acids Res 44:
6614 – 6624. https://doi.org/10.1093/nar/gkw569.

16. Haft DH, DiCuccio M, Badretdin A, Brover V, Chetvernin V, O’Neill K, Li W,
Chitsaz F, Derbyshire MK, Gonzales NR, Gwadz M, Lu F, Marchler GH,
Song JS, Thanki N, Yamashita RA, Zheng C, Thibaud-Nissen F, Geer LY,
Marchler-Bauer A, Pruitt KD. 2018. RefSeq: an update on prokaryotic
genome annotation and curation. Nucleic Acids Res 46:D851–D860.
https://doi.org/10.1093/nar/gkx1068.

17. Borodovsky M, Lomsadze A. 2014. Gene identification in prokaryotic
genomes, phages, metagenomes, and EST sequences with GeneMarkS
suite. Curr Protoc Microbiol 32:1E.7.1–1E.7.17. https://doi.org/10.1002/
9780471729259.mc01e07s32.

Microbiology Resource Announcement

Volume 8 Issue 37 e00556-19 mra.asm.org 3

https://doi.org/10.7150/jgen.12886
https://doi.org/10.7150/jgen.12886
https://doi.org/10.1080/01443615.2018.1457633
https://doi.org/10.1128/JCM.02473-05
https://doi.org/10.1128/JCM.02473-05
https://doi.org/10.1186/s13104-016-2170-8
https://doi.org/10.1186/s13104-016-2170-8
https://doi.org/10.1128/JCM.00796-12
https://doi.org/10.1128/JCM.00796-12
https://doi.org/10.1099/00207713-51-5-1723
https://doi.org/10.1099/00207713-51-5-1723
https://doi.org/10.1099/ijs.0.64665-0
https://doi.org/10.1128/JCM.02373-09
https://doi.org/10.1128/JCM.43.4.1934-1936.2005
https://doi.org/10.1128/JCM.43.4.1934-1936.2005
https://doi.org/10.1038/nmeth.4035
https://doi.org/10.1038/nmeth.4035
https://doi.org/10.1186/s13059-015-0849-0
https://doi.org/10.1093/nar/gks406
https://doi.org/10.1093/nar/gks406
https://doi.org/10.1093/nar/gkw569
https://doi.org/10.1093/nar/gkx1068
https://doi.org/10.1002/9780471729259.mc01e07s32
https://doi.org/10.1002/9780471729259.mc01e07s32
https://mra.asm.org

	Data availability. 
	ACKNOWLEDGMENTS
	REFERENCES

