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Ionizing  radiation-resistant  Hymenobacter  sp.  strain  PAMC26628  was  isolated  from  Stereocaulon  sp.,  an
Arctic  lichen.  Complete  genome  sequencing  of Hymenobacter  sp.  PAMC26628  revealed  one  chromosome
(5,277,381  bp),  one  plasmid  (89,596  bp),  and  several  genes  involved  in  nucleotide  excision  repair,  a  DNA
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damage  removal  pathway.  An  analysis  of  the  Hymenobacter  sp.  PAMC26628  genome  will help  us under-
stand  its evolution  and  provide  novel  insight  into  the  adaptations  that  allow  this organism  to survive  in
the  extreme  cold  of  the  Arctic.

©  2016  Elsevier  B.V.  All  rights  reserved.
ucleotide excision repair

Radiation-resistant bacteria have been isolated from a vari-
ty of habitats; the majority belong to the genera Deinococcus,
ymenobacter, and Pontibacter, which have highly effective and

pecialized DNA repair systems (Makarova et al., 2007; Srinivasan
t al., 2015; Yu et al., 2015). Bacteria of the genus Hymenobacter,
lass Cytophagia,  phylum Bacteroidetes, are usually Gram-negative,
od-shaped, red-pink in color, and UV radiation-resistant. The
enome sequences of bacteria belonging to the genus Hymenobac-
er were previously analyzed for genes involved in ionizing
adiation recovery (Jung et al., 2014; Kim et al., 2016). In addition, a
raft genome sequence of Hymenobacter sp. strain IS2118, isolated

rom an ice-covered freshwater lake (L43) in Antarctica, revealed
iverse genes for adaptation to cold ecosystems (Koo et al., 2014).
owever, there have been no reports on the complete genome

equence of Hymenobacter from extremely cold environments with
igh levels of solar UV radiation. We  describe here the full genome
equence of Hymenobacter sp. PAMC26628. This information will
elp identify key genes involved in the repair of ionizing radiation-

nduced DNA damage.

Ionizing radiation-resistant Hymenobacter sp. strain

AMC26628 (deposited as PAMC26628 in the Polar and Alpine
icrobial Collection, Korea Polar Research Institute, Incheon,
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H. Park).

ttp://dx.doi.org/10.1016/j.jbiotec.2016.02.031
168-1656/© 2016 Elsevier B.V. All rights reserved.
Korea) was  isolated from Stereocaulon sp., an Arctic lichen col-
lected in Ny-Ålesund, Svalbard, Arctic (78◦55′N, 11◦56′E). Genomic
DNA was  extracted from Hymenobacter sp. PAMC26628 using a
QIAamp DNA Mini Kit (Qiagen, Valencia, CA), and the quantity
and purity were determined using an Agilent 2100 Bioanalyzer
(Agilent Technologies, Santa Clara, CA). Genome sequencing was
performed using PacBio RS II single-molecule real-time (SMRT)
sequencing technology (Pacific Biosciences, Menlo Park, CA).
Ten-kilobase SMRTbell library inserts were sequenced using SMRT
cells. Raw sequence data were generated from 88,002 reads and
1,268,894,565 bp that were de novo assembled using the hierarchi-
cal genome-assembly process (HGAP) protocol (Chin et al., 2013)
and RS HGAP Assembly 2 in SMRT analysis version 2.3 software
(Pacific Biosciences; https://github.com/PacificBiosciences/SMRT-
Analysis).

The complete circular chromosome was 5,277,381 bp with
a G + C content of 63.1%. Coding DNA sequences (CDSs) were
predicted and annotated using the Rapid Annotation using Sub-
system Technology (RAST) server (Aziz et al., 2008). Predicted gene
sequences were translated and searched against the National Cen-
ter for Biotechnology Information (NCBI) non-redundant database,
Clusters of Orthologous Groups (COG), and Kyoto Encyclopedia of
Genes and Genomes (KEGG). A total of 4448 CDSs were predicted;
the coding region accounted for 85.12% of the Hymenobacter sp.

PAMC26628 genome. In addition, 41 tRNA and 9 rRNA were pre-
dicted in the complete genome (Table 1). A total of 3345 genes were
assigned a putative function. The genes were classified into 23 COG
functional categories.
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Table  1
Genome features of Hymenobacter sp. PAMC26628.

Features Chromosome Plasmid

Genome size (bp) 5,277,381 89,596
Contigs 1 1
G  + C content (%) 63.1 59.2
Protein coding genes 4448 77
rRNA genes 9 –
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Srinivasan, S., Lee, J.J., Park, K.R., Park, S.H., Jung, H.Y., Kim, M.K., 2015.
Hymenobacter terrae sp. nov.: a bacterium isolated from soil. Curr. Microbiol.
70,  643–650.

