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We  report  the  complete  genome  sequence  of  Variovorax  sp.  strain  PAMC28711  isolated  from  the  Antarctic
lichen  Himantormia  sp.  Whole  genome  sequencing  revealed  opine  oxidase-  and  octopine  dehydrogenase-
related  gene  clusters  that  are  involved  in  octopine  utilization.  These  data  will  lead  to  future  genetic  and
biochemical  studies  on  the  unusual  catabolic  traits  of  opine  and  octopine  utilization  in  extremely  cold
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environments.
©  2016  Elsevier  B.V.  All  rights  reserved.
Opines are a unique source of carbon rarely used by microor-
anisms. In plants, opines are produced in neoplasias as a result
f infection with soil-inhabiting Agrobacterium species, including
grobacterium tumefaciens, Allorhizobium vitis, and Rhizobium rhi-
ogenes (Savka et al., 2002). These species have been used to study
he Opine Concept in Agrobacterium-plant interactions (Savka
nd Farrand, 1997) and for genetic research on opine catabolism
Dessaux et al., 1987). Betaproteobacteria of the genus Variovorax
re found in many different habitats (Willems et al., 2005), and
ome strains of Variovorax paradoxus have been shown to confer
dvantages to the ambient flora and a wide variety of catabolic
athways (Maimaiti et al., 2007; Satola et al., 2013). V. paradoxus
train TBEA6, which utilizes 3,3′-thiodipropionic acid as its sole
ource of carbon and energy, has been used as a model organ-
sm (Bruland et al., 2009). V. paradoxus strain B4, which was  first
solated from contaminated soil near an industrial plant, utilizes 2-
ercaptosuccinate as its sole source of carbon, sulfur, and energy
Carbajal-Rodriguez et al., 2011). Watanabe et al. (2015) recently
eported a role for flavin-containing octopine dehydrogenases in
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opine catabolism in several bacterial species. However, to date,
there have been no reports on the utilization of opines as a source
of carbon and energy in the genus Variovorax.  Here, we  report the
complete genome sequence of Variovorax sp. strain PAMC28711.
These whole genome data may  lead to the discovery of key genes
involved in opine biosynthesis and increase our understanding of
Variovorax-lichen interactions.

Variovorax sp. strain PAMC28711 (deposited as PAMC28711 in
the Polar and Alpine Microbial Collection, Korea Polar Research
Institute, Incheon, Korea) was  isolated from Himantormia sp.,
an Antarctic lichen species collected on Barton Peninsula, King
George Island, Antarctica (62◦13′S, 58◦47′W).  Genomic DNA was
extracted from Variovorax sp. PAMC28711 using a QIAamp DNA
Mini Kit (Qiagen, Valencia, CA), and the quantity and purity were
determined using an Agilent 2100 Bioanalyzer (Agilent Technolo-
gies, Santa Clara, CA). Genome sequencing was performed using
PacBio RS II single-molecule real-time (SMRT) sequencing technol-
ogy (Pacific Biosciences, Menlo Park, CA). Ten-kilobase SMRTbell
library inserts were sequenced using SMRT cells. Raw sequence
data were generated from 57,392 reads and 747,626,052 bp that
were de novo assembled using the hierarchical genome-assembly
process (HGAP) protocol (Chin et al., 2013) and RS HGAP Assem-

bly 2 in SMRT analysis version 2.3 software (Pacific Biosciences;
https://github.com/PacificBiosciences/SMRT-Analysis). The com-
plete circular chromosome was  4,316,152 bp with a G + C content
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Table  1
Genome features of Variovorax sp. PAMC28711.

Features Value

Genome size (bp) 4,316,152
Contig numbers 1
G + C content (%) 65.97
Protein coding genes 4103
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rRNA genes 6
tRNA genes 46

f 65.97%. Coding sequences (CDSs) were predicted and annotated
ith the NCBI Prokaryotic Genome Annotation Pipeline and Rapid
nnotation using the Subsystem Technology (RAST) server (Aziz
t al., 2008). Predicted gene sequences were translated and
earched against the National Center for Biotechnology Information
NCBI) non-redundant database, Clusters of Orthologous Groups
COG), and Kyoto Encyclopedia of Genes and Genomes (KEGG). A
otal of 4103CDSs were predicted; the coding region accounted for
2.56% of the Variovorax sp. PAMC28711 genome. In addition, 46
RNA and 6 rRNA were predicted in the complete genome (Table 1).

Sequence analyses revealed that octopine dehydrogenase-
elated biosynthesis genes were localized as a cluster that
ncluded genes encoding 2-oxoglutarate dehydrogenase (odhA,
X767 00820), dihydrolipoamide S-succinyltransferase (odhB,
X767 00815), and dihydrolipoamide dehydrogenase (odhC,
X767 00810). Additionally, genes encoding opine oxidase sub-
nit A (ooxA, AX767 04565), opine ABC transporter (AX767 14135),
rnithine cyclodeaminase (ocd, AX767 17695), and arginase (arc,
X767 08420) were identified. An analysis of the whole genome
equence of Variovorax sp. PAMC28711 will lead to a better
nderstanding of the Opine Concept in microorganism-lichen

nteractions in extremely cold environments.
ucleotide sequence accession numbers

The complete genome information of Variovorax sp. PAMC28711
as deposited in GenBank under the accession number CP014517.
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