Yu, L.Z., Luo, X.S., Liu, M.,  Huang, Q., 2015. Diversity of ionizing radiation-resistant
bacteria obtained from the Taklimakan Desert. J. Basic Microbiol. 55, 135–140.
tRNA genes 41 –
Excinuclese UvrABC genes 5 –
Endonuclease UvdE genes 1 –

In addition, the sequence data revealed the presence of
ucleotide excision repair (NER) genes encoding subunits that com-
rise the excinuclease UvrABC protein complex. Specifically, genes
ncoding three copies of subunit A (AXW84 02695, AXW84 07265
nd AXW84 21170), one copy of subunit B (AXW84 18215), and
ne copy of subunit C (AXW84 19430) were identified. UvrABC
xcinucleases recognize and repair DNA damage by creating dual
ncisions 5′ and 3′ of the damaged site (Petit and Sancar, 1999). In
ddition, the genome contained a UV damage repair endonuclease
UvdE) gene (AXW84 03535), which provides protection against
V irradiation (Earl et al., 2002). An analysis of the whole genome

equence of Hymenobacter sp. PAMC26628 will lead to a better
nderstanding of the role of NER in radiation resistance, particu-

arly in the extremely cold environment of the Arctic. Furthermore,
ur whole genome data may  provide considerable information that
an be applied to biotechnology.

ucleotide sequence accession numbers

The complete genome sequence has been deposited at Gen-
ank/EMBL/DDBJ under the accession number CP014303 and
P014304.

cknowledgements
This work was supported by the Antarctic organisms: Cold-
daptation Mechanisms and its application grant (PE16070)

unded by the Korea Polar Research Institute.
hnology 223 (2016) 50–51 51

References

Aziz, R.K., Bartels, D., Best, A.A., DeJongh, M.,  Disz, T., Edwards, R.A., Formsma, K.,
Gerdes, S., Glass, E.M., Kubal, M.,  Meyer, F., Olsen, G.J., Olson, R., Osterman, A.L.,
Overbeek, R.A., McNeil, L.K., Paarmann, D., Paczian, T., Parrello, B., Pusch, G.D.,
Reich, C., Stevens, R., Vassieva, O., Vonstein, V., Wilke, A., Zagnitko, O., 2008.
The RAST Server: rapid annotations using subsystems technology. BMC
Genomics 9, 75.

Chin, C.-S., Alexander, D.H., Marks, P., Klammer, A.A., Drake, J., Heiner, C., Clum, A.,
Copeland, A., Huddleston, J., Eichler, E.E., 2013. Nonhybrid, finished microbial
genome assemblies from long-read SMRT sequencing data. Nat. Methods 10,
563–569.

Earl, A.M., Rankin, S.K., Kim, K.P., Lamendola, O.N., Battista, J.R., 2002. Genetic
evidence that the uvsE gene product of Deinococcus radiodurans R1 is a UV
damage endonuclease. J. Bacteriol. 184, 1003–1009.

Jung, J.H., Yang, H.Y., Jeong, S., Joe, M.H., Cho, Y.J., Kim, M.K., Lim, S., 2014. Complete
genome sequence of Hymenobacter swuensis, an ionizing-radiation resistant
bacterium isolated from mountain soil. J. Biotechnol. 178, 65–66.

Kim, M.K., Joo, E.S., Lee, S.Y., Lee, D.S., Srinivasan, S., Jung, H.Y., 2016. Complete
genome sequence of Hymenobacter sp. DG25B: a novel bacterium with
gamma-radiation resistance isolated from soil in South Korea. J. Biotechnol.
217, 98–99.

Koo, H., Ptacek, T., Crowley, M.,  Swain, A.K., Osborne, J.D., Bej, A.K., Andersen, D.T.,
2014. Draft genome sequence of Hymenobacter sp. strain IS2118 isolated from
a  freshwater lake in Schirmacher Oasis, Antarctica, reveals diverse genes for
adaptation to cold ecosystems. Genome Announc. 2, e00739-14.

Makarova, K.S., Omelchenko, M.V., Gaidamakova, E.K., Matrosova, V.Y., Vasilenko,
A., Zhai, M.,  Lapidus, A., Copeland, A., Kim, E., Land, M.,  Mavrommatis, K.,
Pitluck, S., Richardson, P.M., Detter, C., Brettin, T., Saunders, E., Lai, B., Ravel, B.,
Kemner, K.M., Wolf, Y.I., Sorokin, A., Gerasimova, A.V., Gelfand, M.S.,
Pfedrickson, J.K., Koonin, E.V., Daly, M.J., 2007. Deinococcus geothermalis: the
pool of extreme radiation resistance genes shrinks. PLoS One 2, e955.

Petit, C., Sancar, A., 1999. Nucleotide excision repair: from E. coli to man. Biochimie
81, 15–25.

http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0005
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0010
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0015
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0020
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0025
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0030
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0035
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0040
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0045
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050
http://refhub.elsevier.com/S0168-1656(16)30086-4/sbref0050

	Complete genome sequence of ionizing radiation-resistant Hymenobacter sp. strain PAMC26628 isolated from an Arctic lichen
	Nucleotide sequence accession numbers
	Acknowledgements
	References


